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Preface

Blood Cells has been written with both the practising 

haematologist and the trainee in mind. My aim has 

been to provide a guide for use in the diagnostic hae-

matology laboratory, covering methods of collection of 

blood specimens, blood film preparation and staining, 

the principles of manual and automated blood counts 

and the assessment of the morphological features of 

blood cells. My objective has been that the practising 

haematologist should find this book sufficiently com-

prehensive to be a reference source while, at the same 

time, the trainee haematologist and biomedical scien-

tist should find it a straightforward and practical bench 

manual. I hope that the medically trained haematolo-

gist will gain a fuller understanding of the scientific 

basis of an important segment of laboratory haema-

tology, while the laboratory scientist will understand 

more of the purpose and clinical relevance of labora-

tory tests. I trust it is not too ambitious to hope to be 

‘all things to all men’. This edition has been expanded 

to keep it as comprehensive and up-to-date as possible 

and includes more guidance on the further tests that 

should be performed for any given provisional diag-

nosis. However, microscopy and the automated full 

blood count remain the core of the book. My over-

riding purpose has been to show that microscopy not 

only provides the essential basis of our haematological 

practice, but can also lead to the excitement of discov-

ery. The decline in the number of blood films made 

and the increasingly heavy clinical commitments 

of any haematologist who is not purely a laboratory 

haematologist make this book more than ever neces-

sary. I thought that the fourth edition, published eight 

years ago, would be the last, but it seemed a pity to 

stop when there are still new things to be learnt about 

the circulating blood cells. If I succeed in sending the 

reader back to the microscope with renewed interest 

and enthusiasm I shall be well satisfied.

B.J.B. 2015
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Chapter 1

Blood sampling and blood film preparation 
and examination

Obtaining a blood specimen

Performing an accurate blood count and correctly inter-

preting a blood film require that an appropriate sam-

ple from the patient, mixed with the correct amount of 

a suitable anticoagulant, is delivered to the laboratory 

without undue delay. No artefacts should be introduced 

during these procedures.

The identity of the patient requiring blood sampling 

should be carefully checked before performing a venepunc-

ture. This is usually done by requesting the patient to state 

surname, given name and date of birth and, for hospital 

inpatients, by checking a wristband to verify these details 

and, in addition, the hospital number. To reduce the chance 

of human error, bottles should not be labelled in advance. 

The person performing the phlebotomy must conform to 

local guidelines, including those for patient identification. 

Although traditionally more attention has been given to 

patient identification in relation to blood transfusion, it 

should be noted that wrong treatment has also followed 

the misidentification of patients from whom samples are 

taken for a blood count and identification must also be 

taken seriously in this field. More secure identification of 

inpatients can be achieved by the use of electronic devices 

in which the patient’s identity is scanned in from a bar‐

coded wristband by means of a hand‐held device.

Patients should either sit or lie comfortably and should 

be reassured that the procedure causes only minimal dis-

comfort; they should not be told that venepuncture is pain-

less, since this is not so. It is preferable for apprehensive 

patients to lie down. Chairs used for venepuncture should 

preferably have adjustable armrests so that the arm can be 

carefully positioned. Armrests also help to ensure patient 

safety, since they make it harder for a fainting patient to 

fall from the chair. I have personally observed one patient 

who sustained a skull fracture when he fainted at the 

end of a venepuncture and fell forward onto a hard floor, 

and two other patients, neither previously known to be 

epileptic, who suffered epileptiform convulsions during 

venepuncture. Such seizures may not be true epilepsy, 

but consequent on hypoxia following brief vagal‐induced 

cessation of heart beat [1]. If venepunctures are being 

performed on children or on patients unable to cooper-

ate fully, then the arm for venepuncture should be gently 

but firmly immobilized by an assistant. Gloves should be 

worn during venepuncture, for the protection of the per-

son carrying out the procedure. Non‐latex gloves must be 

available if either the phlebotomist or the patient is aller-

gic to latex. The needle to enter the patient must not be 

touched, so that it remains sterile.

In some circumstances, the patient should rest prior to 

venesection. In endurance athletes being tested for a ‘bio-

logical passport’, 10 minutes’ rest in a seated position has 

been found to be sufficient for the haemoglobin concentra-

tion (Hb) and haematocrit (Hct) to fall to a stable level [2].

Peripheral venous blood
In an adult, peripheral venous blood is most easily 

obtained from a vein in the antecubital fossa (Fig. 1.1) 

using a needle and either a syringe or an evacuated tube. 

Of the veins in the antecubital region, the median cubital 

vein is preferred since it is usually large and well anchored 

in tissues, but the cephalic and basilic veins are also often 

satisfactory. Other forearm veins can be used, but they 

are frequently more mobile and therefore more difficult 

to penetrate. Veins on the dorsum of the wrist and hand 

often have a poorer flow and performing venepuncture 

at these sites is more likely to lead to bruising. This is also 

true of the anterior surface of the wrist where, in addi-

tion, venepuncture tends to be more painful and where 

there is more risk of damaging vital structures. Foot veins 

are not an ideal site for venepuncture and it is rarely nec-

essary to use them. Injuries that have been associated 

with obtaining a blood sample from the antecubital fossa 
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include damage to the lateral antebrachial cutaneous 

nerve [3] and inadvertent arterial puncture. Complica-

tions are more likely with the less accessible basilic vein 

than with the median antecubital or the cephalic vein. 

If anterior wrist veins have to be used, there is a risk of 

damage to the radial or ulnar nerve or artery. Use of foot 

veins is more likely to lead to complications, e.g. throm-

bosis, infection or poor healing.

When a vein is identified it is palpated to ensure it 

is patent. A patent vein is soft and can be compressed 

easily. A thrombosed vein feels cord‐like and is not 

compressible. An artery has a thicker wall and is pul-

satile. If a vein is not visible (in some dark‐skinned or 

overweight people) it is identified by palpation after 

applying a tourniquet to achieve venous distension. If 

veins appear very small, warming of the arm to produce 

vasodilatation helps, as does tapping the vein and asking 

the patient to clench and unclench the fist several times.

It should be noted that pathogenic bacteria can be cul-

tured from reusable tourniquets and it is prudent prac-

tice to use disposable tourniquets, at least for patients at 

particular risk of infection [4].

The arm should be positioned on the armrest so that 

the vein identified is under some tension and its mobility 

is reduced. The skin should be cleaned with 70% ethanol 

or 0.5% chlorhexidine and allowed to dry, to avoid sting-

ing when the skin is penetrated. A tourniquet is applied 

to the arm, sufficiently tightly to distend the vein, but not 

so tightly that discomfort is caused. Alternatively, a sphyg-

momanometer cuff can be applied and inflated to diastolic 

pressure, but the use of a tourniquet is usually quicker and 

simpler. If it is particularly important to obtain a specimen 

without causing haemoconcentration, e.g. in a patient 

with suspected polycythaemia, the tourniquet should be 

left on the arm only long enough to allow penetration of 

the vein. Otherwise it can be left applied while blood is 

being obtained, to ensure a continuing adequate flow of 

blood. It is preferable that the tourniquet is applied for no 

more than a minute, but the degree of haemoconcentra-

tion may not be great, even after 10 minutes’ application. 

In one study the increase of the Hb and the red blood cell 

count (RBC) was about 2% at 2 and at 10 minutes [5]. 

However, in another study Hb rose by 9 g/l by 3 minutes 

and RBC and Hct by a corresponding amount [6].

Blood specimens can be obtained with a needle and 

an evacuated tube (see below) or with either a needle 

or a winged blood collection cannula (a ‘butterfly’) and 

a syringe. A winged cannula may reduce the chance of 

injury to nerves [7] and is certainly preferable for small 

veins and difficult sites. A 19 or 20 gauge needle is suit-

able for an adult and a 21 or 23 gauge for a child or an 

adult with small veins. When using a syringe, the plunger 

should first be moved within the barrel of the syringe 

to ensure that it will move freely. Next the needle is 

attached to the syringe, which, unless small, should have 

a side port rather than a central port. The guard is then 

removed. The needle is now inserted into the vein with 

the bevel facing upwards (Fig. 1.2). This may be done in 

a single movement or in two separate movements for the 

skin and the vein, depending on personal preference and 

on how superficial the vein is. With one hand steadying 

the barrel of the syringe so that the needle is not acciden-

tally withdrawn from the vein, blood is withdrawn into 

the syringe using minimal negative pressure. Care should 

be taken not to aspirate more rapidly than blood is enter-

ing the vein, or the wall of the vein may be drawn against 

the bevel of the needle and cut off the flow of blood. If the 

tourniquet has not already been released, this must be 

done before withdrawing the needle. Following removal 

of the needle, direct pressure is applied to the puncture 

site with cotton wool or a sterile gauze square, the arm 

being kept straight and, if preferred, somewhat elevated. 

Adhesive plaster should not be applied until pressure has 

been sustained for long enough for bleeding from the 

puncture site to have stopped.

Fig. 1.1  Anterior surface of the left arm showing veins most 
suitable for venepuncture.
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The needle should be removed from the syringe before 

expelling the blood into the specimen container, great 

care being taken to avoid self‐injury with the needle. 

The needle should be put directly into a special recepta-

cle for sharp objects without resheathing it, unless the 

needle incorporates a special device that can be flicked 

into place without risk to the fingers. The blood speci-

men is expelled gently into a bottle containing antico-

agulant and is mixed gently by inverting the container 

four or five times. Forceful ejection of the blood can 

cause lysis. Shaking should also be avoided. The speci-

men container is then labelled with the patient’s name 

and identifying details and, depending on the hospi-

tal’s standard operating procedure, possibly also with 

a bar‐code label, which is also applied to the request 

form and subsequently to the blood film. The time of 

venepuncture should also be recorded on the bottle. 

Bottles should not be labelled in advance away from the 

patient’s bedside as this increases the chances of putting 

a blood sample into a mislabelled bottle. Recording the 

time of venepuncture is important both to allow the cli-

nician to relate the laboratory result to the condition of 

the patient at the time and also to allow the laboratory 

to check that there has been no undue delay between 

venepuncture and performing the test.

Evacuated tube systems include Vacutainer 

(Beckton‐Dickinson) and Vacuette (Greiner Bio‐One). 

When blood is taken into an evacuated tube the tech-

nique of venepuncture is basically similar. A double‐

ended needle is screwed into a holder, which allows it 

to be manipulated for venepuncture (Fig. 1.3). Alterna-

tively, a winged cannula can be attached to an evacu-

ated tube, using a plastic holder into which an adaptor is 

screwed. Once the vein has been entered, an evacuated 

tube is inserted into the holder and is pushed firmly so 

that its rubber cap is penetrated by the needle, breaking 

the vacuum and causing blood to be aspirated into the 

tube (Fig. 1.4). Evacuated tubes are very convenient if 

multiple specimens are to be taken, since several evacu-

ated tubes can be applied in turn. Only sterile vacuum 

Fig. 1.2  Venepuncture technique using needle and syringe.

Fig. 1.3  Venepuncture technique using an evacuated con-
tainer; the distal end of the needle has been screwed into the 
holder and the proximal needle has then been unsheathed and 
inserted into a suitable vein.

Fig. 1.4  Venepuncture technique using an evacuated container; 
the evacuated container has been inserted into the holder and 
forced onto the sharp end of the needle.
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tubes should be used for obtaining blood specimens. In 

children and others with very small veins, an appropri-

ately small vacuum tube should be used so that exces-

sive pressure does not cause the vein to collapse. Once 

all necessary specimen tubes have been filled, the needle 

is withdrawn from the vein, still attached to the holder. 

To reduce the possibility of a needle‐prick injury it is 

necessary to either: (i) use a specially designed device 

that permits the needle to be discarded with a single‐

hand technique; (ii) remove the needle from the holder 

with a specially designed safe device; or (iii) throw away 

the holder with the needle. The tubes of blood should be 

mixed promptly. When blood samples are obtained with 

an evacuated tube system the anticoagulant from one 

tube may contaminate another. Heparin may interfere 

with coagulation tests, ethylenediaminetetra‐acetic acid 

(EDTA) with calcium measurements and fluoride with 

haematological investigations. It is therefore advised, by 

the NCCLS (National Committee on Clinical Laboratory 

Standards, now renamed the Clinical and Laboratory 

Standards Institute) that samples be taken in the order 

shown in Table 1.1.

If there is a need for a large specimen or a large number 

of specimens, either an evacuated tube system or a syringe 

and winged cannula should be used. In the latter case the 

tubing is pinched off to allow several syringes in turn to 

be attached. This technique is also useful in children and 

when small veins make venepuncture difficult. A blood 

specimen should not be taken from a vein above the site 

of an intravenous infusion, since dilution can occur. How-

ever, venepuncture below the site of an infusion is not 

associated with clinically significant inaccuracy.

‘Capillary blood’
It is often necessary to obtain blood by skin puncture 

in babies and infants and in adults with poor veins. 

‘Capillary’ or, more probably, largely arteriolar blood 

may be obtained from a freely flowing stab wound 

made with a sterile lancet on the plantar surface of a 

warmed and cleansed heel (babies less than 3 months 

of age and infants), the plantar aspect of the big toe 

(infants) or a finger, thumb or ear lobe (older children 

and adults). The correct site for puncture of the heel is 

shown in Fig. 1.5. The lateral or posterior aspect of the 

heel should not be used in a baby, as the underlying 

bone is much closer to the skin surface than it is on the 

plantar aspect. In older patients a finger (excluding the 

fifth finger) or the thumb is preferred to an ear lobe, 

since bleeding from the ear lobe may be prolonged in 

a patient with a haemostatic defect, and pressure is dif-

ficult to apply. The palmar surface of the distal phalanx 

is the preferred site on a digit, since the underlying bone 

is closer to the skin surface on other aspects. The middle 

or ring finger of the non‐dominant hand is preferred; 

puncture of these digits is less painful than puncture of 

the index finger. In adults, skin punctures should ide-

ally be more than 1.5 mm deep in order that the lan-

cet passes through the dermal–subcutaneous junction 

where the concentration of blood vessels is greatest, 

Fig. 1.5  The areas of the foot of a baby or infant that are suitable 
for obtaining capillary blood.

Table 1.1  NCCLS∗ recommended order for taking blood 
samples [8].

Blood culture tubes

Plain glass tubes for serum samples

Sodium citrate tubes

Gel separator tubes/plain plastic tubes for serum

Heparin tubes/heparin gel separator tubes

EDTA tubes

Fluoride tubes for glucose

∗National Committee of Clinical Laboratory Standards, now renamed 
the Clinical and Laboratory Standards Institute

EDTA, ethylenediaminetetra‐acetic acid.
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permitting a free flow of blood. Lancets used for heel 

puncture in full‐term babies must not exceed 2.4 mm 

in length, since this is the depth below the skin of the 

calcaneal bone. Much shorter lancets are available and 

should be selected for use in premature babies. Osteo-

myelitis of the calcaneal bone has resulted from inad-

vertent puncture of the bone [9]. Previous puncture 

sites should be avoided, to reduce the risk of infection. 

Safety lancets, with a blade that retracts permanently 

after first use, have been developed in order to reduce 

the risk of accidental injury to phlebotomy staff. They 

are available in sizes appropriate for adults and children, 

infants and premature neonates.

Capillary samples should be obtained from warm tis-

sues so that a free flow of blood is more readily obtained. 

If the area is cool then it should be warmed with a wet 

cloth, no hotter than 42°C. The skin should then be 

cleansed with 70% isopropanol and dried with a sterile 

gauze square (since traces of alcohol may lead to hae-

molysis of the specimen). The first drop of blood may be 

diluted with tissue fluid and should be wiped away with 

a sterile gauze square. Flow of blood may be promoted 

by gentle pressure, but a massaging or pumping action 

should not be employed, since this may lead to tissue 

fluid being mixed with blood.

Capillary blood can be collected into glass capillary 

tubes. These can be coated with EDTA, but tubes con-

taining heparin are not suitable for full blood count 

(FBC) specimens since cellular morphology and staining 

characteristics are altered. Disposable pipettes complete 

with diluent, suitable for both automated and manual 

counts, are commercially available. Caution is necessary 

if glass capillary tubes are used, because of the risk of 

injury to the person obtaining the blood sample [10]. 

Caution should also be employed in the use of spring‐

loaded skin‐prick devices, since transmission of hep-

atitis B from one patient to another has occurred when 

there has been a failure to change the platform as well as 

the lancet between patients [11]. However, automated 

lancets do ensure a standardised depth of penetration. 

Use of one proprietary automated incision device (Ten-

derfoot) has been reported to cause less bruising and to 

be associated with less haemolysis of capillary samples 

than when the device is not used [12, 13].

Platelet counts performed on capillary blood are often 

lower than are those on venous blood [14] and other 

parameters may also vary (see Chapter 5). The precision 

of measurement of Hb on a single drop of capillary blood 

is poor and it is therefore recommended that several 

drops be put into an EDTA‐containing tube [15].

Cord blood
Blood samples can be obtained from the umbilical cord 

immediately after birth. Cord blood is best obtained with 

a syringe and needle after removing any blood from the 

surface of the cord with a gauze square. Expressing blood 

from the cut end of the cord can introduce Wharton’s 

jelly into the blood sample, with subsequent red cell 

agglutination. Haematological parameters on cord blood 

are not necessarily the same as those obtained from cap-

illary or venous specimens from the neonate.

Fetal blood sampling
Blood samples can be obtained from a fetus by cordo-

centesis and can be diagnostically useful. A blood count 

and film can be useful not only when a haematological 

disorder is suspected, but when a fetus is being investi-

gated because of dysmorphic features detected on ultra-

sound examination [16].

Obtaining a blood specimen from  
other sites
It may sometimes be necessary to obtain blood from 

the femoral vein or from indwelling cannulae in vari-

ous sites. When blood is obtained from a cannula, the 

first blood obtained may be diluted by infusion fluid or 

contaminated with heparin and should be discarded. In 

infants, blood can be obtained from scalp veins or jugu-

lar veins.

Anticoagulant and specimen container
The anticoagulant of choice for blood count specimens 

is one of the salts of EDTA. K2EDTA, K3EDTA and Na2E-

DTA have all been used. The preferred anticoagulant, 

recommended by the International Council (then Com-

mittee) for Standardization in Haematology (ICSH), is 

K2EDTA in a final concentration of 1.5–2.2 mg/ml [17]. 

Both dry EDTA and EDTA in solution are in use. If 

screw‐capped tubes are being used, a solution has the 

advantage that mixing of blood specimens is easier, so 

clotted specimens are less common. However, if a dry 

evacuated tube system is used, in which the inside of 

the tube is coated with the anticoagulant, poor mixing is 

not a problem. It should also be noted that some param-

eters are altered by dilution and, if too little blood is 

taken into a tube, dilution may be appreciable. Excess 
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EDTA also has deleterious effects on cell morphology 

in stained blood films. Na2EDTA is less soluble than the 

potassium salts. K3EDTA causes undesirable cell shrink-

age, which is reflected in a lower microhaematocrit 

(see Chapter 2).

Many laboratories use automated blood counting 

instruments with a sampling device that is able to per-

forate the rubber cap of a blood specimen container, 

thus reducing unnecessary handling of blood. To take 

advantage of this it is necessary that not only evacuated 

tubes but also all blood containers have rubber caps 

that can be penetrated and resealed without permitting 

leakage.

Guidelines
Guidelines for the procedure of venepuncture [8] and 

for the protection of phlebotomists and laboratory 

workers from biological hazards [18] were published by 

the NCCLS and are still valid. It is recommended that 

‘standard precautions’ proposed by the Centers for Dis-

ease Control (CDC), previously referred to as ‘univer-

sal precautions’, be applied to phlebotomy. This policy 

means that all blood specimens are regarded as poten-

tially infectious. The following specific recommenda-

tions are made [18]:

1	 Gloves should preferably be worn for all phlebotomy; 

their use is particularly important if the phlebotomist 

has any breaks in the skin, if the patient is likely to be 

uncooperative, if the phlebotomist is inexperienced 

or if blood is being obtained by skin puncture.

2	 Gloves should be changed between patients.

3	 An evacuated tube system should be used in prefer-

ence to a needle and syringe.

4	 If a needle and syringe have to be used and it is then 

necessary to transfer blood to an evacuated tube, the 

rubber stopper should not be removed. The stopper 

should be pierced by the needle and blood should be 

allowed to flow into the tube under the influence of 

the vacuum. To avoid the possibility of a self‐inflicted 

wound the evacuated tube must not be held in the 

hand during this procedure, but instead should be 

placed in a rack.

Needle‐prick injury
Precautions should be taken to avoid needle‐prick (nee-

dle‐stick) injuries. Hepatitis B can be readily transmitted 

by such injury, particularly when the patient is hepa-

titis B e antigen positive. Overall transmission rates of 

7–30% have been reported following needle‐prick inju-

ries involving infected patients. If the patient is e antigen 

positive, the rate of transmission is of the order of 20% 

if hepatitis B immunoglobulin is given after the injury 

and about 30–40% if it is not given [19, 20]. Reported 

rates of transmission of hepatitis C have varied from 

0 to 7%, with a mean of 1.8% [21]; however, when 

sensitive techniques are used, the rate of transmission 

has been found to be about 10% [22]. Transmission 

occurs only from patients who are positive for hepa-

titis C viral RNA [21]. Human immunodeficiency virus 

(HIV) is much less readily transmitted than hepatitis B 

or C, but a risk does exist. In 3430 needle‐prick injuries 

reported up to 1993 the overall transmission rate was 

0.46% [23]. Other infections that have been transmit-

ted occasionally by needle‐prick injury include malaria, 

cryptococcosis, tuberculosis, viral haemorrhagic fever 

and dengue fever [24–28].

A risk of injury and viral transmission also exists if glass 

capillary tubes are used for blood collection, and alternative 

blood collection devices have therefore been advised by 

the USA’s Food and Drug Administration (FDA) [10].

Because it has proved impossible to eliminate needle‐stick 

injuries totally, all hospitals should have agreed policies for 

meeting this eventuality. Both laboratory managers and 

occupational health services have a responsibility in this 

regard. Staff who are performing venepunctures should be 

offered vaccination against hepatitis B and the adequacy 

of their antibody response should be verified; if a nee-

dle‐prick injury from a known hepatitis B–positive source 

occurs, the antibody titre should be checked and a booster 

vaccination should be given if necessary [18]. Phleboto-

mists with an inadequate antibody response to vaccina-

tion should, in the event of a needle‐prick injury from 

an infected source, be offered hepatitis B immunoglobu-

lin. Phlebotomists who have chosen not to be vaccinated 

should be offered hepatitis B immunoglobulin and vacci-

nation should again be offered. Antiretroviral prophylaxis 

should be offered to those exposed to a risk of HIV exposure 

through needle‐stick injury and ideally should be adminis-

tered within a few hours of exposure; the risk of infection 

becoming established is reduced but not eliminated [29]. 

Prophylaxis offered was previously zidovudine alone, but 

at least triple agent antiretroviral therapy is now recom-

mended. Current CDC recommendations can be found on 

the CDC’s website (http://www.cdc.gov/hiv/risk/other/

occupational.html). The use of nevirapine is not recom-

mended because of the possibility of serious toxicity [30]. 
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There appears to be no effective post‐exposure prophy-

laxis for hepatitis C infection [21], but the consensus view 

is that interferon therapy is indicated in acute infection, 

including that acquired by needle‐stick injury. Interferon 

alpha‐2b in a dose of 5 million units daily for 4 weeks fol-

lowed by the same dose three times a week for a further 

20 weeks has been found to be efficacious [31]. Unless all 

new staff are routinely tested for HIV, occupational health 

services should consider at least offering storage of serum 

samples so that baseline HIV testing is possible in the event 

of a subsequent needle‐prick injury. If this policy is not fol-

lowed, serum storage should be offered in the event of a 

needle‐prick injury from a seropositive source or from a 

source of unknown HIV status.

Specimen mixing

The blood specimen must be adequately mixed before 

making a blood film or performing a blood count. Mix-

ing for one minute on a mechanical rotating mixer 

is sufficient [32]. Manual inversion (10 times) is also 

satisfactory as long as any refrigerated samples are first 

brought to room temperature [32].

Making a blood film

A blood film may be made from non‐anticoagu-

lated (native) blood, obtained either from a vein or a 

capillary, or from EDTA‐anticoagulated blood. Chelation 

of calcium by EDTA hinders platelet aggregation so that 

platelets are evenly spread and their numbers can be 

assessed more easily (Fig. 1.6). Films prepared from cap-

illary blood usually show prominent platelet aggrega-

tion (Fig. 1.7) and films from native venous blood often 

show small aggregates (Fig. 1.8). Films prepared from 

native venous or capillary blood are free of artefacts due 

to storage or the effects of the anticoagulant. A few lab-

oratories still use such films as a matter of routine, but 

otherwise their use is obligatory for investigating abnor-

malities such as red cell crenation or white cell or plate-

let aggregation that may be induced by storage or EDTA. 

Conversely, making a blood film from EDTA‐anticoagu-

lated blood after arrival of the blood specimen in the 

laboratory has the advantage that some of the artefacts 

that may influence the validity of results obtained from 

automated instruments are more likely to be detected, 

e.g. the formation of fibrin strands, aggregation of plate-

lets or agglutination of red cells induced by cold agglu-

tinins. Good laboratory practice includes recording the 

date and time the specimen is received in the laboratory 

and making a film shortly after receipt of the specimen. 

In this way the length of any delay in transit is known 

and attribution of morphological changes to prolonged 

storage of EDTA‐anticoagulated blood (‘storage arte-

fact’, see Chapter 3) can be confirmed.

Blood films are prepared and examined on only a 

proportion of the specimens on which a blood count 

is performed. Consensus guidelines are available that 

suggest appropriate indications for the examination of 

a film [33].

Fig. 1.6  A blood film from ethylenediami-
netetra-acetic acid (EDTA)-anticoagulated 
blood showing an even distribution of 
platelets.



8      Chapter 1

Fig. 1.7  A blood film from non-anticoagu-
lated capillary blood showing the aggrega-
tion of platelets that usually occurs.

Fig. 1.8  A blood film from non-anticoag-
ulated venous blood showing the minor 
degree of platelet aggregation that usually 
occurs.

Manual spreading of a blood film on a 
glass slide (wedge‐spread film)
Glass slides must be clean and free of grease. They should 

not be too porous or background staining is increased 

[34]. A spreader is required and must be narrower than 

the slide. If a coverslip is to be applied, the spreader 

must also be narrower than the coverslip so that cells 

at the edge of the blood film are covered by the cov-

erslip and can be easily examined microscopically. A 

spreader can be readily prepared by breaking the corner 

off a glass slide after incising it with a diamond pen; this 

provides a smooth‐edged spreader that is large enough 

to be manipulated easily. Spreaders made by cutting 

transverse pieces from a slide are inferior since they are 

more difficult to handle and have at least one rough 

edge that may damage gloves or fingers.

The laboratory worker spreading blood films should 

wear gloves. A drop of blood (either native or anticoagu-

lated) is placed near one end of the slide. Anticoagulated 

blood from screw‐top containers can be applied to the slide 

using a capillary tube, which is then discarded. A drop of 

blood from specimen containers with penetrable lids can 

be applied to the slide by means of a special device that 

perforates the lid. The spreader is applied at an angle of 

25–30°, in front of the drop of blood, and is drawn back 

into it (Fig. 1.9). Once the blood has run along its back edge, 
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the spreader is advanced with a smooth, steady motion 

so that a thin film of blood is spread over the slide. If the 

angle of the spreader is too obtuse or the speed of spread-

ing is too fast, the film will be too short. An experienced 

operator learns to recognise blood with a higher than nor-

mal Hct, which is more viscous and requires a more acute 

angle to make a satisfactory film and, conversely, blood 

with a lower than normal Hct, which requires a more 

obtuse angle. The spreading technique should produce a 

film of blood with a fairly straight tail. The film should be 

at least 2.5 cm long and should stop at least 1 cm from 

the end of the slide. A film of the shape of a thumbprint 

means that, when observing the film microscopically and 

moving across the film, the observer moves from an area 

that is optimal for identification of cells to an area that is 

too thick. It is important that the spreader is wiped clean 

with a dry tissue or gauze square after each use since it 

is otherwise possible to transfer abnormal cells from one 

blood film to another (Fig. 1.10).

As soon as slides are made they should be labelled 

with the patient’s name and the date or with an iden-

tifying number. Small numbers of slides can be labelled 

with a diamond marker or by writing details on the 

thick part of the film. The fastest way to label large 

numbers of slides is with a methanol‐resistant pen or by 

writing in pencil on the frosted end of a slide. Slides that 

are frosted at one end on both sides are useful because 

they avoid waste of staff time ensuring that the slide is 

the right way up. Blood films should be dried rapidly. 

Fig. 1.9  The method of spreading a blood film.

Fig. 1.10  Blast cells from a patient with 
acute leukaemia that have been inad-
vertently transferred to the blood film of 
another patient by the use of an inade-
quately cleaned spreader.
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A hot‐air blower or a fan to increase air circulation can 

be useful. If films are dried slowly, there is shrinkage 

of cells that can lead to the appearance of cytoplasmic 

blebs and villi, bipolar lymphocytes, hyperchromatic 

nuclei and inapparent nucleoli [28]; these changes can 

occur not only in normal cells but also in neoplastic cells 

so that their characteristic features are less apparent.

Fig. 1.11 shows a well‐spread film in comparison with 

examples of poor films resulting from faulty technique.

Unless otherwise stated, this book deals with mor-

phology as observed in wedge‐spread films. Most of the 

photographs are of manually spread films, which were pre-

pared from recently collected EDTA‐anticoagulated blood.

Other methods of spreading thin films
Automated spreading of blood films
Wedge‐spread films can be prepared by mechani-

cal spreaders, which can be integrated into a staining 

machine or an automated full blood counter. A film of 

blood one cell thick can also be spread on a glass slide by 

centrifugation in a specially designed centrifuge, but this 

method is little used.

Films from blood with a very high Hct
If blood has a very high Hct, e.g. Hct > 0.60, Hb > 200 g/l, 

it can be impossible to make a good blood film, even if the 

angle and the speed of spreading are adjusted. Mixing a 

drop of blood and a drop of either saline or blood group 

AB plasma reduces viscosity so that a film can be made in 

which details of red cell morphology can be appreciated.

Buffy coat films
Buffy coat films are useful to concentrate nucleated cells, 

e.g. to look for low‐frequency abnormal cells or bacteria. 

A tube of anticoagulated blood is centrifuged and a drop of 

the buffy coat is mixed with a drop of autologous EDTA‐

anticoagulated plasma and spread in the normal manner.

Thick films
Thick films are required for examination for malarial 

parasites and certain other parasites, the red cells being 

lysed before the film is examined. Parasites are much 

more concentrated in a thick film, so that searching 

for them requires less time. To make a thick film, sev-

eral drops of native or EDTA‐anticoagulated blood are 

placed in the centre of a slide and stirred with a capil-

lary tube or an orange stick into a pool of blood of such 

a thickness that typescript or a watch face can be read 

through the blood (Fig. 1.12). The blood film is not 

fixed but, after drying, is placed directly into an aqueous 

Giemsa stain so that lysis of red cells occurs; this allows 

the organisms to be seen more clearly.

Unstained wet preparations
Unstained wet preparations are useful for searching for 

motile parasites such as microfilariae, which can be seen 

agitating the red cells. A drop of anticoagulated blood is 

placed on a slide and covered with a coverslip.

Fixation, staining and mounting

Fixation
Following air drying, thin films are fixed in absolute meth-

anol for 10–20 minutes. It is important not to proceed to 

fixation until the blood film is dry. Premature fixation of 

a damp film leads to a characteristic artefact, when the 

Fig. 1.11  Unsatisfactory and satisfactory blood films: (a) uneven 
pressure has produced ridges; (b) too broad and too long – the 
edges and the tail of the film cannot be examined adequately; 
(c) too long and streaked by an uneven spreader; (d) too thick 
and short due to the wrong angle or speed of spreading; (e) even 
distribution of blood cells has been interrupted because the 
slide was greasy; (f) satisfactory.
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Fig. 1.12  Thick films for examination for malarial parasites: (a) 
unstained film showing the correct thickness of the film of blood; 
and (b) film stained without fixation, causing lysis of red cells.

Fig.  1.13  A blood film that has been fixed before drying was 
complete. It is important not to confuse the apparent leaking 
of nuclear contents into the cytoplasm, which is an artefactual 
change, with dyserythropoiesis.

contents of the nucleus appear to leak into the cytoplasm 

(Fig. 1.13). Poor fixation, also with characteristic artefac-

tual changes, occurs if there is more than a few per cent of 

water in the methanol (Fig. 1.14); this renders interpret-

ation of morphology, particularly red cell morphology, 

impossible and, if the film is not examined carefully, can 

give a mistaken impression of hypochromia. In warm, 

humid climates it may be necessary to change methanol 

solutions several times a day. Similar artefactual changes 

can be produced by condensation on slides. In humid cli-

mates, slides should be fixed as soon as they are thoroughly 

dry. A hot‐air blower can be used to accelerate drying. In 

any circumstances, prolonged delay in fixation should be 

avoided as this can lead to alteration in the staining char-

acteristics of the film, which can acquire a turquoise tint.

Staining
There is little consistency between laboratories in the pre-

cise stain used to prepare a blood film for microscopic 

examination, but the multiple stains in use are based on 

the Romanowsky stain, developed by the Russian proto-

zoologist in the late nineteenth century [35]. Romanow-

sky used a mixture of old methylene blue and eosin to 

Fig.  1.14  Artefactual changes produced by 5% water in the 
methanol used for fixation. 

stain the nucleus of a malarial parasite purple and the 

cytoplasm blue. Subsequently, Giemsa modified the stain, 

combining methylene azure and eosin. The stain most 

commonly used in the UK is a combination of Giemsa’s 

stain with May–Grünwald stain; it is therefore designated 

the May–Grünwald–Giemsa (MGG) stain. The stain most 

commonly used in North America is Wright’s stain, which 
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contains methylene blue and eosin; the methylene blue 

has been heated, or ‘polychromed’, to produce analogues 

of methylene blue. Sometimes this is combined with Giem-

sa’s stain to give a Wright–Giemsa stain, which is generally 

held to give superior results. It has been demonstrated by 

chromatography that dyes prepared by traditional organic 

chemistry methods are not pure, dyes sold under the same 

designation containing a variable mixture of five to ten 

dyes [36]. Variation between different batches prepared by 

the same manufacturer also occurs.

The essential components of a Romanowsky‐type stain 

are: (i) a basic or cationic dye, such as azure B, which con-

veys a blue‐violet or blue colour to nucleic acids (binding 

to the phosphate groups of deoxyribonucleic acid (DNA) 

and ribonucleic acid (RNA)) and to nucleoprotein, to the 

granules of basophils and, weakly, to the granules of neu-

trophils; and (ii) an acidic or anionic dye, such as eosin, 

which conveys a red or orange colour to haemoglobin and 

the eosinophil granules and also binds to cationic nuclear 

protein, thus contributing to the colour of the stained 

nucleus. A stain containing azure B and eosin provides a 

satisfactory Romanowsky stain [35], as does a mixture of 

azure B, methylene blue and eosin [36]. The ICSH refer-

ence method for the Romanowsky stain [37], which uses 

pure azure B and eosin Y, gives very satisfactory results 

but such pure dyes are expensive for routine use. Satisfac-

tory and reasonably consistent staining can be achieved 

using good‐quality commercial stains and an automated 

staining machine. This method has been used for staining 

the majority of blood films photographed for this book.

Traditionally, cytoplasm that stains blue and granules 

that stain purple have both been designated ‘basophilic’, 

and granules that stain violet or pinkish‐purple have 

been designated ‘azurophilic’. In fact all these hues are 

achieved by the uptake of a single basic dye such as 

azure B or A. ‘Acidophilic’ and ‘eosinophilic’ both refer 

to uptake of the acidic dye, eosin, although ‘acidophilic’ 

has often been used to describe cell components stain-

ing pink, and ‘eosinophilic’ to describe cell components 

staining orange. The range of colours that a Romanow-

sky stain should produce is shown in Table 1.2.

Staining must be performed at the correct pH. If the pH 

is too low, basophilic components do not stain well. Leu-

cocytes are generally pale, with eosinophil granules a bril-

liant vermilion. If the pH is too high, uptake of the basic 

dye may be excessive leading to general overstaining; 

it becomes difficult to distinguish between normal and 

polychromatic red cells, eosinophil granules are deep 

blue or dark grey, and the granules of normal neutrophils 

are heavily stained, simulating toxic granulation.

Stain solutions may need to be filtered shortly before 

use, to avoid stain deposit on the blood film, which can be 

confused with red cell inclusions. If an automated staining 

machine is used, superior results are usually achieved with 

a dipping technique, in which the entire slide is immersed 

in the stain, than with a flat‐bed stainer, in which staining 

solution is applied to a horizontal slide. The latter type of 

staining machine is more prone to leave stain deposits on 

the slides and, if the blood film is too long or badly pos-

itioned, some parts of it may escape staining.

Destaining an MGG‐stained blood film can be done by 

flooding the slide with methanol, washing in water and 

then repeating the sequence until all the stain has gone. 

This can be useful if only a single blood film is available 

and a further stain, e.g. an iron stain, is required.

Staining for malarial parasites
The detection and identification of malarial parasites are 

facilitated if blood films are stained with a Giemsa (or 

Leishman) stain at pH 7.2. At this pH, cells that have 

been parasitised by either Plasmodium vivax or Plasmo-

dium ovale have different tinctorial qualities from non‐

parasitised cells and are easily identified. The inclusions 

in parasitised cells are also evident (see Chapter 3).

Mounting
If films are to be stored, mounting gives them protec-

tion against scratching and gathering of dust. As stated 

above, the coverslip should be sufficiently wide to cover 

the edges of the blood film. A neutral mountant that is 

miscible with xylene is required.

Table 1.2  Characteristic staining of different cell components 
with a Romanowsky stain.

Cell component Colour

Chromatin (including Howell-Jolly bodies) Purple

Promyelocyte granules and Auer rods Purplish‐red

Cytoplasm of lymphocytes Blue

Cytoplasm of monocytes Blue‐grey

Cytoplasm rich in RNA (i.e. ‘basophilic 

  cytoplasm’)

Deep blue

Döhle bodies Blue‐grey

Specific granules of neutrophils. granules  

  of lymphocytes, granules of platelets

Light purple  

  or pink

Specific granules of basophils Deep purple

Specific granules of eosinophils Orange

Red cells Pink
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As an alternative to mounting, blood films can be 

sprayed with a polystyrene or acrylic resin.

If films are not to be stored, a thin film of oil can 

be smeared on the stained slide to permit microscopic 

examination at low power before adding a drop of oil to 

permit examination with the oil immersion lens.

Storage of slides

Ideal patient care and continuing education of haematol-

ogy staff dictate that blood films should be stored as long 

as possible, preferably for some years. Unfortunately, 

the very large numbers of blood specimens now being 

processed daily by most haematology laboratories means 

that this is often difficult. The most economical way to 

store slides is in metal racks in stacking drawers. Labels 

showing the patient’s name, the date and the laboratory 

number should be applied in such a way that they can be 

read when the slides are in storage. Slides that have been 

freshly mounted should be stored in cardboard trays or 

stacked in racks, separated from each other by wire loops, 

until the mountant has hardened and dried. When the 

mountant is no longer sticky, slides can be stacked closely 

together for maximum economy of space. Glass slides are 

heavy and if large numbers are to be stored the floor of 

the room may need to be strengthened.

When a patient has a bone marrow aspiration 

performed, a blood film should always be stored perma-

nently with bone marrow films so that when it is necess-

ary to throw out old peripheral blood films to make room 

for new ones, at least this film is available for review. A 

laboratory should also maintain a separate file of teach-

ing slides. These should include examples of rare con-

ditions and typical examples of common conditions.

Setting up and using a microscope

All laboratory workers should learn to set up a micro-

scope correctly early in the course of their training. The 

following is the correct procedure for setting up a bin-

ocular microscope.

	 1	 If you need to move or lift the microscope do so 

using only the arm (Fig. 1.15). Sit at the microscope 

and make sure that the height is correct for comfort-

able viewing. Adjust the chair or the height of the 

microscope above the bench, as necessary.

	 2	 Plug in the electric lead and switch on the mains 

power supply.

	 3	 Turn on the microscope.

	 4	 Turn up the rheostat until there is a comfortable 

amount of light.

	 5	 Lower the stage and rotate the × 10 objective into 

place; it will click when it engages.

	 6	 Select a slide and place it on the stage, being careful 

to place it with the blood film and coverslip upper-

most. Handle the slide only by its edges. Secure the 

slide with the levers provided for this purpose.

	 7	 Raise the condenser as high as it will go.

	 8	 Open the field diaphragm and the condenser aper-

ture diaphragm fully.

	 9	 Move the stage until the film of blood is beneath the 

objective, in the beam of light.

	10	 Raise the stage, looking at the slide from the side or 

the front rather than using the oculars (eyepieces), 

until the slide almost touches the objective.

	11	 Adjust the position of the oculars so that they match 

your interpupillary distance and look at the slide 

through the oculars, making sure that the light is at 

a comfortable level.

	12	 Lower the slide slowly using the coarse focus knob 

until the slide comes into focus.

	13	 Using the coarse and then the fine focus, focus on 

the slide with your right eye to the right ocular then, 

without moving the slide, rotate the ring on the left 

ocular so that the image recorded by your left eye is 

also sharp. (With some microscopes it is possible to 

adjust both oculars.)

	14	 Close the field iris diaphragm fully. The field iris dia-

phragm is near the lamp and controls the area of 

illumination.

	15	 Lower the condenser until the edge of the field iris 

diaphragm comes into focus. Check that the aper-

ture in the field iris diaphragm is centred and, if it is 

not, centre it using the two centring screws on the 

condenser.

	16	 Adjust the focus by moving the condenser so that 

the edges of the diaphragm appear faintly blue 

rather than faintly red (Köhler illumination).

	17	 Open the field iris aperture so that the whole field of 

view is illuminated but no wider. If it is opened too 

wide, stray light will enter the field of view (particu-

larly important for photography, for which purpose 

the diaphragm can be closed further till only the 

photographic frame is illuminated).
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	18	 Using the appropriate lever or ring, close the con-

denser aperture diaphragm to about 70–80% of 

the numerical aperture marked on the objective. A 

condenser scale near the lever or ring permits this 

to be done. This aperture controls the angular aper-

ture of the cone of light that reaches the condenser 

lens. The more you close this aperture the less light 

there is and the lower the resolution, but the greater 

the contrast and depth of focus. For optimal optics, 

the condenser aperture iris should be reset for each 

objective.

	19	 Examine the slide with the × 10 objective,∗ then 

rotate in a × 40 objective. Readjust the focus and the 

condenser aperture iris and adjust the field iris dia-

phragm so that only the field of view is illuminated. 

Re‐examine the slide.

	20	 Before using an oil immersion lens, rotate out the non‐

oil objective and put a drop of immersion oil in the 

centre of the slide. Rotate in an oil immersion objec-

tive, e.g. × 60 or × 100, and focus, using the coarse and 

then the fine focus and adjust the condenser aperture 

iris. Be careful not to rotate in any objective other than 

an oil immersion objective while there is a drop of oil 

on the slide. If you are not sure if an objective is for oil 

immersion or not, read its label. Do not use excess oil 

and do not mix two different types of oil. Do not over-

fill a bottle of oil or oil will get on your fingers.

	21	 After examining a slide with an oil immersion objec-

tive, gently wipe the oil from the objective and from 

the slide. If the slide has been freshly mounted, 

remove the oil gently so that the coverslip is not acci-

dentally removed, removing enough of the oil that 

∗Note: microscopes used by haematology laboratories do not usually have a × 4 objective fitted, unless histological sections are also 
being examined. If a × 4 objective is to be used, e.g. for examining a trephine biopsy section, swing out the condenser before view-
ing the slide.

Fig. 1.15  A drawing of a microscope showing the names of the individual parts.
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Examining a blood film
1	 Check the label of the slide (patient identity and date).

2	 Examine the film macroscopically for unusual charac-

teristics.

3	 Adjust the microscope as above and examine the film 

microscopically, examining the edges and the tail and 

then the whole film under low power, e.g. × 10 objective.

4	 Next examine the whole film with a × 40 or × 50 

objective. This is the most important part of the film 

examination as it is possible to scan the entire film 

to note any rare abnormal cells. Be systematic: look 

specifically at red cells, white cells and platelets.

5	 Perform a differential count, if indicated.

6	 Examine with an oil immersion lens only if there is 

some particular reason to do so.

a non‐oil lens will not be contaminated if the slide 

is again placed on a microscope stage. Removing oil 

from slides does not require lens tissues; ordinary 

tissues are satisfactory. Non‐mounted blood films are 

not advised but, if they are used, be careful to mini-

mise scratching of the blood film when removing oil.

	22	 When you have finished working, rotate back in the 

lowest power objective and lower the stage. Remove 

traces of oil from any oil immersion lens using metha-

nol and lens tissues. Turn down the rheostat before 

turning off the microscope. Do not leave the micro-

scope turned on when you are away from your 

workstation; in some poorly designed microscopes 

the lamp is very close to the field diaphragm and pro-

longed heat will damage the leaves of the diaphragm.

	23	 Keep the microscope clean. Dust can be removed with 

a small brush. Lenses should be cleaned only with lens 

tissues. These can be moistened with methanol (or a 

mixture of 3 parts methanol to 7 parts ether).

	24	 Cover the microscope with a dust cover when not in use.

Identifying the source of a problem and 
preventing problems
1	 If there is no light, check that the light beam has not 

been deflected to a camera.

2	 If you cannot focus on a blood film, check if the slide 

is upside down and make sure that there are not two 

coverslips instead of one. Some microscopes have 

a ‘stop’ on the coarse focus; if necessary, release it. 

Rarely, very thick slides may make it impossible to 

focus with a high power lens if a cover slip is mounted. 

Unsuitably thick coverslips can have the same effect.

3	 If you cannot see the image clearly, clean the slide 

using tissues and methanol. Sealed methanol‐

soaked squares of tissue used to prepare the arm for 

venepuncture are convenient for cleaning slides and 

avoid the need to have a bottle of methanol in the 

microscopy laboratory. If cleaning the slide does not 

help, clean the objective gently using a lens tissue and 

methanol. Do not use xylene unless you are unable to 

get the lens clean with methanol.

4	 If you wear spectacles you will find that it is impossible 

to use a microscope with bifocal or varifocal lenses. 

Modern plastic spectacle lenses are easily scratched 

and if there is an antiglare coating to the lenses this 

can also be scratched. Be sure that the oculars have 

a protective rubber guard if you are using spectacles 

with this type of lens or lens coating.

Test your knowledge

Visit the companion website for MCQs and EMQs  
  on this topic: 
www.wiley.com/go/bain/bloodcells
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Chapter 2

Performing a blood count

In the past, blood counts were performed by slow and 

labour‐intensive manual techniques using counting cham-

bers, microscopes, glass tubes, colorimeters, centrifuges 

and a few simple reagents. The only tests done with any 

frequency were estimations of haemoglobin concentration 

(Hb), packed cell volume (PCV) and white blood cell count 

(WBC). Hb was estimated by a method depending on opti-

cal density and was expressed as mass/volume, or even as 

a percentage in relation to a rather arbitrary ‘normal’ that 

represented 100%. PCV was a measurement of the pro-

portion of a column of centrifuged blood that was occupied 

by red cells. Now expressed as a decimal fraction represent-

ing volume/volume, it was initially expressed as a percent-

age. White cells were counted microscopically in a diluted 

blood sample in a haemocytometer, a counting chamber 

of known volume. All cell counts were expressed as the 

number of cells in a unit volume. The red blood cell count 

(RBC) was performed occasionally, mainly when there was 

a need to make an estimate of red cell size. Platelets were 

counted, by light or phase‐contrast microscopy, only when 

there was a clear clinical need. From the primary measure-

ments relating to red cells other values were derived: the 

mean cell volume (MCV), mean cell haemoglobin (MCH) 

and mean cell haemoglobin concentration (MCHC). The 

formulae for these derived measurements are as follows:

=
×
× −MCV(fl)

PCV(l / l) 1000

RBC(cells / l) 10 12

=
×
×
×

−

−

MCH(pg)
Hb(g / l)

RBC(cells / l) 10
OR

Hb(g /dl) 10

RBC(cells / l) 10

12

12

=
×

MCHC(g /dl)
Hb(g / l)

PCV(l / l) 10
OR

Hb(g /dl)

PCV(l / l)

These and many other measurements are now made on 

automated and semi‐automated instruments within min­

utes, using either modifications of the manual techniques 

or totally new technologies. Measurements are precise, 

i.e. repeated measurements on the same sample give very 

similar results. As long as the instruments are carefully cali-

brated and the blood has no unusual characteristics, meas-

urements are also accurate, i.e. they give results that are 

very close to ‘truth’. However, despite the widespread use 

of automated instruments, the manual techniques remain 

important both as reference methods and in the investiga-

tion of blood samples that appear to give anomalous test 

results on automated instruments. They also illustrate the 

principles that underlie various measurements.

Basic techniques

Haemoglobin concentration
To measure Hb, a known volume of carefully mixed 

whole blood is added to a diluent, which lyses red cells to 

produce a haemoglobin solution; lysis occurs because of 

the hypotonicity of the diluent, but may be accelerated 

by the inclusion in the diluent of a non‐ionic detergent 

to act as a lytic agent. The Hb is then determined from 

the light absorbance (optical density) of the solution of 

haemoglobin or its derivative at a selected wavelength.

Cyanmethaemoglobin method
The International Committee (now Council) for Stand-

ardization in Haematology (ICSH) has recommended a 

reference method in which haemoglobin is converted 

to cyanmethaemoglobin (haemiglobincyanide) [1]. This 

method has three significant advantages:

1	 Haemoglobin, methaemoglobin and carboxyhaemo-

globin are all converted to cyanmethaemoglobin and 

are therefore included in the measurement. Of the 

forms of haemoglobin likely to be present in blood, 

only sulphaemoglobin – usually present in negligible 

amounts – is not converted to cyanmethaemoglobin, 

although carboxyhaemoglobin is more slowly con-

verted than the other forms.

2	 Stable secondary standards that have been compared 

with the World Health Organization (WHO) interna-

tional standard are readily available for calibration [2].
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3	 Cyanmethaemoglobin has an absorbance band at 

540 nm, which is broad and relatively flat (Fig. 2.1) and 

thus measurements can be made either on a narrow‐

band spectrophotometer or on a filter photometer or 

colorimeter that reads over a wide band of wavelengths.

The reference method requires the addition of a diluent 

that contains: (i) potassium cyanide and potassium fer-

ricyanide, to effect the conversion to methaemoglobin; 

(ii) dihydrogen potassium phosphate to lower the pH, 

accelerate the reaction, and allow the reading of light 

absorbance at 3 minutes rather than 10–15 minutes; 

and (iii) a non‐ionic detergent, to accelerate cell lysis 

and reduce the turbidity due to precipitation of lipopro-

teins (and to a lesser extent red cell stroma), which is 

otherwise a consequence of the lower pH achieved by 

the dihydrogen potassium phosphate [2]. The absorb-

ance of light by the solution is measured at 540 nm 

in a spectrophotometer. At this wavelength, the light 

absorbance of the diluent is zero; either water or, pref-

erably, the diluent can be used as the blank. No standard 

is required, since the haemoglobin concentration can 

be calculated from the absorbance, given that the mol-

ecular weight and the millimolar extinction coefficient 

of haemoglobin are known. However, the wavelength of 

light produced by the instrument must be verified and 

the absorbance scale calibrated. A reference solution of 

cyanmethaemoglobin can be used for calibration.

Hb was once measured, in routine practice, by means 

of a photometer or colorimeter in which light of approxi-

mately 540 nm was produced by use of a yellow‐green 

filter such as the Ilford 625. The light passing through 

the solution was detected by a photoelectric cell and the 

instrument scale showed either light absorbance or trans-

mittance. Comparison of the instrument reading with 

that for a reference solution allowed calculation of the 

Hb; this was most conveniently done using a standard 

curve or a conversion table. Alternatively, the photom-

eter could be calibrated to produce a direct readout of Hb. 

A reference cyanmethaemoglobin solution is suitable for 

verifying the accuracy of instruments of this type.

Certain characteristics of pathological blood samples 

may lead to inaccuracy in a cyanmethaemoglobin esti-

mation of Hb. The presence of sulphaemoglobin will 

lead to slight underestimation of total haemoglobin con-

centration: 150 g/l will be measured as 148 g/l if 5% 

of haemoglobin is present as sulphaemoglobin [3]. The 

slow conversion of carboxyhaemoglobin to methaemo-

globin leads to overestimation of the Hb if the test is read 

at 3 minutes, since carboxyhaemoglobin absorbs more 

light at 540 nm than does cyanmethaemoglobin. The 

maximum possible error that could be caused if 20% of 

the haemoglobin were in the form of carboxyhaemo-

globin, a degree of abnormality that may be found in 

heavy smokers, would be 6% [3].

Spectrophotometers and photometers are both sensitive 

to the effect of turbidity, which may be caused by a high 

WBC, high concentrations of lipids or plasma proteins, or 

non‐lysed red cells. Increased turbidity causes a factitiously 

elevated estimate of Hb. When the WBC is high, turbidity 

effects are circumvented by centrifugation or filtration of 

the solution prior to reading the absorbance. When turbid-

ity is due to a high level of plasma protein (either when a 

paraprotein is present or when there is polyclonal hyper-

gammaglobulinaemia resulting from severe chronic infec-

tion or inflammation), it can be cleared by the addition 

of either potassium carbonate or a drop of 25% ammonia 

solution. When turbidity is due to hyperlipidaemia, a 

blank can be prepared from the diluent and the patient’s 

plasma or the lipid can be removed by diethyl ether extrac-

tion and centrifugation. The target cells of liver disease or 

red cells containing haemoglobin S or C may fail to lyse in 

the diluent and, again, increased turbidity produces a facti-

tiously high reading of Hb. Occasionally, this phenomenon 

is observed without any identifiable abnormality in the red 

cells to account for it. Making a 1:1 dilution in distilled 

water ensures complete lysis of osmotically resistant cells.

The cyanmethaemoglobin method was modified for 

application in automated instruments by the use of 

various lytic agents and by reading absorbance after a 

shorter time or at a different wavelength.
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Fig. 2.1  Absorbance spectrum of cyanmethaemoglobin.
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Other methods
Alternative methods of measuring Hb are not widely 

used except when they have been incorporated into 

haemoglobinometers. Such methods usually require 

standardisation by reference back to a cyanmethaemo-

globin standard, but they otherwise avoid the use of 

cyanide, which is potentially toxic if released into the 

environment in large quantities.

Haemoglobin can be converted into a sulphated deriv-

ative with maximum absorbance at 534 nm by addition of 

sodium lauryl sulphate [4]. Conversion is almost instan-

taneous and methaemoglobin, but not sulphaemoglobin, 

is converted. This method correlates well with the refer-

ence method that is employed for calibration. This method 

is suitable for use with a spectrophotometer and has also 

been incorporated into several automated instruments.

Hb can also be measured following conversion to 

azidmethaemoglobin by the addition of sodium nitrate 

and sodium azide. This is the method employed by 

one portable haemoglobinometer (HemoCue, Clandon 

Scientific Ltd.), which employs measurements at two 

wavelengths, 570 and 880 nm, to permit compensation 

for turbidity. A modification of this instrument permits 

accurate measurements down to 0.1 g/l, so that it is also 

suitable for measurement of dilute solutions of haemo-

globin, e.g. haemoglobin in fluid salvaged during sur-

gery or haemoglobin in plasma or urine [5].

Hb can be measured as oxyhaemoglobin, in which 

case concentration of carboxyhaemoglobin, sulphae-

moglobin and methaemoglobin will not be measured 

accurately. An artificial or secondary standard is needed. 

This method has been incorporated into directly reading 

haemoglobinometers, which are standardised to give 

the same result as a cyanmethaemoglobin method.

Hb can be measured as haematin produced under 

alkaline conditions. The alkaline–haematin method 

measures carboxyhaemoglobin, sulphaemoglobin and 

methaemoglobin, although it does not adequately 

measure haemoglobin F or haemoglobin Bart’s, which 

are resistant to alkaline denaturation. An artificial stan-

dard is required. The acid–haematin method is less 

reliable and is not recommended.

Hb can be estimated without chemical conversion by 

measuring absorbance at 548.5 nm, at which wavelength 

deoxyhaemoglobin and oxyhaemoglobin both have the 

same optical density and that of carboxyhaemoglobin is 

not much less. Hb is calculated by comparison of absorb-

ance with that of an artificial standard. Absorbance can 

also be integrated between 500 and 600 nm, the integral 

absorbance of oxyhaemoglobin, deoxyhaemoglobin and 

carboxyhaemoglobin being similar over this waveband.

New methods for the estimation of haemoglobin con-

centration have been introduced specifically for near‐

patient testing (see below).

Recommended units

The ICSH has recommended that Hb be expressed as g/l 

(mass concentration), or as mmol/l (molar concentration) 

in terms of concentration of the haemoglobin monomer. 

The conversion factor, if Hb is expressed in g/l, is 0.06206, 

i.e. an Hb of 120 g/l = 120 × 0.06206 mmol/l = 7.45 mmol/l. 

If Hb is expressed in molar concentration, then MCH and 

MCHC should also be expressed in this manner. An MCH 

of 27 pg is equivalent to 1.70 fmol. Similarly, an MCHC 

of 330 g/l (33 g/dl) is equivalent to 20 mmol/l. There are 

no clear practical advantages in expressing Hb as molar 

concentration and the potential for confusion and risk to 

patients if conversion to these units were to be attempted 

might be considerable. Laboratories in the great majority 

of countries express Hb as g/l or g/dl. This book will follow 

ICSH advice and use g/l.

Packed cell volume
The PCV is the proportion of a column of centrifuged 

blood that is occupied by red cells. Some of the meas-

ured column of red cells represents plasma that is trapped 

between red cells. The PCV is expressed as a decimal frac-

tion representing l/l (litres/litre). The units may be stated 

or implied. The terms ‘packed cell volume’ and ‘haema-

tocrit’ (Hct) were initially synonymous and were used 

interchangeably, but the ICSH has now recommended 

that PCV be reserved for estimates made by the tra-

ditional technique of centrifugation and Hct for estimates 

derived by other methods on automated instruments. 

The original method of measuring the PCV, as devised by 

Maxwell Wintrobe, required 1 ml of blood and prolonged 

(30 minutes to 1 hour) centrifugation in graduated glass 

tubes with a constant internal bore. This method, some-

times referred to as the macrohaematocrit, is the basis of 

the reference method [6], but for routine use it is cum-

bersome and slow. Since, for these reasons, it is no longer 

used in the diagnostic laboratory, it will not be discussed 

further. It has been replaced by the microhaematocrit, 

which has clinical usefulness by itself, can be combined 

with the Hb to derive an estimate of the MCHC, and can 

be used to calibrate automated counters.
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Microhaematocrit
A small volume of blood is taken by capillarity into an 

ungraduated capillary tube (usually 75 mm long with 

an internal diameter of 1.2 mm), leaving about 15 mm 

unfilled. The end of the tube distant from the column of 

blood is sealed by heat, or by modelling clay or a similar 

product. It is then centrifuged for 5 or 10 minutes, at a 

high g value (for example 10 000–15 000 g) in a small, 

specially designed centrifuge, to separate the column of 

blood into red cells, buffy coat and plasma (Fig. 2.2). The 

PCV is read visually on a scale, the buffy coat of white 

cells and platelets being excluded from the measure-

ment. The ICSH has published a selected method 

that employs 5 minutes’ centrifugation [7]. A further 

3 minutes’ centrifugation is advisable if the sample is 

polycythaemic, in order to reduce the abnormal plasma 

trapping [8]. The microhaematocrit is usually measured 

on ethylenediaminetetra‐acetic acid (EDTA)‐anticoag-

ulated venous blood, but it can also be performed on 

capillary blood if the sample is taken into a microhaem-

atocrit tube, the interior of which is coated with heparin 

(2 iu). Plastic (polycarbonate) tubes are available and 

are safer than glass tubes.

A microhaematocrit can also be measured automati-

cally by an instrument that is suitable for near‐patient 

testing, which incorporates a centrifuge and an infrared 

analyser [9].

It should be noted that there are hazards associated 

with determining the microhaematocrit. Glass capillary 

tubes may break during insertion of modelling clay, lead-

ing to a penetrating injury and blood inoculation to the 

user. In one case human immunodeficiency virus (HIV) 

was transmitted and the house officer concerned sub-

sequently developed the acquired immune deficiency 

syndrome (AIDS) [10,11]. Glass capillary tubes can also 

break during centrifugation, leading to a risk of injury 

and viral transmission [11].

The microhaematocrit has several sources of impre-

cision and inaccuracy. Because of the smallness of the 

tube, reading the level correctly can be difficult. Tubes 

may taper or be of an uneven bore. The seal is not 

flat, tending to be convex if modelling clay is used 

and concave if heat sealing is employed, although the 

error introduced by the type of seal is usually minor 

[12]. The amount of plasma trapping is usually around 

1–3%, but is variable. It is less with longer periods of 

centrifugation and higher g values, but is also affected 

by other technical factors and by the characteristics 

of the blood sample (Table 2.1). It should be noted 

that in the USA blood is usually taken into K3EDTA, 

and in the UK it is more usually taken into K2EDTA; 

because of the cell shrinkage that occurs, the micro-

haematocrit with K3EDTA is about 2% lower than with 

K2EDTA [17]. The precision of the microhaematocrit 

can be improved by making at least three replicate 

measurements and taking the average; this is necessary 

when a manual PCV is used to calibrate an automated 

instrument. It has been recommended that, because 

of the increase in micro‐haematocrit that occurs with 

deoxygenation, blood should be fully oxygenated 

when a microhaematocrit is used for calibration of an 

automated instrument [16].

Plasma trapping

Attempts have been made to make the microhaematocrit 

more accurate by ‘correcting’ the PCV for plasma trap-

ping. A more accurate PCV means that an estimated MCV 

and MCHC are also more accurate. In experimental con-

ditions this can be done by labelling plasma proteins with 
131I and determining the amount of radioactive isotope 

that is trapped in the red cell column. The correction may 

itself be inaccurate, since estimates of plasma trapping are 

lower when 131I‐labelled fibrinogen is used than when 
131I‐labelled albumin is used [12]. Different studies have 

produced estimates varying from 1.3% to 3.2% for mean 

plasma trapping. Whether or not a plasma trapping cor-

rection is applied when calibrants for automated instru-

ments are prepared will influence reference ranges for 

MCV, Hct and MCHC. The ICSH Committee on Cytometry 

reference method allows for the effect of plasma trapping 

Fig. 2.2  Measurements of packed cell volume (PCV) by the 
microhaematocrit technique; paired tests from three patients 
are shown.
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A ‘surrogate reference method’ using a microhaema­

tocrit determined in borosilicate capillary tubes has also 

been proposed [20]. It also produces a measurement 

that is free of the effect of trapped plasma.

Other haematocrit methods
With automated instruments in current use, Hct is 

computed from the number and size of electrical impulses 

generated by red cells passing through a sensor (see below).

The red cell count
The red blood cell count (RBC), more usually referred to 

as the red cell count, was initially performed by count­

ing red cells microscopically in a carefully diluted sample 

of blood contained in a counting chamber (haemocyto­

meter) with chambers of known volume [21]. Although 

this method was capable of producing satisfactory results 

if great care was exercised, it proved very unreliable in 

routine use because of a high degree of imprecision, and 

it was also very time‐consuming. For this reason the RBC 

and the variables derived from it were measured or calcu­

lated on only a minority of blood specimens.

More precise and therefore more clinically useful RBCs 

can be performed on single‐channel semi‐automated 

impedance counters, such as the Coulter Counter model 

ZM, which count cells in an accurately fixed and known 

volume of diluted blood as they pass through an aperture. 

[18] (see below). One circumstance in which a plasma 

trapping correction is considered appropriate is when a 

microhaematocrit is being used for estimation of total red 

cell mass for the investigation of polycythaemia. Allow-

ance should be made for the greater degree of plasma 

trapping of polycythaemic blood. It is suggested that if the 

PCV is less than 0.50 after centrifugation for 5 minutes, 

2% correction should be applied; if it is greater than 0.50, 

a further 5 minutes’ centrifugation should be carried out 

and the correction should be 3% [19].

Reference method

The ICSH reference method for the PCV [18] is based 

on determination of the Hb on whole blood and packed 

red cells, following centrifugation in a microhaematocrit 

centrifuge. The measurement on packed red cells is per-

formed on cells obtained from the middle of the column 

of red cells where there is little trapping of plasma 

or white cell contamination. It therefore produces a 

measurement that does not include trapped plasma. The 

reference PCV is

Standard whole blood haemoglobin concentration

Packed red cell haemoglobin concentration

For blood with a normal haematocrit, a spun microhaem­

atocrit is usually within 0.01 l/l of the reference PCV.

Table 2.1  Some factors affecting the microhaematocrit.

Factors decreasing the microhaematocrit Factors increasing the microhaematocrit

Consequent on dilution Use of EDTA solution rather than dry EDTA  

(0.5% lower)

Consequent on an alteration in the  

amount of trapped plasma

Longer period of centrifugation

Increased centrifugal force (e.g. increased radius  

of centrifuge or increased speed of centrifugation)

Elevated ESR

Shorter period of centrifugation

Decreased centrifugal force

Microcytosis (e.g. iron deficiency or  

  thalassaemia trait)

Sickle cell trait or sickle cell disease

Spherocytosis

Reduced flexibility of red cells on prolonged  

  storage at room temperature

Consequent on red cell shrinkage Excess EDTA [13,14]

K3EDTA rather than K2EDTA or Na2EDTA [12]  

  (about 2% lower)

Narrower tubes than recommended [15]

Soda lime tubes [15]

Fully oxygenated blood [16]

K2EDTA or Na2EDTA

Borosilicate tubes

Deoxygenated blood [16]

EDTA, ethylenediaminetetra‐acetic acid; ESR, erythrocyte sedimentation rate
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Although accurate setting of thresholds is needed, the 

instruments do not require calibration. The raw instru-

ment cell counts produced are non‐linear, with increas-

ing cell concentration because of the greater likelihood 

of two cells passing through the aperture simultaneously 

(coincidence); depending on the instrument, coincidence 

correction may be an automatic function of the instru-

ment or may be carried out by the user by reference to a 

table. White cells are also included in the RBC. Because 

red cells are normally at least 100‐fold more numerous 

than white cells, the inaccuracy introduced by this is 

usually not great. RBCs determined on single‐channel 

impedance counters are much more precise than those 

produced in counting chambers and they can also be pro-

duced with much less labour. They are therefore more 

clinically useful. They can be used with a manual Hb and 

PCV to calculate MCV and MCH, which are also much 

more precise than those derived from manual RBCs.

RBCs from single‐channel semi‐automated impedance 

counters can also be used to calibrate fully automated 

blood cell counters that count electrical impulses gener-

ated by red cells passing through a sensor. Automated 

instruments count of the order of 20 000–50 000 cells, so 

that the precision is again much greater than that of a 

haemocytometer count based on 500–1000 cells.

The reference method for the RBC employs a semi‐

automated single‐channel aperture‐impedance method, 

with accurate coincidence correction being achieved by 

extrapolation from counts on serial dilutions [22].

Derived red cell variables – red cell indices
Given the three measured variables (Hb, PCV/Hct and 

RBC), it is possible to derive the MCV, MCH and MCHC. 

When no plasma trapping correction is used, the MCV 

derived from a microhaematocrit will be an overestimate 

of the true value and the MCHC will be an underestimate. 

This is of no clinical consequence, since reference ranges 

will be derived in the same manner. The measured and 

derived variables that describe the characteristics of red 

cells are often referred to collectively as the red cell indices.

The white cell count
A manual white blood cell count (WBC), more usually 

referred to as a white cell count, is performed after dilut-

ing an aliquot of blood in a diluent that lyses red cells 

and stains the nuclei of the white cells [21]. White cells 

are counted microscopically in a haemocytometer with 

chambers of known volume. Nucleated red blood cells 

(NRBC) cannot be readily distinguished from white cells 

in a counting chamber. If NRBC are present, their per-

centage can be counted on a stained blood film and the 

total nucleated cell count (TNCC) can be corrected. The 

manual WBC is imprecise, but this is of less practical 

importance than the imprecision of the RBC, since clini-

cally important changes in WBC are usually of sufficient 

magnitude to be detected even with an imprecise method.

White cells can also be counted in diluted whole blood 

following red cell lysis, using a single‐channel semi‐auto-

mated impedance counter. In fully automated counters, 

white cells are counted by impedance technology or light 

scattering. Most automated counters are inadequate for 

counting very low numbers of white cells, e.g. for ensur-

ing that units of blood products for transfusion have fewer 

than 5 × 106 white cells. In this circumstance, flow cytom-

etry following staining of white cell nuclei with a deoxyri-

bonucleic acid (DNA) stain is required [23].

The reference method for the WBC employs a semi‐

automated single‐channel aperture‐impedance method, 

with accurate coincidence correction being achieved by 

extrapolation from counts on serial dilutions [22]. The 

lower threshold is set between the noise produced by 

red cell stroma and the signals from leucocytes.

The platelet count
Platelets can be counted in a haemocytometer using either 

diluted whole blood (in which red cells can be either left 

intact or lysed) or platelet‐rich plasma (prepared by sedi-

mentation or centrifugation). If very large platelets are 

present, a whole‐blood method is preferred to the use of 

platelet‐rich plasma to avoid the risk of large heavy plate-

lets being lost during preparative procedures. The use of 

platelet‐rich plasma may be preferred if the platelet count 

is low. When the method leaves platelets intact, large 

platelets can be distinguished from small red cells by the 

platelet’s shape, which may be oval rather than round, 

and by its irregular outline, with fine projections some-

times being visible. Use of ammonium oxalate, which lyses 

red cells, as a diluent produces a higher and more accurate 

count than use of formol‐citrate, which leaves red cells 

intact [24]. Platelet counts are best performed on antico-

agulated venous blood obtained by a clean venepuncture. 

Counts on blood obtained by finger‐prick tend to be lower 

since some platelets adhere to endothelium of damaged 

vessels and aggregate, thus not being aspirated.

Platelets can be visualised in the counting chamber 

by light or phase‐contrast microscopy. When using light 



Performing a blood count      23

microscopy, brilliant cresyl blue can be added to the dil-

uent. This stains platelets light blue and facilitates their 

identification. On light microscopy, platelet identifi-

cation is aided by their refractivity. It is easier to identify 

platelets by phase‐contrast microscopy and such counts 

are therefore generally more precise.

Manual platelet counts are generally imprecise, 

particularly when the count is low. They are also very 

laborious, so that when this was the only technique 

available, counts were performed only when there was 

a clear clinical indication.

Platelets can be counted by semi‐automated methods 

using impedance counters following the preparation of 

platelet‐rich plasma. Coincidence correction and the use 

of two thresholds, to exclude both debris and contam-

inating red cells and white cells, are necessary. These 

techniques are also laborious and the several steps 

involved make them prone to error.

Laboratories with instrumentation suitable for an 

automated RBC but not an automated platelet count 

can estimate the platelet count indirectly by measuring 

the RBC and calculating the platelet count on the basis 

of the red cell:platelet ratio in a stained blood film.

However, the only satisfactory way to perform the 

number of platelet counts required by modern medical 

practice is with fully automated blood cell counters. Such 

instruments count platelets by either impedance, light‐

scattering or optical fluorescence technology. In a further 

refinement of the method, a fluorochrome‐labelled mon-

oclonal antibody to a platelet glycoprotein can be incor-

porated so that platelets are reliably distinguished from 

other small particles. Counts are generally precise, even 

at low levels, but unusual characteristics of the blood 

sample can cause inaccuracy (see Chapter 4). Manual 

haemocytometer counts or counting the red cell:platelet 

ratio in a blood film remain necessary in some patients 

with giant platelets, which, with many automated coun-

ters, cannot be distinguished from red cells.

Various proposals have been made for a reference 

method for the platelet count. The platelet count can be 

determined indirectly, using the reference method for the 

RBC and determining the red cell:platelet ratio on an auto-

mated instrument that is capable of distinguishing reliably 

between these two cell types. Alternatively, the platelet 

count can be determined by flow cytometry using a fluo-

rochrome‐labelled monoclonal antibody, such as CD41, 

CD42a or CD61, that binds specifically to platelets. Either 

a known amount of fluorescent beads can be used as a 

calibrant, or the ratio of red cells to fluorescent platelets 

can be determined and the platelet count can be calcu-

lated from a reference RBC [25–27]. The latter procedure 

is preferred, and is now the ICSH reference method [28], 

since dilution errors do not affect the count; a mixture of 

CD41 and CD61 directly-labelled antibodies is employed. 

It should be noted that, when there is an inherited plate-

let membrane defect with absence of one of the platelet 

glycoproteins, the relevant monoclonal antibody will not 

bind to platelets, hence the use of two antibodies. A simi-

lar flow cytometry technique has been recommended 

for routine platelet counts in severely thrombocytopenic 

patients, when an accurate platelet count is particularly 

important for determining whether or not a platelet trans-

fusion is needed [29].

The differential white cell count
A differential white cell count is the assigning of leuco-

cytes to their individual categories, this categorisation 

being expressed as a percentage or, when the WBC is 

available, as an absolute count. The ICSH recommends 

that the differential leucocyte count be expressed in abso-

lute numbers [30] and this is strongly recommended. A 

differential count carried out by a human observer using 

a microscope is referred to as a manual differential count. 

It is usually performed on a wedge‐spread film, the film 

being prepared either manually or with a mechanical film 

spreader. Automated differential counts are now generally 

performed by flow cytometry as part of a full blood count 

(FBC), differentiation between categories being based on 

the physical characteristics of the cells and sometimes 

on their biochemical characteristics. Depending on the 

specific automated analyser in use, a ‘WBC’ may be either 

a TNCC that also includes NRBC or, if the instrument is 

capable of recognising any NRBC present and excluding 

them from the total count, a true WBC. In the USA, the 

FBC is referred to as a complete blood count (CBC).

Cells that are normally present in the peripheral blood 

can be assigned to five or six categories, depending on 

whether non‐segmented or band forms of neutrophils 

(see Chapter 3) are separated from segmented neutro-

phils or are counted with them. The differential count also 

includes any abnormal cells that may be present. NRBC 

can be included as a separate category in the differential 

count or, alternatively, their number can be expressed per 

100 white cells. In the former case the uncorrected count 

is a TNCC rather than a WBC, and this is used for calcu-

lating absolute cell numbers. In the latter case, the TNCC 



is corrected to a WBC by subtracting the number of NRBC. 

Laboratories using automated instruments that produce a 

TNCC rather than a WBC should consistently follow one 

or other convention of expressing counts. It is probably 

better not to correct the TNCC to a WBC, but to calcu-

late absolute counts from the TNCC and the percentage 

of each cell type, NRBC being included in the differential 

count. The advantage of this policy is that the TNCC is 

likely to be a precise measurement, whereas the ratio of 

NRBC to WBC, calculated by counting NRBC/100 WBC, 

is likely to be imprecise; it is better not to replace a precise 

measurement of the TNCC with an imprecise estimate of 

the WBC. However, the Clinical and Laboratory Standards 

Institute (CLSI) recommends that NRBC be expressed per 

100 WBC [31]. Fortunately this problem is avoided by the 

most recent automated instruments, which can usually 

recognise and exclude NRBC from the WBC.

Differential white cell counts, like all laboratory tests, 

are subject to both inaccuracy and imprecision. Errors can 

be statistical in nature, distributional or interpretative. 

Manual differential counts are generally fairly accurate, 

but their precision is poor, whereas automated counts are 

generally fairly precise but are sometimes inaccurate.

Inaccuracy
With a manual differential count, inaccuracy or devia-

tion from the true count results both from maldistribu-

tion and from misidentification of cells.

Maldistribution of cells

The different types of white cell are not distributed evenly 

over a slide. The tail of the film contains more neutrophils 

and fewer lymphocytes, whereas monocytes are fairly 

evenly distributed along the length of the film [32]. When 

large immature cells (blasts, promyelocytes and myelo-

cytes) are present they are preferentially distributed at 

the edges of the film rather than in the centre and distally 

rather than proximally, in relation to lymphocytes, baso-

phils, neutrophils and metamyelocytes [33]. The maldis-

tribution of cells is aggravated if a film is too thin or if a 

spreader with a rough edge has been used. Various meth-

ods of tracking over a slide have been proposed to attempt 

to overcome errors due to maldistribution (Fig. 2.3). The 

method shown in Fig. 2.3a compensates for maldistribu-

tion between the body and the tail, but not for maldis-

tribution between the centre and the edge, whereas the 

‘battlement’ method shown in Fig. 2.3b tends to do the 

reverse, since the customary 100‐cell differential count 

will not cover a very large proportion of the length of 

the blood film. A modified battlement track (Fig. 2.3c) 

is a compromise between the two methods. In practice, 

the imprecision of a manual count is so great that a small 

degree of inaccuracy caused by maldistribution of cells is 

not of any great consequence. If there is white cell aggre-

gation, the maldistribution of cells is so great that an accu-

rate differential count is impossible.

Misidentification of cells and unidentifiable cells

Inaccuracy due to misidentification of cells is usually not 

great when differential counts are performed by experi-

enced laboratory workers on high‐quality blood films. 

An exception to this is the differentiation between band 

forms and segmented neutrophils. Criteria for making this 

distinction differ between laboratories, and there is also 

inconsistency in the application of the criteria within a lab-

oratory because of an element of subjectivity. Occasionally 

it is also difficult to distinguish a monocyte from a large 

lymphocyte or a degranulated basophil from a neutro-

phil. Marked storage artefact renders a differential count 

very inaccurate; specifically, degenerating neutrophils 

may be misclassified as NRBC and preferential disintegra-

tion of neutrophils can cause a factitious elevation of the 
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Fig. 2.3  Diagrams of blood films showing tracking patterns 
employed in a differential white blood cell count: (a) track-
ing along the length of the film; (b) battlement method; and  
(c) modified battlement method – two fields are counted close 
to the edge parallel to the edge of the film, then four fields at 
right angles, then two fields parallel to the edge and so on.

(a)

(b)

(c)
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lymphocyte count. Inaccuracy can also be introduced into 

a count if many smear cells (see Chapter 3) are present 

and are not included in the count. If the smear cells are, 

for example, lymphocytes, then the percentage and abso-

lute number of lymphocytes will be falsely low and the 

percentage and absolute number of all other cell types will 

be falsely high. Smear cells whose nature can be deduced 

can be counted with the category to which they belong. 

Otherwise smear cells and any other unidentifiable cells, 

if present in significant numbers, should be counted as a 

separate category or the percentage and absolute number 

of cells of all categories will be erroneous. In chronic 

lymphocytic leukaemia (CLL) it is possible to reduce the 

number of smear cells by adding one drop of albumin to 

four drops of blood before making the film.

Imprecision
The imprecision or lack of reproducibility of a count can 

be expressed as either the standard deviation (SD) or 

the coefficient of variation (CV) of replicate counts. The 

small number of cells conventionally counted in a man-

ual differential count leads to poor precision [34]. When 

replicate counts are made of the percentage of cells of a 

given type among randomly distributed cells, the SD of 

the count is related to the square root of the number of 

cells counted. Specifically, the SD of the proportion of a 

given cell type, θ, is equal to [35]:

(1 )

n

Θ −Θ

The 95% confidence limits of the proportion, i.e. the 

limits within which 95% of replicate counts would be 

expected to fall, are equal to θ ± 1.96 SD. The confi­

dence limits of a given percentage of cells when 100 or 

more cells are counted are shown in Table 2.2. It will be 

seen that the confidence limits are wide. For example, 

the confidence limits of a 10% eosinophil count on a 

100‐cell differential count are 4–18%. The precision of 

the absolute count of any given cell count cannot be 

any better than the precision of the percentage but, if 

it is calculated from an automated WBC, which itself 

is quite a precise measurement, it is not a great deal 

worse. The imprecision of a manual differential count 

is greatest for those cells that are present in the small­

est numbers, particularly the basophils. If it is diag­

nostically important to know whether or not there is 

basophilia, then it is necessary to improve precision by 

counting many more than the usual 100 cells (e.g. at 

least 200–500 cells). Similarly, if neutrophils constitute 

only a small proportion of cells (e.g. in CLL), it is again 

necessary to count a larger number of cells to improve 

precision and determine whether there is neutropenia. 

Although the precision of a manual count could be 

improved by routinely counting more cells, it is not feas-

ible in a diagnostic laboratory to routinely count more 

than 100 or, at the most, 200 cells. The poor precision 

of the count of cells present in the smallest numbers 

means that the reference limits for manual basophil and 

eosinophil counts include zero. It is therefore imposs-

ible, on the basis of a manual count, to say that a patient 

has basopenia or eosinopenia. It should also be noted 

that the precision of the band count is so poor that it is 

not generally very useful to count band cells separately 

from segmented neutrophils. A comment such as ‘left 

shift’ or ‘increased band cells’ can be made when such 

cells are clearly increased.

The CSLI has established a reference method for the 

differential count [31]. It uses a manually wedge‐spread, 

Romanowsky‐stained film. Two hundred cells are counted 

by each of two trained observers using a ‘battlement’ track 

(see Fig. 2.3b). The results are averaged to produce a 400‐

cell differential count, which is then divided by four.

Table 2.2  Ninety‐five percent confidence limits of the observed 
percentage of cells when the total number of cells counted (n) 
varies from 100 to 10,000.∗

Observed 

percentage 

of cells

Total number of cells counted (n)

100 200 500 1000 10 000

  0 0–4 0–2 0–1 0–1 0–0.04

  1 0–6 0–4 0–3 0–2 0.8–1.2

  2 0–8 0–6 0–4 1–4 1.7–2.3

  3 0–9 1–7 1–5 2–5 2.7–3.3

  4 1–10 1–8 2–7 2–6 3.6–4.4

  5 1–12 2–10 3–8 3–7 4.6–5.4

  6 2–13 3–11 4–9 4–8 5.5–6.5

  7 2–14 3–12 4–10 5–9 6.5–7.5

  8 3–16 4–13 5–11 6–10 7.4–8.6

  9 4–17 5–15 6–12 7–11 8.4–9.6

10 4–18 6–16 7–14 8–13 9.4–10.6

15 8–24 10–21 12–19 12–18 14.6–15.4

20 12–30 14–27 16–24 17–23 19.6–20.4

25 16–35 19–32 21–30 22–28 24.6–25.4

30 21–40 23–37 26–35 27–33 29.5–30.5

35 25–46 28–43 30–40 32–39 34.5–35.5

40 30–51 33–48 35–45 36–44 39.5–40.5

45 35–56 38–53 40–50 41–49 44.5–45.5

50 39–61 42–58 45–55 46–54 49.5–50.5

∗Ranges for n = 100 to n = 1000 are derived from reference 34



The reticulocyte count
Reticulocytes are young red cells, newly released 

from the bone marrow, that still contain ribosomal 

ribonucleic acid (RNA). On exposure of unfixed cells 

to certain dyes, such as brilliant cresyl blue or ‘new 

methylene blue’, the ribosomes are precipitated and 

stained by the dye, to appear as a reticular network; as 

the cells are still living when exposed to the dye, this 

is referred to as supravital staining. With new methyl-

ene blue, red cells stain a pale greenish‐blue while the 

reticulum stains bluish‐purple.

The amount of reticulum in a reticulocyte varies 

from a large clump in the most immature cells (group I 

reticulocytes) to a few granules in the most mature forms 
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(a)

(b)

Fig. 2.4  Reticulocytes stained with new 
methylene blue. (a) A group I reticulocyte 
with a dense clump of reticulum, several 
group II reticulocytes with a wreath or net-
work of reticulum and several group III 
reticulocytes with a disintegrated wreath of 
reticulum. (b) Group II, III and IV reticu-
locytes: the group IV reticulocyte has two 
granules of reticulum. There is also a cell 
with a single dot of reticulum. By some cri-
teria this would also be classified as a reticu-
locyte. Continued p. 27

(group IV reticulocytes) (Fig. 2.4). The difficulty in deter­

mining whether one or two dots of appropriately stained 

material represent RNA has led to various definitions of a 

reticulocyte being proposed. The minimum requirement 

varies from a single dot, through two or three dots to a 

minimum network. Since the majority of reticulocytes in 

the peripheral blood are group IV, the precise definition 

of a reticulocyte that is employed will have an appreci­

able effect on the reticulocyte count. The NCCLS (National 

Committee for Clinical Laboratory Standards, now the 

CLSI) classified as a reticulocyte ‘any non‐nucleated red 

cell containing two or more particles of blue‐stained mat­

erial corresponding to ribosomal RNA’ [36]. This definition 

is also accepted by the ICSH [37].
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The RNA, which is responsible for forming the 

reticulum following supravital staining, gives rise, on 

Romanowsky‐stained films, to diffuse cytoplasmic baso-

philia. The combination of cytoplasmic basophilia with 

the acidophilia of haemoglobin produces staining char-

acteristics known as polychromasia. Not all reticulo-

cytes contain enough RNA to cause polychromasia on a 

Romanowsky‐stained film, but whether polychromatic 

cells correspond only to the least mature reticulocytes 

(equivalent to the group I reticulocytes) [38] or to all 

but the most mature reticulocytes (group I, II and III 

reticulocytes) [39] is not certain.

There are certain other inclusions that can be confused 

with the reticulum of reticulocytes. Methods of mak-

ing the distinction are given in Table 2.3 and these other 

inclusions are discussed in more detail in Chapter 7. Cells 

containing Pappenheimer bodies, in particular, can some-

times be difficult to distinguish from late reticulocytes 

with only a few granules of reticulofilamentous material. 

If necessary, a reticulocyte preparation can be counter-

stained with a Perls stain to identify Pappenheimer bodies, 

or by a Romanowsky stain, to identify Howell–Jolly bod-

ies. When a reticulocyte preparation is fixed in methanol 

and counterstained with a Romanowsky stain, the vital 

dye, e.g. the new methylene blue, is washed out during 

the methanol fixation. The reticulum is then stained by 

the basic component of the Romanowsky stain [40].

Reticulocytes are usually counted as a percentage 

of red blood cells. The use of an eyepiece containing 

a Miller ocular micrometer disc (Fig. 2.5) facilitates  

counting; reticulocytes are counted in the large squares 

and the total red cells in the small squares, which are 

(c)
Fig. 2.4  Continued (c) Three reticulocytes 
and a Howell–Jolly body.

Table 2.3  The characteristic appearance of various red cell inclusions on a new methylene blue reticulocyte preparation.

Name Nature Appearance

Reticulum Ribosomal RNA Reticulofilamentous material or scanty small granules

Pappenheimer bodies Iron‐containing inclusions One or more granules towards the periphery of the cell, may stain 

a deeper blue than reticulum, may be clustered

Heinz bodies Denatured haemoglobin Larger than Pappenheimer bodies, irregular in shape, usually 

attached to the cell membrane and may protrude through it, 

pale blue

Howell–Jolly bodies DNA Larger than Pappenheimer bodies, regular in shape, distant from 

the cell membrane, pale blue

Haemoglobin H inclusions Denatured haemoglobin H Usually do not form with the short incubation periods used for 

reticulocyte counts; if present they are multiple and spherical, 

giving a ‘golf‐ball’ appearance; pale greenish-blue

DNA, deoxyribonucleic acid; RNA, ribonucleic acid



one ninth of the size of the large cells. If 20 fields are 

counted, the reticulocytes among about 2000 cells are 

counted and the reticulocyte percentage is equal to:

Reticulocytes in 20 large squares 100

Erythrocytes in 20 small squares 9

×
×

This method gives superior precision to counting the 

proportion of reticulocytes without an ocular insert 

[41]. Consecutive rather than random fields should 

be counted, since there is otherwise a tendency to 

subconsciously select fields with more reticulocytes 

[41]. It is also essential that the same principles of 

counting cells as are used in manual counting cham­

ber counts are followed, i.e. the cells overlapping 

two of the four borders are not counted. Failure to 

follow this practice is thought to be the explanation 

of a bias towards lower counts that has been observed 

if a Miller disc is used [42]. The number of cells to 

be counted to achieve an acceptable degree of repro­

ducibility increases as the percentage of reticulocytes 

falls. If a Miller graticule is used, the number of cells 

that should be counted to achieve a CV of about 10% 

is shown in Table 2.4 [37].

Reticulocyte counts have traditionally been 

expressed as a percentage. Since an RBC is generally 

available an absolute reticulocyte count, which gives 

a more accurate impression of bone marrow output, 

should be calculated. As an alternative, if an RBC is 

not available, a result that is more meaningful than 

a percentage can be produced by correcting for the 

degree of anaemia as follows:

Reticulocyte index
reticulocyte percentage observed Hct

normal Hct
=

×

for example,

Reticulocyte index
1.2 0.29

0.45
0.77= × =

This example shows that an apparently normal reticulo­

cyte count can be demonstrated to be low if allowance 

is made for the presence of anaemia. This procedure and 

the use of an absolute reticulocyte count give similar 

information. A more complex correction [43] can be 

made that allows for the fact that in anaemic persons, 

under the influence of an increased concentration of 

erythropoietin, reticulocytes are released prematurely 

from the bone marrow and spend longer in the blood 

before becoming mature red cells. The reticulocyte 

index and the absolute reticulocyte count both give a 

somewhat false impression of bone marrow output in 

this circumstance. The reticulocyte production index 

[43] is calculated by dividing the reticulocyte index by 

the average maturation time of a reticulocyte in the 

peripheral blood at any degree of anaemia. Although 

the reticulocyte index and the reticulocyte production 

index have not found general acceptance, the concepts 

embodied in them should be borne in mind when retic­

ulocyte counts are being interpreted.

Although the absolute reticulocyte count or one of 

the reticulocyte indices is to be preferred as an indicator 

of bone marrow output, the reticulocyte percentage has 

the advantage that it gives an indication of red cell life­

span. If a patient with a stable haemolytic anaemia has 

a reticulocyte count of 10%, it is apparent that 1 cell in 

10 is no more than 1–3 days old.
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Table 2.4  The number of cells to be counted in the small 
square of a Miller graticule to achieve an acceptable degree of 
precision for the reticulocyte count.∗

Reticulocyte 

count (%)

Approximate number of 

cells to be counted in small 

squares for CV of 10%

Equivalent 

to total 

count of

1–2 1000 9000
3–5   500 4500

6–10   200 1800
20–25   100   900

∗From reference 37

CV, coefficient of variation

Fig. 2.5  The appearance of a Miller ocular micrometer for use in 
counting reticulocytes.
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The reticulocyte count is stable with storage of EDTA‐

anticoagulated blood at room temperature for up to 

24 hours [44] and at 4°C for several days [37].

The CLSI reference method for the reticulocyte count 

is based on new methylene blue, with azure B being 

accepted as a suitable alternative [45].

Units and approved abbreviations
The ICSH has recommended standardised abbreviations 

for peripheral blood variables. These are shown together 

with the approved units of the Système International 

(SI) and their abbreviations in Table 2.5.

Automated image analysis

Pattern‐recognition automated differential 
counters
CellaVision AB (Lund, Sweden) has produced pattern‐

recognition automated differential counters, the Diffmaster 

Octavia and its successor the CellaVision DM96, based on 

cell finding and microscopy of a May–Grünwald–Giemsa 

(MGG) or Wright–Giemsa stained blood film interpreted by 

a computer program employing neural networks [46,47]. 

Analysis of each slide takes about 5 minutes for the Octa-

via and about 3 minutes for the DM96. The identification 

of cells can be confirmed visually and, if necessary, altered. 

Images can be stored and used for review or teaching. The 

DM96 has been found to be faster than a trained labora-

tory scientist performing a routine differential count, with 

accuracy being similar [48]. The same company has also 

developed an image capture system that permits images to 

be captured in a small laboratory for transfer to a central 

laboratory on the same digital network; capture of images 

takes 17 minutes per 200 cells [49]. Information is avail-

able at www.cellavision.com.

Other pattern‐recognition systems available include 

EasyCell assistant (Medica), HemaCam (Horn Imaging 

GmbH, Horiba medical) and HemoFAXS (TissueGnostics).

Automated blood cell counters

Principles of operation of automated 
haematology counters
The latest fully automated blood cell counters aspi-

rate and dilute a blood sample and determine from 8 

to more than 60 variables relating to red cells, white 

cells and platelets. Many counters are also capable of 

identifying a blood specimen (e.g. by bar‐code read-

ing), mixing it, transporting it to the sampling tube 

and checking it for adequacy of volume and absence 

of clots. Some are also linked to an automated film 

spreader. To avoid any unnecessary handling of 

blood specimens by instrument operators, sampling 

is usually by piercing a cap. Apart from the measure-

ment of Hb, all variables depend on counting and 

sizing of particles, whether red cells, white cells or 

platelets, and some variables also require determining 

other characteristics of the particles. Particles can be 

counted and sized either by electrical impedance or by 

light scattering. Automated instruments have at least 

two channels. In one channel a diluent is added and 

red cells are counted and sized. In another channel a 

lytic agent is added, together with diluent, to reduce 

red cells to stroma, leaving the white cells intact for 

counting and also producing a solution in which Hb 

can be measured. Further channels are required for a 

differential WBC, which is often dependent on study 

of cells by a number of modalities, e.g. impedance 

technology with current of various frequencies, light 

Table 2.5  Units, abbreviations and symbols used for describing 
haematological variables.∗

Variable Abbreviation Unit Symbol

White blood cell 

count

WBC number × 109/l

Red blood cell 

count

RBC number × 1012/l

Haemoglobin 

concentration

Hb grams/litre OR

grams/decilitre OR

millimoles per litre

g/l, g/L†

g/dl

mmol/l
Haematocrit Hct litre/litre l/l
Packed cell volume PCV litre/litre l/l
Mean cell volume MCV femtolitre fl
Mean cell 

haemoglobin

MCH picograms OR

femtomoles

pg

fm
Mean cell 

haemoglobin 

concentration

MCHC grams/litre OR

grams/decilitre OR

millimoles per litre

g/l, g/L†

g/dl

mmol/l
Platelet count Plt number × 109/l
Mean platelet 

volume

MPV femtolitre fl

Plateletcrit Pct litre/litre l/l
Reticulocyte count Retic number × 109/l
Erythrocyte 

sedimentation 

rate (Westergren, 

1 hour)

ESR millimitres, 1h mm, 1h

∗In addition, it should be noted that the approved abbreviation for 

‘international units’ is iu (although IU is used for coagulation factors)
†g/L is preferred in the UK



scattering and light absorbance. A separate channel 

may be required for a reticulocyte count.

Automated instruments cannot recognise all the signifi-

cant abnormalities that can be recognised by a human 

observer. They are therefore designed to produce accu-

rate and precise blood counts on specimens that are either 

normal or show only numerical abnormalities or, with the 

most recent instruments, also contain NRBC; they are also 

designed to alert the instrument operator when the speci-

men has unusual characteristics that could either lead to 

an inaccurate measurement or require review of a blood 

film. This is often referred to as ‘flagging’. Results should 

be flagged: (i) when the blood sample contains blast cells, 

granulocyte precursors (often referred to as immature 

granulocytes), NRBC or atypical lymphocytes; (ii) when 

there are giant or aggregated platelets or for any reason red 

cell and platelet populations cannot be separated; and (iii) 

when there is an abnormality likely to be associated with 

factitious results.

A new challenge to automated instruments is the 

production of accurate red cell indices, as well as total 

haemoglobin concentration, in patients who are infused 

with haemoglobin‐based blood substitutes. This can be 

achieved with instruments, such as Siemens instru-

ments, that measure size and haemoglobin concen-

tration of individual red cells [50].

In the discussion of automated instruments, some 

instruments are included although they are no longer in 

general use because they demonstrate the principles of 

operation and illustrate the progressive improvement in 

technology that has occurred.

Beckman–Coulter instruments
Blood cells are extremely poor conductors of electricity. 

When a stream of cells in a conducting medium flows 

through a small aperture across which an electric current 

is applied (Fig. 2.6) there is a measurable increase in the 

electrical impedance across the aperture as each cell passes 

Stopcock

Wire from
internal electrode

Internal electrode

Wire from
external electrode

External electrode
Aperture through
which cells in
suspension are
drawn

Wires from electrodes
which stop and start
particle counting

Mercury-containing
manometer for
controlling and
metering flow 
through the aperture

Fig. 2.6  Semi‐diagrammatic representation of part of Coulter Counter, model FN, showing the aperture tube and the manometer 
used for metering the volume of cell suspension counted. Right: diagrammatic representation of the cross‐section of the aperture 
tube of an impedance counter.

30      Chapter 2



Performing a blood count      31

through, this increase being proportional to the volume of 

conducting material displaced. The change in impedance 

is therefore proportional to the cell volume. Cells can thus 

be both counted and sized from the electrical impulses that 

they generate. This is the principle of impedance counting, 

which was devised and developed by Wallace Coulter in 

the late 1940s and 1950s and which ushered in the mod-

ern era of automated blood cell counting.

Aperture impedance is determined by capacitance and 

inductance as well as by resistance. Various factors apart 

from cell volume influence the amplitude, duration and 

form of the pulse, these being related to the disturbance 

of electrical lines of force as well as to the displacement 

of the conducting medium. Cell shape is relevant, as well 

as cell volume, so that cells of increased deformability, 

which can elongate in response to shear forces as they 

pass through the aperture, appear smaller than their 

actual size and rigid cells appear larger [51]. Furthermore, 

cells that pass through the aperture off centre produce 

aberrant impulses and appear larger than their actual 

size. Cells that recirculate through the edge of an electri-

cal field produce an aberrant impulse, which is smaller 

than that produced by a similar cell passing through the 

aperture; a recirculating red cell can produce an impulse 

similar to that of a platelet passing through the aperture. 

Cells that pass through the aperture simultaneously, or 

almost so, are counted and sized as a single cell; the inac-

curacy introduced requires correction, known as coinci-

dence correction. Aberrant impulses can be edited out 

electronically. Sheathed flow or hydrodynamic focusing 

can direct cells to the centre of the aperture to reduce 

the problems caused both by coincidence and by aberrant 

impulses. Both sheathed flow and sweep flow behind an 

aperture can prevent recirculation of cells.

Impedance counters generally produce very precise 

measurements of cell volume and haemoglobin content 

and concentration. However, there are some inaccura-

cies inherent in the method, which are greater when 

cells are abnormal. The voltage pulse produced by a 

cell passing through the sensing zone can be regarded 

as the cell’s electrical shadow, which suggests a particle 

of a certain size and shape. A normal red cell prob-

ably passes through the aperture in a fusiform or cigar 

shape [51], producing an electrical shadow similar to its 

actual volume, whereas a sphere produces an electrical 

shadow 1.5 times its actual volume [51]. A fixed rigid 

cell will appear larger than its actual volume. Further-

more, cell deformability is a function of haemoglobin 

concentration within an individual cell. The effect of 

cell shape is not the same with all impedance counters. 

In one study the inaccuracy was greater with a Coulter 

STKR and a Cell‐Dyn 3000 than with a Sysmex K‐1000 

and was not seen with a Sysmex NE‐8000 [52].

Beckman–Coulter (previously Coulter) instru-

ments initially measured Hb by a modified cyanmeth-

aemoglobin method. For example, with the Coulter 

Counter S Plus IV, Hb was derived from the optical 

density at approximately 525 nm after a reaction time 

of 20–25 seconds. A cyanide‐free reagent for Hb deter-

mination was subsequently introduced. Coulter instru-

ments count and size red cells, white cells and platelets 

by impedance technology. Platelets and red cells are 

counted and sized in the same channel. The measure-

ment of MCV and RBC allow the Hct to be derived, and 

the measurement of mean platelet volume (MPV) and 

the platelet count allow the derivation of an equivalent 

platelet variable, the plateletcrit (Pct). When the MPV is 

measured by impedance, it, and Pct, increase with stor-

age of the blood. The MCH is derived from the Hb and 

the RBC. The MCHC is derived from the Hb, RBC and 

MCV. The variation in size of red cells is indicated by the 

red cell distribution width (RDW), which is the SD of 

individual measurements of red cell volume. The equiv-

alent platelet variable is the platelet distribution width 

(PDW). There is often some overlap in size between 

small red cells and large platelets. Depending on the 

model of instrument, platelets and red cells may be sep-

arated from each other by a fixed threshold, e.g. at 20 

fl, or by a moving threshold, or the data from counts 

between two thresholds, e.g. 2 and 20 f1, may be used 

to fit a curve, which is extrapolated so that platelets fall-

ing beyond these thresholds, e.g. between 0 and 70 fl, 

are also included in the count. White cells are counted 

in a separate channel, the Hb channel, following red 

cell lysis. With earlier instruments, NRBC present were 

mainly included in the ‘WBC’. Histograms of volume 

distribution of white cells, red cells and platelets were 

provided (Fig. 2.7). A three‐part differential count was 

based on impedance sizing following partial stripping of 

cytoplasm, the categories of white cell being granulo-

cyte, lymphocyte and mononuclear cell.

Five‐part differential Beckman–Coulter 
instruments including LH 750 and LH 780
The next generation of fully automated Coulter instru-

ments – Coulter STKS, MAXM, HmX, Gen S, LH 750 and 



LH 780 – produce a five‐part differential white cell count, 

which is based on various physical characteristics of white 

cells, following partial stripping of cytoplasm (Fig. 2.8 & 

Table 2.6). Three simultaneous measurements are made 

on each cell: (i) impedance measurements with low‐fre-

quency electromagnetic current, dependent mainly on 

cell volume; (ii) conductivity measurements with high‐

frequency (radiofrequency) electromagnetic current, 

which alters the bipolar lipid layer of the cell membrane 

allowing the current to penetrate the cells and is there-

fore dependent mainly on the internal structure of the 

cell, including nucleocytoplasmic ratio, nuclear density 

and granularity; (iii) forward light scattering at 10–70° 

when cells pass through a laser beam determined by the 

structure, shape and reflectivity of the cell. In later instru-

ments (e.g. the Gen S, LH 750 and LH 780), the soft-

ware permits further analysis of this data: conductivity 

measurements are corrected for the effect of cell volume 

so that they more accurately reflect internal cell struc-

ture and nucleocytoplasmic ratio – designated ‘opacity’; 

light‐scatter measurements are corrected for the effect 

of cell volume so that separation of different cell types is 

improved – designated ‘rotated light scatter’. The abbrevi-

ation VCS (volume, conductivity, scatter) is used. Five cell 

populations are discriminated by three‐dimensional clus-

ter analysis based on cell volume, ‘opacity’ and rotated 

light scatter; clusters are separated by moving curvilinear 

thresholds. Clusters are represented graphically by plots of 

cell volume against three discriminant functions derived 

from the data. Plots of size against discriminant function 1 

(mainly derived from light scatter) separate cells into four 

clusters: neutrophils, eosinophils, monocytes and lym-

phocytes plus basophils (Fig. 2.8a). Basophils are located 

in the upper right‐hand quadrant of the lymphocyte box. 

Plots of size against discriminant function 2 (mainly based 

on conductivity measurements with high‐frequency elec-

tromagnetic current) separate cells into three clusters – 

lymphocytes, monocytes and granulocytes (Fig. 2.8b). 

A plot of size against discriminant function 3, obtained 

by gating out neutrophils and eosinophils, shows baso-

phils as a cluster separate from lymphocytes and mono-

cytes (Fig. 2.8c). In addition, there is a multicolour three‐

dimensional scatter plot.

In the case of the LH 750 and LH 780, precision is 

improved by counting white cells, red cells and platelets in 

triplicate and by extending the counting time if the WBC 

or platelet count is low. Particles greater than 35 fl after red 

cell lysis are counted as white cells. The instrument is able 

to count NRBC and corrects the WBC for NRBC interfer-

ence [53]. Platelets are counted between 2 and 20 fl, but 

the curve is extrapolated to 70 fl to include large plate-

lets. Reticulocytes can be counted in a separate mode (see 

below). A red cell variable, the mean sphered cell volume 

(MSCV), an artificial measurement in the reticulocyte 

channel, represents the average volume of sphered red cells 

in hypo‐osmotic conditions [54]. Normally the MSCV is 

REL
NO

WBC

RBC

PLT 2 10

50 100 200 300

PLT                 245

MPV           9.6

50 100 200 400300

20 FEMTOLITERS

NORMAL DISTRIBUTION

NORMAL DISTRIBUTION

SAMPLE  ANALYSIS

NORMAL DISTRIBUTION

22/06/94      835
ID
LAB  056722
 WBC 8.6
 LY 26.4
 MO 6.3
 GR 67.3
 EO   # < .7
 BA   # < .2

RBC 4.02
HGB       12.7
HCT       38.1
MCV     94.7
MCH      31.6
MCHC   33.4
ROW      14.9

Fig. 2.7  Histograms produced by a Coulter S Plus IV automated counter showing volume distribution of white cells, red cells  
and platelets.
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Fig. 2.8  Printouts of Coulter STKS automated counter. (a) Scatter plot of white cell volume against discriminant function 1. There 
are four white cell populations: NEUT, neutrophils; EOS, eosinophils; MONO, monocytes; and LYMPH, lymphocytes. (b) Scatter 
plots of white cell volume against discriminant function 2 showing three white cell populations: GRAN, neutrophils, eosinophils 
and basophils; MONO, monocytes; and LYMPH, lymphocytes. (c) Scatter plots of white cell volume against discriminant function 3 
showing three white cell populations; BASO, basophils; MONO, monocytes; and LYMPH, lymphocytes. (d) Histogram showing size 
distribution of red cells and platelets.
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Table 2.6  Technology employed in automated full blood counters performing 5–7‐part differential counts.

Instrument Technology

STKS, Gen S, LH 750, LH 780 and Unicel DxH800 

(Beckman–Coulter)

	 (i)	 impedance with low frequency electromagnetic current

	(ii)	 conductivity with high frequency electromagnetic current

	(iii)	 laser light scattering

AcT 5diff Analyzer (Beckman–Coulter) 	 (i)	 impedance measurements following differential lysis

	(ii)	 impedance technology and absorbance cytochemistry (after interaction with 

chlorazole black)

Sysmex SE‐9000 (Sysmex Corporation) 	 (i)	 impedance with low frequency electromagnetic current

	(ii)	 impedance with high frequency electromagnetic current

	(iii)	 impedance with low frequency electromagnetic current at low and high pH

Sysmex XE‐2100 (Sysmex Corporation) 	 (i)	 impedance with low frequency electromagnetic current

	(ii)	 impedance with radiofrequency electromagnetic current

	(iii)	 forward light scatter

	(iv)	 sideways light scatter

	(v)	 fluorescence intensity following interaction with a polymethine fluorescent dye

H.1 series, Advia 120 series (Bayer–Technicon, 

Siemens)

	 (i)	 light scattering following peroxidase reaction

	(ii)	 light absorbance following peroxidase reaction

	(iii)	 light scattering following stripping of cytoplasm from cells other than basophils by 

a lytic agent at low pH

Cell‐Dyn 3500 (Abbott Diagnostics) 	 (i)	 forward light scatter

	(ii)	 narrow angle light scatter

	(iii)	 orthogonal light scatter

	(iv)	 polarised orthogonal light scatter

Cell‐Dyn 4000 (Abbott Diagnostics) As above plus

	(v)	 NRBC count following binding to fluorescent dye

ABX ABX Pentra 120Retic (Horiba ABX Diagnostics) 	 (i)	 impedance

	(ii)	 light absorbance following staining of granules with chlorazole black E

	(iii)	 impedance following preferential stripping of cytoplasm from basophils at low pH

greater than the MCV (of non‐sphered cells) and an inver-

sion of this relationship suggests the presence of sphero-

cytosis or a similar abnormality of shape [54]. The MSCV 

has been noted to fall in athletes during training, correlat-

ing with evidence of haemolysis [55]. A red cell variable, 

designated low haemoglobin density (LHD), is produced 

by mathematical transformation of the MCHC; it has been 

found to correlate with the %Hypo on Siemens instru-

ments (see below) and is a useful indicator of reduced iron 

availability, e.g. in patients with chronic kidney disease 

receiving erythropoietin [56]. A further calculated variable 

is the microcytic anaemia factor, Maf, (Hb × MCV)/100, 

which has been used for screening for iron depletion and 

iron‐deficient erythropoiesis in athletes [57]. The LH750 

has four flags for possible blast cells – NEBlast, LYBlast, 

MOBlast and VARIANT LY; these have been found to be 

collectively less sensitive (but more specific) than the four 

blast flags on Siemens ADVIA systems [58]. The Coulter 

Gen S, LH 750 and LH 780 VCS differential white cell data 

can be used as a flag for samples that are likely to contain 

malaria parasites [59,60]. An LH 750 statistical function 

based on VCS lymphocyte data and platelet count can also 

be used as a flag for dengue fever [60].

In patients with acute leukaemia or suspected dissem-

inated intravascular coagulation, the LH 750 platelet 

count shows a good correlation with the international 

reference method, but with the slope against the refer-

ence method indicating underestimation [61]. The MPV 

may be inaccurate (LH 750) in the presence of very large 

platelets as they are not recognised and are excluded 

from the measurement [62].

For the LH 750, the mean neutrophil volume (MNV), 

neutrophil distribution width (NDW), mean lymphocyte 

volume (MLV) and lymphocyte distribution width (LDW) 

can also be estimated from the VCS measurements. The 

MNV was found, in one study, to be superior to the WBC 

and the neutrophil percentage in the detection of sepsis 

in adults [63]. In a second study, MNV and NDW had bet-

ter sensitivity and specificity than a manual band count, 

absolute neutrophil count and C‐reactive protein (CRP) 

in the recognition of infection [64]. A further study found 

that MNV and mean monocyte volume (MMV) correlated 
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with sepsis; these variables were less informative than 

interleukin 6 concentration, but showed similar sensitiv-

ity and specificity to CRP [65]. In a study in intensive care 

ward patients, NDW was found to discriminate patients 

with infection from those with acute inflammation and 

in this regard was superior to CRP and procalcitonin; all 

three variables could distinguish between localised and 

systemic infections [66]. In postoperative patients, an 

increased MNV and NDW were found in patients with 

infection in comparison with those without infection 

[67]. Children and adolescents with bacterial sepsis were 

found to have an increased NDW and LDW [68]. Simi-

larly, using the LH 780, the MNV and NDW were found 

to be useful in the diagnosis of neonatal sepsis [69]. In 

a second study using the LH 750 and LH 755, MNV and 

CRP were found to be the most useful measurements in 

the diagnosis of neonatal sepsis [70].

Abnormalities in the measurements of mean neutrophil 

conductivity and mean neutrophil scatter on the LH 750, 

indicative of hypogranularity, can provide evidence of gran-

ulocytic dysplasia [71]. MNV may also be reduced [72].

The LH 750 and LH 780 incorporate a red cell size fac-

tor (RSf), which is based on the size of mature red cells 

and reticulocytes, using the formula √MCV∗MRV, i.e. the 

square root of the product of the MCV and the mean 

reticulocyte volume (MRV) [73]. Values correlate with 

the Ret‐He of Sysmex instruments; they are low in iron 

deficiency and thalassaemia trait and are likely to fall 

when there is development of functional iron deficiency, 

e.g. in patients receiving erythropoietin therapy [73]. 

The LH 780 %LDH has been found to distinguish iron 

deficiency and anaemia of chronic disease with iron defi-

ciency from iron‐replete anaemia of chronic disease [74].

A curious blood film artefact has been reported with 

the LH 750 when avian red cells from a multiply punc-

tured tube of reticulocyte control material were carried 

over to a subsequent patient sample, which was then 

used to make a film [75].

Beckman–Coulter Unicel DxH 800
The Beckman–Coulter Unicel DxH 800 provides an FBC, 

a 5‐part differential count, a count of NRBC and a reticu-

locyte count. The differential count, including NRBC and 

‘immature granulocytes’, is based on impedance (volume) 

and radiofrequency (conductivity) measurements plus 

five light‐scatter measurements, this representing a fur-

ther development of the VCS technology of earlier instru-

ments (Fig. 2.9). Mean volume, variation in volume and 

other morphology‐based information is produced for all 

subpopulations, these measurements being collectively 

referred to as the ‘cell population data’ (CPD). The Hb is 

corrected when the uncorrected WBC (UWBC) is 11 × 109/l 

or higher and the RBC is corrected when the UWBC is 140 

× 109/l or higher [76]. MCV, RDW and the RDW standard 

deviation (RDWSD) are corrected when the UWBC is 140 

× 109/l and there is evidence that white cells are interfering 

with the red cell histograms. The platelet count is based on 

measurements between 2 fl and 25 fl with a fitted curve to 

exclude red cell fragments. Platelet flags indicate the prob-

ability of giant platelets, platelet aggregates and interfer-

ence at the lower or upper thresholds.

The flags on the DxH 800 have been assessed as more 

sensitive and more specific than those of the LH 750, 

with flagging of samples also being less common [77]. 

The DxH 800 shows superior sensitivity to blast cells 

to the LH 750 [78] and superior sensitivity and accuracy 

to the LH 780 in detecting and counting NRBC [76]. The 

DxH 800 has been found to be more accurate than the 

LH 780 in enumerating NRBC in adults [79] and more 

accurate than the Cell‐Dyn Sapphire for enumerating 

NRBC in neonatal and paediatric samples [80]. It was 

found superior to the LH 750 and the Advia 2120 for the 

identification of NRBC in neonatal samples [81]. Find-

ings in patients with sepsis are similar to those for the LH 

750 and LH 780; MNV, NDW, MMV and monocyte distri-

bution with (MDW) are increased, while most neutrophil 

light scatter measurements are reduced [82]. Cell popu-

lation data for neutrophils and monocytes permit predic-

tion of haemopoietic stem cell engraftment several days 

earlier than the absolute neutrophil count [83].

The DxH 800 has approximately 100% sensitivity and 

specificity in the detection of P. vivax malaria parasites, 

an abnormal signal being seen in the NRBC plot [84].

HematoFlow platform
The Beckman–Coulter Hematoflow platform virtually 

integrates a DxH 800 automated instrument and an 

FC500 flow cytometer using middleware to provide an 

FBC and a 16‐part differential count [85,86]. The FC500 

uses six directly labelled monoclonal antibodies (CD2, 

CD16, CD19, CD36, CD45 and CD294) in a five‐colour 

single reagent, CytoDiff [85,86]. As an antibody‐based 

platform, the Hematoflow system cannot count mono-

cytes in patients with a congenital CD36 deficiency. 

Similarly, CD16‐negative type III neutrophils in patients 

with paroxysmal nocturnal haemoglobinuria will not be 

recognised and will be categorised as immature granulo-

cytes [87]. There is generally good agreement between 
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Fig. 2.9  Printouts from Beckman–Coulter DxH 800. (a) Scatter plots from the differential channel, five‐part differential 1 (5PD1) and 
five‐part differential 2 (5PD2), showing a plot of volume (v) against multi‐angle rotated light scatter (RLSn) (left) and volume against 
opacity (right); in the corresponding three‐dimensional representations (centre) the heights of the peaks reflect cell numbers; a com-
posite three‐dimensional plot (bottom left) can be rotated using a mouse to demonstrate different populations; histograms (bottom 
right)show the size of white blood cells (WBC), red blood cells (RBC) and platelets (PLT) in their respective channels; Continued p. 37  
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the differential counts of the XE‐2100 and DxH 800, 

with the exception of basophil counts [86]. There are 

occasional instances of overestimation of monocytes 

and factitious basophilia has been observed in a patient 

in whom some lymphocytes were classified as basophils 

[86]. In one study, blast cells of acute myeloid leukae-

mia (AML) and B‐lineage acute lymphoblastic leukae-

mia (ALL) were identified, but not blast cells of T‐lin-

eage ALL [85]. Others have found the system to be very 

sensitive for the detection of blast cells [87]. Much of 

the published work required manual gating techniques 

and the recent introduction of a fully automated gating 

algorithm may have improved the quality of results.

Ac T 5diff counter
Another instrument marketed by Beckman–Coulter, the 

AcT 5diff counter, performs a five‐part differential count 

by means of measurements in two channels (Fig. 2.10 & 

Table 2.6). The WBC and the basophil count are deter-

mined by impedance measurements following differential 

Fig. 2.9  continued (b) Two‐dimensional and three‐dimensional plots in the nucleated red blood cell (NRBC) channel showing the 
separation of NRBC from leucocytes; two light scatter measurements, RLAS (NRBC1, left) and RUMALS (NRBC2, right) are plotted 
against axial light loss (AL2), which measures the light absorbed as the cell passes through the flow cell (an indicator of cell size but 
also influenced by cellular transparency). By courtesy of Beckman–Coulter.
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lysis, basophils being more resistant to stripping of cyto-

plasm in acid conditions. Other cell types are determined 

in a second channel using a combination of measurements 

of volume (by impedance technology) and absorbance 

cytochemistry (after interaction with chlorazole black). 

Chlorazole black binds to the granules of eosinophils (most 

strongly), neutrophils (intermediate) and monocytes 

(least strongly); lymphocytes are unstained. The principles 

underlying the differential count on this instrument have 

much in common with those employed in Siemens instru-

ments (see below) and the technology employed is simi-

lar to that on certain Horiba instruments (see below). The 

instrument has a very small sample volume requirement, 

so is suitable for use with paediatric samples.

Information on Beckman–Coulter instruments is 

available on a company website, www.beckman.com.

Sysmex and other instruments 
incorporating impedance measurements
After the expiry of the initial patent of Coulter Electron-

ics, impedance counters were introduced by a number 

of other manufacturers, among whom Sysmex Corpo-

ration is prominent. These instruments operate accord-

ing to similar principles to those of Coulter instruments. 

Some instruments integrate the pulse heights from the 

red cell channel to produce Hct and derive the MCV from 

the RBC and Hct, while others do the reverse. Variables 

measured are similar to those of Coulter analysers, often 

including a three‐part or, with added technology, five‐ 

or six‐part differential count. Platelets may be separated 

from red cells by fixed thresholds or moving thresh-

olds and sometimes a platelet histogram is extrapolated 

beyond a threshold. The RDW on most instruments rep-

resents the SD of cell size measurements. Sysmex instru-

ments give the option of CV as an index of RDW. Most 

impedance counters initially measured Hb by a modified 

cyanmethaemoglobin method, but this has now been 

largely replaced by cyanide‐free methodology. For exam-

ple, Sysmex instruments use a lauryl sulphate method.

Sysmex SE‐9000
The Sysmex SE‐9000 and later instruments have an Hb 

channel that is separate from the WBC channel. This 

permits the use of a strong lytic agent so that high WBCs 

are unlikely to interfere with Hb estimates. There are 

moving thresholds for both red cells and platelets, which 

are counted by impedance technology. As with ear-

lier instruments, histograms of red cell, white cell and 

platelet volume distribution are provided (Fig. 2.11a). 

The MCV on this and certain other Sysmex instruments 

(K‐1000 and NE‐8000) has been noted to increase 

on deoxygenation and decrease on oxygenation [16]. 

The MCHC shows inverse changes. It is likely that the 

same effect would be observed with other automated 

Fig. 2.10  Scatterplot and histograms produced by Beckman–Coulter AcT 5diff counter: (a) normal; (b) sample with eosinophilia;  
(c) sample with monocytosis.
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counters, since the same phenomenon is observed with 

a microhaematocrit. The NE‐8000 does not show the 

same inaccuracy in MCV and MCHC estimates with 

hypochromic cells as is seen with the Coulter STKR; for 

the K‐1000, inaccuracy is intermediate [52].

The SE‐9000 produces a five‐part differential count by 

combining data from three channels (see Table 2.6). In the 

granulocyte–lymphocyte–monocyte channel leucocytes 

are separated from red cell ghosts and platelet clumps 

and are divided into three major clusters (Fig. 2.11b) 

Fig. 2.11  Graphic output of Sysmex SE‐9000 automated haematology analyser. (a) White cell scatter plots and red cell, platelet, 
eosinophil and basophil volume histograms on a normal sample. (b) White cell scatter plots – radiofrequency (RF) against direct 
current (DC) – of an abnormal sample with an increase of immature granulocytes. White cell populations shown are: GRAN, granu-
locytes; LYMPH, lymphocytes; MONO, monocytes (left); and immature granulocytes in a separate cluster from erythrocytes and 
residues of other leucocytes (right).

(a)

(b)



by a plot of radio‐frequency capacitance measure-

ments against direct current impedance measurements. 

Radio‐frequency measurements depend on internal 

cellular structure – nucleocytoplasmic ratio, chroma-

tin structure and cytoplasmic granularity – while direct 

current measurements depend on cell size. Eosinophils 

are detected by direct current measurements of cell size 

following exposure to a lytic agent at alkaline pH. Baso-

phils are detected by direct current measurements of cell 

size following exposure to a lytic agent at acid pH. The 

neutrophil count is determined by subtracting basophil 

and eosinophil counts from the granulocyte count. Imma-

ture granulocytes can be separated from erythrocytes and 

the residues of other leucocytes in the immature myeloid 

information (IMI) channel (Fig. 2.11b, right). Any abnor-

malities can thus be flagged as: ‘? left shift’, ‘? immature 

granulocytes’ or ‘? Blasts’.

The immature myeloid index has been found to be 

useful as a predictor of a rise in CD34‐positive stem cell 

numbers in patients being prepared for a peripheral 

blood stem cell harvest, and can serve as a trigger to 

start monitoring the number of CD34‐positive cells [88].

Sysmex XE‐2100
The Sysmex XE‐2100 [89], introduced in 1999, incorpo-

rates fluorescence flow cytometry into a multichannel 

instrument that also utilises laser light, direct current (for 

impedance measurements) and radiofrequency current 

(for determining the internal structure of a cell) to per-

form a differential count (Fig. 2.12). A polymethine flu-

orescent dye combines with nucleic acids (nuclear DNA 

and RNA in cytoplasmic organelles) of ‘permeabilised’ 

cells. This instrument has the capacity to count reticulo-

cytes, recognise and count RNA‐containing platelets and 

recognise and count NRBC, cells with the characteristics 

of immature granulocytes (promyelocytes, myelocytes 

and metamyelocytes, IG) and haemopoietic progenitor 

cells (HPC). Recognition of the latter depends on the 

greater lipid content of cytoplasmic membranes of more 

mature cells, so that differential lysis can be used to lyse 

Fig. 2.12  Scatter plots and histograms of the Sysmex XE‐2100 showing the leucocyte clusters (DIFF), the white cell count/basophil 
channel (WBC/BASO), immature granulocytes (IMI), nucleated red cell (NRBC), the reticulocyte channel (RET), the optical (fluo-
rescent) platelet count (PLT‐O) and red cell and platelet histograms (RBC and PLT).
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mature cells and leave haemopoietic progenitor cells 

less damaged. Blast cells can be differentiated from less 

immature cells (Fig. 2.13). The XE‐2100 can operate in 

CBC/DIFF mode, in which TNCC are counted and the 

presence of NRBC is flagged, or in NRBC mode, in which 

NRBC are counted and the WBC is computed by subtrac-

tion of NRBC from TNCC. This instrument also has the 

capacity to determine a platelet count by both imped-

ance technology and an optical method, following inter-

action with a fluorescent dye – the latter in the reticu-

locyte channel. At low counts the optical‐fluorescence 

platelet count is usually more accurate [90], whereas 

at high counts the linearity of the impedance count is 

better. Which count is more accurate when the count 

is low depends on the cause of the thrombocytopenia. 

Patients on chemotherapy may have WBC fragments, 

leading to the optical count being an overestimate of 

the platelet count, whereas in patients with low plate-

let counts and large platelets, e.g. due to autoimmune 

thrombocytopenic purpura or thrombotic thrombocy-

topenic purpura, the optical count is generally more 

accurate. The instrument has a switching algorithm to 

select the most accurate platelet count and this should 

not be over‐ridden [91]. In patients with acute leukae-

mia or suspected disseminated intravascular coagula-

tion, platelet counts by the two methods show a good 

correlation with the international reference method, but 

the slope of the regression line indicates underestima-

tion of the count [61]; erroneous counts are more likely 

when there is platelet activation. Inaccurate impedance 

counts can occur in the presence of red cell fragments 

or giant platelets. Inaccurate optical/fluorescence counts 

Fig. 2.13  Scatter plots of the Sysmex XE‐2100 on a blood sample from a patient with acute myeloid leukaemia showing the leucocyte 
clusters (DIFF), the white cell count/basophil channel (WBC/BASO), immature myeloid information (IMI) and nucleated red cell 
(NRBC) scatter plots. The WBC was 38.2 × 109/l with flags for suspected blast cells and suspected immature granulocytes. The IMI 
scatter plot shows an abnormal population of blast cells and granulocyte precursors (red) and another population that represents 
mature granulocytes and the ghosts or erythrocytes (blue).



can occur when white cell fragments are present, e.g. 

in leukaemia. The immature platelet fraction (IPF) has 

been found to be increased in conditions of increased 

platelet turnover, e.g. autoimmune thrombocytopenic 

purpura, thrombotic thrombocytopenic purpura and 

pregnancy‐associated hypertension [92]. The IPF is also 

predictive of recovery of bone marrow function follow-

ing stem cell transplantation. In a specific geographical 

setting, pseudobasophilia plus thrombocytopenia was 

found to be highly predictive of dengue fever [93].

The XE‐2100 is a multichannel instrument, the chan-

nels being as follows.

1	 A haemoglobin channel using a strong lytic agent and 

a cyanide‐free reagent (lauryl sulphate) for the meas-

urement of Hb.

2	 A red cell/platelet channel in which red cells and 

platelets are counted and sized by impedance technol-

ogy, following hydrodynamic focusing; in addition to 

the usual red cell variables, mean platelet size, platelet 

distribution width (the width of the platelet size his-

togram at 20% of the peak height) and the percent-

age of large platelets (platelet large cell ratio, P‐LCR, 

platelets larger than 12 fl expressed as a percentage) 

are provided. An increased percentage of large plate-

lets has been observed in patients with hyperlipidae-

mia and this has been suggested as a possible risk fac-

tor for thrombosis [94]. An increase in MPV, PDW and 

P‐LCR has been observed in autoimmune thrombocy-

topenic purpura in comparison with aplastic anaemia 

[95]. The MPV may be inaccurate, with impedance 

measurements, in the presence of very large platelets 

as they are excluded from the measurement [62]. Red 

cell variables include RBC‐Y, which is the mean value 

of forward light scatter and is proportional to the hae-

moglobin content of red cells. Values tend to parallel 

the MCH.

3	 A white cell differential channel in which neutrophils 

plus basophils, eosinophils, lymphocytes and mono-

cytes are differentiated from each other, by cluster 

analysis, following interaction with a polymethine‐

based fluorescent dye; measurements made are of side 

light scatter (NEUT‐X, indicative of the internal struc-

ture of cells), forward light scatter (indicative of cell 

size) and fluorescence intensity (NEUT‐Y, indicative 

of DNA and RNA content and thus indicating the size 

of the nucleus). Immature granulocytes (promyelo-

cytes, myelocytes and metamyelocytes) are counted 

in this channel. An increased percentage of immature 

granulocytes has been found predictive of infection; 

however, although more predictive than the WBC, 

it was no better than the absolute neutrophil count 

[96]. NEUT‐X is increased postpartum, in infection, 

following granulocyte colony‐stimulating factor (G‐

CSF) therapy and in other circumstances when neu-

trophils appear hypergranular [97]. It is also increased 

in megaloblastic anaemia [98]. It may be decreased 

in myelodysplastic syndromes (MDS) and chronic 

myelomonocytic leukaemia (CMML), correlating 

with the microscopic observation of hypogranular-

ity [97,98]. NEUT‐Y is increased postpartum and may 

be decreased in MDS and CMML [97]. In one study 

scatter plots were sometimes abnormal in P. vivax 

malaria and, less often, in P. falciparum malaria, with 

cases showing pseudoeosinophilia [99]. In another 

study, abnormal scatter plots were found in P. vivax, P. 

ovale and P. malariae infection, but not in P. falciparum 

infection [100]. In patients with CLL, the automated 

lymphocyte count has been found to be reliable when 

compared with a manual count on albuminised blood 

films, and can thus replace the routine manual count 

[101]. The absolute neutrophil count has been found 

to be accurate and precise, even at low levels [102].

4	 A white cell/basophil channel in which all cells except 

basophils are lysed so that basophils can be differ-

entiated from other leucocytes by cluster analysis, 

using forward light scatter and side light scatter. In 

one study the basophil count showed poor correla-

tion with flow cytometric counts with a correlation 

coefficient of 0.64, improving to 0.90 if samples with 

flags for abnormal white cells were excluded [103]. 

Pseudobasophilia was seen in 5/112 specimens [103].

5	 An NRBC channel in which NRBC are differentiated 

from white cells and from red cell ghosts by cluster 

analysis based on fluorescence intensity and forward 

light scatter, following lysis of NRBC and interaction 

of cells with a fluorescent dye. NRBC are less fluo-

rescent and scatter less light than leucocytes. Persist-

ing NRBC in the peripheral blood following stem cell 

transplantation have been found to correlate with a 

significantly worse prognosis [104].

6	 An IMI channel in which granulocyte precursors and 

putative HPC can be differentiated from mature leu-

cocytes by cluster analysis based on impedance and 

radiofrequency current analysis following differential 

lysis. The absolute count of HPC has been found to be 

a clinically useful measurement for determining the 
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optimal timing for harvesting peripheral blood stem 

cells. Since the HPC count is quick and economical, 

it can be used to predict when it is worthwhile per-

forming the more slow and expensive measurement 

of CD34‐positive cells [105]. It should be noted that 

delay in performing the analysis leads to an appreci-

able decline in the count, e.g. 50% by three hours 

[106]. Flags for abnormal cells are produced by inte-

grating information from the white cell differential 

channel and the IMI channel.

7	 A reticulocyte channel (used only when the instru-

ment is run in reticulocyte mode) in which plate-

lets are also enumerated optically with an immature 

platelet count (‘reticulated platelets’) being deter-

mined by a fluorescence/optical method (see above); 

the fluorescent dye is a proprietary mixture of poly-

methine and oxazine. The reticulocyte channel can 

also be used to enumerate and monitor red cell frag-

ments, by recognition of particles smaller than red 

cells with an RNA content less than that of a platelet, 

in patients with microangiopathic haemolytic anae-

mia [107,108]; there is a good correlation with micro-

scopic counts [107]. Counts of red cell fragments 

should be done promptly as the count rises with stor-

age [107]. The normal range for red cell fragments is 

less than 0.5%, with a value of less than 1% having a 

high negative predictive value [108]. This channel also 

measures reticulocyte haemoglobin content equiv-

alent, Ret‐He (estimated from forward light scatter, 

RET‐Y), which is reduced with the onset of functional 

iron deficiency and responds rapidly to iron replace-

ment. It also falls rapidly in patients hospitalised with 

pneumonia, representing an early sign of impaired 

haemoglobin synthesis resulting from inflammation 

[109]. The Ret‐He, produced by transformation of the 

RET‐Y and expressed in pg, gives similar information 

to Siemens instruments CHr in early iron deficiency 

and iron‐restricted erythropoiesis, such as functional 

iron deficiency in a haemodialysis patient receiving 

erythropoietin [110,111]. It has been incorporated 

into an algorithm for the diagnosis of microcytic 

anaemias [112]. For further general information on 

the reticulocyte count, see above.

The ‘reticulated platelet’ count, the IPF, reflects 

thrombopoietic activity, correlating inversely with the 

platelet count in autoimmune thrombocytopenic pur-

pura and being low in aplastic anaemia. An increase 

in the IPF% is predictive of bone marrow recovery 

following chemotherapy [113]. The IPF% is increased 

in liver disease; however, the IPF expressed as an abso-

lute count is reduced in cirrhosis of the liver in compari-

son with values both in individuals without liver disease 

and in patients with fatty liver or chronic cirrhosis, indi-

cating impairment of platelet production [114]. The IPF 

may be inappropriately increased in MDS [115].

Sysmex XE‐2100D
The XE‐2100D differs from the XE‐2100 in not having 

channels for NRBC, reticulocytes and IMI. It thus pro-

vides an FBC and 5‐part differential count only.

The MPV is method dependent; the XE‐2100D gives 

significantly higher mean values for normal subjects 

than the Coulter LH 750, which in turn gives higher 

values than the Advia 2120; similar differences are seen 

with patient specimens [62].

Sysmex XE‐5000
The Sysmex XE‐5000, introduced in 2007, is the succes-

sor to the XE‐2100. The additional functions, in com-

parison with the earlier instrument are: measurement 

of haemoglobin content and concentration of individual 

red cells permitting calculation of the percentage of 

hypochromic cells with a haemoglobin content less than 

17 pg (%Hypo‐He) and the percentage of hyperchro-

mic red cells (%Hyper‐He); estimation of the percent-

age of microcytes with a volume < 60 fl (%Micro‐R) 

and the percentage of macrocytes with a volume > 120 

fl (%Macro‐R). The %Micro R is higher in thalassaemia 

heterozygosity than in mild or severe iron deficiency 

(while the immature reticulocyte fraction (IRF) is lower – 

but above normal) [116]. The %MicroR – the %Hypo He 

has been found useful in separating thalassaemia from 

iron deficiency in patients with no more than moder-

ate anaemia; a value above 11.5 is strongly suggestive 

of thalassaemia [117]. In a further study, %MicroR – 

%Hypo He – RDW was found to be somewhat superior, 

with a cut‐off of –7.6 being advised to maximise sensi-

tivity [118]. The Ret‐He and %Hypo‐He were found 

to be useful in haemodialysis patients receiving eryth-

ropoietin for identifying those who would respond to 

iron therapy [119]; their usefulness was similar to that 

of related measurements on Siemens instruments. This 

instrument counts red cell fragments (FRC). There is a 

good correlation between microscopic and instrument 

counts, but with some overestimation on the part of 

the instrument, particularly when there is hypochromia 



[120]. The XE‐5000 has improved algorithms for flagging 

abnormal cells as ‘blast cells’, ‘abnormal lymphocytes/

lymphoblasts’ or ‘atypical lymphocytes’ [121]; in one 

study it was found to give fewer false‐positive flags than 

the XE‐2100 for blast cells and abnormal/atypical lym-

phocytes, without an increase in false‐negative flags, the 

need for film review thus being reduced [121]. In the 

same study the number of false‐positive NRBC flags was 

increased, but was often negative on re‐running [121]. In 

another study, however, in which three XE‐5000 instru-

ments were compared, reproducibility of the blast flag 

was found to be poor, as was sensitivity, with false nega-

tives being seen in leucopenic samples [122]. Poor sensi-

tivity to blast cells in leucopenia was confirmed in a fur-

ther study of three instruments; lowering the thresholds 

for flagging and film review of specimens with a WBC 

less than 2 × 109/l was suggested [123].

Sysmex XN series
The Sysmex XN series are successors to the XE‐5000. 

Changes include: the use of five fluorescence dyes in five 

different channels; introduction of a white cell nucle-

ated channel (WNR) so that there is no longer a separate 

channel for NRBC; an improved white cell differential 

channel (WDF) so that a separate basophil channel is no 

longer needed; a white cell precursor channel (WPC), 

which is used for reflex testing when there is a positive 

blast/abnormal lymphocyte flag, and an additional fluo-

rescent platelet channel (PLT‐F), which incorporates a 

fluorescent RNA dye and permits the IPF to be estimated 

(it is used for reflex testing when there are abnormal red 

cell or platelet size histograms and permits an extended 

count when the platelet count is below a predetermined 

level). Immature granulocytes are quantified.

In an evaluation of the instrument, the following 

observations were made in comparison with the Sys-

mex XE‐2100: NRBC are counted on all samples; posi-

tive flags for blast cells, ‘abnormal lymphocytes’ and 

‘atypical lymphocytes’ are less frequent with no increase 

in false negatives; the need for blood film review is 

reduced by 49%; there is a low white cell count mode, 

use of which is suggested below a count of 0.5 × 109/l, in 

which an extended count gives improved precision for 

the differential count; turnaround time is improved by 

10% [124]. In a comparison with a Beckman–Coulter 

DxH 800 and a Cell‐Dyn Sapphire, the XN‐2000 was 

found to be more sensitive in the detection of abnormal 

cells, including blast cells and NRBC [125].

Sysmex XT‐2000i
The Sysmex XT‐2000i is a compact, combined optical 

and impedance instrument suitable for small laborato-

ries [126]. It has three detectors for forward light scatter, 

side light scatter and fluorescence, which are the basis 

of the five‐part differential count, performed after stain-

ing with a polymethine dye. Red cell counts and plate-

let counts are performed by impedance measurements. 

Reticulocyte counts are performed in a supplementary 

mode after staining of RNA by polymethine; this mode 

also provides an optical platelet count.

Information about Sysmex instruments is available 

on a company website, www.sysmex.com.

Siemens instruments (previously Technicon 
then Bayer instruments)
A cell passing through a focused beam of light scatters 

the light, which may then be detected by photo‐optical 

detectors placed lateral to the light beam. The degree 

of scatter is related to the cell size so that the cell can 

be both counted and sized. By placing a detector in the 

line of the light beam it is also possible to measure light 

absorbance. The light beam can be either white light 

or a high‐intensity, coherent laser, which has superior 

optical qualities. The light detector can be either a pho-

tomultiplier or a photodiode, both of which convert 

light to electrical impulses that can be accumulated and 

counted.

H.1 series
The H.1 series of instruments – the H.1, H.2 and H.3 – 

are no longer current, but the later Advia series instru-

ments are based on similar principles. Cells are counted 

and sized by light scattering, using white light for count-

ing and sizing leucocytes and a laser for counting and 

sizing red cells and platelets. The red cells are isovolu-

metrically sphered, so that light scatter is not depend-

ent on cell shape and can be predicted from the laws 

of physics. Cells move through a laser beam, and light 

scattered forward is measured at a narrow (2–3°) and 

a wider (5–15°) angle. A comparison of the two allows 

the computation of the size and haemoglobin concen-

tration of individual red cells. Histograms showing the 

distribution of red cell volume and haemoglobin con-

centration are provided, together with a plot of volume 

against haemoglobin concentration (Fig. 2.14). The his-

togram of the cell volumes permits the derivation of the 

MCV, RDW and Hct.
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Similarly, the histogram of haemoglobin concentra-

tions permits the derivation of the cellular haemoglo-

bin concentration mean (CHCM) and the haemoglobin 

distribution width (HDW), the latter being indicative of 

the variation in haemoglobin concentration between 

individual cells. Hb is measured by a modification of 

conventional cyanmethaemoglobin methodology, and 

the MCH and MCHC are computed from the Hb, RBC 

and MCV. An optional lauryl sulphate method for Hb 

estimation is also available. The MCHC and CHCM are 

independently derived measurements, both represent-

ing the average haemoglobin concentration in a cell. 

They should give essentially the same result. This acts 

as an internal quality control mechanism, since errors 

in the estimation of Hb, e.g. resulting from a very high 

WBC, cause a discrepancy between these two meas-

urements. It would be theoretically possible to omit 

the haemoglobin channel and compute Hb from the 

CHCM, RBC and MCV derived from light‐scattering 

measurements.

The technology of the H.1 series of instruments 

appears to produce accurate estimations of MCV, Hct 

and MCHC, which agree well with reference methods 

[127,128]. It has been possible to avoid the inaccura-

cies of earlier light‐scattering instruments (in which 

light scattering was influenced by cellular haemoglobin 

concentration as well as cell size) and the inaccuracies 

inherent in some impedance counters (in which the 

electrical shadow is influenced by cellular deformabil-

ity as well as cell size). However, cells that cannot be 

isovolumetrically sphered, e.g. irreversibly sickled cells, 

will not be sized accurately. Similar measurements of 

two‐angle light scatter permit platelets to be counted 

and sized. A Pct and PDW are also computed. Plate-

let counts using this technology appear to be superior, 

particularly when the count is low, to counts using 

Fig. 2.14  Histograms and scatter plots of red cell volume and red cell haemoglobin concentration and white cell scatter plots pro-
duced by a Bayer‐Technicon H.2 counter. In the peroxidase channel forward light scatter, largely determined by cell volume, is plot-
ted against light absorbance, largely determined by the intensity of the peroxidase reaction. There are five white cell populations: 
NEUT, neutrophils; MONO, monocytes; LYMPH, lymphocytes; EOS, eosinophils; and LUC, large unstained cells, which are large, 
peroxidase‐negative cells. In the basophil/lobularity channel forward light scatter, representing cell volume following differential 
cytoplasmic stripping, is plotted against high‐angle light scatter, which is determined largely by cellular structure. There are three 
cell clusters, two of which overlap: BASO, basophils; MONONUC, mononuclear cells (lymphocytes and monocytes); and GRAN, 
granulocytes (neutrophils and eosinophils).



impedance technology (Coulter or Sysmex) [27]. The 

MPV decreases on storage of the blood.

Hypochromic cells, as detected by these instruments, 

correlate with the observation of hypochromic cells on a 

blood film. The percentage is increased in iron deficiency 

and the anaemia of chronic disease. The percentage of 

hypochromic cells has been found to be very sensitive 

in the detection of functional iron deficiency in patients 

given erythropoietin, e.g. haemodialysis patients. Simi-

lar changes have been observed in iron‐replete healthy 

volunteers and it has been suggested that this measure-

ment might be useful in detecting illicit erythropoietin 

use by athletes [129]. However, in hospitalised patients, 

an increased percentage of hypochromic cells shows 

poor specificity for iron deficiency [130]. Hypochromic 

macrocytes have a different significance, being indic-

ative of either dyserythropoiesis or an increased per-

centage of reticulocytes.

The red cell cytogram is diagnostically useful (see 

Chapter 8).

The differential count of the H.1 series is derived from 

two channels (see Table 2.6). The peroxidase channel 

uses white light and incorporates a cytochemical reac-

tion in which the peroxidase of neutrophils, eosinophils 

and monocytes acts on a substrate, 4‐chloro‐1‐naphthol, 

to produce a black reaction product, which absorbs 

light. Light scatter, which is proportional to cell size, is 

then plotted against light absorbance, which is propor-

tional to the intensity of the peroxidase reaction (see 

Fig. 2.14). Neutrophils, eosinophils, monocytes and 

lymphocytes fall into four clusters, which are separated 

from each other and from cellular debris by a mixture 

of moving and fixed thresholds. A further cluster rep-

resents cells that are peroxidase‐negative and larger 

than most lymphocytes, these being designated large 

unstained cells (LUC). In healthy subjects, LUC are 

mainly large lymphocytes, but abnormal cells such as 

peroxidase‐negative blast cells, atypical lymphocytes, 

lymphoma cells, hairy cells, plasma cells and peroxi-

dase‐negative neutrophils can fall into this area. In the 

peroxidase channel, basophils fall in the lymphocyte 

area. They are separated from all other leucocytes in an 

independent basophil/lobularity channel, on the basis 

of their resistance to stripping of cytoplasm by a lytic 

agent in acid conditions. Basophils, sized by forward 

light scatter, are larger than the stripped residues of 

other cells (see Fig. 2.14). The basophil/lobularity chan-

nel is also used to detect the presence of blasts. Forward 

light scatter, which is proportional to cell size, is plot-

ted against high‐angle light scatter, which is a meas-

ure of increasing nuclear density and lobulation. Blasts 

are detected as a population with an abnormally low 

nuclear density. In addition, the ‘lobularity index’ (LI) is 

a measure of the ratio of the number of cells producing 

a lot of high‐angle light scatter (lobulated neutrophils) 

to cells producing less high‐angle light scatter (mononu-

clear cells, immature granulocytes and blasts).

Instruments of the H.1 series, in addition to flagging 

the presence of blasts, atypical lymphocytes, immature 

granulocytes and NRBC, produce two new white cell 

parameters – LI (described above) and the mean peroxi-

dase index (MPXI). The latter is a measure of average 

peroxidase activity and is decreased in inherited peroxi-

dase deficiency and also in acquired deficiency, as occurs 

in some MDS and myeloid leukaemias. A fall occurs 

during pregnancy, with a nadir at 20 weeks [131]. MPXI 

is increased in infection, in some myeloid leukaemias 

and MDS, in AIDS and in megaloblastic anaemia.

The later Siemens instrument, the Advia 120, oper-

ates on similar principles to the H.1 series instruments. 

The primary TNCC is provided by the basophil/lobularity 

channel rather than the peroxidase channel. There is 

improved cluster analysis in the basophil/lobularity chan-

nel, permitting more accurate flagging of the presence 

of NRBC (Figs 2.15 & 2.16). The platelet count is deter-

mined by two‐dimensional analysis of size and refrac-

tive index, using laser light scatter at two angles; this has 

been found to produce a more accurate platelet count 

than that of the H.3 [132]. White cell flags are: ATYPS, 

NRBC, BLASTS, LS (left shift) and IG. Red cell flags are: 

MICRO, MACRO, ANISO, HYPER, HYPO, HCVAR, RBCF 

(red cell fragments) and RBCG (red cell ghosts). There is 

an expanded range of platelet parameters: mean platelet 

component concentration (MPC), platelet component 

distribution width (PCDW), mean platelet mass (MPM) 

and platelet mass distribution width (PMDW). Red cell 

ghosts and red cell fragments are separated from plate-

lets and intact red cells on the basis of size and refractive 

index. Reference ranges have been published and it has 

been suggested that the MPC may be a useful indicator of 

platelet activation [133]. In a study comparing the Advia 

120 basophil count with a flow cytometric count, poor 

correlation was observed with a correlation coefficient of 

0.24, improving to 0.57 if samples with flags for abnor-

mal white cells were excluded [103]. Pseudobasophilia 

was seen in 4/112 specimens [103]. This correlation 
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Fig. 2.15  Scatter plots produced by the Siemens Advia 120 on a normal blood sample, showing the peroxidase channel (top left, 
Perox), the basophil channel (top right, Baso), a plot of red cell size versus haemoglobin concentration (bottom left, RBC V/HC) and 
the reticulocyte channel scatter plot (bottom right, Retic Scatter Abs). In the Perox channel, the bottom left area is occupied by NRBC 
(on the left) and noise (on the right), platelet clumps appear in the area to the right of the lymphocyte box; in this channel basophils 
are located in the lymphocyte box. In comparison with H.1 series instruments, the Baso channel now has an area of noise (bottom) 
and a blast box (above and to the left of the noise box); the previous basophil box is divided into basophils (left) and ‘Baso suspect’ 
(right); on the extreme right, a narrow box is ‘signals in saturation’.

was worse than was observed with a Cell‐Dyn Sapphire 

instrument or a Sysmex XE‐2100 [103]. In a comparison 

with three other instruments, the sensitivity of the Advia 

120 blast flag (71%) was inferior to that of the XE‐2100 

and the DxH 800, and the specificity was the lowest of 

the four instruments [134]. LUC have not been found to 

be useful to predict numbers of haemopoietic progenitor 

cells [135].

The latest instrument in this series is the Advia 

2120, which incorporates a cyanide‐free haemoglobin 

method, enumeration of NRBC, correction of the TNCC 

to a WBC, and a reflex slide‐spreader that adjusts for Hct 

and white cell count. The NRBC count is based on data 

from both the unstained area of the peroxidase chan-

nel and from a combination of data from the peroxidase 

channel and the basophil/lobularity channel. Sensitivity 

and specificity for the detection of NRBC were found 

to be 77.3% and 74.6%, respectively [136]. A platelet 

histogram measures particles between 0 and 60 fl, from 

which are calculated the MPV and the PDW. The calcu-

lated PCT, the product of the MPV and platelet count, is 

the volume of blood occupied by platelets. Other platelet 

variables are: the MPC, which is derived from the plate-

let component histogram (0–40 g/dl) and reflects plate-

let density; the MPM, calculated from the platelet dry 

mass histogram (0–5 pg); the LPLT, the count of platelets 

larger than 20 fl; and the percentage of large platelets 

(LPLT%). The MPV and MPC rise on storage, e.g. after 



Fig. 2.16  Scatter plots and histograms produced by the Siemens Advia 120 on a blood sample from a patient with hereditary sphero-
cytosis, showing the peroxidase channel (top left, Perox), the basophil channel (top right, Baso), a plot of red cell size versus haemo-
globin concentration (centre left, RBC V/HC) and a plot of platelet size against platelet component (centre right, PLT volume PC). The 
y‐axis in the PLT volume PC plot is the refraction index, proportional to the ‘platelet component’ (PC). At the bottom are histograms 
of red cell volume, red cell haemoglobin concentration (HC) and platelet volume. Note that there is a population of hyperdense cells 
representing spherocytes, apparent in the red cell cytogram and in the histogram of red cell haemoglobin concentration (RBC HC), 
crossing the right‐hand haemoglobin concentration threshold in both plots. Red cell indices were RBC 3.55 × 1012/l, Hb 109 g/l,  
Hct 0.32, MCV 89.2 fl, MCH 30.8 pg, MCHC 346 g/l and CHCM 396 g/l. By courtesy of Professor Gina Zini, Rome.

more than 3½ hours. In patients with acute leukaemia 

or suspected disseminated intravascular coagulation, 

the Advia 2120 platelet count shows a good correlation 

with the international reference method without any 

systematic error; erroneous counts are more likely when 

there is platelet activation [61]. Red cell fragments are 

detected and quantified in the platelet/red cell channel 

on the basis of a size of less than 30 fl and a refractive 

index of greater than 1.4; the normal range is less than 

0.3% and a value of less than 1% has a high nega-

tive predictive value [108]. False elevation of the frag-

mented red cell count can result from the presence of 

very microcytic red cells [108]. There are four flags for 

the possible presence of blast cells – blast, ‘basophil‐no 

valley’, ATYP and LUC; these have been found to be col-

lectively more sensitive (and less specific) than the blast 
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flags of the Beckman–Coulter LH750 analyser [58]. The 

CHret and HYPO% were found to be useful in haemo-

dialysis patients receiving erythropoietin for identifying 

those who would respond to iron therapy [119]. The 

absolute neutrophil count of the Advia 2120i has been 

found to be accurate and precise, even at low levels 

[102]. LUC are increased in asymptomatic HIV‐positive 

patients.

Information on Siemens instruments is available on a 

company website, www.healthcare.siemens.com.

Abbott (Cell‐Dyn) instruments
Cell‐Dyn 3500
The Cell‐Dyn 3500 (Abbott Diagnostics) is a multichan-

nel automated instrument incorporating both laser 

light‐scattering and impedance technology. Hb is meas-

ured as cyanmethaemoglobin. Red cells, white cells and 

platelets are counted and sized by impedance technol-

ogy following cytoplasmic stripping of white cells. Histo-

grams of size distribution are provided (Fig. 2.17).

The WBC is also estimated in a light‐scattering (laser) 

channel, which provides, in addition, an automated five‐

part differential count [137] (see Table 2.6). White cells 

mainly maintain their integrity and are hydrodynamically 

focused to pass in single file through the laser beam. In this 

channel, red cells are rendered transparent because their 

refractive index is the same as that of the sheath reagent. 

Four light‐scattering parameters are measured:

1	 Forward light scatter at 1–3° (referred to as 0° scat-

ter), which is mainly dependent on cell size.

2	 Narrow‐angle light scatter at 7–11° (referred to as 

10° scatter), which is dependent on cell structure and 

complexity.

3	 Total polarised orthogonal light scatter at 70–100° 

(referred to as 90° scatter).

4	 Depolarised orthogonal light scatter at 70–100° 

(referred to as 90°D scatter).

Scatter plots of white cell populations are provided (Fig. 

2.18). Cells are first separated into granulocytes and mon-

onuclear cells (Fig. 2.18a) on the basis of their lobularity 

and complexity. Next, granulocytes are separated into 

eosinophils and neutrophils on the basis of the unique 

ability of eosinophil granules to depolarise light (Fig. 

2.18b). Next, the mononuclear cells are separated into 

monocytes, lymphocytes and degranulated basophils 

(basophil granules being soluble in the sheath reagent) 

on the basis of cell size and complexity (Fig. 2.18c). 

Finally, all five populations are indicated (colour coded) 

on a plot of lobularity against size (Fig. 2.18d). The 

identification of cell clusters with anomalous character-

istics permits blasts, atypical lymphocytes, NRBC and 

immature granulocytes to be flagged.

The measurement of WBC by two technologies pro-

vides an internal quality control mechanism.

The WBC in the impedance channel (WIC) is falsely 

elevated if NRBC are present, whereas the WBC in the 

optical channel (WOC) excludes NRBC by means of a 

moving threshold. However, since the optical channel 

employs a less potent lytic agent, WOC may be falsely 

elevated when there are osmotically resistant red cells, 

as occurs with some neonatal blood samples. The 

likelihood of NRBC or osmotically resistant red cells is 

flagged and an algorithm selects the preferred result. If a 

suspicion of both NRBC and osmotically resistant cells is 

flagged, an extended period of lysis can be used to pro-

duce an accurate WOC.
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Fig. 2.17  Graphic output of Cell‐Dyn 3500 automated counter, showing histograms of volume distribution of RBC, platelets (PLT) 
and white cells (WIC) derived from the impedance channel.
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Cell‐Dyn 4000
The Cell‐Dyn 4000 incorporates, in addition to the 

variables measured by the Cell‐Dyn 3500, an auto-

mated reticulocyte count and an erythroblast count 

[138,139]. Reticulocytes are recognised by analysis of 

both low‐angle light scatter and green fluorescence fol-

lowing interaction with the DNA–RNA dye, CD4K530. 

They can be distinguished from platelets, leucocyte 

nuclei and Howell–Jolly bodies. Erythroblasts are rec-

ognised after interaction of permeabilised cells with a 

fluorescent DNA–RNA dye, propidium iodide, using 

three measurements – two light‐scattering measure-

ments relating to cell size and a measurement of red‐

fluorescence signals derived from erythroblast nuclei 

and damaged white cells. NRBC are distinguished from 

platelets and from red cells with Howell–Jolly bodies or 

basophilic stippling. Since NRBC are enumerated sep-

arately from WBC, the Cell‐Dyn is able to produce a 

WBC rather than a TNCC. The Cell‐Dyn 4000 also gives 

a confidence estimate for the blast flag, which has been 

found to be clinically useful [140]. In addition, it incor-

porates a flag for non‐viable white cells, which can alert 

the instrument operator to an aged sample [139] or a 

pathological sample with an increase in apoptotic cells. 

There is a flag for atypical lymphocytes, which has been 

found to be sensitive although not very specific [141]. 

The Cell‐Dyn 4000 can be used for an immunological 

platelet count, employing a fluorescent‐labelled CD61 

monoclonal antibody [142]. This measurement corre-

lates well with the reference (immunological) method. 
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Fig. 2.18  Graphic output of a Cell‐Dyn 3500 counter, showing white cell scatter plots derived from the white cell optical channel.  
(a) A plot of 90° scatter (indicating lobularity) against 10° scatter (indicating complexity) separates a granulocyte cluster from a 
mononuclear cluster. (b) 90°D (depolarised) scatter against 90° scatter separates the granulocyte cluster into eosinophils (which 
depolarise light) and neutrophils (which do not). (c) 0° scatter (related to size) against 10° scatter (related to complexity) separates 
the mononuclear cell cluster into lymphocytes, monocytes and degranulated basophils. (d) The five populations thus identified are 
shown on a plot of 90° scatter (related to lobularity) against 0° scatter (related to size). GRAN, granulocytes; MONONUC, mononu-
clear cells; NEUT, neutrophils; MONO, monocytes; LYMPH, lymphocytes; and EOS, eosinophils.
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It is a more expensive method, which is indicated for 

verifying low counts rather than being used on all 

specimens. It is indicated whenever the platelet count 

approaches a level that might trigger platelet transfusion 

(e.g. less than 20 or less than 10 × 109/l) and when-

ever there are giant platelets or significant numbers of 

red cell fragments or markedly microcytic cells [143]. 

This instrument has the possibility of an extended lyse 

period when red cells are incompletely lysed and an 

extended count mode for cytopenic samples. The Cell‐

Dyn 4000 can also be used to quantitate T cells, B cells 

and natural killer cells [144] and to quantitate fetal Rh 

D‐positive cells in the circulation of an Rh D‐negative 

mother, maternal blood being incubated with a mono-

clonal anti‐D antibody conjugated to fluorescein iso-

thiocyanate (FITC) [145]; however, these applications 

require downloading files for data analysis.

Cell‐Dyn instruments have been observed to given 

abnormal patterns in some patients with P. falciparum 

or P. vivax malaria, as a result of the depolarisation of 

light by malaria pigment (haemozoin) [146]. This can 

serve to alert laboratory staff to this diagnosis, although 

not all haemozoin‐positive samples are detected (1/10 

missed in one study) [147].

Cell‐Dyn Ruby
The Abbott Cell‐Dyn Ruby is a fully optical instrument 

incorporating four detectors for polarised and depo-

larised light [126]. It performs a five‐part differential 

count. An optional reticulocyte count can be performed 

after off‐line staining with new methylene blue. There 

are two additional supplementary modes recommended 

for fragile white cells and lyse‐resistant red cells respec-

tively.

Cell‐Dyn Sapphire
The Abbott Cell‐Dyn Sapphire produces an FBC, a five‐

part differential leucocyte count and an NRBC count 

with an optional reticulocyte count. It incorporates four 

optical detectors for polarised and depolarised light and 

three fluorescence detectors. The type of laser and the 

reagents differ from those of earlier instruments, but the 

principles are the same. NRBC are enumerated follow-

ing staining with the fluorochrome, propidium iodide; 

this also permits the provision of a viability index for 

white cells. The NRBC count has been found to be more 

accurate than that of the LH 780 or the DxH 800 [79]. 

Further optional tests are an immuno‐platelet count 

(using a CD61 monoclonal antibody) and a measure-

ment of CD3‐positive/CD4‐positive and CD3‐positive/

CD8‐positive T cells (using fluorochrome‐labelled mon-

oclonal antibodies). In patients with acute leukaemia 

or suspected disseminated intravascular coagulation, 

Cell‐Dyn Sapphire platelet counts by all three methods 

show a good correlation with the international refer-

ence method, but with the slope of the regression line 

indicating underestimation of the count [61]; for the 

optical method, erroneous counts are more likely when 

there is platelet activation (which leads to loss of platelet 

granules). The RBC can be measured by an optical as 

well as an impedance method. Hb is measured by imi-

dazole ligand chemistry. New red cell variables include 

%MIC (erythrocytes less than 60 fl), %MAC (erythro-

cytes greater than 120 fl), %HPO (erythrocytes with 

haemoglobin concentration less than 280 g/l), %HPR 

(erythrocytes with haemoglobin concentration greater 

than 410 g/l) and HDW. New reticulocyte variables 

include MCVr (mean volume of reticulocytes), MCHr 

(mean haemoglobin content of reticulocytes) and CHCr 

(mean haemoglobin concentration of reticulocytes). 

Red cell and reticulocyte variables show good correla-

tion with equivalent variables on Siemens instruments, 

although there may be significant differences in mean 

values necessitating instrument‐specific reference 

ranges [148]. Red cell and reticulocyte variables are 

not necessarily stable with time; MCH and MCHr are 

stable but within one day alterations in cell size mean 

that there is a rise in the MCV, MCVr and %HYO and 

a fall in the MCHC, CHCr and %HPR [148]. In a study 

comparing the basophil count of three instruments with 

a flow cytometric count, the Cell‐Dyn Sapphire was 

found to be more accurate than the Sysmex XE‐2100 

or the Siemens Advia 120, although the correlation 

with the flow cytometric count was not ideal, the cor-

relation coefficient being 0.81 or 0.87 if samples with 

flags for abnormal white cells were excluded [103]. This 

correlation was worse than was observed with a Cell‐

Dyn Sapphire instrument or a Sysmex XE‐2100 [103]. 

Pseudobasophilia was seen in 4/112 specimens [103]. 

The blast flag on the Cell‐Dyn Sapphire was found to 

be less sensitive than that of three other instruments, 

65% in comparison with 71–94%, but the specificity 

was highest [134]. As with several earlier instruments, 

the Cell‐Dyn Sapphire may show atypical polarisation 

events in patients with malaria, since the malaria pig-

ment haemozoin shares with eosinophil granules the 



ability to depolarise light. The atypical signals appear 

on the neutrophil–eosinophil scatter plot in a different 

position from signals generated by eosinophil granules.

Cell‐Dyn Emerald
This is a bench‐top analyser providing 18 variables 

including RDW, MPV and a three‐part differential 

count, which can be used as a point‐of‐care instrument 

[149]. Measurements are based on impedance and a 

non‐cyanide method for Hb estimation. A very small 

blood sample is sufficient.

Information on Abbott instruments is available on a 

company website, www.abbottdiagnostics.com.

Horiba ABX instruments
Horiba instruments such as the ABX Pentra DX 120 

and Pentra DX Nexus (Horiba ABX Diagnostics) are 

haematology analysers that have evolved from Helios 

Argos instruments. Red cells, white cells and platelets 

are counted and sized by impedance technology and 

histograms of size distribution are provided. The Hct 

is determined by summing the amplitudes of electri-

cal signals generated by red cells, with a coincidence 

correction. Platelets are separated from red cells by a 

floating threshold between 18 fl and 25 fl. Hb is meas-

ured by one of two methods, either by a cyanmeth-

aemoglobin method or by oxidation of haem iron 

followed by stabilisation to produce chromogenic sub-

stances that can be quantified. A five‐part differential 

count is based on two channels in the Pentra DX120 

(see Table 2.6). In one channel, light absorbance and 

impedance measurements are made, after interaction 

of cells with chlorazole black E, the active principle 

of Sudan black B (Fig. 2.19). This dye stains eosin-

ophil granules most strongly, neutrophil granules 

somewhat less and monocyte granules more weakly; 

light absorbance of stained cells is determined both 

by the strength of staining of granules and the degree 

of complexity of the nucleus. In a second channel, 

basophils are differentiated from other white cells by 

impedance measurements following differential cyto-

plasmic stripping. Different white cell populations 

are displayed on a plot of light absorbance against 

impedance and are enumerated by cluster analysis 

(with moving thresholds). Three further abnormal 

white cell populations are enumerated, when pre-

sent. ‘Atypical lymphocytes’ are both counted sepa-

rately and included in the total lymphocyte count (in 

contrast to the Siemens instruments, where ‘large 

unstained cells’ are counted separately but excluded 

from the lymphocyte count). ‘Large immature cells’ 

(LIC) are counted separately but are also assigned to 

either the neutrophil category or the monocyte cate-

gory, depending on their light absorbance. The ‘atypi-

cal lymphocyte’ (ATL) category may include not only 

atypical lymphocytes in conditions such as infectious 

mononucleosis, but also lymphoma cells, CLL cells, 

small blast cells and plasma cells. The LIC category 

may include myeloblasts, monoblasts, promyelocytes 

(including those present in acute promyelocytic leu-

kaemia), myelocytes, metamyelocytes, lymphoblasts 

and lymphoma cells. The Pentra DX 120 counts 

NRBC following nuclear staining by thiazole orange, 

a fluorescent nucleic acid stain. This instrument also 

provides a reticulocyte count, RET H, RET M and RET 

L (high, medium and low fluorescence reticulocytes), 

MRV (mean reticulocyte volume) and RHCC (reticu-

locyte haemoglobin content calculated). Immature 

reticulocytes are flagged. Immature granulocytes 

(IMG), immature monocytes (IMM) and immature 

lymphocytes (IML) are flagged.

The Pentra DX Nexus provides an extended differ-

ential count that includes IMG, IML and IMM, LIC and 

ATL. NRBC are quantified by fluorescence after binding 

to thiazole orange and the WBC is corrected. In addition 

to the reticulocyte count, IRF, MRV and RHCC are pro-

vided. The RHCc correlates with the CHr of the Advia 

2120 and could be useful in the detection of functional 

iron deficiency.

Information on Horiba instruments can be found on a 

company website, www.horiba‐abx.com.

Nihon Kohden instruments
The Nihon Kohden instruments, Celltac E and 

Celltac F, have a red cell/platelet channel and a white 

cell/haemoglobin channel. A five‐part differential count 

is based on laser light scatter at three angles: low forward 

angle (cell size), high forward angle (cell structure) and 

side angle (internal granularity). Hb can be measured by 

a cyanmethaemoglobin or a cyanide‐free method.

Information is available on a company website, 

www.nihonkohden.com.

Mindray instruments
The Mindray BC‐6800 Auto Hematology Analyzer uses 

laser light scatter at two angles plus fluorescence signals. 
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Fig. 2.19  Histograms of red cell (RBC) and platelet (PLT) size distribution and scatter plots of the differential white cell channel 
(DDM) and the reticulocyte channel (RET) of the Horiba ABX Pentra 120 analyser.

It produces an FBC, a five‐part differential count, reticu-

locyte count, IRF, NRBC count, immature granulocyte 

count, high fluorescent cell (HFC) count (atypical lym-

phocytes and blast cells) and two flags, ‘infected RBC?’ 

and ‘InR#’ count, that may indicate the presence of 

malaria parasites.

Automated reticulocyte counts and 
reticulated platelet counts
Automated reticulocyte count
Most automated reticulocyte counts depend on 

the ability of various fluorochromes to combine with 

the RNA of reticulocytes. Fluorescent cells can then 



be counted in a flow cytometer. The fluorochromes 

also combine with DNA so that nucleated cells fluo-

resce. An alternative technology is based on staining 

of RNA by a non‐fluorescent nucleic acid stain such as 

new methylene blue or oxazine 750. Reticulocytes are 

then detected by light scattering or light absorbance or 

by analysis of three different cell properties (Coul-

ter instruments). White cells, NRBC and platelets 

can usually be separated from reticulocytes on the 

basis of gating for size and either their light scatter-

ing/absorbance or the intensity of their fluorescence. 

Reticulocyte counts can be expressed as an absolute 

count or as a percentage of total red cells.

Because of the large number of cells counted, auto-

mated reticulocyte counts are much more precise than 

manual counts. It was hoped that they might also be 

more accurate, since the subjective element in recognis-

ing late reticulocytes with only one or two granules of 

positively staining material is eliminated. However, the 

automated count is altered by: (i) the choice of fluoro-

chrome; (ii) the duration of exposure of the blood to the 

fluorochrome; (iii) the temperature at which the sample 

is kept after mixing; and (iv) the setting of thresholds – 

the upper threshold to exclude fluorescing nucleated 

cells and the lower threshold to exclude background 

autofluorescence.

Similar considerations apply to automated reticulo-

cyte counts using non‐fluorescent nucleic acid stains. 

A reference range for an automated reticulocyte count 

is therefore specific to an instrument and method. Ref-

erence ranges that have been established show con-

siderable variation. It is still necessary to consider the 

manual count to decide whether a range represents 

‘truth’. Ideally, automated and manual counts should 

show a close correlation; mean counts should be simi-

lar, and the intercept on the y‐axis of the regression 

line of automated counts on manual counts should 

be small.

Automated reticulocyte counts fall as the blood ages 

in vitro. This is likely to reflect reticulocyte maturation. 

It also occurs with manual counts but, because of the 

imprecision of the manual count, it is less likely to be 

noticed. If blood is stored at 4°C the reticulocyte count 

is stable for 72 hours, but if it is left at room tempera-

ture a 5% fall is noted by 24 hours and a 10% fall by 48 

hours [150]. Ideally counts should be performed within 

6 hours of venepuncture.

Automated reticulocyte counts can be performed 

on general purpose flow cytometers, such as the Bec-

ton Dickinson FACScan or the Coulter EPICS XL, or 

on a dedicated reticulocyte counter, such as the Sys-

mex R‐1000, R‐2000 or R‐3000 (Fig. 2.20). Increas-

ingly an automated reticulocyte counting capacity is 

incorporated into automated full blood counters, as 

in the Sysmex XE‐2100 (see Fig. 2.12), the Bayer H.3 

and the Advia series (Figs. 2.21–2.23), the Cell‐Dyn 

3500 and 4000, the later versions of the Coulter 

STKS, the Coulter MAXM, HmX, Gen S, LH750 and 

DxH 800 (Fig. 2.24), and the ABX Pentra 120 and 

Pentra DX Nexus. Technologies employed are sum-

marised in Table 2.7. Automated reticulocyte counts 

vary in their degree of precision. In a comparison of 

five instruments, Doretto et al. found the imprecision 

was greatest for the Coulter LH750, followed in order 

Fig. 2.20  Scatter plot of the reticulocyte count of the Sysmex R.3000. Cell volume is plotted against fluorescence intensity. A thresh-
old separates red cells from platelets. Reticulocytes are divided into high fluorescence (HFR) representing the most immature reticu-
locytes, intermediate fluorescence (MFR) and low fluorescence (LFR) representing late reticulocytes.
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Fig. 2.21  Printout of a Bayer H.3 counter showing the scatter plot of the reticulocyte counting channel. The volume and haemoglobin 
content of reticulocytes and other red cells are determined by high‐ and low‐angle light scattering and light absorbance is measured 
following uptake of a nucleic acid dye, oxazine 750. Six variables of potential clinical usefulness are measured for reticulocytes as 
well as for total red cells: MCV, CHCM (= MCHC), RDW, HDW (in g/dl), CH (= MCH) and CHDW (HDW in pg). Cell volume is plot-
ted against light absorbance. Reticulocytes are divided into high absorbance (H RETIC) representing early reticulocytes, intermediate 
absorbance (M RETIC) and low absorbance (L RETIC) representing late reticulocytes.

by the ABX Pentra, Advia120, Sysmex XE‐2100 and 

Cell‐Dyn 4000 [151]. Reference intervals are instru-

ment specific (see Table 5.20).

Automated reticulocyte counts can also be performed 

by image analysis of a blood film stained with new 

methylene blue [152].

The automated reticulocyte count, like the man-

ual count, is useful in determining whether anae-

mia is caused by failure of bone marrow output or 

increased red cell destruction. Because of its greater 

precision, the automated reticulocyte count is also 

useful in monitoring the response to erythropoietin 

therapy in chronic renal failure, and in detecting 

bone marrow recovery following therapy for aplastic 

anaemia or following chemotherapy for malignant 

disease.

Reticulocyte immaturity
Automated reticulocyte counters can also provide vari-

ous indices of reticulocyte immaturity, since intensity 



Fig. 2.22  Photograph of the colour monitor of a Bayer H.3 automated counter. The scattergram shows volume and haemoglobin 
content of reticulocytes (blue) in relation to size and haemoglobin content of other red cells (red) on both a Mie map and a red cell 
cytogram. This sample had a greatly increased reticulocyte count as a consequence of a haemolytic transfusion reaction.

of fluorescence or uptake of another nucleic acid stain 

is proportional to the amount of RNA in the cell. 

Instruments may divide reticulocytes into low, inter-

mediate and high (or low and high) fluorescence/

absorbance/light scatter, higher values indicating an 

increasing degree of immaturity. They may also give a 

mean measurement. The count of immature reticulo-

cytes varies greatly between instruments and reference 

ranges are therefore instrument specific. For example, 

the Pentra 120 Retic immature reticulocyte fraction 

is higher than that of either the Sysmex XE‐2100 or 

the Sysmex R‐2000 [153] (see also Table 5.20). The 

reference range is also instrument specific for the 

mean reticulocyte volume. Such measurements are 

of clinical significance when considered in relation to 

the reference range for the instrument in question. In 

anaemia resulting from haemolysis or blood loss, the 

percentage of immature reticulocytes rises as the total 

reticulocyte count rises [154]. However, when there is 

dyserythropoiesis the percentage of immature reticulo-

cytes may be elevated despite a normal or reduced total 

reticulocyte count. This has been observed, for exam-

ple, in AML, MDS, megaloblastic anaemia and aplas-

tic anaemia [154–156]. A disproportionate increase 

in immature reticulocytes indicates abnormal matu-

ration of reticulocytes [155]. In other anaemias with 

little dyserythropoiesis but with a poor reticulocyte 

response, e.g. iron deficiency anaemia or the anaemia 

of chronic renal failure, the absolute reticulocyte count 

is reduced, but the percentage of immature reticulo-

cytes is normal. The percentage of immature reticulo-

cytes is increased, without anaemia or any increase in 

the reticulocyte percentage, in a significant proportion 

of patients with cardiac and pulmonary disease [157]. 

It has been suggested that this results from erythropoi-

etin release as a response to hypoxia.
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Fig. 2.23  Scatter plots and histograms produced by the Siemens Advia 120 on a blood sample from a patient with pure red cell aplasia 
showing reticulocytopenia. The red cell cytogram (RBC V/HC) shows that there is macrocytosis (increased signals above the upper vol-
ume threshold). Note that, in comparison with the increased reticulocytes seen in Fig. 2.22, there are virtually no reticulocytes (blue 
dots) in the bottom right plot of light absorption in the reticulocyte channel. The absolute reticulocyte count was very low, 9.2 × 109/l, 
with a reticulocyte percentage of 0.43. Red cells indices were RBC 2.14 × 1012/l, Hb 68 g/l, Hct 0.21, MCV 99 fl, MCH 31.8 pg, MCHC 
321 g/l, CHCM 325 g/l, RDW 21%. Note that because of heterogeneity of red cell size, the MCV at the upper limit of normal does not 
reflect the presence of the significant number of macrocytes that are seen in the red cell histogram and cytogram; instrument flags 
included macrocytosis +++ and anisocytosis ++. By courtesy of Professor Gina Zini.

When effective erythropoiesis is restored after a 

period of reduced output of red cells, e.g. following 

bone marrow transplantation or during recovery from 

chemotherapy, there is a rise in the percentage and 

absolute count of immature reticulocytes in advance 

of any rise in the total reticulocyte percentage, neu-

trophil count or platelet count [158]. Similarly, an 

increase in the percentage of immature reticulocytes 

predicts haemopoietic recovery when severe aplastic 

anaemia is treated with immunosuppressive therapy, 

occurring in advance of a rise in the neutrophil count 

or the total reticulocyte count [159]. The IRF has also 

been found to be useful in predicting the optimal time 

for a peripheral blood stem cells harvest in some, but 

not all, studies [52].

Reticulated platelets
Young platelets, newly released from the bone mar-

row, contain significant amounts of RNA; they can 

be identified on a blood film after exposure of the 

blood to methylene blue. By analogy with reticulo-

cytes, they have been called ‘reticulated platelets’. 

Automated reticulocyte counters can be modified to 

measure reticulated platelets. The Sysmex R‐3000 

has been modified to measure both reticulated plate-

lets and large platelets. Reticulated platelets can also 



Fig. 2.24  Reticulocyte scatter plots and three‐dimensional representations from Beckman–Coulter DxH 800 instrument on a sample 
of normal blood. In the plot of volume (v) against log of light scatter (LLSn) the reticulocyte and immature reticulocytes form 
clusters distinct from mature red cells and white cells (RETIC1, left). In the plot of volume against opacity (OP) the reticulocytes 
do not appear to separate (RETIC2, right), but in fact the software identifies them in three‐dimensional analysis. By courtesy of 
Beckman–Coulter.

be enumerated on a flow cytometer after exposure 

to a fluorescent dye, such as thiazole orange, capa-

ble of binding to nucleic acids. The concentration 

of the fluorescent dye must be carefully judged to 

avoid binding to platelet components other than 

RNA [160]. It is also possible to use two‐colour 

fluorescence, combining a nucleic acid stain with a 

fluorochrome‐labelled platelet monoclonal antibody 

such as CD61 [161]. Reticulated platelets can now 

also be quantified on automated analysers.

In most studies, an increased percentage of retic-

ulated platelets has been found to indicate that 
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scientists, but have been specifically trained for this 

more limited role. Some instruments measure a num-

ber of variables whereas others measure only Hb. The 

HemoCue® (HemoCue AG, Wetzikon, Switzerland) 

measures Hb by an azide methaemoglobin reaction 

and photometry. HemoCue® WBC DIFF determines, in 

addition, the WBC and a five‐part differential count. 

The iSTAT haematocrit cartridge (Abbott Point of Care) 

estimates Hct by conductivity measurement and cal-

culates an Hb from the Hct. Extreme leucocytosis can 

give a falsely elevated measurement [165]. An esti-

mate of Hb can also be made by comparing the inten-

sity of colour of a drop of blood on filter paper with a 

colour scale [166]. This method is suitable for screen-

ing in peripheral clinics with no ready access to labo-

ratories. It is available from Teaching Aids at Low Cost 

(www.talcuk.org). It is likely to be used particularly in 

developing countries, but also has potential as a test for 

screening blood donors prior to blood donation. The 

colour of a drop of blood can similarly be compared 

with coloured discs, as in the Lovibond Tintometer 

(www.tintometer.com).

Non‐invasive methods
A novel instrument, the Hemoscan, is a portable instru-

ment with a hand‐held probe, which is placed beneath 

the tongue [167]. The probe emits light that reflects 

from the target tissue to a tiny camera. The instrument 

is said to produce an estimate of Hb, PCV and WBC. A 

similar principle underlies the Hemo‐Monitor and the 

Astrim, which measure Hb non‐invasively on the basis 

of light absorbance in the near‐infrared range when a 

finger is inserted into the instrument [168,169]; esti-

mates have been found to be comparable to laboratory 

measurements in most patients, but not in those with a 

paraprotein [169]. However, the correlation with stand-

ard methods and the accuracy do not appear to be suf-

ficient at present for this to be a very useful advance 

[170]. The Pronto‐7 (Masimo Corporation) also esti-

mates Hb based on light absorption by a finger, giving 

results comparable to laboratory measurements [171]; 

SpO2, pulse rate and perfusion index are also measured. 

Hb can also be measured non‐invasively by inserting a 

finger within a ring‐shaped sensor attached to a moni-

tor in the NBM 200 and NBM 200MP (OrSense); the 

NBM 200 measures Hb and pulse rate, while the NBM 

200MP also measures oxygen saturation. The Hb esti-

mate is by means of light absorbance.

Table 2.7  Technologies employed for automated reticulocyte 
counting in automated instruments [42,150].

Instrument Fluorochrome or stain

Fluorescence‐based methods

R‐1000, R‐2000, R‐3000, 

R‐3500, SE‐9000 and 

SE‐9500 (Sysmex)

Auramine O

XE‐5000 and XN (Sysmex) A proprietary polymethine dye

Cell‐Dyn 4000 (Abbott) CD4K530 (light scatter and 

fluorescence intensity 

measurements)

XL (Beckman–Coulter) Coriphosphine O

FACScan (Becton Dickinson) Thiazole orange

Pentra 120 Retic and Pentra 

DX Nexus (Horiba ABX 

Diagnostics) [150]

Thiazole orange

Non‐fluorescent RNA‐binding agents
H.3, Advia series (Siemens) Oxazine 750 (absorbance 

measurement)

Cell‐Dyn 3500 (Abbott) New methylene blue (light 

scattering measurement)

STKS/MAXM/Gen S/DxH 800 

(Beckman–Coulter)

New methylene blue (VCS: 

volume, conductivity and 

scatter measurements on 

ghosts of sphered cells)

thrombocytopenia results from increased platelet 

destruction rather than bone marrow failure, but there 

is some overlapping of results and conflicting data have 

also been published [160,162,163]. Following bone 

marrow transplantation [164], during recovery from 

chemotherapy and during treatment of thrombotic 

thrombocytopenic purpura [161] and autoimmune 

thrombocytopenic purpura, an increase in reticulated 

platelets heralds a rise in the platelet count.

Counts of reticulated platelets require instrument‐

specific reference ranges.

Near‐patient testing

Blood gas analysers either measure Hb directly by spec-

trophotometry or calculate it from the Hct determined 

by conductivity measurements; such instruments often 

also measure many biochemical variables. In addition 

to blood gas analysers, there are various small instru-

ments that are simple enough in their operation that 

they can be used for near‐patient or point‐of‐care test-

ing by individuals who are not fully trained biomedical 



HemoGlobe is a novel adaption of a mobile phone, 

designed for use in underdeveloped countries, which 

estimates haemoglobin by pulse oximetry and converts 

the results into colour graphics: green for mild anaemia, 

yellow for moderate and red for severe.

http://releases.jhu.edu/2012/07/24/undergraduates‐

cellphone‐screening‐device‐for‐anemia‐wins‐250000‐

prize/

Storage of blood specimens prior to testing
If there is to be any delay in performing a blood count, the 

specimen should be stored at 4°C. Storage at room temper-

ature increases the number of ‘flags’ and introduces inac-

curacies. For example, with the Siemens H.1 and Advia 

series of instruments a left shift flag becomes very frequent, 

the MCV rises and the MCHC falls. Similarly, room tem-

perature storage of samples for counts on a Cell‐Dyn 3500 

instrument was observed to cause an increased number of 

flags, a fall of the WBC as measured by the optical system 

(but not by the impedance system), a fall in the neutrophil 

percentage, a rise in the lymphocyte percentage, a rise in 

the MCV and a fall in the MCHC [172]. Platelet charac-

teristics vary on storage. For example, with the Siemens 

Advia 120 there is a rise in the MPV and a fall in the MPC 

[133]. It is important for laboratory scientists to be familiar 

with the effects of storage on blood counts determined on 

the specific instrument in use.
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Chapter 3

Morphology of blood cells

Examining the blood film

Blood films should be examined in a systematic manner, 

as follows.

1	 Patient identification should be checked and con­

firmed and the microscope slide matched with the 

corresponding full blood count (FBC) report. The 

sex and age of the patient should be noted, since the 

blood film cannot be interpreted without this infor­

mation. In a multiracial community it is also helpful 

to know the ethnic origin of the patient.

2	 The film should be examined macroscopically to con­

firm adequate spreading and to look for any unusual 

spreading or staining characteristics. The commonest 

macroscopic abnormality is an increased blue colora­

tion caused by hypergammaglobulinaemia (Fig. 3.1) 

due either to a paraprotein, e.g. in multiple myeloma 

and related conditions, or to a reactive increase in 

immunoglobulins, e.g. in cirrhosis or rheumatoid 

arthritis. Abnormal staining characteristics are also 

caused by the presence of foreign substances such as 

heparin, which conveys a pink tinge, or the vehicles of 

certain intravenous drugs. Occasionally, macroscopic 

abnormalities are caused by precipitation of cryoglo­

bulin, gross red cell agglutination, platelet clumping or 

the presence of clumps of tumour cells (Figs 3.2–3.4).

3	 The film should be examined microscopically, using a 

microscope correctly set up to give optimal illumination. 

Examination should take place first under a low power 

(e.g. with the × 10 or × 25 objective) and then with a 

higher power (× 40 or × 50 objective) with an eyepiece 

magnification of × 10 or × 12. It is only necessary to use 

oil immersion and a × 100 objective when observation 

of fine detail is required or when searching for malaria 

Fig. 3.1  Blood film of a patient with multiple myeloma (left) 
compared with another blood film stained in the same batch 
(right). The deeper blue staining occurs because the high con­
centration of immunoglobulin leads to increased uptake of the 
basic component of the stain.

Fig. 3.2  Blood films from a patient with a potent cold agglu­
tinin. The left‐hand film, which shows marked agglutina­
tion, was prepared from ethylenediaminetetra‐acetic acid 
(EDTA)‐anticoagulated blood that had been standing at room 
temperature. The right‐hand film, which shows no macroscopic 
agglutination, was prepared from blood warmed to 37°C.
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and red cell and white cell agglutination. Examination 

of the blood film must also include examination of the 

edges and the tail, since large abnormal cells and clumps 

of cells are often distributed preferentially in these areas. 

Platelet aggregates and fibrin strands, if present, are 

often found in the tail of the film.

On placing a film under the microscope, the first deci­

sion to be made is whether or not it is suitable for further 

examination. Spreading, fixation and staining must be sat­

isfactory and there should be no artefactual changes pro­

duced by excess ethylenediaminetetra‐acetic acid (EDTA) 

or prolonged storage. It is unwise to give an opinion on an 

inadequate blood film. A well‐spread film should have an 

appreciable area where cells are a monolayer, i.e. where 

they are touching but not overlapping. White cells should 

be distributed regularly without undue concentration 

along the edges or in the tail, such as occurs when the film 

is spread too thinly. Granulocytes are found preferentially 

along the edges and in the tail of a wedge‐spread film and 

lymphocytes are preferentially in the centre, but in a care­

fully spread film the difference is not great.

Blood films should be examined for platelet aggre­

gates (Fig. 3.5), which may cause the platelet count to 

be falsely low, or fibrin strands (Fig. 3.6), which indi­

cate partial clotting of the sample with the likelihood 

that the platelet count and possibly other variables are 

invalid. Platelets that have discharged their granules fol­

lowing aggregation may appear as pale blue masses not 

immediately identifiable as platelets.

Fig. 3.4  Blood film showing visible aggregates of tumour cells: 
(a) macroscopic photograph of slide; (b) photomicrograph, low 
power, showing that the visible masses are clumps of tumour 
cells. Courtesy of Dr Sue Fairhead.

Fig. 3.5  Platelet aggregate in a blood film. Following aggrega­
tion, some of the platelets have discharged their granule con­
tents and thus appear grey.

Fig. 3.3  Blood film from a patient with multiple myeloma 
showing cryoglobulin precipitates. Courtesy of Dr Sue Fair­
head, London.

parasites. Laboratories using unmounted films may find 

it useful to have a × 50 oil immersion objective in addi­

tion to a × 100. It should be noted that some immersion 

oils can cause contact dermatitis and care should there­

fore be exercised in their use [1]. The use of a relatively 

low power is important since it allows rapid scanning 

of a large part of the film and facilitates the detection 

of abnormal cells when they are present at a low fre­

quency. It is also useful in the appreciation of rouleaux 

(a)

(b)



Morphology of blood cells      69

Storage‐induced and other artefacts
Blood films should be made without delay, but lab­

oratories that receive specimens by post or transported 

from a distance should be aware of the changes induced 

by storage. Prolonged storage of EDTA‐anticoagulated 

blood causes loss of central pallor simulating spherocy­

tosis [2], crenation or echinocytic changes in red cells 

(Fig. 3.7), degeneration of neutrophils (see Fig. 3.7) and 

lobulation of some lymphocyte nuclei (Fig. 3.8). Excess 

EDTA may itself cause crenation of red cells and also 

accelerates the development of storage changes. Degen­

erating neutrophils may have a similar appearance to 

apoptotic neutrophils formed in vivo (see Fig. 3.103) or 

may be completely amorphous. If there has been pro­

longed delay in the blood specimen reaching the lab­

oratory, e.g. 3 days or more, most of the neutrophils 

will have degenerated and the white blood cell count 

(WBC) will have fallen as a consequence. If an inex­

perienced laboratory worker does not recognise the 

storage artefact and attempts to perform a differential 

count, a factitious neutropenia and lymphocytosis will 

be recorded. Inexperienced observers may also misclas­

sify neutrophils with a single rounded nuclear mass as 

nucleated red blood cells (NRBCs). Storage also leads to 

Fig. 3.6  Fibrin strands in a blood film from a patient with a 
hypercoagulable state. The fibrin strands are very weakly baso­
philic and cause deformation of the red cells between which 
they pass. Fibrin strands can also form when there has been 
partial clotting of a blood specimen because of difficulty in 
venepuncture.

Fig. 3.7  Blood film showing storage artefact – crenation (echi­
nocytosis), a disintegrated cell and a neutrophil with a rounded 
pyknotic nucleus.

Fig. 3.8  Blood film showing storage artefact – mild crenation 
and lobulation of a lymphocyte nucleus.

artefactual changes in other components of the auto­

mated blood count.

Another unusual artefactual change is produced by 

accidentally heating samples, e.g. by transporting a 

blood specimen in a hot car [3]. This causes dramatic 

fragmentation of red cells (Fig. 3.9), which can be con­

fused with hereditary pyropoikilocytosis.

Artefacts may also be attributable to drugs adminis­

tered to patients. For example, polyoxyethylated castor 
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Fig. 3.9  Blood film from a blood specimen 
that has been transported in a hot motor 
vehicle, showing red cell budding and 
fragmentation.

oil, used to solubilise paclitaxel, causes large clear areas 

between cells, rouleaux formation and red cell aggre­

gates [4].

If a blood film is regarded as suitable for further 

examination, then all cell types and also the back­

ground staining should be evaluated systematically. 

Increased background staining is usually due to 

an increase in immunoglobulins, either polyclonal 

or monoclonal. Abnormalities that may be noted 

between cells include crystals of monoclonal cryoglo­

bulin [5,6] (Figs 3.10 & 3.11), amorphous cryoglo­

bulin deposits (Fig. 3.12) and amorphous or fibrillar 

deposits that represent abnormal mucopolysaccharide 

that circulates in the blood of patients with malignant 

disease [7]. The film appearances should be compared 
Fig. 3.10  Low power view of a blood film showing large 
cryoglobulin crystals.

Fig. 3.11  Blood film showing crystals of 
cryoglobulin. By courtesy of Dr Poormina 
Kumar, London.
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Fig. 3.12  Blood film showing an amorphous 
deposit of cryoglobulin; there is also phago­
cytosed cryoglobulin within the neutrophil.

with the FBC and a judgement made as to whether 

the WBC, haemoglobin concentration (Hb), mean cell 

volume (MCV) and platelet count are consistent with 

the film, or whether there is some unusual feature 

that could invalidate them. If the FBC and the film are 

inconsistent with each other, then the blood speci­

men should be inspected and the FBC – and if neces­

sary the film – should be repeated. Such discrepancies 

may be due to: (i) a poorly mixed or partly clotted 

specimen; (ii) a specimen that is too small so that the 

instrument has aspirated an inadequate volume; or 

(iii) the blood film and FBC being derived from dif­

ferent blood specimens. If such technical errors are 

eliminated, discrepancy may be due to an abnormal­

ity in the specimen such as hyperlipidaemia or the 

presence of a cold agglutinin. Hyperlipidaemia may 

be suspected when there are blurred red cell outlines 

(Fig. 3.13) and red cell agglutinates are often present 

in the film when there is a cold agglutinin (Fig. 3.14). 

The validation of the blood count by comparison with 

the blood film and by other means is dealt with in 

Chapter 4.

Fig. 3.13  Blood film from a patient with 
hyperlipidaemia showing misshapen red 
cells with fuzzy outlines and blurring of the 
outline of the lobes of a neutrophil resulting 
from the high concentration of lipids.
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Erythrocytes

The majority of normal red cells or erythrocytes are disci­

form in shape (Fig. 3.15) [8]; a minority are bowl‐shaped. 

On a stained peripheral blood film they are approximately 

circular in outline and show only minor variations in shape 

and moderate variations in size (Fig. 3.16). The average 

diameter is about 7.5 μm. In the area of a film where cells 

form a monolayer, a paler central area occupies approxi­

mately the middle third of the cell.

The normal shape and flexibility of a red cell are depen­

dent on the integrity of the cytoskeleton to which the lipid 

membrane is bound. An abnormal shape can be caused 

Fig. 3.14  Red cell agglutinates in the peripheral blood film of a 
patient with a high titre cold agglutinin.

Fig. 3.15  Scanning electron micrograph of a normal red cell 
(discocyte). Courtesy of Professor Aaron Polliack, Jerusalem, 
from Hoffbrand and Pettit [8].

Fig. 3.16  Blood film of a healthy subject showing normal red cells 
and platelets. The red cells show little variation in size and shape. 
Some of the platelets show granules dispersed through the cyto­
plasm, while others have a granulomere and a hyalomere.

by a primary defect of the cytoskeleton or membrane or 

be secondary to red cell fragmentation or to polymerisa­

tion, crystallisation or precipitation of haemoglobin. The 

red cell membrane is a lipid bilayer crossed by several 

transmembrane proteins, most importantly protein 3 and 

the glycophorins. The principal protein of the cytoskeleton 

is spectrin; heterodimers composed of α and β spectrin 

chains assemble into spectrin tetramers, which are bound 

to other spectrin tetramers to form a complex network. 

The cytoskeletal network is bound to the lipid bilayer by 

interactions of spectrin β chain with ankyrin and the trans­

membrane protein, band 3, and interactions of spectrin α 

and β chains with actin, protein 4.1 and the transmem­

brane protein, glycophorin C; the interaction of ankyrin 

with band 3 is modulated by protein 4.2 while the inter­

action of spectrin and actin is stabilised by interaction with 

protein 4.1 and adducin (see Fig. 3.36) [9].

Certain terms used to describe red cell morphology 

require definition. Two terms are used to describe cells of 

normal morphology: (i) normocytic, which means that 

the cells are of normal size; and (ii) normochromic, which 

means that the cells have the normal concentration of 

haemoglobin and therefore stain normally. Other descrip­

tive terms imply that the morphology is abnormal and 

they should therefore not be used, when reporting blood 

films, to describe normal physiological variation. For 

example, the cells of a neonate should not be reported as 

‘macrocytic’ since it is normal for the cells of a neonate 
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to be larger than those of an adult. Similarly, the red cells 

of a healthy pregnant woman should not be reported as 

showing ‘anisocytosis’ or ‘poikilocytosis’, since no abnor­

mality is present. Policy differs between laboratories as to 

whether every normal film is reported as being normo­

cytic and normochromic or whether a comment on the 

red cell morphology is made only when it is abnormal or 

when it is particularly significant that it is normal. Either 

policy is acceptable as long as it is consistently applied and 

clinical staff are aware of it. If a patient is anaemic but the 

red cells are normocytic and normochromic, it is useful to 

say so since this narrows the diagnostic possibilities.

Anisocytosis
Anisocytosis is an increase in the variability of erythrocyte 

size beyond that which is observed in a normal healthy 

subject. Anisocytosis is a common, non‐specific abnormal­

ity in haematological disorders. In automated instrument 

counts, an increase in the red cell distribution width 

(RDW) (see Chapter 2) is indicative of anisocytosis.

Microcytosis
Microcytosis is a decrease in the size of the erythrocytes. 

Microcytes are detected on a blood film by a reduction of 

red cell diameter to less than 7–7.2 μm (Fig. 3.17). The 

nucleus of a small lymphocyte, which has a diameter 

of approximately 8.5 μm, is a useful guide to the size 

of a red cell. Microcytosis may be general or there may 

be a population of small red cells. If all or most of the 

red cells are small there is a reduction in the MCV, but a 

small population of microcytes can be present without 

the MCV falling below the reference range. Some of the 

causes of microcytosis are listed in Table 3.1.

Fig. 3.17  Microcytosis in a patient with β thalassaemia trait; the 
MCV was 62 f1. The blood film also shows mild hypochromia, 
anisocytosis and poikilocytosis.

Table 3.1  Some causes of microcytosis.

Inherited

β thalassaemia heterozygosity (β thalassaemia trait, β thalassaemia minor)

β thalassaemia homozygosity or compound heterozygosity (β thalassaemia major or intermedia)

δβ and γδβ thalassaemia heterozygosity or δβ thalassaemia homozygosity

Haemoglobin Lepore heterozygosity or homozygosity

Hereditary persistence of fetal haemoglobin homozygosity and some instances of heterozygosity (e.g. due to KLF1 inactivating mutation)

α0 thalassaemia heterozygosity

α+ thalassaemia homozygosity or, to a lesser extent, heterozygosity

Haemoglobin Constant Spring, haemoglobin Paksé and haemoglobin Quong Sze heterozygosity

Haemoglobin H disease

Sickle cell heterozygosity [10, 11] (disputed, see Chapter 8)

Haemoglobin C heterozygosity [10, 11] and homozygosity

Sickle cell/haemoglobin C disease [12]

Haemoglobin E heterozygosity [13] and homozygosity [14]

Haemoglobin D‐Punjab (D‐Los Angeles) heterozygosity

Heterozygosity for other rare abnormal haemoglobins producing thalassaemia‐like conditions (e.g. haemoglobin Tak, haemoglobin Indianapolis)

Congenital sideroblastic anaemia

Atransferrinaemia

Ferrochelatase deficiency (erythropoietic protoporphyria) [15]

Hepatoerythropoietic porphyria [16]

(continued)
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The red cells of healthy children are smaller than those 

of adults, whereas those of neonates are much larger, so 

that cell size must be interpreted in the light of the age 

of the subject. Microcytosis is uncommon in neonates 

but can occur in α thalassaemia disorders and when iron 

deficiency results from intrauterine blood loss; it is also 

likely that microcytosis is present at birth in congenital 

sideroblastic anaemia and atransferrinaemia. As a group, 

Black people have smaller red cells than Caucasians; this is 

likely to be largely the result of a high prevalence of α tha­

lassaemia trait, together with a lower prevalence of β tha­

lassaemia trait, haemoglobin C trait and other haemoglo­

binopathies that are associated with microcytosis, rather 

than to any intrinsic ethnic difference in red cell size.

Macrocytosis
Macrocytosis is an increase in the size of erythrocytes. 

The erythrocytes of neonates show a considerable 

degree of macrocytosis if they are assessed in relation to  

those of adults. Fetal red cells are also much larger than 

those of adults. A slight degree of macrocytosis is also 

seen as a physiological feature of pregnancy [38] and in 

older adults [39].

Macrocytosis is recognised on a blood film by an 

increase in cell diameter (Fig. 3.18). It may be a 

generalised change, in which case the MCV will be 

raised, or it may affect only a proportion of the red 

cells. Macrocytes may be round or oval in outline, 

the diagnostic significance being somewhat differ­

ent. Some of the causes of macrocytosis are listed in 

Table 3.2.

Associated with iron overload but with absent bone marrow iron [17]

Associated with elliptocytosis [18]

Hereditary pyropoikilocytosis (as a result of red cell fragmentation)

Inherited iron malabsorption plus defect in incorporation of iron [19]

Acaeruloplasminaemia [20]

Copper deficiency [21]

Haem oxygenase deficiency [22]

Homozygosity [23] or compound heterozygosity [24] for SLC11A2 gene encoding divalent metal transporter 1

Homozygosity for mutation in GLRX5 gene encoding glutaredoxin [25] (one patient)

Bi‐allelic mutation in the TMPRSS6 gene (leading to iron‐refractory iron deficiency anaemia) [26]

Majeed syndrome (congenital dyserythropoietic anaemia with osteomyelitis and dermatosis due to LPIN2 mutation) [27]

Acquired

Iron deficiency (including bone marrow iron deficiency in pulmonary haemosiderosis)

Anaemia of chronic disease

Myelodysplastic syndromes, particularly but not only associated with acquired haemoglobin H disease [28]

Secondary acquired sideroblastic anaemia (e.g. caused by various drugs; some cases of lead poisoning and some cases of copper deficiency [29]  

or zinc excess with functional copper deficiency, e.g. ingestion of zinc‐containing coins as a feature of mental illness) [30–32];? 

hyperzincaemia with hypercalprotectinaemia (nature of anaemia not specified) [33]

Hyperthyroidism [34]

Ascorbic acid deficiency (rarely) [35]

Cadmium poisoning [36]

Aluminium poisoning

Antibody to erythroblast transferrin receptor [37]

Table 3.1  (Continued)

Fig. 3.18  Macrocytosis associated with liver disease; the MCV 
was 105 fl. Several target cells are also present.
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Table 3.2  Some causes of macrocytosis.

Associated with reticulocytosis

Haemolytic anaemia

Haemorrhage

Associated with megaloblastic erythropoiesis

Vitamin B12 deficiency and inactivation of vitamin B12 by chronic 

exposure to nitric oxide

Folic acid deficiency, antifolate drugs (including methotrexate, 

pentamidine, pyrimethamine and trimethoprim and including 

methotrexate administered intrathecally [40]), cough mixture abuse [41]

Scurvy

Drugs interfering with DNA synthesis – used as anticancer 

drugs, immunosuppressive agents and in the treatment of the 

acquired immune deficiency syndrome (including doxorubicin, 

daunorubicin, azathioprine, mercaptopurine, cyclophosphamide, 

cytarabine, fluorouracil, hydroxycarbamide, procarbazine, 

tioguanine, zidovudine and stavudine)

Imatinib or sunitinib therapy (not only due to vitamin B12  

deficiency) [42,43]

Rare inherited defects of DNA synthesis (including hereditary orotic 

aciduria, thiamine‐responsive anaemia, Wolfram syndrome (also 

known as DIDMOAD – Diabetes Insipidus, Diabetes Mellitus 

Optic Atrophy and Deafness – syndrome), and the Lesch–Nyhan 

syndrome)

Associated with megaloblastic or macronormoblastic 

erythropoiesis

Myelodysplastic syndromes including refractory anaemia with ring 

sideroblasts

Some acute myeloid leukaemias

Multiple myeloma and monoclonal gammopathy of undetermined 

significance [44]

Ethanol intake

Liver disease

Phenytoin therapy

Some cases of copper deficiency [45]

Arsenic poisoning [46]

? Familial macrocytosis [47]

Associated with macronormoblastic erythropoiesis

Some congenital dyserythropoietic anaemias, particularly type I

Pure red cell aplasia of infancy (Blackfan–Diamond syndrome), 

including a forme fruste with macrocytosis only [48]

Aplastic anaemia

Maternally inherited sideroblastic anaemia [49]

Pearson syndrome

Anorexia nervosa [50]

Genetic haemochromatosis [51]

Erythroblastic synartesis [52]

Uncertain mechanism

Cigarette smoking [39]

Chronic obstructive pulmonary disease

Trisomy 18 [53]

Trisomy 21 (Down syndrome) [53,54 ]

Triploidy [53,55]

Familial autoimmune/lymphoproliferative disorder [56]

Development of antibodies to thrombopoietin [57]

Factitious

Cold agglutinins

Delay in measuring MCV in some types of hereditary stomatocytosis, 

particularly hereditary cryohydrocytosis [58]

Marked delay in measuring MCV with certain automated counters 

(see Chapter 4)

MCV, mean cell volume

Hypochromia
Hypochromia is a reduction of the staining of the red cell 

(Fig. 3.19); there is an increase in central pallor, which 

occupies more than the normal approximate one‐third 

of the red cell diameter. Hypochromia may be general or 

there may be a population of hypochromic cells. Severe 

hypochromia may be reflected in a reduction in the 

mean cell haemoglobin concentration (MCHC), but the 

sensitivity of this measurement to hypochromia depends 

on the method by which it is measured. Any of the con­

ditions leading to microcytosis may also cause hypochro­

mia, although in some subjects with α or β thalassaemia 

trait the blood film shows microcytosis without appreci­

able hypochromia and, in rare patients with copper 

deficiency, hypochromia is associated with macrocytosis 

[45]. Red cells of healthy children are often hypochromic 

if assessed in relation to the appearance of the red cells 
Fig. 3.19  Hypochromic red cells in a patient with iron deficiency 
anaemia. The film also shows anisochromasia.
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Fig. 3.20  A dimorphic peripheral blood film from a patient 
with sideroblastic anaemia as a feature of a myelodysplastic 
syndrome (MDS). One population of cells is normocytic and 
normochromic while the other is microcytic and hypochromic. 
One of the poorly haemoglobinised red cells contains some Pap­
penheimer bodies.

of adults. Since the intensity of staining of the red cell is 

determined by the thickness of the cell as well as by the 

concentration of haemoglobin, hypochromia can also be 

noted in cells that are thinner than normal, whether or 

not they have a normal volume and haemoglobin con­

centration; such cells are designated ‘leptocytes’.

Hyperchromia
The term ‘hyperchromia’ is rarely used in describ­

ing blood films. It can be applied when cells are more 

intensely stained than normal, but it is more useful to 

indicate why a cell is hyperchromic. Spherocytes and 

irregularly contracted cells stain more intensely than 

normal; the MCHC may be increased, indicating that 

the hyperchromia is related not only to a change in 

the shape of the cell but also to a true increase in the 

intracellular haemoglobin concentration. Some macro­

cytes are thicker than normal and this causes them to 

be hyperchromic without any increase in haemoglobin 

concentration; central pallor may be totally lacking.

Anisochromasia
Anisochromasia describes an increased variability in the 

degree of staining or haemoglobinisation of the red cell 

(see Fig. 3.19). In practice, it usually means that there 

is a spectrum of staining from hypochromic to normo­

chromic. Anisochromasia commonly indicates a chang­

ing situation, such as iron deficiency developing or 

responding to treatment or anaemia of chronic disease 

developing or regressing. Anisochromasia is reflected 

in an elevated haemoglobin distribution width (HDW) 

measured by some automated instruments.

Dimorphism
Dimorphism indicates the presence of two distinct popu­

lations of red cells (Fig. 3.20). The term is most often 

applied when there is one population of hypochromic, 

microcytic cells and another population of normochro­

mic cells, the latter being either normocytic or macro­

cytic. Since the term is a general one, it is necessary to 

describe the two populations. They may differ in their 

size, haemoglobin content or shape and this is relevant 

to the differential diagnosis. Automated counters may 

confirm the visual impression of dimorphism, although 

some instruments may be unable to distinguish between 

a difference in size and a difference in haemoglobin con­

centration. Causes of a dimorphic film included iron 

deficiency anaemia (following administration of iron or 

blood transfusion), sideroblastic anaemia, the heterozy­

gous state for hereditary sideroblastic anaemia, macro­

cytic anaemia post‐transfusion, double deficiency of iron 

and either vitamin Bl2 or folic acid, unmasking of iron 

deficiency following treatment of megaloblastic anaemia 

and delayed transfusion reactions. Rare causes include 

mosaicism for β thalassaemia trait associated with a con­

stitutional chromosomal abnormality [59] and chimaer­

ism post‐stem cell transplantation when either the donor 

or the host has microcytosis with a genetic basis.

Polychromasia
Polychromasia or polychromatophilia describes red cells 

that are pinkish‐blue as a consequence of uptake both 

of eosin, by haemoglobin, and of basic dyes, by residual 

ribosomal ribonucleic acid (RNA). Since reticulocytes are 

cells in which ribosomal RNA takes up a vital dye to form 

a visible reticulum, it will be seen that there is likely to 

be a relationship between reticulocytes and polychro­

matic cells. Both are immature red cells newly released 

from the bone marrow. However, the number of poly­

chromatic cells in a normal blood film is usually less than 

0.1% [60], considerably less than the normal reticulocyte 

count of around 1–2%. On average, in patient samples, 

the reticulocyte count is about double the visual estimate 

of polychromatic cells [61]. This is because only the most 

immature (grade I) reticulocytes are polychromatic. In 

conditions of transient or persistent haemopoietic stress, 

when erythropoietin levels are high, immature reticu­

locytes are released from the bone marrow. They are 



Morphology of blood cells      77

referred to as ‘polychromatic macrocytes’. Sometimes the 

irregular shape apparent on electron microscopy can also 

be discerned by light microscopy (Fig. 3.23). Late reticu­

locytes, which are the only forms present in the blood 

of haematologically normal subjects, are cup‐shaped and 

only slightly larger than mature erythrocytes. They are 

therefore difficult to recognise on an MGG‐stained film.

The total number of reticulocytes, the proportion of 

early reticulocytes and the number of polychromatic 

considerably larger than mature erythrocytes and, as a 

consequence of a reduced haemoglobin concentration, 

are less dense. On average their diameter is about 28% 

greater than that of a mature erythrocyte [60]. On scan­

ning electron microscopy they have an irregular, multi­

lobated surface (Fig. 3.21). They are readily recognised, 

in May–Grünwald–Giemsa (MGG)‐stained films, by 

their greater diameter, their lack of central pallor and 

their polychromatic qualities (Fig. 3.22). They are often 

Fig. 3.21  Scanning electron microscopy of a reticulocyte. Cour­
tesy of Professor Aaron Polliack, from Hoffbrand and Pettit [8].

Fig. 3.22  A polychromatic cell that is also larger than a normal 
cell; it may be designated a polychromatic macrocyte. The film 
also shows anisocytosis and poikilocytosis.

Fig. 3.23  Blood film showing polychromatic 
macrocytes in a patient with sickle cell 
anaemia, illustrating the highly irregular 
shape of reticulocytes.
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Fig. 3.24  Blood film showing striking 
poikilocytosis in a patient with hereditary 
pyropoikilocytosis. With thanks to Dr Mike 
Leach, Glasgow.

macrocytes increase as a physiological response to increas­

ing altitude or other hypoxic stimulus and as a normal 

response to anaemia when there are no factors limiting 

erythropoiesis. In severely anaemic patients, a lack of poly­

chromasia is significant. It is absent in pure red cell apla­

sia and in aplastic anaemia, and is inconspicuous in the 

anaemia of chronic disease and often in renal failure when 

the erythropoietin response is inadequate. The absence 

of polychromasia in a patient with sickle cell anaemia or 

other haemolytic anaemia is important since it may indi­

cate complicating parvovirus B19‐induced red cell aplasia.

Polychromatic erythrocytes are increased in primary 

myelofibrosis and in metastatic carcinoma of the bone 

marrow. In these conditions the number of polychro­

matic cells is greater than would be expected from the 

degree of anaemia and the polychromatic cells may be 

abnormal – more deeply basophilic than normal and not 

always increased in size [36].

When the reticulocyte count is increased, auto­

mated counters show an increased MCV and RDW. 

Bayer H.1 series instruments show, in addition, 

an increased HDW and reticulocytes are seen as 

hypochromic macrocytes on the red cell cytogram 

(see Fig. 3.64).

Poikilocytosis
A cell of abnormal shape is a poikilocyte. Poikilocyto­

sis is therefore a state in which there is an increased 

proportion of cells of abnormal shape. High altitude 

produces some degree of poikilocytosis in haematolog­

ically normal subjects [62]. Poikilocytosis is also a com­

mon, often non‐specific abnormality in many haema­

tological disorders. It may result from the production 

of abnormal cells by the bone marrow or from damage 

to normal cells after release into the blood‐stream. If 

poikilocytosis is very marked, diagnostic possibilities 

include primary or secondary myelofibrosis, congeni­

tal and acquired dyserythropoietic anaemias, heredi­

tary pyropoikilocytosis (Fig. 3.24) and haemoglobin 

H disease (Fig. 3.25). Extreme poikilocytosis with 

microcytosis was noted in a child with compound het­

erozygosity for a DMT1 mutation [24]. Patients with 

Gaucher disease have been found to have an increased 

proportion of poikilocytes, 2.9%, compared to 1% in 

controls, the forms seen being dacrocytes, elliptocytes, 

echinocytes and schistocytes [63]. The presence of 

poikilocytes of certain specific shapes, e.g. spherocytes 

or elliptocytes, may have a particular significance (see 

below).

It is important not to confuse deformation of red cells 

due to a plasma abnormality with true poikilocytosis. 

The presence of cryoglobulin can lead to remarkable 

deformation of red cells (Fig. 3.26). Because the cryo­

globulin may be only weakly basophilic it may not be 

readily apparent. The appearance of something extran­

eous indenting red cells provides a clue.
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Fig. 3.25  Blood film showing striking poikil­
ocytosis in a patient who has co‐inherited 
hereditary elliptocytosis and the geno­
type of haemoglobin H disease (αTSaudiα/ 
αTSaudiα). Elliptocytes are prominent among 
the numerous poikilocytes.

Spherocytosis
Spherocytes are cells that, rather than being disci­

form, are spherical or near‐spherical in shape (Fig. 

3.27) [64]. They are cells that have lost membrane 

without equivalent loss of cytosol, as a consequence 

of an inherited or acquired abnormality of the red 

cell cytoskeleton and membrane. In a stained blood 

film, spherocytes lack the normal central pallor. The 

diameter of a sphere is less than that of a disc‐shaped 

Fig. 3.26  Blood film showing deformation of red cells by a pre­
cipitated cryoglobulin.

object of the same volume, and thus a spherocyte may 

appear smaller than a discocyte. It is preferable, how­

ever, to restrict the term ‘microspherocyte’ to cells of 

reduced volume rather than merely reduced diameter. 

Macrospherocytes may be a feature of hereditary 

stomatocytosis (over‐hydrated variant); they result 

from osmotic swelling. In examining a blood film for 

the presence of spherocytes it is important to examine 

that part of the film where the cells are just touch­

ing, since normal cells may lack central pallor near the 

tail of the film. Overlapping cells can also give a false 

impression of spherocytosis. Spherocytes do not stack 

well into rouleaux.

The distinction between spherocytes and irregularly 

contracted cells (see below) is important since the diag­

nostic significance is different.

Some of the causes of spherocytosis are shown in Table 

3.3. There are a variety of underlying mechanisms. In 

hereditary spherocytosis there is an abnormality of the 

cytoskeleton with a secondary destabilisation and loss 

of membrane. In acquired conditions, spherocytosis can 

result from direct damage to the red cell membrane, e.g. 

by heat (Fig. 3.28), clostridial toxins (Fig. 3.29) or snake 

venoms. Loss of membrane can follow antibody coating 

of the cell by alloantibodies (Fig. 3.30), autoantibod­

ies or drug‐induced antibodies; the macrophages of the 

reticuloendothelial system recognise immunoglobulin or 

complement on the surface of the cell and remove pieces 
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Table 3.3  Some causes of spherocytosis.

Conditions that may be associated with numerous 

spherocytes

Hereditary spherocytosis

Warm autoimmune haemolytic anaemia

Delayed haemolytic transfusion reaction

ABO haemolytic disease of the newborn and, to a lesser extent, 

Rh haemolytic disease of the fetus and newborn

Administration of anti‐D to Rh D‐positive patients, e.g. in the 

treatment of autoimmune thrombocytopenic purpura

Passenger lymphocyte syndrome following solid organ 

transplantation (e.g. anti‐A, anti‐B, anti‐E antibodies)

Drug‐induced immune haemolytic anaemia (innocent bystander 

mechanism)

Clostridium perfringens sepsis

Zieve syndrome∗

Low erythrocyte ATP caused by phosphate deficiency [65, 66]

Snake‐bite‐induced haemolysis

Bartonellosis (Oroya fever)

Fresh‐water drowning or intravenous infusion of water

Burns (microspherocytes)

Sulphuric acid exposure (microspherocytes) [67]

Conditions that may be associated with smaller numbers 

of spherocytes

As an isolated feature

Immediate transfusion reaction

Acute cold autoimmune haemolytic anaemia

Chronic cold haemagglutinin disease

Penicillin‐induced haemolytic anaemia

Acute attacks of paroxysmal cold haemoglobinuria

Infusion of large amounts of intravenous lipid [68]

Pyrimidine 5′‐nucleotidase deficiency† [69]

In association with other poikilocytes

Normal neonate

Hyposplenism

Sickle cell anaemia

Microangiopathic haemolytic anaemia (microspherocytes)

Mechanical haemolytic anaemia (microspherocytes)

Hereditary elliptocytosis with transient severe manifestations in 

infancy [70]

Hereditary pyropoikilocytosis (including homozygosity for 

mutations causing hereditary elliptocytosis)

Rh null phenotype

ATP, adenosine triphosphate
∗irregularly contracted cells may be more characteristic
†spherocytes may be spiculated

Fig. 3.27  Scanning electron micrography of spherocytes and forms intermediate between discocytes and spherocytes. From Bessis [64].
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Fig. 3.28  Blood film of a patient with severe burns showing 
spherocytes, microspherocytes and red cells that appear to be 
budding off very small spherocytic fragments.

Fig. 3.29  Blood film of a patient with clostridial septicaemia 
showing many spherocytes. Courtesy of the late Professor 
Harry Smith.

Fig. 3.30  Spherocytes in the peripheral 
blood film of an iron deficient patient who 
suffered a delayed transfusion reaction due 
to an anti‐Rh D antibody; the film is dimor­
phic, showing a mixture of the recipient’s 
hypochromic microcytic cells and the donor 
cells, which have become spherocytic.

of membrane. When red cells fragment, those fragments 

with a relative lack of membrane form microsphero­

cytes; this is the mechanism of formation of spherocytes 

in microangiopathic haemolytic anaemia, mechanical 

haemolytic anaemia and hereditary pyropoikilocytosis. 

Erythrocytes stored for transfusion become spheroechi­

nocytes as the blood ages (see below). Rarely, marked 

spherocytosis has been described in hypophosphataemia, 

e.g. in liver disease [65], in acute diabetic ketoacidosis 

[66] and during over‐vigorous correction of hyperphos­

phataemia [71]; the mechanism is likely to be adenosine 

triphosphate (ATP) depletion. In Heinz body haemolytic 

anaemias, although most abnormal cells are irregularly 

contracted cells (see below), there are usually also some 

spherocytes.

Irregularly contracted cells
Irregularly contracted cells lack central pallor and appear 

smaller and denser than normal erythrocytes without 

being as regular in shape as spherocytes (Fig. 3.31). 
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Fig. 3.33  Transmission electron micrograph showing a hemi‐ghost 
cell containing Heinz bodies. Courtesy of Dr T.K. Chan and col­
leagues, Hong Kong, and the British Journal of Haematology [72].

Irregularly contracted cells are formed when there is 

oxidant damage to erythrocytes, or damage to red cell 

membranes by precipitation of unstable haemoglobin 

or free α or β chains. Blood films showing irregularly 

contracted cells often also show some spherocytes; these 

are formed when a red cell inclusion, such as a Heinz 

body, has been removed by the pitting action of splenic 

macrophages with associated loss of red cell membrane. 

Keratocytes (see below) may likewise be present as a 

result of the removal of a Heinz body. Blood films show­

ing irregularly contracted cells may also show ghost cells 

and also hemighosts or blister cells. The latter are cells 

in which most of the haemoglobin has precipitated in 

half of the cell leaving the red cell membranes in appo­

sition with each other in the other half of the cell; Heinz 

bodies may be present in the clear area as well as in the 

rest of the cell (Figs 3.32 & 3.33) [72]. Some causes of 

irregularly contracted cells are shown in Table 3.4.

Elliptocytosis and ovalocytosis
Elliptocytosis indicates the presence of increased numbers 

of elliptocytes and ovalocytosis the presence of increased 

numbers of ovalocytes. These terms have not been used in 

any consistent manner, but it has been suggested that a cell 

with a long axis more than twice its short axis should be 

designated an elliptocyte while a cell with the long axis less 

than twice its short axis is designated an ovalocyte [75]. 

When elliptocytes or ovalocytes are numerous (Fig. 3.34) 

and are the dominant abnormality it is likely that the 

patient has an inherited abnormality affecting the red cell 

cytoskeleton, such as hereditary elliptocytosis. Smaller 

numbers of elliptocytes or ovalocytes may be seen in iron 

deficiency, in some patients with β thalassaemia heterozy­

gosity and homozygosity, megaloblastic anaemia, primary 

myelofibrosis and myelodysplastic syndromes (MDS) and 

occasionally in inherited red cell enzyme abnormalities, 

e.g. pyruvate kinase deficiency; in these conditions it is 

likely that elliptocytes reflect dyserythropoiesis. Ellipto­

cytosis in MDS has been linked to an acquired deficiency 

of protein 4.1 [76]. In Papua New Guinea, ovalocytosis 

has been associated with Gerbich negativity and a specific 

Fig. 3.31  Blood film of a patient with haemoglobin C disease 
showing irregularly contracted cells and several target cells.

Fig. 3.32  Scanning electron micrograph showing a hemi‐ghost cell 
containing Heinz bodies. Courtesy of Dr T.K. Chan and colleagues, 
Hong Kong, and the British Journal of Haematology [72].



Morphology of blood cells      83

Table 3.4  Some conditions that are associated with irregularly 
contracted cells.

Conditions that may be associated with numerous 

irregularly contracted cells

Haemoglobin C disease

Haemoglobin C/β thalassaemia

Sickle cell/haemoglobin C disease

Unstable haemoglobins

Acute haemolysis in G6PD deficiency or other abnormalities of 

the pentose shunt

Severe oxidant stress (drugs or chemicals), e.g. dapsone 

therapy or copper sulphate poisoning, in patients without 

abnormalities of the pentose shunt

Zieve syndrome

Wilson disease [73]

Conditions that may be associated with smaller numbers 

of irregularly contracted cells

Minor haemolytic episodes in G6PD deficiency

Moderate oxidant stress in patients without abnormalities of the 

pentose shunt

Defects in glutathione biosynthesis

Neonatal glutathione peroxidase deficiency (which is probably 

secondary to transient deficiency of selenium, an essential 

co‐factor)

Haemoglobin C trait

Unstable haemoglobins

β thalassaemia trait

Haemoglobin H disease

Haemoglobin E disease or trait

Hereditary xerocytosis (dehydrated variant of hereditary 

stomatocytosis)

Congenital dyserythropoietic anaemia type II [74]

G6PD, glucose‐6‐phosphate dehydrogenase

mutation in the gene encoding glycophorin C [77]. Mac­

rocytic ovalocytes or oval macrocytes are characteristic of 

megaloblastic anaemia and South‐East Asian ovalocyto­

sis and are also seen in dyserythropoiesis, e.g. in primary 

myelofibrosis. Elliptocytes are biconcave and thus are 

capable of forming rouleaux.

In a group of Thai patients, ovalocytosis was found 

to be a feature of homozygosity for mutations in the 

SLC4A1 gene that lead to distal renal tubular acidosis [78]. 

The gene encodes the erythrocyte membrane protein, 

anion exchanger 1 (AE1) and the shorter AE1 protein 

found in renal tubules. Homozygotes for the G701D 

mutation and compound heterozygotes for G701D/A858D 

have ovalocytes comprising about a quarter of their red 

cells; they have compensated haemolysis but can develop 

anaemia and reticulocytosis during periods of metabolic 

acidosis. The compound heterozygotes also have small 

numbers of pincered cells and schistocytes. Homozygotes 

and compound heterozygotes who are also heterozygous 

for haemoglobin E have ovalocytes comprising about two‐

thirds of red cells. Heterozygotes for G701D are haemato­

logically normal unless they also carry haemoglobin E or 

α+ thalassaemia, in which case they also have ovalocytes. 

However, a heterozygote for A858D had 20% ovalocytes 

and also had acanthocytes, echinocytes and schistocytes 

[78]. A compound heterozygote for G701D and the in‐

frame deletion of the same gene that leads to South‐East 

Asian ovalocytosis, who also had α+ thalassaemia, had 

haemolytic anaemia aggravated by acidosis, whereas sim­

ple heterozygotes for South‐East Asian ovalocytosis do not 

have haemolysis [78].

Fig. 3.34  Blood film of a patient with 
hereditary elliptocytosis showing ellipto­
cytes and ovalocytes.
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Teardrop cells (dacrocytes)
Teardrop or pear‐shaped cells (dacrocytes) (Fig. 3.35) occur 

when there is bone marrow fibrosis or severe dyseryth­

ropoiesis and also in some haemolytic anaemias. They 

are particularly characteristic of megaloblastic anaemia, 

thalassaemia major and myelofibrosis – either primary 

myelofibrosis or myelofibrosis secondary to metastatic car­

cinoma or other bone marrow infiltration. In both thalas­

saemia major and primary myelofibrosis, the proportion of 

teardrop cells decreases following splenectomy, suggesting 

either that they are the product of extramedullary hae­

mopoiesis or that they are formed when the spleen causes 

further damage to abnormal red cells. Teardrop cells that 

are present in occasional cases of autoimmune haemolytic 

anaemia [79], Heinz body haemolytic anaemia and β tha­

lassaemia major are likely to be the result of the action of 

splenic macrophages on abnormal erythrocytes, resulting 

from the removal of part of the red cell, Heinz bodies or 

α chain precipitates. Teardrop poikilocytes are common in 

patients with erythroleukaemia [80].

Spiculated cells
The terminology applied to spiculated cells is confused. In 

particular, the term ‘burr cell’ has been used by different 

authors to describe different cells and therefore is bet­

ter abandoned. The terminology of Bessis [64] is recom­

mended since it is based on careful study of abnormal cells 

by scanning electron microscopy and is clear and relatively 

easy to apply. Bessis divided spiculated cells into echino­

cytes, acanthocytes, keratocytes and schistocytes.

Echinocytes

Echinocytes are erythrocytes that have lost their disc 

shape and are covered with 10–30 short blunt spic­

ules of fairly regular form (Figs 3.36 & 3.37). The 

main causes of echinocytosis are shown in Table 3.5. 

Echinocytes may be produced in vitro by exposure to 

fatty acids and certain drugs or simply by incubation. 

The end stage of a discocyte–echinocyte transform­

ation is a spheroechinocyte. A spheroechinocyte is 

also formed when a spherocyte undergoes an echino­

cytic change and, similarly, other abnormally shaped 

cells, e.g. acanthocytes, can undergo an echinocytic 

change.

When donor blood is stored for transfusion, cells 

become spheroechinocytes (Fig. 3.38) as lysolecithin 

is formed and as ATP concentration decreases; mem­

brane lipid, both cholesterol and phospholipid, is then 

lost when microvesicles containing small amounts of 

haemoglobin are shed from the tips of the spicules. 

When blood is transfused and there is resynthesis of 

ATP, many of the cells revert to cup‐shaped stomato­

cytes rather than to discocytes; those that have lost a lot 

of membrane remain spherocytic.

In vivo, echinocyte formation may be related to increased 

plasma fatty acids (such as occurs during heparin therapy), 

ATP depletion and lysolecithin formation. During echino­

cyte formation there is entry of calcium into cells with pol­

ymerisation of spectrin. Echinocytosis is reversible in vitro 

and in vivo, e.g. by suspending cells in fresh plasma or by 

allowing ATP resynthesis.

Fig. 3.35  Blood film of a patient with pri­
mary myelofibrosis showing teardrop 
poikilocytes (dacrocytes).
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Fig. 3.36  Echinocytes in the peripheral 
blood film of a patient with chronic renal 
failure.

Fig. 3.37  Scanning electron micrograph of an echinocyte. Cour­
tesy of Professor Aaron Polliack, from Hoffbrand and Pettit [8].

In laboratories that make films from EDTA‐ 

anticoagulated blood rather than fresh blood, by far the 

most common cause of echinocytosis is delay in mak­

ing the blood film (see Fig. 3.7). This storage artefact, 

often referred to as ‘crenation’, is likely to be caused by 

a fall in ATP or by lysolecithin formation. Echinocytosis, 

other than as an artefactual change, is quite uncommon. 

The prevalence is greater in neonates [84]. Echinocytes 

are normal in a pre‐term neonate [85]. Echinocytosis 

can occur in liver disease [84], but acanthocytosis (see 

below) is more common. It can occur in the early stages 

of the haemolytic–uraemic syndrome, but subsequently 

echinocytosis resolves leaving only the features of micro­

angiopathic haemolytic anaemia. A very rare haemolytic 

anaemia resulting from a mutation in SLC2A1 is charac­

terised by echinocytosis [86]. Echinocytosis, other than as 

a storage artefact, is probably most common in critically 

ill patients with multiorgan failure including both hepatic 

and renal failure. On multivariate analysis, echinocytosis 

(mainly reflecting hepatic and renal impairment) is pre­

dictive of mortality in hospitalised patients [87].

Echinocytosis observed following the development of 

hypophosphataemia in patients on parenteral feeding is 

attributable to a fall in ATP concentration and this may 

also be the mechanism operating when echinocytes 

develop in hereditary pyruvate kinase deficiency and 

Table 3.5  Some causes of echinocytosis.

Storage artefact

Liver disease, particularly with co‐existing renal failure

Nutritional or other phosphate deficiency [71]

Pyruvate kinase deficiency

Phosphoglycerate kinase deficiency

Aldolase deficiency [81]

Decompression phase of diving [82]

Haemolytic–uraemic syndrome

Following burns

Following cardiopulmonary bypass

Splenic haemangioma [83]

Post‐transfusion (spheroechinocytes)
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in phosphoglycerate kinase deficiency. Echinocytosis 

occurring in hypothermic, heparinised patients on car­

diopulmonary bypass has been attributed to a rise of 

free fatty acid concentration. The echinocytosis that has 

been noted as a delayed response in severely burned 

patients may be the result of lipid abnormalities.

Acanthocytes

Acanthocytes are cells of approximately spherical shape 

bearing between 2 and 20 spicules that are of unequal 

length and distributed irregularly over the red cell surface 

(Figs 3.39–3.46). Some of the spicules have club‐shaped 

Fig. 3.38  Spheroechinocyte in a peripheral 
blood film made from blood taken shortly 
after a blood transfusion. The spheroechi­
nocyte is a transfused cell.

rather than pointed ends. Causes of acanthocytosis are 

shown in Table 3.6. Acanthocyte formation probably 

results from a preferential expansion of the outer leaflet 

of the lipid bilayer that comprises the red cell membrane 

[99]. Acanthocytes cannot form rouleaux.

Unlike echinocytosis, acanthocytosis is not reversible 

on suspending cells in fresh plasma. In acanthocytosis 

associated with abetalipoproteinaemia or liver disease, 

the cholesterol:phospholipid ratio in the red cells is 

increased. This is in contrast to the target cells associated 

with liver disease in which the cholesterol and phos­

pholipid concentrations rise in parallel.

Fig. 3.39  Acanthocytes in the peripheral 
blood film of a patient with anorexia ner­
vosa.
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Fig. 3.40  Scanning electron micrograph of an acanthocyte. Cour­
tesy of Professor Aaron Polliack, from Hoffbrand and Pettit [8].

Fig. 3.41  Blood film showing acanthocytes 
in choreo‐acanthocytosis. By courtesy of  
Dr Peter Bain, London.

Acanthocytosis as an inherited phenomenon is 

associated with a number of different syndromes and 

its presence may help in their diagnosis. It was first 

described in association with retinitis pigmentosa, 

degenerative neurological disease, fat malabsorption 

and abetalipoproteinaemia [100]. Acanthocytosis 

Fig. 3.42  Scanning electron micrograph showing acanthocytes 
in a patient with the McLeod phenotype. By courtesy of Dr Guy 
Lucas, Manchester.

can similarly be observed in inherited hypobetalipo­

proteinaemia. A low percentage of acanthocytes is 

observed in Anderson disease, an inherited lipid mal­

absorption syndrome [98].

Subsequent to its description in abetalipoproteinae­

mia, acanthocytosis was recognised in association with 

several rare degenerative neurological diseases with 

normal β lipoproteins [101,102]. These conditions have 

been collectively designated neuroacanthocytosis [88] 



Fig. 3.44  Unusually numerous acanthocytes in the peripheral 
blood film of a haematologically normal subject who has had a 
splenectomy. The film also shows a target cell.

Fig. 3.45  Numerous acanthocytes in the 
blood film of a patient with abetalipopro­
teinaemia.

Fig. 3.46  Numerous acanthocytes in the 
blood film of a baby with infantile pykno­
cytosis.

Fig. 3.43  Medium power view of a blood film showing acantho­
cytes resulting from homozygosity for the A858D mutation in 
the SLC4A1 gene. Courtesy of Dr Lesley Bruce, Bristol.

88
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(Fig. 3.41). The acanthocytes may be more apparent on 

a wet preparation [103]. Most cases of neuroacantho­

cytosis result from mutation in the VPS13A gene [104] 

and others from mutation in JP3 (junctophilin 3), KX 

(McLeod phenotype) or PANK2 [88,89,105]. Some cases 

Table 3.6  Some causes of acanthocytosis.

Conditions associated with large numbers of acanthocytes

Inherited

Hereditary abetalipoproteinaemia (MTP mutation, AR)

Hereditary hypobetalipoproteinaemia (some cases; APOB  

mutation, AR)

Associated with degenerative neurological disease 

(neuroacanthocytosis) with normal lipoproteins

    Choreoacanthocytosis (VPS13A mutation, AR) [88]

  �  McLeod red cell phenotype (KX mutation, sex‐linked recessive)

    Huntingdon‐like disease 2∗ (JPH3 mutation, AD)

  �  Pantothenate‐kinase associated neurodegeneration, HARP  

  syndrome (hypoprebetalipoproteinaemia, acanthocytosis,  

  retinitis pigmentosa and pallidal degeneration)∗ (PANK2  

  mutation, AR) [89]

In(Lu) red cell phenotype (Lu(a‐b‐), KLF1 haploinsufficiency) [90]

Associated with abnormal band 3 of red cell membrane (SLC4A1 

mutation, AR) [91–93]

Medium chain acyl‐CoA dehydrogenase deficiency (ACADM 

mutation, AR) [94]

Hereditary high red cell membrane phosphatidylcholine haemolytic 

anaemia [95] (which probably represents hereditary xerocytosis)

Acquired

Hypobetalipoproteinaemia caused by malnutrition or lipid 

deprivation

‘Spur cell’ haemolytic anaemia associated with liver disease 

(usually associated with alcoholic cirrhosis but also occasionally 

with severe viral hepatitis, neonatal hepatitis, cardiac cirrhosis, 

haemochromatosis or advanced Wilson disease)

Infantile pyknocytosis

Vitamin E deficiency in premature neonates

Myelodysplastic syndromes [96]

Conditions associated with small numbers of acanthocytes

Inherited

Heterozygotes for the McLeod phenotype

Pyruvate kinase deficiency

Woronet trait

Dyserythropoiesis associated with a GATA1 mutation [97]

Anderson disease (SARIB mutation, AR) [98]

Acquired

Post‐splenectomy and hyposplenism

Anorexia nervosa and starvation

Myxoedema and panhypopituitarism

∗�Some cases have acanthocytes. AD, autosomal dominant; AR, 
autosomal recessive

of the McLeod phenotype (Fig. 3.42) not only lack Kell 

antigens, but also have chronic granulomatous disease 

as the result of a contiguous gene syndrome; female 

carriers of this mutation have two populations of red 

cells, one acanthocytic and one not. The In(Lu) red 

cell phenotype, in which there is absent or reduced 

expression of Lu and several other blood group anti­

gen systems [106], results from haploinsufficiency of a 

transcription factor gene. Acanthocytosis has also been 

associated with a deficiency of SLC4A1‐encoded band 

3 protein resulting from homozygosity for a P868L 

[91] or an A858D mutation [92,93] (Fig. 3.43); Omani 

Arab homozygotes for the A858D mutation have strik­

ing acanthocytosis and echinocytosis with occasional 

ovalo/elliptocytes; heterozygotes have smaller numbers 

(15–20%) of acanthocytes with a minimal tendency to 

ovalocytosis [92]; Indian homozygotes for the A858D 

mutation were described as having hereditary spherocy­

tosis, but published photographs indicate that acantho­

cytosis is the dominant feature [93].

Keratocytes

Keratocytes (or horned cells) (Fig. 3.47) are cells with 

pairs of spicules – usually two but sometimes four or 

six – which have been formed by the fusion of opposing 

membranes to form a pseudovacuole with subsequent 

rupture of the membrane at the cell surface. They are 

formed when there is mechanical damage to red cells, 

e.g. by fibrin strands or a malfunctioning cardiac pros­

thesis. They have been observed in schistocytic haemo­

lytic anaemias including microangiopathic haemolytic 

anaemia, in disseminated intravascular coagulation and 

in renal disease, e.g. glomerulonephritis, uraemia and 

following renal transplantation. They can also result 

from removal of a Heinz body (Fig. 3.48) [107].

Prekeratocytes are erythrocytes that retain central 

pallor and have a sharply defined submembranous 

vacuole. They are believed to give rise to a keratocyte 

through rupture of the vacuole. They are most charac­

teristic of iron deficiency, but are also present in β tha­

lassaemia trait, anaemia of chronic disease and microan­

giopathic haemolytic anaemia [108].

Schistocytes

Schistocytes are fragments of red cells. In healthy adult 

subjects they do not exceed 0.2% of red cells, but in 

neonates they may be up to 1.9% and in premature 

neonates up to 5.5% [109].
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Fig. 3.49  Fragments including microspherocytes in the periph­
eral blood film of a patient with the haemolytic–uraemic syn­
drome. The film also shows polychromasia and a nucleated red 
blood cell (NRBC).

Fig. 3.48  Scanning electron micrograph of a keratocyte, formed 
by removal of a Heinz body. Courtesy of Dr M. Amare and col­
leagues and the British Journal of Haematology [107].

Fig. 3.47  Keratocytes in the peripheral 
blood film of a patient with microangio­
pathic haemolytic anaemia.

Schistocytes are formed either by fragmentation of 

abnormal cells, e.g. in hereditary pyropoikilocytosis, or 

following mechanical, toxin‐ or heat‐induced damage 

of previously normal cells (Fig. 3.49). When resultant 

on mechanical damage, schistocytes often coexist with 

keratocytes. Many schistocytes are spiculated. Oth­

ers have been left with too little membrane for their 

cytoplasmic volume and therefore have formed micro­

spherocytes (spheroschistocytes). In burned patients, 

schistocytes may be microdiscocytes as well as micro­

spherocytes (see Fig. 3.92). An uncommon form of 

red cell fragment, a linear or filamentous structure, is 

observed in sickle cell anaemia [110] (Fig. 3.50). The 

commonest causes of schistocyte formation are micro­

angiopathic and mechanical haemolytic anaemias, 

collectively known as schistocytic haemolytic anaemia. 

Schistocytes may be a feature of MDS [111] and are 

common in patients with erythroleukaemia [80].



An International Council for Standardization in 

Haematology (ICSH) guideline provides criteria for 

the recognition and enumeration of schistocytes in 

schistocytic haemolytic anaemias [109]. For this pur­

pose they advise the inclusion of fragments with sharp 

angles and straight borders, small crescents, helmet 

cells, keratocytes and microspherocytes, the latter only 

in the presence of other characteristic cells [109]. Quan­

tification is per 1000 erythrocytes, with more than 1% 

schistocytes being regarded as significant. Quantifica­

tion is only relevant when schistocytosis is the domi­

nant morphological abnormality.

Red cell fragments can also be quantified by several 

automated haematology analysers, for example the 

Sysex XE‐2100 and the Bayer Advia 120. This can be 

used for screening for schistocytic haemolytic anaemias, 

although false negative results may be obtained when 

there is macrocytosis [109].

Target cells
Target cells have an area of increased staining, which 

appears in the middle of the area of central pallor 

(Fig. 3.51). Target cells are formed as a consequence 

of there being redundant membrane in relation to 

the volume of the cytoplasm. They may also be thin­

ner than normal cells. In vivo they are bell‐shaped 

and this can be demonstrated on scanning electron 

microscopy (Fig. 3.52). They flatten on spreading to 

form the characteristic cell seen on light microscopy. 

Target cells may be microcytic, normocytic or macro­

cytic, depending on the underlying abnormality and 

the mechanism of their formation. Some of the causes 

of target cell formation are shown in Table 3.7. Target 

Fig. 3.50  The blood film of a patient with 
sickle cell anaemia showing linear red cell 
fragments and increased numbers of irreg­
ularly contracted cells; the latter feature 
resulted from a severe pulmonary sickling 
crisis at the time the film was made.

Fig. 3.51  Blood film of a haematologically normal patient who has 
had a splenectomy, showing target cells and a Howell–Jolly body.

Fig. 3.52  Scanning electron micrographs of target cells. From 
Bessis [64].
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Table 3.7  Some causes of target cell formation.

Conditions that are often associated with large  

numbers of target cells

Obstructive jaundice

Hereditary LCAT deficiency

Familial hypobetalipoproteinaemia [112]

Haemoglobin C disease

Sickle cell anaemia

Compound heterozygosity for haemoglobin S and haemoglobin C

Haemoglobin D disease

Haemoglobin O‐Arab disease

Conditions that may be associated with moderate or small 

numbers of target cells

Parenchymal liver disease

Splenectomy and other hyposplenic states

Haemoglobin C trait

Haemoglobin S trait

Haemoglobin E trait and disease

Haemoglobin Lepore trait

β thalassaemia minor, intermedia and major

Haemoglobin H disease

Iron deficiency

Sideroblastic anaemia

Hereditary xerocytosis (dehydrated variant of hereditary 

stomatocytosis) [113]

Analphalipoproteinaemia [114] and hypoalphalipoproteinaemia [115]

Hereditary phytosterolaemia [116]

Acquired phytosterolaemia as a result of parenteral nutrition [116]

LCAT, lecithin‐cholesterol acyl transferase

disease. In obstructive jaundice very high levels of 

bile salts inhibit LCAT. This does not, however, appear 

to be the sole mechanism of target cell formation in 

obstructive jaundice, since patients may have target 

cells without their plasma being able to inhibit the 

LCAT activity of normal plasma. When target cells are 

formed as a result of plasma lipid abnormalities, they 

revert to a normal shape on being transfused into a 

subject with normal plasma lipids. If changes in mem­

brane lipids that would normally cause target cell for­

mation occur in patients with spherocytosis, the cells 

become more disciform; this phenomenon may be 

observed when a patient with hereditary spherocyto­

sis develops obstructive jaundice.

An alternative mechanism of target cell formation 

is a reduction of cytoplasmic content without a 

proportionate reduction in the quantity of mem­

brane. This is the mechanism of target cell formation 

in a group of conditions such as iron deficiency,  

thalassaemias and haemoglobinopathies in which tar­

get cells are associated with hypochromia or micro­

cytosis. Target cells are much less numerous in iron 

deficiency than in thalassaemias. The reason for this 

is not clear.

Knizocyte
Knizocytes are triconcave erythrocytes, which may be 

seen in patients with liver disease [118].

Stomatocytosis
Stomatocytes are cells that, on a stained blood 

film, have a central linear slit or stoma (Fig. 3.53). 

Occasionally such cells are seen in the blood films 

of healthy subjects. On scanning electron micros­

copy or in wet preparations with the cells suspended 

in plasma they are cup‐ or bowl‐shaped (Fig. 3.54).  

Stomatocytes can be formed in vitro, e.g. in res­

ponse to low pH or exposure to cationic lipid‐soluble 

drugs such as chlorpromazine; the change in shape 

is reversible. The end stage of a discocyte–stomato­

cyte transformation is a spherostomatocyte. Stoma­

tocytosis results from a variety of membrane abnor­

malities but probably essentially from expansion of 

the inner leaflet of the lipid bilayer that comprises 

the red cell membrane [99]. In liver disease, stoma­

tocyte formation has been attributed to an increase 

of lysolecithin in the inner layer of the red cell mem­

brane. In hereditary spherocytosis and autoimmune 

cells may also be an artefact, as a result of using dirty 

slides [117].

Target cells may be formed because of an excess 

of red cell membrane, as when there is excess mem­

brane lipid. This is the mechanism of formation 

in obstructive jaundice, severe parenchymal liver 

disease and hereditary deficiency of lecithin‐chol­

esterol acyl transferase (LCAT). The ratio of mem­

brane cholesterol to cholesterol ester is increased. 

Red cells lack enzymes for the synthesis of cholesterol 

and phospholipid and for the esterification of chol­

esterol so that changes in the membrane lipids are 

passive, reflecting changes in plasma lipids. When 

LCAT activity is reduced, the ratio of cholesterol to 

cholesterol ester in the red cell membrane increases. 

There may also be an increase in total membrane 

cholesterol, with a proportionate increase in lecithin 

and with a decrease in ethanolamine. LCAT is synthe­

sised in hepatocytes and so it may be reduced in liver 
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haemolytic anaemia, progressive loss of membrane 

leads to formation of stomatocytes, spherostomato­

cytes and spherocytes.

Stomatocytes have been associated with a great var­

iety of clinical conditions [119,120] but an aetiologi­

cal connection has not always been established. The 

commonest cause of stomatocytosis is alcohol excess 

and alcoholic liver disease; in these cases there is 

often associated macrocytosis and in those with very 

advanced liver disease there may also be triconcave 

cells [121]. The combination of stomatocytosis and 

macrocytosis is also seen in patients receiving hydrox­

ycarbamide and occasionally in MDS. It is possible that 

chlorpromazine exposure can cause stomatocytosis in 

vivo as well as in vitro since an association has been 

observed [120]. Certain inherited erythrocyte mem­

brane abnormalities are characterised by stomato­

cytes, either alone in hereditary stomatocytosis and 

hereditary xerocytosis or in association with other 

abnormalities in Rhnull or RhMOD syndromes [122] 

and South‐East Asian ovalocytosis. Ovalocytes and 

stomatocytes occur in homozygotes for mutations in 

the SLC4A1 gene that cause distal renal tubular aci­

dosis (see above). Stomatocytosis in hereditary high 

red cell membrane phosphatidylcholine haemolytic 

anaemia is associated with numerous target cells 

[95]; this condition is now thought to be identical to 

hereditary xerocytosis [123]. Stomatocytosis has been 

associated with some cases of hereditary haemolytic 

anaemia associated with adenosine deaminase over‐

production [123]. Analphalipoproteinaemia (Tangier 

disease) [114] and hypoalphalipoproteinaemia [115] 

are associated with stomatocytosis. Increased stoma­

tocytes have been reported in association with target 

cells in a single patient with familial hypobetalipo­

proteinaemia [112], but in the published photograph 

the target cells are much more convincing than the 

stomatocytes. LCAT deficiency shows both target cells 

and stomatocytes. An increased incidence of stoma­

tocytosis has been reported in healthy Mediterranean 

(Greek and Italian) subjects in Australia [124]. This 

condition, designated Mediterranean stomatocyto­

sis/macrothrombocytopenia, is now known to be a 

manifestation of hereditary phytosterolaemia [125]. 

Similar morphological features, also associated with 

haemolytic anaemia and thrombocytopenia, occur in 

association with parenteral nutrition with soy‐based 

lipid emulsions [116].

Sickle cells
A sickle cell is a very specific type of cell that is con­

fined to sickle cell anaemia and other forms of sickle 

cell disease. Sickle cells are crescent‐ or sickle‐shaped 

with pointed ends (Fig. 3.55). The characteristic shape 

is very apparent on scanning electron micrography 

(Fig 3.56). The blood film in sickle cell anaemia may 

also show boat‐ or oat‐shaped cells (Fig. 3.55) that 

are not pathognomonic for the presence of haemo­

globin S but are highly suggestive. Other highly 

characteristic poikilocytes formed in the presence 

of haemoglobin S are SC poikilocytes, formed when 

Fig. 3.53  Blood film in hereditary stomatocytosis showing 
stomatocytes.

Fig. 3.54  Scanning electron micrograph of stomatocytes. From 
Bessis [64].
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Fig. 3.55  Blood film of a patient with sickle 
cell anaemia showing sickle cells and boat‐
shaped cells.

Fig. 3.56  Scanning electron micrograph of a sickle cell. From 
Bessis [64].

Fig. 3.57  Blood film from a patient with compound heterozygo­
sity for haemoglobin S and haemoglobin C showing a charac­
teristic SC poikilocyte.

both haemoglobin S and haemoglobin C are present 

(Fig. 3.57) and ‘Napoleon hat cells’ that are character­

istic of haemoglobin S‐Oman (Fig. 3.58). Very rarely 

a blood film from a patient with sickle cell trait shows 

sickle cells; this was observed as an in vitro artefact 

in a child with acute lymphoblastic leukaemia with 

a high white cell count, being attributed to oxygen 

consumption by the leukaemic cells [126].

Pincer cells
Pincer or mushroom‐shaped cells are a feature of heredi­

tary spherocytes resulting from deficiency of band 3 

(Fig. 3.59). They are also common in erythroleukaemia 

[80]. Similar cells can be seen in oxidant‐induced hae­

molysis, when they result from removal of two adjacent 

Heinz bodies.

Inclusions in erythrocytes
Howell–Jolly bodies
Howell–Jolly bodies (see Fig. 3.51) are medium‐sized, 

round, cytoplasmic red cell inclusions that have the same 

staining characteristics as a nucleus and can be demon­

strated to be composed of deoxyribonucleic acid (DNA). A 

Howell–Jolly body is a fragment of nuclear material. It can 

arise by karyorrhexis (the breaking up of a nucleus) or by 

incomplete nuclear expulsion, or can represent a chromo­

some that has separated from the mitotic spindle during 
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Fig. 3.58  Blood film of a patient with com­
pound heterozygosity for haemoglobin S and 
haemoglobin S‐Oman showing the ‘Napoleon 
hat’ red cells that are characteristic of haemo­
globin S‐Oman. Courtesy of Dr R.A. Al Jah­
damy and colleagues, Oman.

Fig. 3.59  Blood film of a patient with hereditary spherocytosis as 
a result of a band 3 mutation, showing pincer or mushroom cells.

abnormal mitosis. Some Howell–Jolly bodies are found in 

erythrocytes within the bone marrow in haematologically 

normal subjects but, since they are removed by the spleen, 

they are not seen in the peripheral blood. They appear in 

the blood following splenectomy and are also present in 

other hyposplenic states, including transient hyposplenic 

states resulting from reticulo‐endothelial overload. They 

can be a normal finding in neonates (in whom the spleen 

is functionally immature). The rate of formation of How­

ell–Jolly bodies is increased in megaloblastic anaemias and, 

if the patient is also hyposplenic, large numbers of Howell–

Jolly bodies will be seen in the peripheral blood.

Searching for Howell–Jolly bodies is a reliable tech­

nique for screening for significant hyposplenism, although 

a phase‐microscopy pitted cell count is more sensitive and 

will also detect milder impairment of splenic function [127].

Basophilic stippling
Basophilic stippling (Fig. 3.60) or punctate basophilia 

describes the presence in erythrocytes of considerable 

numbers of small basophilic inclusions that are dispersed 

through the erythrocyte cytoplasm and can be demon­

strated to be RNA. They are composed of aggregates of ribo­

somes; degenerating mitochondria and siderosomes may 

be included in the aggregates, but most such inclusions are 

negative with Perls acid ferrocyanide stain for iron. Very 

occasional cells with basophilic stippling can be seen in nor­

mal subjects. Increased numbers are seen in the presence 

of thalassaemia minor (particularly β thalassaemia trait and 

α thalassaemia trait due to haemoglobin Constant Spring), 

thalassaemia major, megaloblastic anaemia, unstable hae­

moglobins, haemolytic anaemia, dyserythropoietic states in 

general (including congenital dyserythropoietic anaemia, 

sideroblastic anaemia, erythroleukaemia and primary mye­

lofibrosis), liver disease and poisoning by heavy metals such 

as lead, arsenic, bismuth, zinc, silver and mercury. Baso­

philic stippling is a prominent feature of hereditary defi­

ciency of pyrimidine 5’‐nucleotidase [128], an enzyme that 

is required for RNA degradation. Inhibition of this enzyme 

may also be responsible for the prominent basophilic stip­

pling in some patients with lead poisoning. Similar findings 

have been reported in a putative deficiency of CPD‐cho­

line phosphotransferase, resulting in accumulation of the 

pyrimidine phosphodiester, CPD‐choline [129].
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Pappenheimer bodies
Pappenheimer bodies (Fig. 3.61; see also Fig. 3.20) 

are basophilic inclusions that may be present in small 

numbers in erythrocytes; they often occur in small clus­

ters towards the periphery of the cell and can be dem­

onstrated to contain iron. They are composed of ferritin 

aggregates, or mitochondria or phagosomes containing 

aggregated ferritin. They stain on a Romanowsky stain 

because clumps of ribosomes are co‐precipitated with 

the iron‐containing organelles. A cell containing Pap­

penheimer bodies is a siderocyte. Reticulocytes often 

contain Pappenheimer bodies. Following splenectomy 

Fig. 3.60  Prominent basophilic stippling in 
the peripheral blood film of a patient who 
has inherited both β thalassaemia trait 
and hereditary elliptocytosis. The film also 
shows microcytosis and numerous ellipto­
cytes and ovalocytes. One of the heavily 
stippled cells is a teardrop poikilocyte. Cour­
tesy of Dr F. Toolis, Dumfries.

Fig. 3.61  Blood film from a patient with 
sickle cell anaemia showing an erythrocyte 
containing multiple Pappenheimer bodies. 
Their peripheral position and tendency to 
cluster are apparent.

in a haematologically normal subject, small numbers of 

Pappenheimer bodies appear, these being ferritin aggre­

gates. In pathological conditions, such as lead poisoning 

or sideroblastic anaemia, Pappenheimer bodies can also 

represent iron‐laden mitochondria or phagosomes. If the 

patient has also had a splenectomy they will be present in 

much larger numbers.

Cabot rings
Cabot rings are remnants of microtubutes that formed 

the mitotic spindle [130]. They may have the form of a 

circle or a figure of eight (Fig. 3.62).
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neonatal period, an increased number of NRBC are 

seen in premature neonates and when there is growth 

retardation or the neonate has experienced hypoxia. An 

increased NRBC count at birth with a rise rather than 

a fall in the neonatal period has been found to be pre­

dictive of intraventricular haemorrhage in premature 

babies [132]. Increased numbers of NRBC can also be 

seen in babies with Down syndrome. On multivariate 

analysis, NRBC are predictive of mortality in hospital­

ised patients (except in obstetric patients and patients 

with sickle cell disease) [87]. NRBC are also predictive of 

mortality in medical intensive care ward patients [133].

If both NRBC and granulocyte precursors are present 

the film is described as leucoerythroblastic. NRBC in the 

peripheral blood may be morphologically abnormal; e.g. 

they may be megaloblastic or show the features of iron 

deficient or sideroblastic erythropoiesis. An increased 

frequency of karyorrhexis in circulating NRBC may be 

seen in arsenic and lead poisoning [134] and in cer­

tain dyserythropoietic states such as erythroleukaemia 

and severe iron deficiency anaemia. Examination of a 

buffy coat film is helpful if assessment of morphological 

abnormalities in NRBC is required.

Red cell agglutination, rouleaux formation 
and red cell rosetting
Red cell agglutinates (see Fig. 3.14) are irregular clumps 

of cells whereas rouleaux (Fig. 3.64) are stacks of eryth­

rocytes resembling a pile of coins.

Micro‐organisms in erythrocytes
Both protozoan parasites and other micro‐organisms can 

be seen within red cells (see below).

Crystals
Slender purple‐violet crystals, often radially arranged, 

have been observed in red cells in congenital erythro­

poietic porphyria (Fig. 3.63) [131].

Circulating nucleated red blood cells
Except in the neonatal period and occasionally in preg­

nancy, the presence of NRBC (see Fig. 3.49) in the 

peripheral blood is abnormal, generally indicating hyper­

plastic erythropoiesis or bone marrow infiltration. In the 

Fig. 3.62  Cabot rings in the blood film of a 
patient who had received the microtubule 
inhibitor paclitaxel, medium power. By 
courtesy of Dr Greg Hapgood, Melbourne.

Fig. 3.63  Blood film of a patient with congenital erythropoi­
etic porphyria showing radially arranged crystals in red cells. 
Courtesy of Dr Anna Merino and colleagues, Barcelona, and 
the British Journal of Haematology [131].
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Reticulocytes may form agglutinates when their 

numbers are increased; this is a normal phenomenon. 

Mature red cells agglutinate when they are antibody‐

coated. Small agglutinates may be seen in warm auto­

immune haemolytic anaemia. Agglutinates are more 

common in paroxysmal cold haemoglobinuria and in 

chronic cold haemagglutinin disease there may be mass­

ive agglutination (see Fig. 3.2).

Rouleaux formation is increased when there is an 

increased plasma concentration of proteins of high 

molecular weight. The most common causes are preg­

nancy (in which fibrinogen concentration is increased), 

inflammatory conditions (in which polyclonal immu­

noglobulins, α2 macroglobulin and fibrinogen are 

increased) and plasma cell neoplasms such as multiple 

myeloma (in which increased immunoglobulin con­

centration is caused by the presence of a monoclonal 

paraprotein). Rouleaux formation may be artefactually 

increased if a drop of blood is left standing for too long 

on a microscope slide before the blood film is spread.

Abnormal clumping of red cells can also occur in 

patients receiving certain intravenous drugs that use 

polyethoxylated castor oils as a carrier (e.g. miconazole, 

phytomenadione and ciclosporin).

Rosetting of red cells around neutrophils (Fig. 3.65) is a 

rare phenomenon that is likely to be antibody mediated. 

It is sometimes an in vitro phenomenon and may be EDTA 

dependent [135]. It has been observed, together with eryth­

rophagocytosis, in paroxysmal cold haemoglobinuria [136].

Leucocytes

Normal peripheral blood leucocytes are classified either 

as polymorphonuclear leucocytes or as mononuclear 

cells, the latter term indicating lymphocytes and mono­

cytes. Polymorphonuclear leucocytes are also referred 

to as polymorphonuclear granulocytes, polymorphs or 

granulocytes. The term ‘granulocyte’ has also been used 

to refer more generally to both the mature polymor­

phonuclear leucocytes usually seen in the peripheral 

Fig. 3.64  Blood film of a patient with multiple myeloma show­
ing increased rouleaux formation consequent on the presence 
of a paraprotein; the film also shows increased background 
staining and a circulating myeloma cell.

Fig. 3.65  Red cell rosetting.
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divided into two to five distinct lobes by filaments, which 

are narrow strands of dense heterochromatin bordered 

by nuclear membrane (Fig. 3.66). The nucleus tends to 

follow an approximately circular form since in the living 

cell the nuclear lobes are arranged in a circle around the 

centrosome. In normal females a ‘drumstick’ may be seen 

protruding from the nucleus of a proportion of cells (Fig. 

3.67). A normal neutrophil has granules spread evenly 

through the cytoplasm, but there may be some agranular 

cytoplasm protruding at one margin of the cell. This may 

represent the advancing edge of a cell in active locomotion.

Characteristics of the nucleus
The neutrophil band form and left shift

A cell that otherwise resembles a mature neutrophil but 

that lacks nuclear lobes (Fig. 3.68) is referred to as a 

neutrophil band form or a ‘stab’ form (from the German 

Stabzelle referring to a shepherd’s staff or crook). The 

Committee for the Clarification of Nomenclature of Cells 

and Diseases of the Blood Forming Organs has defined 

a band cell as ‘any cell of the granulocyte series which 

has a nucleus which could be described as a curved or 

coiled band, no matter how marked the indentation, if 

it does not completely segment the nucleus into lobes 

separated by a filament’. A filament is a thread‐like 

connection with ‘no significant nuclear material’ [137]. 

A band is differentiated from a metamyelocyte (see 

below) by having an appreciable amount of nucleus 

with parallel sides. Small numbers of band cells are seen 

in healthy subjects. An increase in the number of band 

blood and their granulated precursors. Polymorphs 

have lobulated nuclei, which are very variable in shape, 

hence ‘polymorphic’, and prominent cytoplasmic gran­

ules, which differ in staining characteristics between 

the three classes – neutrophil, eosinophil and basophil. 

Mononuclear cells may also have granules; in the case 

of the monocyte they are inconspicuous, whereas in 

the lymphocyte they are sometimes prominent but are 

not numerous. In pathological conditions and in certain 

physiological conditions, such as pregnancy and dur­

ing the neonatal period, precursors of polymorphs may 

appear in the peripheral blood. A variety of abnormal 

leucocytes may also be seen in certain disease states. 

The terms ‘polymorph’ and ‘granulocyte’ should not be 

used to refer specifically to neutrophils, since these des­

ignations also includes eosinophils and basophils.

Granulocytes

The neutrophil
The mature neutrophil measures 12–15 μm in diameter. 

The cytoplasm is acidophilic with many fine granules. The 

visible granules are not the secondary granules of the neu­

trophil, which are below the level of resolution of the light 

microscope. Rather, they are primary granules that have 

altered their staining characteristics. Although they are 

not individually visible, it is the specific neutrophil gran­

ules that are responsible for the pink tinge of neutrophil 

cytoplasm. The nucleus has clumped chromatin and is 

Fig. 3.66  Blood film of a healthy subject 
showing a normal polymorphonuclear neu­
trophil and normal small lymphocyte. The 
disposition of the nuclear lobes around the 
circumference of a circle is apparent.
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Fig. 3.68  A neutrophil band form. The nucleus is non‐ 
segmented and also has chromatin that is less condensed than 
that of the majority of segmented neutrophils.

The actual percentage or absolute number of band 

forms or the ratio of band forms to neutrophils that is 

regarded as normal is dependent on the precise definition 

of band form used and how the definition is applied in 

practice. Inconsistency between laboratories with regard 

to definition is common, as is variation between and 

within laboratories as to how definitions are applied. 

Band cell counts have been employed in the detection 

of infection in neonates, but again various definitions 

have been applied [138,139]. For example, Akenzua 

et al. [138] defined a (segmented) neutrophil as a cell 

with lobes separated by a thin filament whose width is 

less than one‐third the maximum diameter of the lobes, 

whereas Christensen et al. [140] required the lobes to be 

separated by a definite nuclear filament. An increase in 

band forms in a neonate can be the result of bacterial 

infection (e.g. group B streptococcus or listeria) or con­

genital virus infection (e.g. cytomegalovirus or coxsackie 

virus) [85].

A left shift contributes to the Alvarado score for the 

presumptive diagnosis of acute appendicitis [141].

The neutrophil lobe count and right shift

In normal blood, most neutrophils have one to five 

lobes. Six‐lobed neutrophils are rare. A right shift is said 

to be present if the average lobe count is increased or 

if there is an increased percentage of neutrophils with 

five or six lobes. The average lobe count of normal 

neutrophils varies between observers, with values of 

2.5–3.3 obtained in different studies [142]. In practice, a 

formal lobe count is time‐consuming and the presence 

of more than 3% of neutrophils with five lobes or more 

(Fig. 3.69) is a more practical indicator of right shift. 

This is also a more sensitive index of neutrophil hyper­

segmentation than the average lobe count and allows 

hypersegmentation to be detected in patients in whom 

a simultaneous increase in band forms means that the 

average lobe count is normal. A further index of right 

shift, which has been found to be more sensitive than 

either of the above, is the segmentation index:

number of neutrophils with 5 lobes or more × 100

number of neutrophils with four lobes

Values of greater than 16.9 are abnormal [143]. A right 

shift or neutrophil hypersegmentation is seen in megalo­

blastic anaemia and in occasional patients with infection, 

uraemia or MDS. There is also a significant incidence 

in iron deficiency anaemia when other haematinic 

cells in relation to normal neutrophils is known as a left 

shift. When a left shift occurs, neutrophil precursors 

more immature than band forms (metamyelocytes, 

myelocytes, promyelocytes and blast cells) may also be 

released into the blood. A left shift is a physiological 

occurrence in pregnancy. In the non‐pregnant patient 

it often indicates a response to infection or inflam­

mation, or some other stimulus to the bone marrow. A 

left shift, including even a few blast cells, is produced 

by the administration of cytokines such as granulocyte 

colony‐stimulating factor (G‐CSF) and granulocyte‐

macrophage colony‐stimulating factor (GM‐CSF).

Fig. 3.67  Blood film of a healthy female showing a normal neu­
trophil with a drumstick.
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anomaly is seen in MDS, but at least some of these cases 

differ from the inherited condition in that the hyperseg­

mented neutrophils are tetraploid (Fig. 3.70).

The presence of macropolycytes with more than 

five lobes is not an indication of right shift since the 

increased number of lobes is the result of an increased 

DNA content rather than any abnormality of nuclear 

segmentation.

The neutrophil drumstick, sessile nodules and 

other nuclear projections

Some neutrophils in normal females have a drumstick‐

shaped nuclear appendage about 1.5 μm in diameter, 

which is linked to the rest of the nucleus by a filament 

deficiencies are excluded [144]. Some hypersegmented 

neutrophils are seen following the administration of 

G‐CSF [145]. Hypersegmented neutrophils are diploid 

cells; in patients with megaloblastic anaemia they are 

not derived from giant metamyelocytes [146]. Neu­

trophil hypersegmentation occurs as a rare hereditary 

characteristic with an autosomal dominant inheritance 

[147]. In the inherited condition known as myelokath­

exis there is neutropenia in association with a defect of 

neutrophil lobulation [148,149]. Neutrophils are hyper­

segmented with long chromatin filaments separating 

the lobes and with coarse, almost pyknotic chromatin; 

Döhle bodies, toxic granulation and neutrophil vacu­

olation have also been noted [149]. Rarely, a similar 

Fig. 3.69  A hypersegmented neutrophil 
showing seven nuclear lobes. The film also 
shows anisocytosis with both microcytes 
and macrocytes.

Fig. 3.70  Blood film of a patient with 
MDS showing two neutrophils. Both are 
macropolycytes and one shows a defect 
of nuclear segmentation resembling mye­
lokathexis. The size of the cells and the 
amount of nuclear material suggest that 
they are tetraploid cells.
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[150] (see Fig. 3.67). These drumsticks represent the 

inactive X chromosome of the female. Similar projec­

tions with central pallor (racquet forms) are not drum­

sticks and do not have the same significance. In cells 

without drumsticks, the inactive X chromosome may 

be condensed beneath the nuclear membrane, where it 

can be detected in some neutrophil band forms [151], 

or it may protrude from the nucleus as a sessile nodule 

(Fig. 3.71). Like drumsticks, sessile nodules are usually 

only found in females. In one study the frequency of 

drumsticks was found to vary from 1 in 38 to 1 in 200 

neutrophils, and to be characteristic of the individual 

but also proportional to the lobe count [150,152]. If a 

left shift occurs, the proportion of cells with drumsticks 

reduces, whereas in macropolycytes, and when there 

is right shift due to megaloblastic anaemia or heredi­

tary hypersegmentation of neutrophils, the frequency 

of drumsticks is increased.

The presence and frequency of drumsticks are 

related to the number of X chromosomes. They do 

not occur in normal males, in individuals with the 

testicular feminisation syndrome who are phenotypi­

cally female but genetically (XY) male, or in Turner’s 

syndrome (XO) females. In XXY males with Klinefelter 

syndrome, drumsticks are found but in lower numbers 

than in females. Paradoxically, XXX females rarely 

have cells with double drumsticks and on average 

their lobe count and frequency of drumsticks are lower 

than those of normal females; they have an increased 

incidence of sessile nodules and it has been suggested 

that the presence of an extra X chromosome inhibits 

nuclear segmentation [153]. However, triploidy, with 

the karyotype 69,XXY, is associated with the presence 

of drumsticks and in addition the nuclei are large and 

show increased sessile nodules and thorn‐like and 

club‐shaped projections [154]. Females with an isoch­

romosome of the long arms of the X chromosome 

have larger and more frequent drumsticks, whereas 

females with deletions from the X chromosome have 

smaller drumsticks [147]. Natural human chimaeras 

whose cells are a mixture of cells of male and female 

origin have a drumstick frequency consistent with a 

male/female mixture of neutrophils [152] and, simi­

larly, an alteration of the drumstick count may be seen 

after bone marrow transplantation when bone marrow 

from a female has been transplanted into a male or 

vice versa.

The proportion of neutrophils with drumsticks and 

sessile nodules is reduced in women with chronic 

myelogenous leukaemia (CML), but returns to normal 

when the WBC falls on treatment [155].

The drumstick count (and the average lobe count) are 

reduced in Down syndrome [156].

In addition to drumsticks and sessile nodules, neutrophil 

nuclei may have other projections that can have the shape 

of clubs, hooks or tags. These projections can also be seen 

in the neutrophils of males. Increased nuclear projections 

can be a feature of MDS [157] (Fig. 3.72). The presence 

of several thread‐like projections from the nuclei of most 

neutrophils is a characteristic feature of congenital trisomy 

13 syndrome [158,159].

Other abnormalities of neutrophil nuclei

Other abnormalities of neutrophil nuclei are shown in 

Table 3.8. Reduced neutrophil segmentation that is not 

consequent on temporary bone marrow stimulation 

with release of immature cells is seen as an inherited 

anomaly (the Pelger–Huët anomaly) or as an acquired 

anomaly (the pseudo‐Pelger–Huët or acquired Pelger–

Huët anomaly). The Pelger–Huët anomaly was first 

described by Pelger in 1928 and its familial nature was 

recognised by Huët in 1931 [178]. It is inherited as an 

autosomal dominant characteristic with a prevalence 

between 1 in 100 and 1 in 10  000 in different com­

munities [179]. It has been recognised in many ethnic 

groups including Caucasians, Black people, Chinese, 

Japanese and Indonesians. It results from a mutation in 

the LBR gene, at 1q42.1, encoding the lamin B recep­

tor [180]. The abnormality is distinctive. The majority 
Fig. 3.71  Blood film of a healthy female showing a band neu­
trophil with a sessile nodule.
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Fig. 3.72  Blood film of a patient with chronic 
myelomonocytic leukaemia showing neutro­
phils with abnormal nuclear projections.

Table 3.8  Some alterations and abnormalities that may be present in neutrophil nuclei.

Abnormality Presence noted in

Left shift Pregnancy, infection, hypoxia, shock

Hypersegmentation Megaloblastic erythropoiesis

Iron deficiency

Uraemia

Infection

Hereditary neutrophil hypersegmentation

Myelokathexis [148]

Myelodysplastic syndrome [160]

Hyposegmentation Pelger–Huët anomaly

Specific granule deficiency [161]

Severe congenital neutropenia due to VPS45 mutation [162]

Non‐lobed neutrophils with other congenital anomalies (one case) [163]

Acquired or pseudo‐Pelger–Huët anomaly (myelodysplastic syndromes and acute myeloid leukaemia)

Reversible drug‐induced Pelger–Huët anomaly (mycophenolate mofetil, tacrolimus) [164]

Increased nuclear projections Trisomy 13 syndrome [158]

Associated with large platelets (single family) [165]

Associated with a large Y chromosome (drumstick like) [166]

Turner syndrome [167]

As an isolated defect [168]

Myelodysplastic syndromes [157]

Ring nuclei Chronic myelogenous leukaemia [169]

Acute myeloid leukaemia [170]

Chronic neutrophilic leukaemia [171]

Megaloblastic anaemia [172]

Botryoid nucleus Heat stroke [173]

Hyperthermia [174]

Burns

Dense chromatin clumping Myelodysplastic syndromes [175]

Reversible effect of certain drugs (including mycophenolate mofetil)

Myelokathexis [149]

Detached nuclear fragments Dysplastic granulopoiesis due to HIV infection [176] or administration of drugs interfering with DNA 

synthesis [177], including chlorambucil, mycophenolate mofetil and tacrolimus

HIV, human immunodeficiency virus
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of neutrophils have bilobed nuclei (Fig. 3.73a), the lobes 

being rounder than normal and the chromatin more 

condensed than would be expected for the degree of 

nuclear lobulation; a characteristic spectacle or pince‐nez 

shape is common. Other nuclei are shaped like dumbells 

or peanuts (Fig. 3.73b). A small proportion of neutro­

phils, usually not more than 4%, have non‐lobulated 

nuclei (Fig. 3.73c); they are distinguished from mye­

locytes by a lower nucleocytoplasmic ratio, the con­

densation of nuclear chromatin and the maturity of 

the cytoplasm. Subjects with the Pelger–Huët anomaly 

also show reduced lobulation of eosinophils and baso­

phils [181]. In rare homozygotes with the Pelger–Huët 

anomaly all the neutrophils have round or oval nuclei. 

Neutrophils, eosinophils, basophils and monocytes are 

non‐lobulated and there may also be mild neutrope­

nia, giant platelets and mild thrombocytopenia [182]. 

Homozygotes may also show developmental delay, 

epilepsy and skeletal abnormalities [180], but most do 

not. The distinction between the Pelger–Huët anom­

aly and a left shift is important since heterozygosity for 

the inherited condition is of no clinical significance. 

If a left shift occurs in a patient with the Pelger–Huët 

anomaly the proportion of non‐lobed neutrophils is fur­

ther increased. If a subject with the Pelger–Huët anom­

aly develops megaloblastic erythropoiesis, a right shift 

occurs and neutrophils with three, four or even five 

lobes are seen [183]; megaloblastosis also causes loss of 

the characteristic dense clumping of the nuclear chro­

matin and drumsticks may become identifiable.

In another congenital anomaly, specific granule defi­

ciency (previously designated lactoferrin deficiency), 

neutrophils with a marked reduction in the numbers of 

specific granules also have poorly lobulated or bilobed 

nuclei [161,184] (Fig. 3.74).

A single patient has been described in whom non‐

lobed neutrophils were associated with skeletal malfor­

mations, microthalmia and mental retardation [163].

The acquired Pelger–Huët anomaly (Fig. 3.75) is 

common in MDS and in acute myeloid leukaemias. 

It occurs occasionally in other haematological neo­

plasms, particularly primary myelofibrosis and during 

the evolution of CML. Features that help in making the 

distinction from the inherited Pelger–Huët anomaly are 

that the percentage of affected neutrophils is usually 

less and there is commonly an association with neutro­

penia, hypogranularity of neutrophils, Döhle bodies or 

dysplastic features in other lineages.

Fig. 3.73  Blood film of a patient with the inherited Pelger–Huët 
anomaly showing three neutrophils with: (a) bilobed nucleus; 
(b) peanut‐shaped nucleus; and (c) non‐lobed nucleus.

(a)

(b)

(c)
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Fig. 3.74  Blood film of a patient with specific 
granule deficiency showing an agranular 
neutrophil with reduced nuclear lobulation. 
By courtesy of Dr Mike Leach.

Reduced neutrophil lobulation is rarely seen in 

other circumstances but has been described in associ­

ation with therapy with colchicine, ibuprofen [185], 

paclitaxel [186], docetaxel [186], mycophenolate 

mofetil [187] (Fig. 3.76), tacrolimus, sodium valproate 

[187] and other drugs, and in infectious mononucleosis, 

malaria, myxoedema, metastatic carcinoma involving 

the bone marrow, chronic lymphocytic leukaemia (CLL) 

and acute enteritis [147].

Fig. 3.75  Blood film of a patient with the acquired Pelger–Huët anomaly as part of a therapy‐related myelodysplastic syndrome 
showing: (a) neutrophil with non‐lobed nucleus; and (b) anisocytosis, poikilocytosis and neutrophil with bilobed nucleus.

(a) (b)

Neutrophils with ring or doughnut nuclei 

(Fig. 3.77) are seen occasionally in normal subjects. 

Their frequency is increased in CML, in chronic neutro­

philic leukaemia and probably in MDS [169]; occasion­

ally they are prominent in acute myeloid leukaemia  

(AML) [170].

Another acquired defect of the neutrophil nucleus 

is radial segmentation to form a ‘botryoid’ nucleus, 

i.e. a nucleus with a shape resembling a bunch 
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of grapes. The change is consequent on contrac­

tion of microfilaments radiating from the centriole. 

Botryoid nuclei have been demonstrated in burns  

(Fig. 3.78), in heat stroke [173] and in hyperthermia 

resulting from from brain stem haemorrhage [174], 

cocaine abuse (Fig. 3.79) or methamphetamine 

abuse [188].

Fig. 3.76  Blood film from a patient with reversible myelodys­
plasia caused by mycophenolate mofetil. Both neutrophils have 
a non‐segmented rounded nucleus with very coarse chromatin 
clumping; one also has a high nucleocytoplasmic ratio.

Fig. 3.77  Blood film of a patient with chronic myelogenous leu­
kaemia (CML) showing neutrophils and neutrophil precursors. 
There is one neutrophil with a ring‐shaped nucleus.

Fig. 3.78  Blood film from a patient with severe burns showing 
a neutrophil with a botryoid nucleus containing a small Döhle 
body.

Excessive clumping of the neutrophil nuclear chro­

matin is observed sometimes in MDS and in AML and 

also in the reversible pseudo‐Pelger–Huët anomaly 

associated with administration of various drugs.

Rarely, neutrophils have detached nuclear fragments 

(Fig. 3.80) equivalent to the Howell–Jolly bodies of 

erythrocytes; their nature can be confirmed by a Feulgen 

stain for DNA. Such inclusions are indicative of dysgran­

ulopoiesis. They were first reported in a patient on aza­

thioprine therapy [177]. They are also seen occasionally 

in patients on anti‐cancer chemotherapeutic agents, in 

association with a reversible drug‐induced pseudo‐Pel­

ger–Huët anomaly. They are not infrequently observed 

in HIV‐positive individuals [176], the latter sometimes 

in the absence of any drug therapy.

The administration of G‐CSF and GM‐CSF can be 

associated with the appearance of a proportion of neu­

trophils with hypersegmented, hyposegmented and ring 

nuclei [189].

Colchicine toxicity causes abnormal neutrophil vacu­

olation and karyorrhexis [190].

Neutrophils occasionally show features of apoptosis, 

i.e. the nucleus becomes homogeneous with peripheral 

chromatin condensation or, alternatively, the nucleus 

fragments into rounded homogeneous masses. This is a 

non‐specific abnormality that may be seen in infective, 
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Fig. 3.79  Composite image of peripheral 
blood film from a patient with cocaine‐
induced hyperthermia showing botryoid 
nuclei. With thanks to Dr Patrick Ward, 
Duluth, Minnesota.

Fig. 3.80  Blood film of a patient on combi­
nation chemotherapy for lymphoma show­
ing a neutrophil with a detached nuclear 
fragment (Howell–Jolly body‐like inclu­
sion).

inflammatory and autoimmune conditions or during 

cytotoxic chemotherapy [191]. Apoptosis should be dis­

tinguished from the morphologically similar degenerative 

changes that occur as an in vitro artefact on prolonged stor­

age of blood.

Abnormalities of neutrophil cytoplasm
Abnormalities of neutrophil cytoplasm are summarized 

in Table 3.9.

Reduced granulation

Reduced granulation of neutrophils can occur as a con­

genital anomaly, e.g. in specific granule deficiency (see 

Fig. 3.74), but this is rare. It is usually an acquired abnor­

mality, most often as a feature of MDS (Fig. 3.81). It has 

been found that a visual assessment that granules are 

reduced by two‐thirds is a reproducible criterion appli­

cable in making a diagnosis of MDS [157]. In HIV infec­

tion some neutrophils may show reduced granulation, 

but this is not as marked as in MDS. Reduced granulation 

may be apparent in severe infections, as a result of dis­

charge of granules; residual granules may be prominent. 

Neutrophils produced in response to administration of 

G‐CSF may be hypogranular [145]. Infusion of intra­

venous lipid can cause neutrophil swelling, degranula­

tion and vacuolation persisting for 6–8 hours [217].



108      Chapter 3

Table 3.9  Some alterations and abnormalities of neutrophil cytoplasm.

Abnormality Presence noted in

Reduced granulation Myelodysplastic syndromes and acute myeloid leukaemia

Specific granule (lactoferrin) deficiency [161]

Grey platelet syndrome (some families) [192]

Severe congenital neutropenia due to VPS45 mutation [162]

Increased granulation ‘Toxic’ granulation – pregnancy, infection, inflammation, G‐CSF and GM‐CSF  

therapy [193,194]

Aplastic anaemia

Hypereosinophilic syndromes

Alder–Reilly anomaly

Chronic neutrophilic leukaemia [171]

Myelodysplastic syndromes (uncommonly) [195]

Myelokathexis [149]

Abnormal granulation Chédiak–Higashi syndrome and related anomalies [196,197]

Pseudo‐Chédiak–Higashi granules in haematological neoplasms

Alder–Reilly anomaly

Acute myeloid leukaemia [198] and myelodysplastic syndromes [195]

Auer rods Acute myeloid leukaemia and myelodysplastic syndromes

Other crystalline inclusions Acute myeloid leukaemia [199]

Vacuolation Infection, G‐CSF therapy, GM‐CSF therapy

Acute alcohol poisoning [200,201]

Jordans anomaly [202]

Carnitine deficiency

Kwashiorkor [203]

Myelokathexis (some families) [149,204]

Döhle bodies or similar inclusions Infection, inflammation, burns, pregnancy, G‐CSF therapy

Myelodysplastic syndromes and acute myeloid leukaemia

MYH9‐related disorders (May–Hegglin anomaly, Fechtner [205] and Sebastian syndromes)

Kwashiorkor [203]

Myelokathexis [149]

Actin inclusions Congenital abnormality associated with anaemia and grey skin [206]

Phagocytosed 

material

Bacteria and fungi

Parasites

Cryoglobulin

Mucopolysaccharide

Nucleoprotein

Melanin

Bilirubin crystals or  

amorphous deposits

Cystine crystals

Haemosiderin

Erythrocytes

Platelets

Bacterial and fungal infections

Leishmaniasis, malaria (rare)

Multiple myeloma and other cryoglobulinaemias

Various carcinomas [7]

Wilms tumour

Hirschsprung disease [207]

Systemic lupus erythematosus [208] (‘LE cell’)

Melanoma [209]

Severe hyperbilirubinaemia [210,211]

Cystinosis [212]

Iron overload [213]

Autoimmune haemolytic anaemia, paroxysmal cold haemoglobinuria [214], incompatible 

blood transfusion, potassium chlorate poisoning

Citrobacter freundii septicaemia [215], associated with EDTA‐dependent platelet  

satellitism [216]

EDTA, ethylene diamine tetra‐acetic acid; G‐CSF, granulocyte colony‐stimulating factor; GM‐CSF, granulocyte macrophage colony‐stimulating factor
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Fig. 3.81  Blood film of a patient with acute myeloid leukaemia 
(AML) showing three blasts and a hypogranular neutrophil.

Increased granulation

Increased granulation of neutrophils, with granules 

appearing both larger and more basophilic than nor­

mal, is designated toxic granulation (Fig. 3.82). When 

neutrophil maturation is normal, the azurophilic or 

primary granules become less strongly azurophilic as 

the cell matures so that, rather than staining reddish‐

purple, they stain violet or fail to stain at all. In a neu­

trophil showing toxic granulation the primary gran­

ules remain strongly azurophilic; this may be related 

to a higher concentration of acid mucosubstances 

Fig. 3.82  Three neutrophils in the periph­
eral blood film of a patient with bacterial 
infection showing toxic granulation and 
vacuolation.

than in normal neutrophils [218]. Degranulation 

may lead to neutrophils that show toxic granulation 

also having reduced numbers of granules. Although 

‘toxic’ granulation is characteristic of infection it is 

non‐specific, being seen also in the presence of tissue 

damage of various types. It is also a feature of normal 

pregnancy and occurs with cytokine therapy (G‐CSF 

and GM‐CSF) even in the absence of infection. In neo­

nates, toxic granulation may signify bacterial infec­

tion, but it can also result from severe birth asphyxia, 

meconium aspiration or maternal chorioamnionitis 

(when the baby is not infected but cytokines cross 

the placenta) [85]. Other causes of heavy neutrophil 

granulation are shown in Figs 3.83 and 3.84 and in 

Table 3.9.

Abnormal granulation and Auer rods

Abnormal neutrophil granulation is seen in a 

number of inherited conditions including the Ché­

diak–Higashi syndrome and the heterogeneous group 

of conditions giving rise to the Alder–Reilly anom­

aly (Table 3.10). The Alder–Reilly anomaly occurs 

as an isolated abnormality, in association with an 

abnormal peroxidase [220] and as a feature of Tay–

Sachs disease, Batten–Spielmeyer–Vogt disease and 

the mucopolysaccharidoses. The abnormal neutro­

phils may have heavy granulation resembling toxic 

granulation or there may be large, clearly abnormal 

granules (see Fig. 3.84). In the Chédiak–Higashi syn­

drome (Fig. 3.85) the abnormal granules are quite 

variable in their staining characteristics and some 
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may resemble Döhle bodies; at the ultrastructural 

level, however, they are abnormal granules rather 

than rough endoplasmic reticulum, being formed by 

the fusion of primary granules with each other and 

with secondary granules. There have been reports 

of abnormal neutrophil granulation resembling that 

of the Chédiak–Higashi syndrome but with atypical 

features [196]. In an apparently distinct syndrome, 

abnormal granulation of all mature myeloid cells was 

associated with bile duct atresia and livedo reticularis 

[211]. Giant bright blue inclusions composed of actin 

have been described in the neutrophils and other 

leucocytes of an infant with anaemia and grey skin 

Fig. 3.83  Blood film of a patient with the 
idiopathic hypereosinophilic syndrome 
showing a normal neutrophil, a neutrophil 
with abnormally heavy granulation and a 
hypogranular band eosinophil.

Fig. 3.84  Blood film of a patient with the 
Maroteaux–Lamy syndrome showing 
the Alder–Reilly anomaly of neutrophils.  
The neutrophil has granules that resemble 
‘toxic’ granules. The other granulocyte is 
probably an eosinophil with granules hav­
ing very abnormal staining characteristics. 
Courtesy of Mr Alan Dean, Nottingham.

discoloration [206] (Fig. 3.86) and in a second infant 

without associated abnormalities [221]. Occasional 

patients with MDS or AML have giant granules 

in neutrophils, which are morphologically similar 

to those of the Chédiak–Higashi syndrome [198]  

(Fig. 3.87).

The Auer rod that is seen in haematological malig­

nancies, specifically AML and some subtypes of MDS, 

is formed by fusion of primary granules. Auer rods 

are usually confined to blast cells (Fig. 3.88) but 

occasionally they are seen in maturing cells, includ­

ing neutrophils (Fig. 3.89), which are part of the neo­

plastic clone.
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Vacuolation

Neutrophil vacuolation is most often an acquired abnor­

mality. It can occur as the result of the fusion of granules 

with a phagocytic vacuole with subsequent exocytosis of 

the contents of the secondary lysosome. This is usually a 

feature of infection (see Fig. 3.82) and partial degranula­

tion of the neutrophil may also be apparent. In neonates, 

vacuolation can occur as a result of necrotising enterocol­

itis or candidiasis as well as bacterial infection [85]. Vacuo­

lation of neutrophils can also occur as a toxic effect follow­

ing ethanol ingestion [200] (Fig. 3.90), but this is much 

less often observed than ethanol‐induced vacuolation of 

myeloid precursors; the vacuolation is attributed both to 

invagination of the membrane with inclusion of plasma 

and to mitochondrial swelling and disruption [201]. 

Intravenous lipid infusion can cause neutrophil vacuola­

tion [217]. Neutrophil vacuoles are particularly large and 

distinct in paroxysmal cold haemoglobinuria, when they 

result from lysis of a phagocytosed erythrocyte. Colchicine 

toxicity causes vacuolation [190]. Neutrophil vacuolation 

Table 3.10  Inherited conditions in which leucocytes have abnormal granules or cytoplasmic inclusions.

Abnormality Associated features

Morphology of granules 

or inclusions

Nature of granules or 

inclusions Nature of cells affected

Chédiak–Higashi 

anomaly∗

Anaemia, neutropenia, 

thrombocytopenia, 

jaundice, neurological 

abnormalities, recurrent 

infections

Giant granules with colour 

ranging from grey to red

Giant secondary (specific) 

granules

Neutrophil, eosinophil, 

basophil, monocyte, 

lymphocyte, melanocyte, 

renal tubular cell, many 

other body cells

Alder–Reilly anomaly∗† Tay‐Sachs disease, 

mucopolysaccharidoses 

(Hunter syndrome,∗∗ 

Sanfilippo syndrome, 

Morquio syndrome, Scheie 

syndrome, Maroteaux‐

Lamy syndrome,  

β glucuronidase deficiency), 

multiple sulphatase 

deficiency [219], 

associated with abnormal 

myeloperoxidase [220]

Dark red or purple 

inclusions that may 

resemble toxic granules, 

inclusions or vacuoles in 

lymphocytes

Mucopoly‐saccharide 

or other abnormal 

carbohydrate

Neutrophil, eosinophil, 

basophil, monocyte 

(rarely), lymphocyte; 

in Maroteaux–Lamy 

syndrome platelets also 

have abnormal granules

MYH9‐related disorders 

including May–Hegglin 

anomaly‡

Thrombocytopenia, giant 

platelets

Resemble Döhle bodies 

but larger and more 

angular

Amorphous areas of 

cytoplasm containing 

structures related to 

ribosomes

Neutrophil, eosinophil, 

basophil, monocyte

∗autosomal recessive
†Hunter syndrome is sex‐linked recessive
‡autosomal dominant

Fig. 3.85  Blood film of a patient with the Chédiak–Higashi syn­
drome showing a neutrophil with giant and abnormally stain­
ing granules. Courtesy of Dr J. McCallum, Kirkaldy.
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Fig. 3.86  Bone marrow film of a patient 
with giant actin inclusions (Brandalise syn­
drome) showing blue inclusions in a neu­
trophil and a promyelocyte. Similar inclu­
sions were present in peripheral blood 
neutrophils and also in eosinophils, baso­
phils, monocytes and lymphocytes. Cour­
tesy of Dr R.C. Ribeiro, Memphis.

Fig. 3.87  Blood film of a patient with MDS showing pseudo‐
Chédiak–Higashi granules in a neutrophil.

Fig. 3.88  Peripheral blood film of a patient with AML showing 
blasts, one of which contains an Auer rod.

can occur in hepatic failure. Neutrophil vacuolation is a 

feature of acquired neutrophil dysplasia associated with a 

17p–chromosome anomaly.

Neutrophil vacuolation as the result of an inherited 

abnormality is rare. It occurs, together with vacuolation 

of neutrophil precursors, monocytes and some eosino­

phils, basophils and lymphocytes, in a familial defect 

designated Jordans anomaly [202,222]; cells contain 

neutral lipid that is stainable with oil red O and the vacu­

oles are due to dissolution of lipid [222]. Jordans’ origi­

nal patients may have had carnitine deficiency, which is 

known to cause lipid storage myopathy with lipid vacu­

oles in neutrophils [223]. Similar lipid vacuoles in neu­

trophils occur in neutral lipid storage disease (also known 

as triglyceride storage disease with impaired long‐chain 

fatty acid oxidation and as Dorfman–Chanarin syndrome 

[224,225]). Two genetic defects can cause neutral lipid 

storage disease, mutation of ABHD5 and mutation of 

PNPLA2. Neutrophil vacuolation, together with acantho­

cytosis, has been observed in medium chain acyl‐CoA 

dehydrogenase deficiency [94]. Neutrophil vacuolation 

is also observed in some families with myelokathexis 
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[204] and in the WHIM (warts, hypogammaglobulinae­

mia infections and myelokathexis) syndrome. Neutrophil 

vacuolation occurs in specific granule deficiency.

Döhle bodies and similar inclusions

Döhle bodies are small, pale blue or blue‐grey cytoplas­

mic inclusions, single or multiple, often found towards 

the periphery of the cell (Fig. 3.91). They usually 

measure only 1–2 μm in diameter but may be up to 

5 μm. At the ultrastructural level, they are composed 

of strands of rough endoplasmic reticulum, frequently 

arranged in parallel manner, together with glycogen 

granules [226]. Their ribosomal component is indicated 

by pink staining with a methyl green–pyronin stain and 

by destruction by ribonuclease; they are better seen 

in films made from non‐anticoagulated blood [227]. 

Döhle bodies are associated with pregnancy, infective 

Fig. 3.89  Blood film of a patient with AML showing a blast cell 
and a mature neutrophil that contains an Auer rod. By courtesy 
of Professor Daniel Catovsky, London.

Fig. 3.90  Blood film of a patient with a heavy alcohol intake 
showing prominent vacuolation of neutrophils. Courtesy of 
Dr Wendy Erber, Perth, Australia.

Fig. 3.91  Blood film of a patient with septicaemia showing a 
Döhle body in a neutrophil.

Fig. 3.92  Blood film of a patient with severe burns showing a 
prominent Döhle body. The red cells also show abnormalities 
attributable to burns.

and inflammatory states, burns (Fig. 3.92) and adminis­

tration of cytokines such as G‐CSF and GM‐CSF. They 

may be seen in MDS and AML, and have been described 

in pernicious anaemia, polycythaemia vera, CML, 

haemolytic anaemia, granulomatosis with polyangiitis 

(previously Wegener’s granulomatosis), and following 

use of anti‐cancer chemotherapeutic agents [228].
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Fig. 3.93  Blood film of a patient with the May–Hegglin anomaly 
showing a May–Hegglin inclusion, which resembles a Döhle 
body. Large platelets are also apparent. Courtesy of Dr Norman 
Parker, London.

Large inclusions resembling Döhle bodies, often 

numerous and sharply defined, are a feature of the 

MYH9‐related disorders; these include the May–

Hegglin anomaly, Alport syndrome, Epstein syn­

drome, Fechtner syndrome and Sebastian syndrome, 

see Table 8.13) and are also characterised by throm­

bocytopenia and giant platelets (Fig. 3.93). The inclu­

sions are often spindle‐ or crescent‐shaped, randomly 

distributed in the cell rather than near the cell mar­

gin, and more intensely staining than Döhle bodies. 

At the ultrastructural level these inclusions differ 

from the Döhle bodies of reactive states; they appear 

as an amorphous area largely devoid of organelles, 

often incompletely surrounded by a single strand of 

rough endoplasmic reticulum and containing a few 

dense rods and spherical particles, which are prob­

ably ribosomes [226,229]. May–Hegglin inclusions 

are composed largely of a mutant form of the non‐

muscle myosin heavy chain IIa protein [230]. They 

are devoid of glycogen granules [226].

In normal subjects, Döhle bodies are rare. In one study 

they were seen in 3 of 20 healthy subjects with an aver­

age frequency of 0.1 per 100 cells [228]. In pregnancy, 

the number of Döhle bodies per 100 cells increases in 

parallel with the WBC [227]; the increased frequency 

persists into the postpartum period.

Exogenous neutrophil inclusions

Since neutrophils are phagocytes they may contain inclu­

sions that represent phagocytosed material such as micro‐

organisms or cryoglobulin. Malaria pigment is occasionally 

observed in neutrophils (Fig. 3.94) but is more commonly 

present in monocytes. Less often malaria parasites are 

present (Fig. 3.95). Cryoglobulin (Fig. 3.96) may be seen 

as single or multiple round, weakly basophilic inclusions 

or as a single large inclusion that displaces the nucleus. 

Phagocytosis of cryoglobulin occurs in vitro, when the 

blood is left standing, rather than in vivo [231]. A grey­

ish‐purple deposit that was not a cryoglobulin but prob­

ably represented immune complexes has been reported 

in a patient with splenic lymphoma with villous lympho­

cytes [232]. Abnormal mucopolysaccharide that circulates 

in the blood of patients with malignant disease may be 

ingested by neutrophils [7]. The formation of lupus ery­

thematosus (LE) cells is usually an in vitro phenomenon, 

but they may be seen in the peripheral blood (Fig 3.97), 

e.g. in patients with severe lupus erythematosus (SLE) 

[208]. Square or rectangular crystals of cystine can be seen 

in peripheral blood leucocytes in cystinosis but are more 

readily detected with phase‐contrast microscopy [212]. 

Large cytoplasmic inclusions were observed in a case of 

colchicine poisoning [233]. Refractile golden yellow hae­

mosiderin inclusions were observed in a patient with tha­

lassaemia major who had iron overload and sepsis [213].

Fig. 3.94  Blood film of a patient with Plasmodium falciparum 
malaria showing malaria pigment in a neutrophil and ring 
forms of the parasite within red cells.
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Fig. 3.95  Blood film of a patient with 
malaria showing microgametes of Plasmo-
dium vivax that have been phagocytosed by 
neutrophils.

Fig. 3.96  Blood film of a patient with cryoglobulinaemia showing cryoglobulin that has been ingested by neutrophils and appears as: 
(a) small round inclusions; and (b) large masses filling the cytoplasm and displacing the nucleus. Some extracellular cryoglobulin is 
also present. Courtesy of Mr Alan Dean.

(a) (b)

Neutrophils may also ingest red cells, a phenom­

enon referred to as erythrophagocytosis. This has been 

observed in autoimmune haemolytic anaemia, parox­

ysmal cold haemoglobinuria, during acute exacerba­

tions of chronic cold haemagglutinin disease, in other 

patients with a positive direct antiglobulin test and in 

haemolysis induced by snake‐bite, both with and with­

out a positive direct antiglobulin test [234]. It is also 

seen in patients with defective red cells, as in sickle cell 

anaemia and sickle cell/haemoglobin C disease, and in 

any severe haemolytic anaemia due to an intrinsic red 

cell defect. One patient has been reported with severe 

haemolytic anaemia and extreme erythrophagocy­

tosis by neutrophils (a third of neutrophils phago­

cytic) in the absence of a detectable autoantibody but 

responsive to corticosteroids and splenectomy [235]. 

Erythrophagocytosis has been reported in a patient 

given G‐CSF and GM‐CSF; the latter agent appeared 

to be the principal cause [236]. Abnormal neutrophils 

showing marked erythrophagocytosis were reported 
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Fig. 3.99  The blood film of a young baby showing a neutro­
phil containing refractile bilirubin crystals. By courtesy of 
Dr Sudharma Vidyatilake, Colombo.

in a patient with chronic myelomonocytic leukaemia 

(CMML) [237].

Ingestion of melanin has been seen in patients 

with metastatic melanoma (Fig. 3.98). Rarely bili­

rubin crystals are seen within neutrophils of infants 

and children with a markedly elevated plasma biliru­

bin; they are refractile and faintly yellow (Fig. 3.99); 

Fig. 3.97  Blood film showing a lupus erythematosus (LE) cell 
that has formed spontaneously.

Fig. 3.98  Blood film showing a neutrophil containing melanin 
in a patient with widely disseminated malignant melanoma. 
By courtesy of Dr John Luckit, London, and the late Dr David 
Swirsky.

they have been found to form in vitro when EDTA‐

anticoagulated blood is allowed to stand for at least 

30 minutes [238]. Coarse bright green cytoplasmic 

inclusions were reported in two patients with liver 

failure [239].

Other abnormalities of neutrophil morphology
Macropolycytes

A macropolycyte is about twice the size of a normal neu­

trophil (Fig. 3.100); its diameter is 15–25 μm rather than 

12–15 μm and analysis of its DNA content shows that it is 

tetraploid rather than diploid, the number of lobes present 

being increased proportionately. Some macropolycytes 

are binucleated (Fig. 3.101). Occasional macropolycytes 

are seen in the blood of healthy subjects. Increased num­

bers are seen in an inherited (autosomal dominant) con­

dition in which 1–2% of neutrophils are giant with 6‐ to 

10‐lobed nuclei, or with twin mirror‐image nuclei [240]. 

Increased numbers, together with rather non‐specific 

dysplastic features, have been described in DiGeorge 

syndrome [241]. Macropolycytes, including binucleated 

cells, have been observed following the administration 

of G‐CSF [193] and are present in increased numbers in 

megaloblastic anaemia. In megaloblastic anaemia they 

have a DNA content varying between diploid and tetra­

ploid [146]; in contrast to hypersegmented neutrophils, 

they are derived from giant metamyelocytes. They have 
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may be seen that have a more open chromatin pattern 

and do not have an increased number of lobes [242]. 

Patients with HIV infection may have not only binucleate 

macropolycytes and macropolycytes with an open chro­

matin pattern but also circulating giant metamyelocytes 

(Fig. 3.102), cells that are characteristic of megaloblastic 

anaemia and are usually seen only in the bone marrow.

Necrobiotic (apoptotic) neutrophils and other 

myeloid cells

Necrobiotic neutrophils are cells that have died in the 

peripheral blood by a process known as apoptosis or 

‘programmed cell death’. Occasionally such cells are 

seen in the blood of healthy subjects and are recognised 

by their dense, homogeneous (pyknotic) nuclei, which 

eventually become completely round or fragment into 

multiple dense masses; the cytoplasm shows prominent 

acidophilia (Fig. 3.103). Infection is the most common 

cause of increased numbers of apoptotic neutrophils 

[243]. In invasive meningococcal disease, the number 

of apopotic neutrophils correlates with the severity of 

infection [244]. Some patients with AML have numer­

ous necrobiotic myeloid cells (Fig. 3.104). If blood is left 

at room temperature for a long time, a similar change 

can occur as an in vitro artefact. Leucocytes that have 

degenerated to the extent that nuclear material is no 

longer apparent have been designated necrotic; this is 

generally an artefact consequent on prolonged storage.

also been reported in chronic infection, CML and other 

myeloproliferative neoplasms, and following the admin­

istration of cytotoxic drugs and antimetabolites. Most 

macropolycytes have nuclear and cytoplasmic staining 

characteristics that are the same as those of other neu­

trophils, but in megaloblastic anaemia macropolycytes 

Fig. 3.100  Blood film of a patient with MDS showing a macropo­
lycyte, which is twice the size of the adjacent normal neutro­
phil. The nucleus is also twice normal size and shows increased 
nuclear segmentation; it is likely that this is a tetraploid cell. In 
addition the film shows anisochromasia.

Fig. 3.101  Blood film of a patient with chronic lymphocytic leu­
kaemia (CLL) and reversible chlorambucil‐induced myelodys­
plasia showing a binucleated tetraploid neutrophil. Courtesy of 
the late Dr P.C. Srivastava.

Fig. 3.102  Blood film of a patient with the acquired immune 
deficiency syndrome (AIDS) showing a hypogranular (probably 
tetraploid) giant metamyelocyte.
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Fig. 3.103  Blood film of a patient with megaloblastic anaemia 
showing an apoptotic neutrophil. The chromatin has con­
densed and the nucleus has fragmented into rounded pyknotic 
masses. The film also shows anisocytosis, macrocytosis and a 
teardrop poikilocyte.

Fig. 3.104  Blood film of a patient with AML showing five apop­
totic leukaemic cells.

Fig. 3.105  Blood film of a patient with over­
whelming sepsis showing neutrophil aggre­
gation, left shift, toxic granulation and neu­
trophil vacuolation.

Neutrophil aggregation

Aggregation of neutrophils with or without aggregation of 

platelets develops in vitro in some patients when EDTA‐

anticoagulated blood is allowed to stand. In some patients 

this may be the end stage of platelet satellitism. This is an 

antibody‐mediated time‐dependent phenomenon, which 

is not of any clinical significance although it may lead to 

erroneous automated WBCs. Neutrophil aggregation has 

also been observed as a transient phenomenon in associ­

ation with infectious mononucleosis [245] and in acute 

bacterial infection (Fig. 3.105). Occasionally, it is observed 

in a patient over many months or years and may then be 

associated with autoimmune disease (Fig. 3.106).

In some patients when the cause is a cold‐acting anti­

body, red cell agglutinates coexist.

Neutrophil or other leucocyte fragments
Occasionally circulating fragments of neutrophil cyto­

plasm are present in patients with sepsis [246] or in 

patients to whom G‐CSF has been administered [145]. 
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Fragmentation of neutrophils has been observed, in 

association with microangiopathic haemolytic anaemia, 

in a patient with clot formation at the tip of a dialysis 

catheter [247]. The mechanism is likely to have been 

mechanical damage to neutrophils. Neoplastic cells, 

such as leukaemic blast cells, are more prone to frag­

mentation than are normal cells and leucocyte fragmen­

tation is not infrequently observed in AML (see Fig. 4.2).

The eosinophil
The eosinophil (Fig. 3.107) is slightly larger than the 

neutrophil, with a diameter of 12–17 μm. The nucleus 

Fig. 3.106  Blood film of a patient with 
rheumatoid arthritis showing neutrophil 
aggregation caused by a cold antibody. In 
this patient, in vitro neutrophil aggregation 
was observed for more than a decade and 
often led to inaccurate automated white cell 
counts (WBCs).

Fig. 3.107  An eosinophil in the peripheral blood film of a 
healthy subject.

Fig. 3.108  Blood film of a female with idiopathic hypereosino­
philic syndrome (HES) showing two eosinophils, one of which 
has a drumstick.

is usually bilobed but occasional nuclei are trilobed, 

the average lobe count being about 2.3. In females, 

eosinophils may have drumsticks (Fig. 3.108), but as 

the frequency of drumsticks is related to the degree of 

lobulation of the nucleus they are quite infrequent. 

Eosinophil granules are spherical and considerably 

larger than those of neutrophils; they pack the cyto­

plasm and stain reddish‐orange. The cytoplasm of 

eosinophils is weakly basophilic, ribosomes and rough 

endoplasmic reticulum being more abundant than 
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Fig. 3.109  Blood film of a patient with idiopathic HES showing 
eosinophil hypersegmentation. Both eosinophils have nuclei 
with four lobes.

Fig. 3.110  Blood film of a patient with the 
inherited Pelger–Huët anomaly show­
ing a bilobed neutrophil and a nonlobed  
eosinophil.

in mature neutrophils; when degranulation occurs 

the pale blue cytoplasm is visible. Very occasional 

eosinophils in healthy subjects contain some granules 

with basophilic staining characteristics.

Abnormalities of eosinophil nuclei
Eosinophils may show nuclear hypersegmenta­

tion (Fig. 3.109), hyposegmentation (Fig. 3.110) or 

ring‐shaped nuclei (Fig. 3.111). Hypersegmentation 

can occur in megaloblastic anaemia. It can also be a 

hereditary phenomenon [248]; in one family hyper­

segmented eosinophils were also poorly granulated 

[249] without any apparent clinical defect. Increased 

lobulation has also been reported, together with 

decreased numbers of eosinophils, in Down syn­

drome [156,250]. Increased lobulation is a feature of 

myelokathexis including the WHIM syndrome [149]. 

Reduced eosinophil lobulation occurs in the Pelger–

Huët anomaly (see Fig. 3.110) and has also been 

observed in specific granule deficiency [161].

Hypersegmentation, hyposegmentation and ring‐

shaped nuclei can all occur as acquired abnormali­

ties. Hyposegmentation of eosinophil nuclei occurs 

as an acquired phenomenon in myeloproliferative 

neoplasms, including primary myelofibrosis, and in 

MDS (Fig. 3.112). In the latter group of disorders the 

chromatin may be clumped and the nuclei entirely 

or largely non‐lobed [251]; this may be regarded 

as an acquired Pelger–Huët anomaly confined to 

eosinophils. Patients with eosinophilic leukaemia 

may have both hypersegmented and hyposegmented 

eosinophils. Hyposegmented eosinophils can be seen 

in reactive eosinophilia [252]. Ring eosinophils are 

seen in a variety of conditions [253]; they appear to 

have no specific diagnostic significance. Howell–Jolly 

body‐like inclusions, likely to be drug induced, have 

been observed in one patient [254].
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Abnormalities of eosinophil granules  
and cytoplasm
Abnormal eosinophil granules may be seen, together 

with abnormal neutrophil granules, in a variety of 

inherited conditions including the Chédiak–Higashi 

syndrome (Fig. 3.113) and the Alder–Reilly anom­

aly (see Fig. 3.84 and Table 3.10). In the Alder–Reilly 

Fig. 3.111  Blood film of a patient with cyclical oedema with 
eosinophilia showing an eosinophil with a ring‐shaped nucleus.

Fig. 3.112  Blood film of a patient with MDS showing a non‐
lobulated and hypogranular eosinophil.

anomaly, eosinophil granules may be grey‐green or 

purple on Romanowsky staining [178]. In the Ché­

diak–Higashi syndrome, some granules are blue‐grey. 

Eosinophils in GM1 gangliosidosis type 1 (β galactosi­

dase 1 deficiency) can have both abnormally stain­

ing granules and vacuolation [255] (Fig. 3.114). A 

further abnormality, confined to eosinophils and 

Fig. 3.113  Blood film of a patient with the Chédiak–Higashi 
syndrome showing an abnormally granulated eosinophil. Cour­
tesy of Dr J. McCallum.

Fig. 3.114  An eosinophil in a peripheral blood film in GM1  
ganglosidosis (β galactosidase deficiency) showing vacuolation 
and abnormal granules; the lymphocyte is also vacuolated. 
Courtesy of Dr Jiří Pavlu̇   , London.
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Fig. 3.116  A basophil and a small lymphocyte in the peripheral 
blood film of a healthy subject.

Fig. 3.117  Blood film of a patient with the inherited Pelger–
Huët anomaly showing a hypolobated basophil.

basophils, has been noted in one family, the inherit­

ance being autosomal dominant [248]; inclusions  

were grey or grey‐blue. Cytoplasmic inclusions are 

present in eosinophils in the May–Hegglin anomaly 

[226] and in the actin inclusion (Brandalise) syn­

drome [206].

In acquired disorders of granulopoiesis it is not 

uncommon to see eosinophils in which some gran­

ules have basophilic staining characteristics. These 

are immature granules, sometimes designated ‘pro‐

eosinophilic granules’. Such cells are increased in 

frequency in CML (Fig. 3.115), chronic eosinophilic 

leukaemia and certain categories of AML in which 

eosinophils are part of the leukaemic clone, particu­

larly cases of acute myelomonocytic leukaemia with 

eosinophilia associated with inversion of chromo­

some 16. In all the above cases the abnormal gran­

ules are shown on ultrastructural examination to be 

eosinophil granules with unusual staining character­

istics, but in some patients with CML there are also 

hybrid cells with a mixture of granules of eosinophil 

type and basophil type [256].

In acquired disorders, eosinophils may be vacuolated 

or wholly or partly agranular. Hypogranularity could 

result from defective formation of eosinophil granules 

in dysmyelopoietic states, but since it is usually accom­

panied by vacuolation it appears likely that in most 

instances it results from degranulation.

Vacuolation and hypogranularity are seen in some 

but not all cases of chronic eosinophilic leukaemia. 

However, the changes are quite non‐specific, being also 

sometimes seen in reactive eosinophilia. For example, 

among seven patients with eosinophilia associated with 

B and T lymphoblastic leukaemia or lymphoma five had 

cytologically abnormal eosinophils [252].

The basophil
The basophil (Fig. 3.116) is of similar size to the neu­

trophil (10–14 μm in diameter). The nucleus is usually 

obscured by purple‐black granules, which are interme­

diate in size between those of the neutrophil and those 

of the eosinophil. Basophil nuclei may be non‐lobu­

lated in the Pelger–Huët anomaly (Fig 3.117). Basophils 

have abnormal granules in various inherited conditions 

(Fig. 3.118; also see Table 3.10).

Fig. 3.115  Blood film of a patient with CML showing a normal 
neutrophil and an eosinophil with some basophilic granules.
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Fig. 3.118  Blood film of a patient with the Chédiak–Higashi 
syndrome showing an abnormal basophil. Courtesy of 
Dr J. McCallum.

Granules can be reduced in number in myeloprolifer­

ative neoplasms and MDS (Fig. 3.119), and degranula­

tion can occur in acute allergic conditions (such as urti­

caria and anaphylactic shock) and during post‐prandial 

hyperlipidaemia. A reduction in the number of gran­

ules can also be artefactual since basophil granules are 

highly water soluble.

Cytoplasmic inclusions are present in the May–

Hegglin anomaly [226].

Fig. 3.119  Blood film of a patient with MDS showing a 
hypogranular basophil.

Lymphocytes and plasma cells

The lymphocyte
Peripheral blood lymphocytes vary in diameter from 10 

to 16 μm. The smaller lymphocytes (10–12 μm), which 

predominate, usually have scanty cytoplasm and a round 

or slightly indented nucleus with condensed chromatin 

(Fig. 3.120). The larger lymphocytes (12–16 μm), which 

usually constitute about 10% of circulating lymphocytes, 

have more abundant cytoplasm and the nuclear chroma­

tin is somewhat less condensed (Fig. 3.121). The smaller 

lymphocytes are usually circular in outline, whereas 

larger ones may be somewhat irregular. The cytoplasm, 

being weakly basophilic, stains pale blue. Lymphocytes 

may have small numbers of azurophilic granules, which 

Fig. 3.120  A small lymphocyte in the peripheral blood film of a 
healthy subject.

Fig. 3.121  A large lymphocyte in the peripheral blood film of a 
healthy subject.
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Fig. 3.123  Blood film of a patient with the Chédiak–Higashi 
syndrome showing a lymphocyte with a large cytoplasmic 
inclusion. Courtesy of Dr J. McCallum.

contain lysosomal enzymes; occasional larger cells with 

more abundant cytoplasm have a dozen or so quite 

prominent granules. Such cells have been designated 

‘large granular lymphocytes’ (Fig. 3.122). In healthy sub­

jects they sometimes constitute as many as 10–15% of 

lymphocytes, but usually they are less frequent.

Mature lymphocytes have a nucleolus but, because 

of the condensation of the chromatin, it is not usually 

visible in small lymphocytes. In large lymphocytes the 

nucleolus can sometimes be discerned. Because of the 

chromatin condensation, it is similarly difficult to detect 

sex chromatin in lymphocytes, but sometimes it is visible 

condensed beneath the nuclear membrane in the larger 

lymphocytes with more dispersed chromatin [151]. The 

lymphocytes of infants and children are larger and more 

pleomorphic than those of adults. In general, the func­

tional subsets of lymphocytes cannot be distinguished 

morphologically, but lymphokine‐activated cytotoxic T 

cells and natural killer cells are found within the popu­

lation of large granular lymphocytes.

Morphological abnormalities of lymphocytes in 
inherited conditions
Inclusions may be found in lymphocytes in the 

Chédiak–Higashi syndrome and Alder–Reilly anomaly 

(see Table 3.10). In the Chédiak–Higashi syndrome the 

lymphocyte inclusions can be very large (Fig. 3.123), 

but in the Alder–Reilly anomaly (Fig. 3.124) they are 

only a little larger than the granules of normal large 

granular lymphocytes. Heterozygous carriers of the 

Chédiak–Higashi syndrome may also have lymphocyte 

inclusions, but only in a small proportion of cells [257]. 

Fig. 3.122  A large granular lymphocyte in the peripheral blood 
film of a healthy subject.

Occasionally, in the Alder–Reilly anomaly, inclusions 

are found in lymphocytes in the absence of neutro­

phil abnormalities. Lymphocyte inclusions are usually 

found when the Alder–Reilly anomaly is consequent 

on Tay–Sachs disease or on the mucopolysaccharidoses, 

although they are rare in Morquio syndrome. Heterozy­

gous carriers for Tay–Sachs disease may have lympho­

cyte inclusions [178], but in a much lower proportion of 

lymphocytes than in homozygotes. Alder–Reilly inclu­

sions may be round or comma‐shaped; they are some­

times surrounded by a halo, and tend to be clustered 

at one pole of the cell (see Fig. 3.124a). When the 

Alder–Reilly anomaly is due to one of the mucopolysac­

charidoses the inclusions stain polychromatically with 

toluidine blue (see Fig. 3.124b), but when the underly­

ing cause is Tay–Sachs disease they do not. GM gangli­

osidosis (galactosidase deficiency) may have abnormal 

lymphocyte inclusions (Fig. 3.125).

Lymphocyte vacuolation occurs in many inherited 

metabolic disorders including I‐cell disease (Fig. 3.126), 

sialidosis (mucolipidosis type I), the mucopolysacchari­

doses, Jordans anomaly, Niemann–Pick disease type A, 

Wolman disease, cholesteryl ester storage disease, GM1 

gangliosidosis (small vacuoles in late infantile (type 2) 

disease and larger vacuoles in infantile (type 1) disease) 

(see Fig 3.114), mannosidosis, Pompe disease, Tay–Sachs 

disease, juvenile Batten disease (but not other types of 
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Batten disease), galactosidaemia (see Fig. 3.143), galacto­

sialidosis, sialic acid storage disease and several other rare 

congenital disorders of metabolism [75,258–264] (Table 

3.11). In Tay–Sachs disease and Batten–Spielmeyer–Vogt 

disease, heterozygous carriers may also have lympho­

cyte vacuolation. The metabolic product responsible for 

vacuolation varies: it may be lipid, glycogen or muco­

polysaccharide. In the mucopolysaccharidoses, vacuoles 

Fig. 3.124  Blood film of a patient with the Sanfilippo syndrome 
showing: (a) abnormal lymphocyte inclusions, which are sur­
rounded by a halo; and (b) metachromatic staining of the lym­
phocyte inclusions when stained with toluidine blue. Courtesy 
of Mr Alan Dean.

(a)

(b)

Fig. 3.125  Lymphocyte in a peripheral blood film in GM1 gan­
glosidosis (β galactosidase deficiency) showing vacuolation 
with abnormal granular material within the vacuoles. Courtesy 
of Dr Jiří Pavlu̇   .

Fig. 3.126  Blood film of a child with I‐cell disease. One of the 
two lymphocytes shows heavy cytoplasmic vacuolation.

may result from dissolution of abnormal granules; there 

is variable metachromatic staining with toluidine blue, 

depending on the specific metabolic defect present.

Reactive changes in lymphocytes
Lymphocytes can respond to viral infections and other 

immunological stimuli by an increase in number and 

cytological alterations. B lymphocytes can differ­

entiate into plasma cells (Fig. 3.127). Intermediate 

stages are also seen and are designated plasmacytoid 

lymphocytes (Fig. 3.128) or Türk cells. Plasmacytoid 
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Fig. 3.127  Blood film of a post‐operative patient showing a plasma 
cell and a neutrophil with toxic granulation and a drumstick.

Fig. 3.128  The same peripheral blood film as shown in  
Fig. 3.127 showing a plasmacytoid lymphocyte.

Table 3.11  Characteristics of lymphocyte vacuoles and other peripheral blood features in inherited metabolic disorders; information 
is derived mainly from reference 264.

Inherited metabolic disorder Characteristics of vacuoles and other haematological features

Pompe disease (type 2 glycogen storage disease) 1–6 small discrete PAS‐positive vacuoles
Adult acid maltase deficiency 1–6 small discrete PAS‐positive vacuoles but vacuoles less frequent than in Pompe disease
Salla disease (sialic acid storage disease) Numerous small vacuoles
Sialidosis type 2 (neuraminidase deficiency) Numerous large bold vacuoles
Neuraminidase and α galactosidase deficiency 

(galactosialidosis)

Numerous large bold vacuoles

I‐cell disease (mucolipidosis II) Numerous large bold vacuoles; vacuoles were reported to be PAS and Sudan black B 

positive in one patient but were negative in another [263]
GM1 ganglosidosis (β galactosidase deficiency) Numerous large bold vacuoles; eosinophil granules are large, grey and sparse
Mucopolysaccharidosis 1H (Hurler syndrome); 

mucopolysaccharidosis 1S (Scheie syndrome); 

mucopolysaccharidosis 1HS (Hurler/Scheie syndrome)

Occasional vacuoles in occasional lymphocytes, some with basophilic inclusions; 

metachromatic inclusions with toluidine blue in < 5% of lymphocytes

Mucopolysaccharidosis 2 (Hunter syndrome) Occasional vacuoles in occasional lymphocytes; pink‐staining ring around cytoplasmic 

vacuoles [262]; metachromatic inclusions with toluidine blue in < 20% of lymphocytes
Mucopolysaccharidosis 3 (Sanfilippo syndrome) Occasional vacuoles in occasional lymphocytes; metachromatic inclusions with toluidine 

blue in > 20% of lymphocytes
Mucopolysaccharidosis 4 (Morquio syndrome), type A No vacuoles, no metachromasia
Mucopolysaccharidosis 4 (Morquio syndrome), type B Small vacuoles in many lymphocytes, no metachromasia
Mucopolysaccharidosis 6 (Maroteaux–Lamy syndrome) Small vacuoles in many lymphocytes, metachromatic inclusions with toluidine blue 

in lymphocytes, Alder–Reilly anomaly of neutrophils (basophilic, birefringent, 

metachromatic granules)
Mucopolysaccharidosis 7 (β glucuronidase deficiency) Occasional lymphocytes with small vacuoles; Alder–Reilly anomaly of neutrophils 

(basophilic, birefringent, metachromatic granules)
Niemann–Pick disease 1–6 small vacuoles in most lymphocytes
Fucosidosis Small discrete vacuoles in lymphocytes
Juvenile Batten disease Numerous large bold vacuoles in many lymphocytes
Mannosidosis Variable from numerous small to several large bold vacuoles
Wolman disease 1–6 small discrete vacuoles in most lymphocytes, which stain with oil red O and 

Sudan black B
Cholesteryl ester storage disease Vacuoles stain with oil red O and Sudan black B

PAS, periodic acid–Schiff stain
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lymphocytes may contain abundant globular inclu­

sions (Fig. 3.129) composed of immunoglobulin. 

Such cells have been called ‘Mott cells’, ‘morular 

cells’ or ‘grape cells’ and the inclusions they contain 

are known as Russell bodies. Plasmacytoid lympho­

cytes may also contain crystals of immunoglobulin 

(Figs 3.130 & 3.131). Both T and B lymphocytes can 

also transform into immunoblasts – large cells with 

a central prominent nucleolus and abundant baso­

philic cytoplasm (Fig. 3.132). Cells showing other 

less specific changes in lymphocyte morphology are 

subsumed under the designation ‘atypical lympho­

cytes’ or ‘atypical mononuclear cells’ (Fig. 3.133). 

Abnormalities include increased size of the cell, 

immaturity of the nucleus including lack of chroma­

tin condensation and the presence of a nucleolus, 

irregular nuclear outline or nuclear lobulation, cyto­

plasmic basophilia, cytoplasmic vacuolation, cytoplas­

mic granules and an irregular cellular outline. Mitotic 

figures may be observed (Fig. 3.134). The common­

est cause of large numbers of atypical lymphocytes 

is infectious mononucleosis, due to infection by the 

Epstein–Barr virus (EBV), which is discussed, together 

with other causes of atypical lymphocytes, on p. 000. 

Cleft lymphocytes can be seen in pertussis and respir­

atory syncytial virus infection. Multilobated lympho­

cyte nuclei, often with a clover leaf–shaped nucleus, 

are characteristic of adult T‐cell leukaemia/lymphoma 

(ATLL; see Chapter 9), but are also occasionally seen 

in carriers of the human T‐cell lymphotropic virus 

1 (HTLV‐1) and in infectious mononucleosis, HIV 

Fig. 3.129  A Mott cell in a peripheral blood film.

Fig. 3.130  A plasmacytoid lymphocyte containing crystals in the 
peripheral blood film of a patient with bacterial sepsis.

Fig. 3.131  A buffy coat film from the same 
patient whose peripheral blood film is 
shown in Fig. 3.130 showing one plasmacy­
toid lymphocyte containing globular inclu­
sions and another containing a giant crystal.
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Fig. 3.134  A peripheral blood lymphocyte in mitosis.

infection, cytomegalovirus (CMV) infection, rickett­

sial infection and toxoplasmosis [265,266]. Lympho­

cytes with convoluted nuclei, resembling Sézary cells, 

may occur in reactive conditions including HIV infec­

tion [267] and have been reported, together with 

skin infiltration, as an unusual reaction to hairy cell 

leukaemia [268]. Abnormal nuclear lobulation can be 

induced by hyperthermia [188]. Howell–Jolly body‐

like inclusions, likely to be drug‐induced, have been 

reported in one patient [254]. Villous lymphocytes, 

resembling those of splenic lymphoma with villous 

Fig. 3.132  An immunoblast in the peripheral blood film of a 
patient with infectious mononucleosis.

Fig. 3.133  Atypical lymphocytes in the 
peripheral blood film of a patient with cyto­
megalovirus infection.

lymphocytes, can occur in hyper‐reactive malarial sple­

nomegaly [269]. Binucleated lymphocytes have been 

reported after low‐dose irradiation and binucleated 

lymphocytes and lymphocytes with bilobed nuclei are 

characteristic of chronic polyclonal B‐cell lymphocyto­

sis of cigarette smokers (Fig. 3.135). Binucleated lym­

phocytes are induced by natalizumab therapy [270]. 

The number of large granular lymphocytes may also 

increase as a reactive phenomenon, e.g. in association 

with acute or chronic viral infection, such as EBV infec­

tion [271], CMV infection [272] or hepatitis.



Morphology of blood cells      129

Apoptotic lymphoid cells

Increased numbers of apoptotic lymphocytes may be 

present in reactive conditions, particularly in viral 

infections including infectious mononucleosis, neona­

tal herpes simplex virus infection, rubella, measles and 

influenza A infection [244]. They are also increased, and 

correlate with disease severity, in invasive meningococ­

cal disease [244].They are recognised by peripheral con­

densation of the nucleus and a glassy appearance of the 

cytoplasm (Fig. 3.136).

Fig. 3.135  A binucleated lymphocyte in the peripheral blood 
film of a female cigarette smoker with persistent polyclonal  
B‐cell lymphocytosis.

Fig. 3.136  An apoptotic lymphocyte in the peripheral blood of 
a patient with infectious mononucleosis. There are also red cell 
agglutinates.

Lymphocyte morphology in lymphoproliferative 
disorders
In most lymphoproliferative disorders the neoplastic 

cells are cytologically abnormal. Abnormalities show 

some overlap with those seen in reactive conditions, but 

the majority of lymphoid neoplasms can be recognised 

as such on cytology alone. Cytoplasmic inclusions are 

sometimes present. Lymphocytes in chronic lymphocytic 

leukaemia may contain vacuoles or crystalline or glob­

ular inclusions (Fig. 3.137). Rarely a ribosomal‐lamella 

Fig. 3.137  Blood film in chronic lympho­
cytic leukaemia showing globular cytoplas­
mic inclusions. There is also a smear cell. 
Courtesy of Dr Jan Haskta and Professor 
Georgia Metzgeroth, Mannheim.
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complex can be seen on light microscopy in hairy cell 

leukaemia. Rarely in non‐Hodgkin lymphoma there are 

Auer rod–like cytoplasmic inclusions (Fig. 3.138). Round 

and rod‐shaped inclusions representing parallel tubular 

arrays have been reported in a patient with T‐lineage 

large granular lymphocyte leukaemia [273].

Typical features of different lymphoid neoplasms are 

described in Chapter 9.

Lymphocyte aggregates

Occasionally apparently normal lymphocytes appear 

in blood films in clumps (Fig. 3.139) [274]. The pres­

ence of lymphocyte aggregates can also be an uncom­

mon feature of lymphoproliferative disorders. It may 

represent an in vitro phenomenon [275] or, even more 

rarely, may indicate that the patient has an intravascu­

lar lymphoma [276]. As an in vitro artefact, this phe­

nomenon has been associated particularly with splenic 

lymphoma with villous lymphocytes (splenic marginal 

zone lymphoma) [275,277] and has also been observed 

in mantle cell lymphoma [278].

The plasma cell
Plasma cells are usually tissue cells but, on occasion, 

they may be present in the peripheral blood, either as 

a feature of multiple myeloma or as a reactive phe­

nomenon (see Figs 3.64 & 3.127). They are not seen 

in healthy subjects [279]. Reactive plasma cells are 

seen in the blood as a response to increased interleu­

kin 6 secretion in infection, inflammation, following 

vaccination, in cirrhosis and in various neoplasms (e.g. 

AML, carcinoma, lymphoma and cardiac myxoma) 

[280,281]. Occasionally reactive plasma cells are pre­

sent in large numbers, simulating plasma cell leukae­

mia. This has been reported following streptokinase 

therapy and in Castleman disease, bacterial sepsis 

[282], rubella, dengue fever [283] and angioimmuno­

blastic T‐cell lymphoma [284]. Plasma cells range in 

size from somewhat larger than a small lymphocyte 

(8–10 μm) up to a diameter of about 20 μm and are oval 

in shape with an eccentric nucleus, coarsely clumped 

chromatin, a moderate amount of strongly basophilic 

cytoplasm and a less basophilic Golgi zone adjacent to 

the nucleus. The clock‐face chromatin pattern that is 

seen in tissue sections stained with haematoxylin and 

eosin is less apparent in circulating plasma cells stained 

with a Romanowsky stain. Plasma cells may contain 

secretory products, which appear as round or globular 

inclusions or, less often, crystals.

Circulating plasma cells are also sometimes seen in 

neoplastic disorders (multiple myeloma, plasma cell 

leukaemia and related conditions). The range of cyto­

logical abnormalities in these conditions is very broad.

Cells of monocyte lineage

The monocyte
The monocyte (Fig. 3.140) is the largest normal periph­

eral blood cell with a diameter of about 12–20 μm. It 

Fig. 3.138  Blood film in non‐Hodgkin lymphoma showing 
Auer rod‐like cytoplasmic inclusions. Courtesy of Lyndall Dial, 
Brisbane.

Fig. 3.139  Lymphocyte aggregation of uncertain significance 
(low power). There was no evidence of a clonal disorder. With 
thanks to Dr Jecko Thachil and Dr Anthony Carter, Liverpool.
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has an irregular, often lobulated nucleus and opaque 

greyish‐blue cytoplasm with fine azurophilic granules. 

The cell outline is often irregular and the cytoplasm may 

be vacuolated. Sex chromatin may be seen condensed 

beneath the nuclear membrane [151].

Monocytes produced under conditions of bone mar­

row stimulation, e.g. infection or recovery from bone 

marrow suppression, show an increased nucleocyto­

plasmic ratio, a more delicate chromatin pattern, nucle­

oli and increased numbers of vacuoles [145]. Cytoplas­

mic basophilia and azurophilic granules may also be 

increased. The administration of G‐CSF produces similar 

cytological changes [145]. Abnormal nuclear lobulation 

can be induced by hyperthermia [188]. Howell–Jolly 

body‐like inclusions, likely to be drug induced, have 

been observed in one patient [254].

Monocytes may contain abnormal inclusions in 

various inherited conditions (Figs 3.141 and 3.142; 

see also Table 3.10). In some metabolic disorders 

they may be heavily vacuolated (Fig. 3.143). Since 

they are phagocytic they are occasionally found 

to have ingested red cells (Fig. 3.144), cryoglobu­

lin (Fig. 3.145), micro‐organisms, malaria pigment 

(Fig. 3.146) and, rarely, melanin [209] or bilirubin 

[210]. Erythrophagocytosis by monocytes may be the 

result of abnormal red cells (as in sickle cell disease) 

or antibody or complement binding to red cells (as 

in paroxysmal cold haemoglobinuria, autoimmune 

haemolytic anaemia or anti‐D haemolytic disease 

of the newborn). Peripheral blood monocytes may 

Fig. 3.140  A normal monocyte in the peripheral blood film of 
a healthy subject. Fig. 3.141  Blood film of a patient with the Maroteaux–Lamy 

syndrome showing a monocyte with an abnormal cytoplasmic 
inclusion. Courtesy of Mr Alan Dean.

Fig. 3.142  A monocyte containing a large brick‐red inclusion 
in Chédiak–Higashi syndrome. There is also an eosinophil with 
giant granules, some of which are more darkly staining than 
normal. With thanks to Dr Abbas Abdulsalam, Baghdad.

contain parasitised red cells in malaria [285]. Hae­

mophagocytosis by peripheral blood monocytes has 

been observed in malaria [286]. In Hermansky–Pud­

lak syndrome monocytes may contain ceroid inclu­

sions [287].

Monocyte precursors
Monocyte precursors, designated promonocytes 

and monoblasts, are not normally present in the 



Fig. 3.143  An abnormally vacuolated monocyte and a  
very heavily vacuolated lymphocyte in the peripheral blood of a 
patient with galactosidaemia. By courtesy of Dr Guy Lucas.

Fig. 3.144  Blood film of a patient with chronic renal failure 
taken during haemodialysis showing erythrocytes that have 
been phagocytosed by monocytes. The patient had a positive 
direct antiglobulin test but no overt haemolysis.

Fig. 3.145  Blood film of a patient with cryoglobulinaemia show­
ing cryoglobulin within a monocyte. Courtesy of Mr Alan Dean.

Fig. 3.146  Blood film of a patient with malaria showing malaria 
pigment within a monocyte. The film also shows a Plasmodium 
falciparum gametocyte.

peripheral blood. Monoblasts are very large cells 

with a large round nucleus and voluminous agran­

ular or slightly granular cytoplasm, which is some­

times vacuolated (Fig. 3.147). They are only seen in 

the peripheral blood in acute leukaemia with mono­

cytic differentiation. Promonocytes, as defined by the 

French–American–British (FAB) group and in the 

World Health Organization (WHO) classification of 

haematological neoplasms, are very primitive cells 

(in the WHO classification, equivalent to a monoblast 

in significance) with a diffuse chromatin pattern but 

with lobulation or other irregularity of the nucleus. 

They need to be distinguished from the immature 

or abnormal monocytes that are present in reactive 

conditions (see above) and in chronic myeloid 

neoplasms.

The macrophage
Monocytes usually develop into macrophages (also 

called histiocytes) in tissues rather than in the 

blood. However, occasionally circulating cells with 

the characteristics of macrophages are seen [288] 

(Fig. 3.148). They are associated with a variety of 

infective and inflammatory states (such as suba­

cute bacterial endocarditis, tuberculosis, typhoid 

fever [289] and virus‐associated haemophagocytic 

syndrome [290]), malignant disease and parasitic 

diseases. They may be a little larger than a monocyte 

or may be very large and multinucleated [201]. The 

cytoplasm may contain haemopoietic cells, recognis­

able cellular debris or amorphous debris. In certain 

inherited metabolic disorders foamy macrophages 

containing lipid are present in the peripheral blood 

[259]. Circulating phagocytic cells are also sometimes 

seen in malignant histiocytosis and acute monocytic 

132
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Fig. 3.147  Blood film of a patient with acute 
monocytic leukaemia showing a mono­
blast (left) and a promonocyte (right). The 
promonocyte has a lobulated nucleus but 
its chromatin pattern is as delicate as that 
of the monoblast. Both cells have abundant 
blue‐grey vacuolated cytoplasm.

Fig. 3.148  A phagocytic macrophage in a 
peripheral blood film. Courtesy of Dr Z. 
Currimbhoy, Mumbai.

leukaemia. Very rarely Gaucher cells have been seen 

in the peripheral blood following splenectomy for  

Gaucher disease [291]. Foamy cells of monocyte/

macrophage lineage may be seen in Niemann–Pick 

disease [291].

Granulocyte precursors

Granulocytes are generally produced in the bone 

marrow from myeloblasts, with the interven­

ing stages being promyelocytes, myelocytes and 

metamyelocytes. On occasion, granulocyte precursors 

are seen in the blood. The appearance of appreci­

able numbers of such cells is designated a left shift. 

If NRBC are also present the blood film is described 

as leucoerythroblastic. The appearance in the periph­

eral blood of leucocytes of an earlier stage of develop­

ment than the metamyelocyte is usually regarded as 

abnormal unless the blood is from a pregnant woman 

or a neonate. However, if buffy coat preparations are 

made, metamyelocytes and/or myelocytes are found 

in about 80% of healthy subjects with a frequency of 

about 1 in 1000 granulocytes [292].
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The myeloblast
The myeloblast measures 12–20 μm and has a high 

nucleocytoplasmic ratio and a round or slightly oval 

nucleus (see Fig. 3.81). The cell is usually somewhat 

oval and the outline may be slightly irregular. The 

nucleus has a diffuse chromatin pattern and one to 

five (most often two or three) not very prominent 

nucleoli. The cytoplasm is pale blue. A myeloblast 

is often defined as a cell that has no granules visible 

by light microscopy, although ultrastructural exam­

ination and cytochemistry show that granules are 

actually present. It is now becoming usual for cells 

with a relatively small number of granules but with­

out the other characteristics of promyelocytes (see 

below) also to be included in the myeloblast categ­

ory, in accordance with the recommendations made 

by the FAB group in relation to the diagnosis of AML 

[293], and subsequently supported by the WHO 

classification. Although a myeloblast does have char­

acteristic cytological features, it is not always possible 

to make the distinction between an agranular myelo­

blast and a lymphoblast on an MGG‐stained film.

Circulating blast cells are very rare in healthy sub­

jects; in one study they constituted, on average, 0.11% 

of mononuclear cells [279]. Small numbers of blast cells 

may appear in the blood during therapy with natuli­

zumab, an integrin inhibitor [294]. Circulating myelo­

blasts in haematological neoplasms may show abnormal 

cytological features such as the presence of Auer rods 

(see Fig. 3.88) or cytoplasmic vacuoles. The presence of 

even one blast cell with an Auer rod indicates the exist­

ence of a myeloid neoplasm.

The promyelocyte
The promyelocyte is larger than the myeloblast with a 

diameter of 15–25 μm (Fig. 3.149). The cell is round 

or slightly oval. In comparison with the myeloblast, 

the nucleocytoplasmic ratio is lower and the cyto­

plasm is more basophilic. The nuclear chromatin 

shows only slight condensation and nucleoli are 

apparent. (Clumped or condensed chromatin, known 

as heterochromatin, is genetically inactive, whereas 

diffuse euchromatin is genetically active; cellular 

maturation is associated with progressive conden­

sation of chromatin.) The promyelocyte nucleus is 

oval with an indentation in one side. The Golgi zone 

is apparent as a much less basophilic area adjacent to 

the nuclear indentation. The promyelocyte contains 

Fig. 3.149  A promyelocyte in the peripheral blood film of a 
patient with megaloblastic anaemia. The nucleolus and the 
Golgi zone are readily detectable. The film also shows anisocy­
tosis and teardrop poikilocytes.

primary or azurophilic granules, which surround the 

Golgi zone and are scattered through the remainder 

of the cytoplasm.

Morphologically abnormal promyelocytes may be 

seen in the peripheral blood in several subtypes of AML 

(see Chapter 9).

The myelocyte
The myelocyte is smaller than the promyelocyte, 

measuring 10–20 μm in diameter. It can be identified 

as belonging to the neutrophil, eosinophil or basophil 

lineage by the presence of specific or secondary gran­

ules with the staining characteristics of these cell lines 

(Figs 3.150–3.152). Eosinophil myelocytes may have 

some pro‐eosinophilic granules with basophilic staining 

characteristics. The myelocyte nucleus is oval and some­

times has a slight indentation in one side. Chromatin 

shows a moderate degree of coarse clumping and nucle­

oli are not apparent. The cytoplasm is more acidophilic 

than that of the promyelocyte and the Golgi zone is 

much less apparent. Neutrophil and eosinophil mye­

locytes may appear in the blood in reactive conditions 

and in leukaemias. The presence of basophil myelo­

cytes in the peripheral blood is essentially confined to 

leukaemias. In acute leukaemias, circulating myelo­

cytes may show morphological abnormalities such as 

hypogranularity or abnormally large granules.
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Fig. 3.151  An eosinophil and an eosinophil myelocyte in the 
peripheral blood film of a patient with CML.

Fig. 3.152  A basophil myelocyte in the peripheral blood film of 
a patient with CML.

Fig. 3.153  A metamyelocyte and two neutrophils in the periph­
eral blood film of a patient with CML.

Fig. 3.150  A neutrophil myelocyte in the peripheral blood film 
of a healthy pregnant woman.

The metamyelocyte
The metamyelocyte measures 10–12 μm in diameter. Its 

chromatin is clumped and its nucleus is definitely indented 

or U‐shaped (Fig. 3.153). Protein synthesis has stopped. 

A neutrophil metamyelocyte has acidophilic cytoplasm, 

while that of an eosinophil myelocyte is weakly baso­

philic. Small numbers of neutrophil metamyelocytes are 

occasionally seen in the blood in healthy subjects. They are 

commonly present in reactive conditions. Some eosinophil 

metamyelocytes may be seen in patients with eosinophilia.

Leucoerythroblastic blood films

A blood film is referred to as leucoerythroblastic if 

it contains NRBC and granulocyte precursors. This 

is normal in the fetus up to 28 weeks’ gestation and 
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can be seen late in pregnancy and in the postpar­

tum period. In other circumstances a leucoerythro­

blastic film is abnormal. The change may be reactive  

(e.g. following trauma, shock or acute blood loss) or may 

indicate a bone marrow disease. A leucoerythroblastic 

blood film is particularly characteristic of primary myelofi­

brosis or bone marrow infiltration. In the first 24 hours of 

life, a leucoerythroblastic blood film may be the result of 

maternal sepsis/chorioamnionitis, severe birth asphyxia or 

Down syndrome [85].

The mast cell

Mast cells are essentially tissue cells. They are 

extremely rare in the peripheral blood of normal 

subjects. They are large cells with a diameter of 

20–30 μm. The cellular outline is somewhat irregu­

lar. The cytoplasm is packed with basophilic gran­

ules, which do not obscure the central nucleus (Fig. 

3.154). The nucleus is relatively small and round or, 

more often, oval with a dispersed chromatin pattern. 

In systemic mastocytosis and in mast cell leukaemia 

(see Chapter 9) circulating mast cells are cytologi­

cally quite abnormal and may have lobulated nuclei, 

scanty granules or a denser chromatin pattern.

Disintegrated cells

The finding of more than a small percentage of disinte­

grated cells in a blood film is of significance.

Fig. 3.154  A mast cell in the peripheral blood film of a patient 
having a health check for non‐specific symptoms.

It may indicate that several days have elapsed since 

the blood was taken from the patient and that the 

specimen is unfit for testing. When disintegration of 

cells is due to prolonged storage the granulocytes are 

smeared preferentially and, if an attempt is made to 

perform a differential count, there will appear to be 

neutropenia.

If disintegration of cells occurs in films made from 

fresh blood it indicates that cells are abnormally fragile. 

Disintegrated lymphocytes, usually called ‘smear cells’ 

or ‘smudge cells’, are common in CLL (Fig. 3.155). 

Their presence is of some use in diagnosis since they 

Fig. 3.155  Intact lymphocytes and several 
disintegrated cells (smear cells or smudge 
cells) in the peripheral blood film of a 
patient with CLL.
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are not common in non‐Hodgkin lymphoma, from 

which a distinction may have to be made. The fact that 

these cells are intact in vivo and are smeared during 

preparation of the film as a result of mechanical fragil­

ity is demonstrated by the fact that they are not present 

if a film of the same blood is made by centrifugation. 

Although smeared lymphocytes are characteristic of 

CLL they are not pathognomonic, being seen occasion­

ally in non‐Hodgkin lymphoma and even sometimes 

in reactive conditions such as whooping cough. Smear 

cell can also appear as a result of the effects of chem­

otherapy on neoplastic lymphoid cells [295]. Other 

abnormal cells, e.g. blast cells in AML, may also dis­

integrate on spreading the blood film. The term ‘bas­

ket cell’ has been applied to a very large, spread‐out 

smear cell. Disintegrated cells, if at all frequent, should 

be included in the differential count. When the cell of 

origin is clear, e.g. as in CLL, they should be counted 

with intact cells of the same type.

Necrotic bone marrow cells
Necrotic bone marrow cells have been recognised in a 

venous blood sample from a patient with sickle cell cri­

sis [296].

Platelets and circulating 
megakaryocytes

When platelets are examined in a blood film, an assessment 

should be made of their number (by relating them to the 

number of red cells), their size and their morphological fea­

tures. The film should be examined for platelet aggregates, 

platelet satellitism and platelet phagocytosis. Megakaryo­

cytes are seen, although rarely, in the blood of healthy peo­

ple. Their number is increased in certain disease states.

Platelets

The normal platelet measures 1.5–3 μm in diameter. 

Platelets contain fine azurophilic granules, which may 

be dispersed throughout the cytoplasm or concentrated 

in the centre; in the latter case the central granule‐con­

taining cytoplasm is known as the granulomere and 

the peripheral, weakly basophilic agranular cytoplasm 

as the hyalomere (see Fig. 3.16). Platelets contain sev­

eral different types of granules, of which the α granules 

are the equivalent of the azurophilic granules seen on 

light microscopy. Occasionally proplatelets are seen in 

blood films. They are ribbon‐like strands of megakaryo­

cyte cytoplasm that have broken free in bone marrow 

sinusoids before fragmenting into platelets.

In EDTA‐anticoagulated blood platelets gener­

ally remain separate from one another, whereas in 

native blood they show a tendency to aggregate (see 

Figs 1.6–1.8). In Glanzmann thrombasthenia, a severe 

inherited defect of platelet aggregation, the normal ten­

dency of platelets to aggregate when films are made 

from native blood is completely absent.

Abnormalities of platelet size
Platelet size can be assessed by comparing the diameter 

of the platelets with the diameter of erythrocytes, or 

platelet diameter can be measured by means of an ocu­

lar micrometer.

Platelet size in healthy subjects varies inversely with 

the platelet count, but this variation is not sufficiently 

great to be detected when a blood film is examined by 

light microscopy. A sufficient size increase to be detect­

able microscopically occurs in certain congenital abnor­

malities of thrombopoiesis and in certain disease states 

(Table 3.12). Large platelets (i.e. those with a diameter 

greater than 4 μm) are designated macrothrombocytes. 

Particularly large platelets with diameters similar to 

those of red cells or lymphocytes are often referred to 

as giant platelets (Fig. 3.156). When platelet turnover 

is increased, platelets are usually large. The absence 

of large platelets in patients with thrombocytopenia is 

therefore of diagnostic significance; it suggests that there 

is a defect of platelet production. Decreased platelet size 

is less common than increased size but it is a feature of 

the Wiskott–Aldrich syndrome (Fig. 3.157).

Rarely platelets degranulate and swell in EDTA‐anti­

coagulated blood, appearing both large and hypogranu­

lar on a blood film [303].

Other abnormalities of platelet 
morphology and distribution including 
platelet aggregation and satellism
Platelets that are lacking in α granules appear grey or pale 

blue. This occurs as a rare congenital defect known as the 

grey platelet syndrome resulting from an α granule deficiency 

[302] or a deficiency of both α and δ granules [304]. There 

may be a mixture of normal and abnormal platelets. In some 

families with the grey platelet syndrome, neutrophils are also 
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Table 3.12  Some causes of large platelets.

Congenital Inheritance

Bernard–Soulier syndrome∗ [297] AR

Heterozygous carriers of Bernard–Soulier syndrome∗ [124,297] AD

Mediterranean stomatocytosis/macrothrombocytopenia (phytosterolaemia) AR

MYH9‐related disorders: May–Hegglin anomaly,∗ Epstein syndrome (associated with hereditary deafness and nephritis)∗ 

[230,298], Fechtner syndrome∗ [299], Sebastian syndrome∗ [299]

AD

Chédiak–Higashi anomaly∗ AR

Associated with increased nuclear projections in neutrophils [165] AD

Marfan syndrome and various other inherited connective tissue defects (in occasional families) [300]

Type IIB von Willebrand disease∗ (and Montreal platelet syndrome∗ [299], which has now been shown to represent the same condition [301]) AD

Platelet‐type von Willebrand syndrome∗ [299] AD

Grey platelet syndrome∗ [302] AR

Hereditary thrombocytopenia with giant platelets but without other morphological abnormality or associated disease∗ AR or AD

Acquired

Autoimmune thrombocytopenic purpura, primary and secondary∗

Thrombotic thrombocytopenic purpura∗

Disseminated intravascular coagulation∗

Myeloproliferative neoplasms: polycythaemia vera, chronic myelogenous leukaemia (chronic phase or in transformation),∗ primary myelofibrosis,∗ 

essential thrombocythaemia

Myelodysplastic syndromes∗ and myelodysplastic/myeloproliferative neoplasms

Megakaryoblastic leukaemia∗

Postsplenectomy and hyposplenic states (including sickle cell anaemia)

∗can also have thrombocytopenia

AR, autosomal recessive; AD, autosomal dominant

Fig. 3.156  A giant platelet, almost as large 
as the adjacent basophil, in the peripheral 
blood of a patient with primary myelofibro­
sis. The film also shows a platelet of normal 
size. The red cells show poikilocytosis.

markedly hypogranular [192]. The grey platelet syndrome 

can occur as an isolated disorder but has also been reported 

in association with the Chédiak–Higashi syndrome, Herman­

sky–Pudlak syndrome, Griscelli syndrome, Wiskott–Aldrich 

syndrome, thrombocytopenia with absent radii and throm­

bocytopenia resulting from a GATA1 mutation [304,305]. 

Grey platelets have also been identified as a feature of the 

arthrogryposis renal dysfunction and cholestasis (ARC) syn­

drome of infants [306]. Inherited causes of agranular platelets 

are all uncommon. More commonly, apparently agranular 

platelets result from discharge of platelet granules in vivo or 

in vitro or from formation of defective platelets by dysplas­

tic megakaryocytes (Fig. 3.158). If venepuncture is difficult, 

stimulation of platelets may cause granule release. This is 
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Fig. 3.157  The peripheral blood film of a 
patient with Wiskott–Aldrich syndrome 
showing thrombocytopenia and small 
platelets.

sometimes associated with platelet aggregation so that masses 

of agranular platelets may be seen. Rarely, a similar phenom­

enon is caused by a plasma factor causing in vitro platelet 

degranulation [303] or degranulation and aggregation [307]; 

in one patient the factor originated from a leiomyosarcoma 

[308]. Degranulation may be confined to platelets in blood 

anticoagulated with EDTA, platelet morphology being nor­

mal when either heparin or citrate is used as an anticoagu­

lant [303,309]. Cardiopulmonary bypass can cause release 

of α granules with the agranular platelets continuing to cir­

culate. In hairy cell leukaemia, agranular platelets probably 

result from degranulation within abnormal vascular chan­

nels (pseudosinuses lined by hairy cells), which are present 

in the spleen and other organs. Some agranular platelets are 

commonly present in MDS and are likely to indicate defec­

tive thrombopoiesis. Agranular platelets in the myeloprolif­

erative neoplasms may result either from defective throm­

bopoiesis or from discharge of granules from hyperaggregable 

platelets. In both myelodysplastic and myeloproliferative 

conditions, platelets may be giant and of abnormal shape, 

features again indicative of abnormal thrombopoiesis. In the  

May–Hegglin anomaly, platelets may not only be larger than 

normal but also of unusual shape, e.g. cigar‐shaped [310]. A 

population of platelets with one or more giant red granules 

on a Romanowsky‐stained film has been reported in two 

members of a family with thrombocytopenia and an 11q23 

deletion [311]; this syndrome has been referred to as the 

Jacobsen syndrome or as Paris–Trousseau thrombocytopenia.

Various particles, e.g. the parasites of Plasmodium vivax 

[312], may be found within platelets. This is unlikely 

Fig. 3.158  The peripheral blood film of a 
patient with CML showing a mixture of 
normally granulated and agranular plate­
lets. There is also platelet anisocytosis.
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Fig. 3.159  Blood film showing platelet satellitism.

Fig. 3.160  Blood film showing phagocytosis 
of platelets. 

to represent phagocytosis; it is probably equivalent to 

emperipolesis, a phenomenon in which white cells and 

other particles enter the surface‐connected membrane 

system of the megakaryocyte.

It is important to note the presence of platelet aggre­

gates since they are often associated with a factitiously 

low platelet count. Platelet aggregation may be the result 

of platelet stimulation during skin prick or venepuncture, 

or be immunoglobulin mediated. When there is incipient 

clotting of blood the platelets may be partly degranulated 

and the blood film may, in addition, show fibrin strands. 

Platelet aggregation occurring in vivo has been reported, 

rarely, in type 2B von Willebrand disease, in addition to 

thrombocytopenia and some large platelets [313]. Platelet 

aggregation occurring as an in vitro phenomenon, particu­

larly in EDTA‐anticoagulated blood, is mediated by a cold 

antibody with specificity against platelet glycoprotein IIb/

IIIa [314]. This antibody is not known to be of any clini­

cal significance. The phenomenon may be observed tran­

siently in neonates, being attributable to the transplacen­

tal passage of the causative antibody [315]. EDTA‐related 

platelet aggregation may be induced by therapy with anti­

glycoprotein IIb/IIIa monoclonal antibodies such as abcixi­

mab and can persist for several days after therapy [316].

Platelet satellitism (Fig. 3.159) is an in vitro phenom­

enon occurring particularly but not only in EDTA‐antico­

agulated blood. It is induced by a plasma factor, usually 

either immunoglobulin (Ig) G or IgM, which causes 

platelets to adhere to CD16 on neutrophils [317]. Plate­

lets adhere to and encircle neutrophils and some may be 

phagocytosed [318]. Neutrophils can be joined together 

by a layer of platelets. Sometimes satellitism is followed 

by phagocytosis of platelets [319] (Fig. 3.160). Occasion­

ally satellitism involves other normal cells, e.g. lympho­

cytes [320], large granular lymphocytes [317], eosinophils 

[321], monocytes [321] or basophils. Reversal of this 

phenomenon after treatment of an autoimmune disease 

has been observed [322]. Platelet satellitism does not 

appear to be of any clinical significance, although it may 

lead to a factitiously low platelet count.

Platelet satellitism around lymphoma cells as a non‐

EDTA‐dependent phenomenon has been reported in a 
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single patient with mantle cell lymphoma [323] and as an 

EDTA‐dependent phenomenon in a single patient with 

marginal zone lymphoma [324], in the latter instance 

associated with lympho‐agglutination. Platelet satellitism 

has occasionally involved leukaemic basophils [320].

Platelet satellitism can interfere with the immu­

nophenotyping of cells that are encircled.

Megakaryocytes

Megakaryocytes are rarely seen in the blood of healthy 

adults. They are released by the bone marrow but most are 

trapped in the pulmonary capillaries. However, the fact that 

they are detectable, albeit in low numbers, in venous blood 

arising from parts of the body lacking haemopoietic mar­

row indicates that some can pass through the pulmonary 

capillaries. Since their concentration is, on average, only 

between five and seven per millilitre they are more likely 

to be seen in buffy coat preparations or when special con­

centration procedures are carried out. In healthy subjects, 

99% of the megakaryocytes in peripheral venous blood are 

almost bereft of cytoplasm (Fig. 3.161), but rare cells with 

copious cytoplasm are seen. The number of megakaryo­

cytes is increased in the blood of neonates and young infants 

and also postpartum, postoperatively and in patients with 

infection, inflammation, malignancy, disseminated intra­

vascular coagulation and myeloproliferative neoplasms 

[325–328]. In neonates there is a correlation with prema­

turity and with respiratory distress syndrome [329]. The 

numbers of megakaryocytes in venous blood is increased 

during and after cardiopulmonary bypass [330]. The pro­

portion of intact megakaryocytes with plentiful cytoplasm 

is increased in infants [326] and in patients with primary 

myelofibrosis and CML [328].

Abnormal megakaryocytes and 
megakaryoblasts
Abnormal megakaryocytes and megakaryoblasts may be 

seen in the blood in pathological conditions.

Micromegakaryocytes are seen in some patients with 

haematological neoplasms, e.g. primary myelofibrosis 

(Fig. 3.162) and CML, particularly CML in transformation. 

They are small diploid mononuclear cells with a diameter 

of 7–10 μm, which are not always immediately identifi­

able as megakaryocytes. The nucleus is round or slightly 

irregular with dense chromatin. Cytoplasm varies from 

scanty to moderate in amount; when scanty, the nucleus 

may appear ‘bare’, but electron microscopy shows that 

such cells usually have a thin rim of cytoplasm. Cyto­

plasm is weakly basophilic. There may be cytoplasmic 

vacuolation or a few or numerous cytoplasmic granules. 

Sometimes there are small cytoplasmic protrusions or 

‘blebs’ and sometimes platelets appear to be ‘budding’ 

from the surface. Somewhat larger micromegakaryocytes 

with well‐developed granular cytoplasm may be seen in 

acute megakaryoblastic leukaemia including transient 

abnormal myelopoiesis of Down syndrome (Fig. 3.163).

Megakaryoblasts (Fig. 3.164) vary from about 

10 μm in diameter up to about 15–20 μm or larger. 

Fig. 3.161  A bare megakaryocyte nucleus in the peripheral 
blood film of a healthy subject; the size and lobulation of the 
nucleus indicate its origin from a polyploid megakaryocyte.

Fig. 3.162  A micromegakaryocyte in the peripheral blood film 
of a patient with primary myelofibrosis.



142      Chapter 3

Fig. 3.164  Peripheral blood film of a patient with megakaryo­
blastic transformation of CML showing three megakaryoblasts. 
One of these is large with no distinguishing features, another 
shows some maturation and has cytoplasm that resembles that 
of a platelet, while the third resembles a lymphoblast. The line­
age was confirmed by ultrastructural cytochemistry.

Smaller ones may resemble lymphoblasts and have no 

distinguishing features. Larger megakaryoblasts have a 

diffuse chromatin pattern and cytoplasmic basophilia 

varying from weak to moderately strong. Cytoplasm 

varies from scanty to moderate in amount and may 

form blebs. Megakaryoblasts are often not identifiable 

as such by cytology alone.

Fig. 3.163  Micromegakaryocyte in the 
peripheral blood film of a neonate with tran­
sient abnormal myelopoiesis of Down syn­
drome. There is also a blast cell and an NRBC.

Blood film in healthy subjects

Healthy adult
The blood film in a normal adult shows only slight vari­

ation in size and shape of red cells (see Figs 3.16 & 3.66). 

White cells that are normally present are neutrophils, 

neutrophil band forms, eosinophils, basophils, lympho­

cytes and monocytes. Metamyelocytes and myelocytes 

are rare. Megakaryocytes, usually in the form of almost 

bare nuclei, are very rare. Platelets are present in such 

numbers that the ratio of red cells to platelets is of the 

order of 10–40:1.

Pregnancy
During pregnancy, the red cells show more variation in 

size and shape than is seen in non‐pregnant women. The 

MCV also increases, being greatest around 30–35 weeks’ 

gestation. This change occurs independently of any defi­

ciency of vitamin B12 or folic acid, although there is an 

increased need for folic acid during pregnancy. The Hb 

falls, the lowest concentration being at 30–34 weeks’ ges­

tation. Although both iron and folic acid deficiency have 

an increased prevalence during pregnancy, this commonly 

observed fall in the Hb is not due to a deficiency state, and 

in fact occurs despite an increase in the total red cell mass. 

It is consequent on an even greater increase in the total 

plasma volume. The erythrocyte sedimentation rate (ESR) 

and rouleaux formation are also increased. Polychromatic 

cells are more numerous and the reticulocyte count is 

increased with peak levels of 6% at 25–30 weeks.
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The WBC, neutrophil count and monocyte count rise, 

with neutrophils commonly showing toxic granulation 

and Döhle bodies. A left shift occurs: band forms, meta­

myelocytes and myelocytes are common, and occasional 

promyelocytes and even myeloblasts may be seen. Small 

numbers of NRBC may be seen, but it should be noted 

that small numbers of NRBC of fetal origin may also be 

present in the maternal circulation [331]. The WBC and 

neutrophil count continue to rise till term. The absolute 

lymphocyte and eosinophil counts fall. On Bayer H1 

series instruments, the lobularity index (LI) and mean 

peroxidase index (MPXI) are increased.

The platelet count and platelet size do not usually 

change during normal pregnancy, but the platelet count 

may fall and the mean platelet volume (MPV) may 

rise if pregnancy is complicated by pregnancy‐associ­

ated hypertension (‘toxaemia’). Pregnancy‐associated 

thrombocytopenia of unknown mechanism occurs in 

a small proportion of women with an uncomplicated 

pregnancy. Normal ranges for haematological param­

eters during pregnancy are given in Table 5.14.

Infancy and childhood
In normal infants and children, red blood cells are hypochro­

mic and microcytic, in comparison with those of adults, and 

the MCV and mean cell haemoglobin (MCH) are lower. 

Iron deficiency is common in infancy and childhood, but 

the difference from adult norms is present even when there 

is no iron deficiency. The male–female difference in Hb, 

red blood cell count (RBC) and packed cell volume (PCV)/

haematocrit (Hct) is not present before puberty.

The lymphocyte count of children is higher than that 

of adults and the lymphocyte percentage commonly 

exceeds the neutrophil percentage (‘reversed differen­

tial’). A greater proportion of large lymphocytes is com­

monly observed and some of these may have visible 

nucleoli. Reactive changes in lymphocytes in response to 

infection and other immunological stimuli are far more 

common than in adults and even apparently completely 

healthy children may have a few ‘atypical’ lymphocytes.

Normal ranges for haematological parameters during 

infancy and childhood are given in Tables 5.10–5.13.

Neonate
The blood film of a healthy neonate may show hypo­

splenic features (see below), specifically Howell–Jolly 

bodies, acanthocytes and spherocytes. Spherocytes are, 

however, more numerous than in a hyposplenic adult. 

The WBC and the neutrophil, monocyte and lymphocyte 

counts are much higher in the neonate than in the older 

child or adult. NRBC are much more common and myelo­

cytes are not uncommon. The number of circulating meg­

akaryocytes is greater than in infants and children. The 

proportion of micromegakaryocytes is increased [332]. 

Hb, RBC and PCV are much higher than at any other time 

after birth and the resultant high viscosity of the blood 

leads to poor spreading so that the blood film appears 

‘packed’. This physiological polycythaemia also leads to 

a very low ESR. Red cell size is increased in comparison 

with that of infants, children and adults. The reticulocyte 

count is high during the first three days after birth [333].

Physiological changes in haematological variables occur 

in the first days and weeks of life. There is a rise, on aver­

age of about 60% of initial counts, in the WBC and the 

neutrophil count, with peak levels being reached at about 

12 hours after birth [334]. By 72 hours the count has 

fallen back to below that observed at birth. The lympho­

cyte count falls to its lowest level at about 72 hours and 

then rises again [334]. By the end of the first week, the 

number of neutrophils has usually fallen below the num­

ber of lymphocytes. If there has been late clamping of the 

umbilical cord there are also rises in Hb, Hct and RBC due 

to ‘autotransfusion’ from the placenta followed by reduc­

tion of plasma volume. NRBC usually disappear from the 

blood by about the fourth day in healthy term babies and, 

by the end of the first week, most of the myelocytes and 

metamyelocytes have also disappeared. Band form are 

also more numerous during the first few days of life than 

thereafter, a plateau being reached by the fifth day.

Normal ranges for the neonatal period are given in 

Tables 5.8 and 5.9.

Premature neonate
Many haematological variables in premature babies dif­

fer from those of full‐term babies (see above). Their blood 

films show greater numbers of NRBC, metamyelocytes, 

myelocytes, promyelocytes and myeloblasts. Hyposplenic 

features are much more marked than in term babies  

(Fig. 3.165) and may persist for the first few months of life. 

Premature babies often develop eosinophilia between the 

second and third weeks after birth [335].

Hyposplenism
Splenectomy in haematologically normal subjects pro­

duces characteristic abnormalities of the blood count 

and film. The same abnormalities are seen if the spleen 

is congenitally absent, suffers atrophy or extensive 

infarction, or becomes non‐functional for any reason. 
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Table 3.13  Some causes of hyposplenism.

Physiological

Neonatal period (particularly in premature babies and in those 

with intrauterine growth restriction), old age

Pathological

Congenital

Congenital absence or hypoplasia (may be hereditary [341]; may 

be associated with situs inversus and cardiac anomalies; may 

be associated with anophthalmia and agenesis of the corpus 

callosum [342]; occurs in reticular agenesis and Fanconi 

anaemia [343]; has been reported in Pearson syndrome; may 

be caused by maternal coumarin intake); associated with 

ATRX syndrome [344]

Inherited (AD) early involution of the spleen

Congenital polysplenism [345]

Acquired

Splenectomy

Splenic infarction (sickle cell anaemia, sickle cell/haemoglobin C 

disease and other sickling disorders; essential 

thrombocythaemia; polycythaemia vera; following splenic 

torsion; consequent on acute infection [346])

Splenic atrophy (associated with coeliac disease, dermatitis 

herpetiformis, ulcerative colitis [347], Crohn disease [347] and 

tropical sprue [348]; autoimmune splenic atrophy including 

that associated with autoimmune thyroid disease, systemic 

lupus erythematosus [349] and autoimmune polyglandular 

disease [350]; graft‐versus‐host disease [351]; following 

splenic irradiation [352] or Thorotrast administration [353])

Splenic infiltration or replacement (amyloidosis, sarcoidosis, 

leukaemia and lymphoma (occasionally); carcinoma [354] 

and sarcoma [355] (rarely), granulomas caused by atypical 

mycobacterial infection in AIDS [356])

Asbestos exposure (one case) [357]

Functional asplenia, e.g. caused by reticuloendothelial overload 

(early in the course of sickle cell disease and in severe haemolytic 

anaemia and immune‐complex or autoimmune disease) [358]

AD, autosomal dominant; AIDS, acquired immune deficiency syndrome

Occasionally, if the spleen is heavily infiltrated by abnor­

mal cells, features of hyposplenism are seen in the presence 

of splenomegaly. Immediately after splenectomy there is 

thrombocytosis and a marked neutrophil leucocytosis. If 

infection occurs post‐splenectomy, the neutrophilia and 

left shift are very marked. After recovery from surgery, the 

neutrophil count falls to nearly normal levels and the plate­

let count falls to high normal or somewhat elevated levels 

– platelet counts of around 500–600 × 109/l may persist. A 

lymphocytosis and a monocytosis persist indefinitely; the 

lymphocytosis is usually moderate but counts up to 10 × 

109/l are occasionally seen [336]. Characteristically large 

granular lymphocytes are increased (see Fig. 9.10); immu­

nophenotypically these are natural killer cells [337,338]. T 

and B cells may also be increased [339]. In normal subjects 

the Hb does not change post‐splenectomy but the red cell 

morphology is altered (see Figs 3.44 & 3.51). Abnormal 

features include target cells, acanthocytes, Howell–Jolly 

bodies, small numbers of Pappenheimer bodies (the pres­

ence of siderotic granules being confirmed on a stain for 

iron), occasional NRBC and small numbers of spherocytes. 

Small vacuoles may be seen in Romanowsky‐stained 

films; on interference phase‐contract microscopy these 

appear as ‘pits’ or ‘craters’ but in fact they are autophagic 

vacuoles [340]. The reticulocyte count is increased. Special 

stains show small numbers of Heinz bodies. Some large 

platelets may be noted and the MPV is higher, in relation 

to the platelet count, than in non‐splenectomised subjects.

Fig. 3.165  Blood film from a premature but healthy infant, show­
ing macrocytosis (relative to the film of an adult), a Howell–Jolly 
body in a polychromatic cell, target cells and a schistocyte.

In patients with underlying haematological dis­

orders a greater degree of abnormality is often seen 

post‐splenectomy. When there is anaemia that persists 

post‐splenectomy a marked degree of thrombocytosis is 

usual. If Heinz bodies are being formed (e.g. because of 

an unstable haemoglobin or because an oxidant drug is 

administered) large numbers are seen when the pitting 

action of the spleen is lacking. If there is erythroblast iron 

overload (e.g. in sideroblastic anaemia or in thalassaemia 

major) Pappenheimer bodies are very numerous. If the 

bone marrow is megaloblastic or dyserythropoietic, How­

ell–Jolly bodies are particularly large and numerous.

Some of the causes of hyposplenism are given in 

Table 3.13.
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Blood film evidence of hyposplenism should be delib­

erately sought when children present with pneumococ­

cal sepsis [359] or if coeliac disease is suspected.

Non‐haemopoietic cells

Non‐haemopoietic cells may appear in a blood sample 

or in a blood film made from a skin‐prick sample either 

because they are present in the circulating blood or 

because the sample has become contaminated during 

the process of obtaining it.

Endothelial cells
Endothelial cells (Figs 3.166 & 3.167) are most likely to be 

detected if blood films are made from the first drop of blood 

in a needle; this was particularly noted when needles were 

reused and were sometimes barbed [360]. Endothelial cells 

may appear singly or in clusters. They are large cells, often 

elongated, with diameters of 20–30 μm and a large amount 

of pale blue or blue‐grey cytoplasm. The nucleus is round 

to oval with a diameter of 10–15 μm and one to three light 

blue nucleoli. Nuclei may appear grooved.

Increased numbers of endothelial cells are pre­

sent in conditions with vascular injury (e.g. rickett­

sial infection, peripheral vascular disease, CMV infec­

tion, thrombotic thrombocytopenic purpura (TTP),  

sickle cell disease and following coronary angioplasty), but 

even in such circumstances they are very infrequent [361].

Virus‐infected cells, interpreted as abnormal 

endothelial cells, have been detected in films of periph­

eral blood from patients with immunodeficiency and 

Fig. 3.166  Endothelial cells obtained by scraping the vena cava 
during post‐mortem examination. Courtesy of Dr Marjorie 
Walker, Newcastle, Australia.

Fig. 3.167  Endothelial cells in a periph­
eral blood film made from a venous blood 
sample.

active CMV infection [362]. They were 50–60 μm in 

diameter with abundant basophilic cytoplasm and a 

central granular eosinophilic zone that appeared to 

displace the nucleus.

Epithelial cells
When blood is obtained by skin puncture, epithelial 

cells from the skin may occasionally be present in the 

blood film. They are large cells with a small nucleus 

and large amounts of sky‐blue featureless cytoplasm 

(Fig. 3.168a). Some are anucleate (Fig. 3.168b).
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Fig. 3.169  A clump of fat cells, likely to rep­
resent subcutaneous fat, in a blood film pre­
pared from EDTA‐anticoagulated venous 
blood (× 40 objective).

Fat cells
Occasionally, recognisable fat cells are present in a blood 

film (Fig. 3.169). It is likely that they are derived from sub­

cutaneous fat that is penetrated by the phlebotomy needle.

Mesothelial cells
Mesothelial cells have been reported in a blood film 

following multiple rib fractures [363].

Amniotic fluid cells
Amniotic fluid cells may be present if contamination 

occurs during fetal blood sampling.

Non‐haemopoietic malignant cells  
and mucin
In various small cell tumours of childhood, tumour cells 

can circulate in the blood in appreciable numbers and 

be mistaken for the lymphoblasts of acute lymphoblastic 

leukaemia. Such circulating cells have been described 

in neuroblastoma, rhabdomyosarcoma and medullo­

blastoma [364–366]. In rhabdomyosarcoma, syncytial 

masses of tumour cells have been seen [367]. Rarely, 

circulating neuroblastoma cells are associated with neu­

rofibrils [368]. Carcinoma cells can also circulate in the 

blood, but usually in such small numbers that they are 

Fig. 3.168  Epithelial cells in a peripheral blood film prepared from a drop of blood obtained by finger prick: (a) nucleated epithelial 
cell; and (b) anucleate epithelial cell.

(a) (b)
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unlikely to be noted unless special concentration proce­

dures are employed [369]. Rarely, they may be seen on 

routine blood films (Fig. 3.170). Even more rarely, a ‘leu­

kaemia’ of carcinoma cells occurs. ‘Carcinocythaemia’ 

has been most often observed in carcinoma of the lung 

and breast [370] (Fig. 3.171). Malignant cells in the 

blood may be in clusters, sometimes large enough clus­

ters to be visible macroscopically (see Fig. 3.4). Rarely, 

melanoma cells are present in large numbers in the 

circulation [371]; when they are amelanotic there is a 

potential for confusion with acute leukaemia. Circulat­

ing melanoma cells containing melanin are more readily 

identified [372] (Fig. 3.172).

Mucin has been reported within neutrophils or free 

in blood films in adenocarcinoma [7] and in Wilms 

tumour [373]. Free mucin can be stained with alcian 

blue, this being largely abolished by treatment with 

hyaluronidase [374].

In patients with advanced Hodgkin lymphoma 

small numbers of Reed–Sternberg cells and mono­

nuclear Hodgkin cells have rarely been reported in 

the blood [375]. Even more rarely abnormal cells 

may be present in such numbers as to constitute a 

Reed–Sternberg cell leukaemia. In one such patient 

the total WBC was 140 × 109/l with 92% malignant 

cells [376]. These included typical Reed–Sternberg 

Fig. 3.170  Malignant cells in the routine 
peripheral blood film of a patient subse­
quently found to have widespread meta­
static adenocarcinoma.

Fig. 3.171  Malignant cells in the peripheral 
blood of a patient with a past history of car­
cinoma of the breast, subsequently found 
to have widespread metastatic disease.
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cells (giant cells with a diameter of 12–40 μm with 

mirror‐image nuclei and giant nucleoli) and multi­

nucleated and mononuclear Hodgkin cells, also with 

giant nucleoli. However, it should be noted that there 

are no recent reports of circulating Reed–Sternberg 

or Hodgkin cells, even in patients with HIV infection 

who often present with widespread disease; descrip­

tions of such cells pre‐date the availability of immu­

nophenotyping techniques.

Micro‐organisms in blood films

In patients with bacterial, fungal or parasitic infections, 

micro‐organisms may be observed free between cells or 

within red cells, neutrophils or monocytes. They are vis­

ible on an MGG‐stained film but special stains aid in 

their identification. The only micro‐organisms that are 

observed fairly frequently are malaria parasites, but the 

fortuitous observation of other micro‐organisms in a 

blood film can also be diagnostically useful, leading to 

earlier diagnosis and treatment.

Bacteria
In louse‐ and tick‐borne relapsing fevers the causa­

tive spirochetes, e.g. Borrelia recurrentis, Borrelia duttoni, 

Borrelia turicata, Borrelia parkeri or Borrelia hermsii, are 

observed free between cells (Fig. 3.173). Organisms 

can be detected in the peripheral blood film in 70% of 

cases of tick‐borne relapsing fever [377]. When Borrelia 

species are being sought a thick film is useful.

It is quite uncommon for bacteria other than Bor­

relia to be noted in routine blood films. When present 

they are most often observed within neutrophils or, 

occasionally, free between cells. When they are being 

deliberately sought a buffy coat preparation makes 

detection more likely. Bacteria are most often seen in 

hyposplenic or immunosuppressed subjects and in 

those with indwelling intravenous lines or overwhelm­

ing infections. Bacteria that have been observed within 

neutrophils in routine peripheral blood films include 

streptococci, staphylococci, Streptococcus pneumoniae 

Fig. 3.172  Melanoma cell containing melanin in a buffy coat 
film from a patient with metastatic malignant melanoma and a 
leucoerythroblastic anaemia; the bone marrow was among the 
infiltrated tissues. By courtesy of Dr John Luckit and the late 
Dr David Swirsky.

Fig. 3.173  Borrelia species in the peripheral 
blood of a febrile North African child.
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(pneumococcus), Neisseria meningitides (meningococcus; 

Fig. 3.174), Clostridium perfringens (previously known as 

Clostridium welchii), Yersinia pestis, Bacteroides distasonis 

[378], corynebacterium species [378], Capnocytophaga 

canimorsus (Fig. 3.175) [379], Escherichia coli [380], Kleb-

siella pneumoniae [380], Klebsiella oxytoca [381], Pseu-

domonas aeruginosa [382], Legionella pneumophila [383] 

and Citrobacter koseri [384].

Fig. 3.174  A neutrophil containing diplococci from a patient 
with fatal Neisseria meningitidis septicaemia.

Fig. 3.175  Blood film from a patient who had been bitten by a dog showing Capnocytophaga canimorsus: (a) May–Grünwald–Giemsa 
(MGG) stain; (b) Gram stain. By courtesy of the late Dr Alan Mills.

(a) (b)

In bartonellosis or Oroya fever (Fig. 3.176), a disease 

confined to South America, the causative organism, a 

flagellated bacillus, is present on the surface of red cells 

and infection leads to spherocytosis and haemolytic anae­

mia. The organism, Bartonella bacilliformis, stains deep red 

or purple on an MGG stain [385]. Bartonella quintana, the 

causative organism of trench fever, has been detected in 

peripheral blood erythrocytes by immunofluorescence 

[386], so it seems possible that the bacilli could be detected 

in an MGG‐stained film. Haemotropic bacilli, Tropheryma 

whipplei (previously Tropheryma whippelii), have also been 

reported in Whipple disease in hyposplenic subjects (Fig. 

3.177) and have been recognised as PAS‐positive inclusions 

in the monocytes of another patient [387]. Intraeryth­

rocytic grahamella species have been reported in three 

Eastern European patients [388]. Rod‐shaped structures, 

apparently associated with red cells and suspected of being 

bacterial in nature, have been reported in some patients 

with thrombotic thrombocytopenic purpura [389].

Micro‐organisms are occasionally seen in monocytes 

and even in lymphocytes and platelets. Tropheryma whip-

plei has been detected in monocytes by means of immu­

nocytochemical staining of a buffy coat preparation [390]. 

In HIV infection, the observation of rod‐shaped negative 

images within monocytes or neutrophils suggests Myco-

bacterium avium intracellulare infection [391]. Ehrlichia and 

anaplasma may be detected in neutrophils, monocytes 

and, occasionally, lymphocytes. They may appear as small 



150      Chapter 3

Fig. 3.176  Blood film showing multiple small 
rod‐shaped bacilli associated with eryth­
rocytes in a patient with bartonellosis. There 
is also a red cell containing a Howell–Jolly 
body. Courtesy of the late Dr David Swirsky 
and the late Professor Sir John Dacie.

Fig. 3.177  Blood film from a hyposplenic 
patient with Whipple disease showing a red 
cell fragment, a red cell containing a How­
ell–Jolly body and several red cells with 
which are associated numerous delicate 
rod‐shaped bacilli. Wright’s stain. Courtesy 
of Dr B. J. Patterson, Toronto.

single organisms or as morulae containing a number of 

elemental bodies (Fig. 3.178). In human granulocytic ana­

plasmosis (previously known as human granulocytic ehrli­

chiosis), caused by Anaplasma phagocytophilum (previously 

known as Ehrlichia phagocytophila and Ehrlichia equi), the 

organisms are in granulocytes [392]. Ehrlichia ewingii, an 

organism closely related to Ehrlichia canis, also infects man 

and is associated with morulae in granulocytes [392,393]. 

Human monocytic ehrlichiosis, caused by Ehrlichia chaf-

feensis, has organisms mainly in monocytes but occasion­

ally in lymphocytes (which may be atypical) or neutro­

phils [394,395]. Ehrlichia or anaplasma are more often 

seen in peripheral blood leucocytes in human granulo­

cytic anaplasmosis than in human monocytic ehrlichiosis. 

Cases of ehrlichiosis and anaplasmosis have mainly been 

described in the USA but the disease also occurs in Europe 

[396]. Anaplasma have been described in the neutrophils 

of a neonate with transplacentally acquired human granu­

locytic anaplasmosis [397]. In Venezuela there is a species 

of Ehrlichia that appears predominantly in platelets, which 

has been detected in individuals who have had close con­

tact with dogs [398]; one clinically affected patient has 

been described [399].

Bacteria in peripheral blood films may have char­

acteristic features that give a clue to their identity. 

They can be identified as cocci or bacilli and, follow­

ing a Gram stain, as Gram negative or Gram positive. 

Spore formation by clostridia has been observed [400]. 

The plague bacillus, Yersinia pestis (Fig. 3.179), is found 

extracellularly and may be bipolar in a Romanowsky 

stain [401]. Ehrlichia and anaplasma are distinctive (see 

above). Bacteria that have colonised indwelling venous 
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Fig. 3.178  Blood of a patient with human granulocytic anaplas­
mosis showing the morular form of the organism within a neu­
trophil. By courtesy of Dr Vandita Johari, Minneapolis.

Fig. 3.179  Blood film from a patient with plague showing the 
bipolar bacilli of Yersinia pestis. By courtesy of the American 
Society of Hematology Slide Bank.

lines despite antibiotic therapy may be morphologically 

abnormal, appearing filamentous as a consequence of 

failure of septation (Fig. 3.180 & 3.181) [381].

The finding of bacteria in a blood film is usually 

highly significant. The exception is with cord blood 

samples, which are often collected in circumstances in 

which bacterial contamination is likely; if they are left 

at room temperature and delay occurs in delivery to the 

laboratory it is not uncommon to see bacteria in stained 

films.

Fungi
Fungi have also been observed in peripheral blood 

films, particularly in patients with indwelling central 

venous lines who are also neutropenic or have defective 

immunity. They may be observed free or within neu­

trophils or monocytes. Fungi that have been observed 

in neutrophils include Candida albicans, Candida parap-

silosis [402] (Fig. 3.182), Candida glabrata, Candida tropi-

calis [403], Candida krusei [403], Candida guilliermondii 

[403], Hansenula anomala [404], Histoplasma capsulatum 

(Figs 3.183 & 3.184), Cryptococcus neoformans [405], 

Penicillium marneffei (Fig. 3.185) [406] and Rhodotorula 

glutinis [403], and in monocytes Histoplasma capsula-

tum and Penicillium marneffei [406]. Malassezia furfur has 

been observed extracellularly [407] and within neutro­

phils [408], characteristically in patients on intravenous 

lipid supplementation. Rhodotorula rubra has also been 

observed in blood films [403]. In Candida albicans infec­

tion, both yeast forms and pseudo‐hyphae have been 

observed [409]. In febrile neutropenic patients a search 

(a)

Fig. 3.180  Klebsiella oxytoca in a film of blood 
obtained from an indwelling venous line, 
showing failure of septation: (a) MGG stain. 
Continued p. 152
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Fig. 3.181  Blood film of a patient with AML 
who developed Escherichiae coli infection. 
The patient was receiving prophylactic anti­
fungal agents and it is postulated that this 
is the reason for the failure of the bacilli to 
separate from each other. By courtesy of Dr 
Catherine Bagot, Glasgow.

(b)

Fig. 3.180  Continued (b) Gram stain. Cour­
tesy of Dr Carol Barton and Mr J. Kitaruth, 
Reading.

of the peripheral blood film can confirm a diagnosis of 

systemic fungal infection some days in advance of posi­

tive cultures in a significant proportion of patients [404].

Parasites
Some parasites, such as malaria parasites and babesiae, 

are predominantly blood parasites, while others, such as 

filariae, have part of their life cycle in the blood. Parasites 

that may be detected in the blood film are listed with their 

geographical distribution in Tables 3.14 and 3.15.

Malaria
Although malaria parasites may be detected in MGG‐

stained blood films, their detection and identification are 

facilitated by Leishman or Giemsa staining at a higher pH. A 

thick film is preferable for detection of parasites and a thin 

film for identification of the species. A thick film should 

be examined for at least 5–10 minutes (200 high power 

fields) before being considered negative. If only a thin film 

is available it should not be considered negative until it 

has been examined for 20–40 minutes or until 200 high 

power fields or the whole blood film have been examined. 

UK guidelines require all malaria films to be examined by 

two observers. Partially immune subjects are particularly 

likely to have a low parasite count so that a prolonged 

search may be required for parasite detection. Experi­

enced observers may prefer to scan using a ×50 objective 

but otherwise a ×100 objective should be used. In patients 
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Fig. 3.183  A band neutrophil in a buffy coat film showing three 
Histoplasma capsulatum. By courtesy of Dr Sian Lewis, Oxford.

Fig. 3.184  Methenamine silver stain of Histoplasma capsulatum in 
the peripheral blood. Courtesy of Dr Hector Musa, Minneapolis.

Fig. 3.182  Candida parapsilosis in a peripheral blood film: (a) within neutrophils; and (b) free between red cells. Several organisms are 
budding. Courtesy of Dr Bipin Vadher and Dr Marilyn Treacy, London.

(a) (b)

with a strong suspicion of malaria whose initial films are 

negative, repeated blood examinations may be needed. 

Plasmodium falciparum is associated with the highest para­

site counts with sometimes 10–40% of red cells being para­

sitised; paradoxically, patients may be seriously ill with no 

parasites being detectable on initial blood examination. 

This is the result of parasitised red cells being sequestered in 

tissues. When P. falciparum is detected, a count of the pro­

portion of cells that are parasitised should be made to allow 

monitoring during therapy, gametocytes being excluded 

from this count; a Miller graticule, as used for reticulocyte 

counts, facilitates this. A parasite count of more than 2% 

in an area of low transmission, or of more than 5% in an 

area of high and stable transmission, is indicative of severe 

malaria [413]. Alternatively, parasites can be counted in 

a thick film, their numbers being related to the number 

of leucocytes, to produce an absolute count. A failure of 

the parasite count to fall indicates a drug‐resistant para­

site. Exchange transfusion or erythrocytapheresis may be 

considered when the parasite count is very high, e.g. rec­

ommended by the US Centers for Disease Control when 

the proportion of parasitised cells is more than 10% [414]. 

Other haematological features indicative of severe malaria 

are an Hb of less than 50 g/l and haemoglobinuria [414].
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Table 3.15  Nematode (family filariidae) parasites that may be detected in blood films.

Parasite Disease or common name Usual distribution

Wuchereria bancrofti Filariasis – end stage may be elephantiasis Widespread in tropics and sub‐tropics, particularly Asia, 

Polynesia, New Guinea, Africa and Central and South America

Brugia malayi Filariasis – end stage may be elephantiasis India, South‐East Asia, China, Japan

Loa loa Eye worm or Calabar swellings African equatorial rainforest and its fringes

Mansonella perstans Persistent filariasis, usually non‐pathogenic Tropical Africa, Central and South America

Mansonella ozzardi Ozzard’s filariasis, usually non‐pathogenic Central and South America, West Indies

Onchocerca volvulus Onchocerciasis (river blindness) Central and West Africa and Sudan, Central America

Table 3.14  Protozoan parasites that may be detected in blood films.

Parasite Disease or common name Usual distribution

Sporozoans
Plasmodium falciparum Malignant tertian malaria Widespread in tropics and sub‐tropics, particularly in Africa

Plasmodium vivax Benign tertian malaria Widespread in tropics and occurs also in some temperate zones; 

quite uncommon in West and Central Africa

Plasmodium malariae Quartan malaria Scattered in the tropics

Plasmodium ovale Benign tertian malaria Tropical West Africa; scattered foci elsewhere including tropical 

Asia, New Guinea and the Western Pacific

Plasmodium knowlesi Malaysian Borneo [410], peninsular Malaysia [411] and as far  

north as Burma; the Philippines, Singapore

Babesia microti Babesiosis North‐Eastern coastal USA, West Coast and Mid‐West

Babesia equi Babesiosis California

Babesia divergens Babesiosis Europe

Toxoplasma gondii [412] Toxoplasmosis

Haemoflagellates

Trypanosoma brucei rhodesiense Sleeping sickness East Africa

Trypanosoma brucei gambiense Sleeping sickness Tropical West and Central Africa

Trypanosoma cruzi South American trypanosomiasis 

or Chagas disease

Wide area of Central and South America

Trypanosoma rangeli Non‐pathogenic Central and South America

Leishmania donovani Visceral leishmaniasis or kala–azar India, China, Central Asia, Central and Northern Africa, Portugal, 

the Mediterranean littoral, Central and South America

Fig. 3.185  Penicillium marneffei in the periph­
eral blood of a patient with AIDS. Courtesy 
of Dr K.F. Wong, Hong Kong.
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Useful features in distinguishing between the four major 

species are summarised in Fig. 3.186 and illustrated in  

Figs 3.187–3.191. Plasmodium ovale has recently been 

identified by molecular genetic analysis as two distinct 

species, Plasmodium ovale curtisi and Plasmodium ovale 

wallikeri, but these are morphologically indistinguish­

able [415]. The four major species are found in tropical 

and subtropical zones. Plasmodium vivax is particularly 

common in India, Sri Lanka and the Far East. Plas-

modium ovale is prevalent in Africa, particularly West 

Africa, but also in the Philippines. In addition to these 

four species, human infection with the simian parasite, 

Plasmodium knowlesi, which was initially described in 

Malaysian Borneo (Sabah and Sarawak) and Indonesian 

Borneo, was later found to have extended to peninsular 

Malaysia and subsequently to Thailand, Vietnam, the 

Philippines, Singapore and Myanmar [410,416–420]. 

Morphologically this parasite can be difficult or imposs­

ible to distinguish from Plasmodium malariae and misi­

dentification as P. falciparum also occurs. There may be 

small and medium‐sized ring trophozoites, sometimes 

accolé forms, rings forms with the nucleus within the 

ring, double chromatin dots, compact band forms, ame­

boid trophozoites, schizonts (containing up to 16 mero­

zoites) and, in some patients, gametocytes [421,422] 

(Fig. 3.191); mature parasites contain golden brown or 

dark brown pigment [421] and neutrophils may contain 

haemozoin [419]. Infection is asynchronous, multiple 

stages of the parasite generally being present. Red cells 

may contain multiple parasites, are not enlarged and 

may show fine dots (but fewer than in P. vivax or P. ovale 

infection) [421]. Associated thrombocytopenia is very 

common. Plasmodium knowlesi rather than Plasmodium 

malariae should be suspected in an infection acquired 

in Malaysia and particularly if there is a high parasite 

count and a seriously ill patient [416]. Molecular analy­

sis is required for confirmation of the diagnosis (see 

below).

Specimens requiring examination for malaria para­

sites should be dealt with promptly, since storage can 

result in artefactual changes in the parasites and make 

determining the species more difficult. In P. vivax infec­

tion, mature schizonts may develop in vitro with rein­

vasion of red cells by merozoites; these may remain at 

the margin of the red cells, leading to possible confusion 

with accolé forms of P. falciparum. P. falciparum gameto­

cytes can become rounded, leading to confusion with P. 

malariae. Male gametocytes can exflagellate on storage. 

The percentage parasitaemia should be estimated for P. 

knowlesi as well as for P. falciparum infection. In P. knowlesi 

infection, 1% or more parasitaemia and a platelet count 

of 45 × 109/l or less are indicative of severe disease [419].

Associated abnormalities that may be noted in the films 

of patients with malaria are anaemia (the reticulocyte 

count being inappropriately low), thrombocytopenia, 

lymphopenia, lymphocytosis or atypical lymphocytes, 

eosinopenia (and suppression of pre‐existing eosino­

philia), early neutrophilia (with P. falciparum), neutro­

penia, monocytosis, occasionally phagocytosed mero­

zoites and sometimes schizonts within neutrophils in P. 

falciparum infection with high parasitaemia [423,424], 

phagocytosis of parasitised and non‐parasitised red cells 

by monocytes and malaria pigment (in monocytes and 

occasionally in neutrophils). Leucocytosis, neutrophilia, 

lymphocytosis and monocytosis correlate with severity 

of malaria [424]. In multivariate analysis leucocytosis, 

lymphocytosis and monocytopenia correlate with a 

higher rate of death [424]. Malaria pigment in mono­

cytes is indicative of more chronic malaria than pigment 

in neutrophils and correlates with more severe disease 

and with mortality [425]. Thrombocytopenia can be a 

diagnostically useful feature, alerting the laboratory or 

the clinician to the likelihood of malaria. In one study 

of children presenting to an Accident and Emergency 

Department in London, one‐quarter of patients with a 

platelet count of less than 150 × 109/l were found to 

have malaria [426]; thrombocytopenia was seen in 

association with both falciparum and vivax malaria and 

is characteristic of human P. knowlesi infection [416]. 

A study in India confirmed that a platelet count of less 

than 150 × 109/l was common in both vivax and fal­

ciparum malaria, as was a leucocyte count less than  

4 × 109/l; the MPV was sometimes elevated [427]. Mal­

aria pigment in leucocytes is mainly associated with P. 

falciparum malaria. The pigment is haemozoin, a degra­

dation product of haemoglobin. It can be visualised 

readily in stained or unstained films and is birefrin­

gent when polarised light is used [428]. The pigment is 

released into the plasma during schizogony [423] and is 

then phagocytosed. The percentage of leucocytes con­

taining pigment therefore reflects the sequestered para­

site burden and has been found to be of prognostic sig­

nificance [423]. Monocytes containing malaria pigment 

can often be found in the blood for many days after 

parasitised red cells have disappeared; this can be use­

ful in making a retrospective diagnosis of malaria [429].
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Fig. 3.186  Features that are useful in distinguishing between the different species of malaria parasites. Continued p. 157

(a)

Red cells much enlarged, 
irregular and pale with �ne 
red stippling (Schüffner's dots);
usually low or moderate
parasitaemia; all stages of
life cycle often present;
sometimes multiple
parasites per cell

Red cells enlarged but not
as much as with P. vivax;
cells pale and some are oval
or pear-shaped; some are
ragged (�mbriated) at one
or both ends; �ne to coarse
red stippling (Schüffner's
dots or James’s dots; more
than one parasite per cell is very
unusual); low parasitaemia;
often fewer stages present
than with P. vivax  

Cells not enlarged; staining
characteristics usually
unaltered but sometimes
there are some pale cells;
sometimes multiple parasites 
per cell and heavy parasitaemia
(10–40% of cells); often
only ring forms are present

Cells not enlarged, sometimes
contracted; staining
characteristics not altered;
lowest degree of
parasitaemia; multiple
parasites per cell rare;
no stippling unless
overstained; all stages usually
present

Thick, compact rings, 1/3–1/2 
the diameter of the red cell

Numerous Schüffner's dots
but paler than with P. vivax 

Delicate rings, 1/6–1/4 the 
diameter of the red cell

Double dots and accolé
forms common 

Small, thick, compact rings
Small chromatin dot which 
may be inside the ring

Double dots and accolé
forms rare

Thick rings, less irregular than
those of P. vivax, 1/3–1/2 
the diameter of the red cell

Less prominent 
vacuole, distinct outline
Yellowish-brown pigment
which is coarser and darker 
than that of P. vivax
Schüffner's dots prominent

Fairly delicate rings, 1/3–1/2 the 
diameter of the red cell

Red-mauve stippling (Maurer's
dots or clefts) may be present
Mature trophozoites are less
often present in peripheral
blood than ring forms
Cytoplasm may be vacuolated 

Ameboid form more compact
than P. vivax
Sometimes angular or band
forms

Heavy, dark yellow-brown
pigment
No stippling unless overstained

Thick rings, 1/3–1/2 the
diameter of the red cell

A few Schüffner's dots
Accolé (shoulder) forms and
double dots less common
than with P. falciparum

Ameboid rings, 1/2–2/3 the
diameter of the red cell
Pale blue or lilac parasite
with prominent central valuole

Indistinct outline
Scattered �ne yellowish-
brown pigment granules
or rods

General features and
changes in red cells

Early trophozoite
(ring form)

Mature trophozoite
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(b)

Rounded or irregular
Ameboid
Loose central mass of
�ne yellowish-brown
pigment

Round, compact
Darkish brown pigment,
heavier and coarser than
that of P. vivax 

Schizont almost �lls cell
Schüffner's dots

Schüffner's dots

Not usually seen in blood

Very small, ameboid
Scattered light brown to
black pigment

Compact, round, �lls
red cell

Coarse dark yellow-brown
pigment

12–24 (usually 16–24)
medium-sized merozoites
1–2 clumps of peripheral
pigment

6–12 (usually 8) large
merozoites arranged 
irregularly like a bunch
of grapes

Schizont almost �lls cell
Schüffner's dots

Central pigment
Schüffner's dots

Not usually seen in blood

8–32 (usually few) very
small merozoites; grouped
irregularly
Peripheral clump of
coarse dark brown pigment

6–12 (usually 8–10) large 
merozoites, arranged
symmetrically, often in a
rosette or daisy head
formation

Central coarse dark 
yellowish-brown pigment

Round or ovoid, almost
�lls enlarged cell
Blue cytoplasm

Similar to P. vivax but
somewhat smaller

Eccentric compact red
nucleus
Scattered pigment

Pigment coarser and
blacker, scattered but 
mainly near the periphery

Sickle or crescent shaped
Deforms cell which often
appears empty of
haemoglobin

Blue cytoplasm
Compact central nucleus
with pigment aggregated
around it

Similar to P. vivax but
smaller, round or oval,
almost �lls cell, blue
with a dark nucleus

Prominent pigment
concentrated at centre
and periphery

Round or ovoid, as large
as a normal red cell but
does not �ll the enlarged
red cell

Similar to P. vivax but
smaller

Faintly staining
Larger, lighter red central
or eccentric nucleus
Fine, scattered pigment

Oval or crescentic with
blunted ends
Pale blue or pink

Similar to P. vivax but
smaller, pink or paler blue
than macrogametocyte
with a larger, paler nucleus

Prominent pigment

Large pale nucleus with
pigment more scattered
than in macrogametocyte

Late schizontEarly schizont
MicrogametocyteMacrogametocyte

Gametocyte

(b)

Fig. 3.186  Continued



Fig. 3.187  Stages in the life cycle of Plasmodium vivax shown in Giemsa‐stained peripheral blood thick (a) and thin (b–h) films: 
(a) two ring forms within red cell ghosts; (b) a ring form and an ameboid trophozoite – both the parasitised cells are enlarged 
and decolorised and contain faint Schüffner’s dots; (c) a ring form and an early schizont containing two chromatin masses – both 
parasitised cells are decolorised and contain faint Schüffner’s dots; (d) a microgametocyte – the pigment is fine and scattered and 
the parasite does not completely fill the cell; (e) a microgametocyte – the pigment is fine and scattered and the parasite completely 
fills the cell and is larger than the nonparasitised red cells; (f) exflagellation of microgametes from a gametocyte – this stage of the 
parasite life cycle usually occurs in the stomach of the mosquito. Continued p. 159

(a) (b)

(c)

(e)

(d)

(f)
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Fig. 3.188  Stages in the life cycle of Plasmodium ovale in Giemsa‐stained thin films: (a) a late trophozoite in an enlarged, decolorised 
and oval red cell that has a fimbriated end – pigment is coarser and darker than in Plasmodium vivax, the parasite is more compact and 
Schüffner’s dots are more prominent; (b) a schizont containing eight merozoites – coarse pigment is clustered centrally.

Fig. 3.187  Continued (g) microgametes – this stage of the parasite life cycle usually occurs in the stomach of the mosquito; (h) micro­
gametes clustered around three macrogametes – it appears that one microgamete has fertilised a macrogamete since its nucleus 
appears to have penetrated the macrogamete – this stage of the parasite life cycle usually occurs in the stomach of the mosquito; (i) 
ookinete – this stage of the malaria parasite life cycle usually occurs in the stomach of the mosquito and is very rarely seen in the 
peripheral blood of man. By courtesy of Dr Wendi Bailey, Liverpool.

(i)

(h) (g)

(a) (b)



(a) (b)

Fig. 3.189  Stages in the life cycle of Plas-
modium falciparum in Giemsa‐stained thin 
films; the cells are not enlarged or decolor­
ised: (a) ring forms and one late trophozo­
ite; (b) ring forms with prominent Maurer’s 
clefts; (c) ring forms and early and late schi­
zonts (schizonts are not commonly seen in 
the peripheral blood); (d) ring forms and an 
early gametocyte that has not yet assumed 
its banana shape; (e) a macrogametocyte – 
the parasite is sickle‐shaped with a compact 
nucleus and pigment clustered centrally; (f) 
a microgametocyte that is broader and less 
curved than the macrogametocyte with a 
more diffuse nucleus and less concentrated 
pigment.(c)

(d) (f)(e)
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(a) (b)

(c) (d)

Fig. 3.190  Stages in the life cycle of Plasmodium malariae in Giemsa‐stained thin films; red cells are not enlarged or decolorised:  
(a) early ring forms that are small but less delicate than those of Plasmodium falciparum – one parasite has a chromatin dot within 
the ring; (b) ameboid trophozoite with coarse dark‐brown pigment; (c) band trophozoite; (d) schizont with about seven merozoites 
in a daisy‐head arrangement with central coarse brown pigment; (e) schizont with merozoites grouped around the centrally placed 
pigment; (f) a gametocyte and a reactive lymphocyte.

(e) (f)



Fig. 3.191  Stages in the life cycle of Plasmo-
dium knowlesi in Giemsa‐stained thin films: 
(a) early ring forms – the erythrocytes are 
neither enlarged nor decolorised and con­
fusion with P. falciparum could occur; (b) 
band forms – confusion with P. malariae could 
occur; (c) developing trophozoites; (d) fur­
ther examples of developing trophozoites; 
(e) heavy parasitaemia with double‐infected  
erythrocytes. Continued p. 163 

(c) (d)

(e)

(b)(a)
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(f)

Fig. 3.191  Continued (f) heavy parasitaemia with double‐ and triple‐infected erythrocytes; (g) a ring form and a ruptured schizont 
containing 10 merozoites and pigment; (h) a ring form and a ruptured schizont composed of 8 merozoites with pigment. By courtesy 
of Dr Janet Cox‐Singh, St Andrews.

(g) (h)

The histograms or scatter plots of automated full 

blood counters may be abnormal in the presence of 

malaria parasites. This has been noted with various 

Coulter, Sysmex, Cell‐Dyn and Mindray instruments  

(see Chapter 2). Malaria parasites can cause pseusoe­

osinophilia with Sysmex instruments because of the 

depolarisation of light by haemozoin.



164      Chapter 3

Other tests
Malaria can be diagnosed immunologically using 

commercially available strips for immunochroma­

tographic detection of either a P. falciparum antigen, 

histidine‐rich protein‐2, parasitic lactate dehydroge­

nase (pLDH) [430] or parasitic aldolase [431]. Parasitic 

LDH can be species‐specific (identifying P. falciparum 

or P. vivax) or pan‐specific [432]. Parasitic aldolase is 

pan‐specific [432]. The strips for detection of pLDH are 

sensitive and specific for the detection of P. falciparum 

and are sensitive for the detection of P. vivax; how­

ever, only around half of cases of P. ovale or P. malariae 

infection are detected [433] and around three‐quar­

ters of P. knowlesi infections [431]. Only a quarter of 

P. knowlesi infections are detected using an aldoses 

test [431]. Tests for histidine‐rich protein‐2 remain 

positive for some time after an acute infection, whereas 

positivity for pLDH correlates with the presence of 

viable organisms and may give a clue to a drug‐resist­

ant infection. False positive tests may be observed in 

patients with rheumatoid arthritis with kits for detec­

tion of histidine‐rich protein‐2 and pLDH [434]. A 

large number of rapid diagnosis kits are commercially 

available. Individual kits have been assessed by the 

World Health Organization: http://www.wpro.who 

.int/sites/rdt and www.finddiagnostics.org/resource‐ 

centre/reports_brochures/malaria‐diagnostic‐test‐

report.html

P. knowlesi infection can be diagnosed by a nested pol­

ymerase chain reaction [416].

Babesiosis
Babesiosis is an uncommon tick‐borne parasitic 

disease [435], which can easily be confused with 

malaria. Babesia microti is endemic in southern New 

England, southern New York state, Wisconsin and 

Minnesota. Healthy immunologically normal adults 

usually are asymptomatic [436]. Infection may per­

sist for months or even years [436]. Babesia duncani 

occurs on the west coast of the USA [437]. Babesia 

divergens infection occurs sporadically in the USA 

[438] and in Europe (including Ireland) and Asia. 

About 30 human cases have been described in 

Europe, more than three‐quarters of them in hypo­

splenic patients [439], but it is likely that milder 

disease in individuals with functioning spleens is 

going undetected [440]. Babesia bovis infection also 

occurs in Europe [441]. The trophozoites of babe­

sia species are small rings, similar to those of P. fal-

ciparum, 1–5 μm in diameter with one, two or three 

chromatin dots and scanty cytoplasm. Sometimes 

they are pyriform (pear‐shaped) and either paired 

(Fig. 3.192a) or have the pointed ends of four para­

sites being in contact to give a Maltese cross for­

mation (Fig. 3.192b). Extracellular parasites are 

sometimes seen [442] and may form clusters [441]. 

Babesia microti and Babesia duncani are associated with 

Maltese cross and pleomorphic ring forms, the latter 

with small to large cytoplasmic vacuoles [430,437]. 

Babesia divergens and Babesia venatorum typically have 

Fig. 3.192  Blood film from a splenectomised monkey parasitised by Babesia microti: (a) a single ring form and a pair of pyriform parasites; 
(b) a single ring form and four pyriform parasites in a tetrad or Maltese cross formation. By courtesy of Mr John Williams, London.

(a) (b)
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paired pyriform merozoites and rarely tetrads [430]. 

In Babesia divergens infection, the pyriform pairs are 

usually at the periphery of the erythrocyte [430]. The 

presence of multiple ring forms, up to four per cell, 

is said to be diagnostic of babesiosis [443]. The ring 

forms of Babesia species may be even smaller than 

those of P. falciparum (Fig. 3.193); this and the vacu­

olation of the parasite, the pleomorphism of the ring 

forms, the presence of extracellular trophozoites and 

the absence of haemozoin (‘malaria pigment’) can 

help in making the distinction. Babesiosis occurs 

particularly but not exclusively in hyposplenic sub­

jects in whom 25% or more of cells may be para­

sitised. In those with a functioning spleen the level of 

parasitaemia is usually low, but in HIV‐positive and 

immunosuppressed patients more severe infection 

occurs [442]. The method of detection is by thick and 

thin film examination, as for malaria. There is often 

associated thrombocytopenia and sometimes neutro­

penia [436].

Other tests
Babesiosis can be diagnosed serologically (although 

cross‐reactivity with malaria can occur) and by a poly­

merase chain reaction (PCR) [442].

Toxoplasmosis
Rarely Toxoplasma gondii has been identified in the 

peripheral blood in patients with toxoplasmosis and 

underlying immune deficiency [444,445]. Organisms 

may be extracellular or within neutrophils [445].

Infection by haemoflagellates
The morphological features of haemoflagellates that 

may be found in the peripheral blood are summar­

ised in Fig. 3.194. Trypanosomes may be detected in 

the peripheral blood as motile, extracellular para­

sites [446]. They have a slender body and move by 

means of a flagellum extending from the kinetoplast 

at the rear end of the parasite to the front end where 

the flagellum is free (Figs 3.195 & 3.196); the flagel­

lum is joined to the body by an undulating mem­

brane. The parasite may be seen moving in a wet 

preparation when a drop of anticoagulated blood is 

placed on a slide, beneath a coverslip, for microscopic 

examination. They may also be detected in fixed 

preparations such as thick or thin films or buffy coat 

films. Scanty parasites are more readily detected by 

examining the sediment of 10–20 ml of haemolysed 

blood. Trypanosoma brucei rhodesiense and Trypanosoma 

brucei gambiense (see Fig. 3.193) are morphologically 

identical but their geographical distributions dif­

fer (see Table 3.14). Examination of the peripheral 

blood is more likely to be useful in the case of T. brucei 

rhodesiense. Concentration techniques may be needed 

with T. brucei gambiense, or parasites may be unde­

tectable in the blood, lymph node puncture being 

required for diagnosis. Patients with trypanosomiasis 

Fig. 3.193  Blood film from a hyposplenic 
patient with babesiosis caused by Babesia 
divergens, showing numerous parasites 
including a Maltese cross formation and 
paired pyriform parasites. By courtesy of Mr 
C. Murphy, Cork.
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Trypanosoma rhodesiense
and Trypanosoma gambiense

The two species are morphologically
identical; extracellular; 8–30 μm in 
length; polymorphic – ranging from 
long and slender with a free �agellum 
to short and blunt with an abbreviated 
�agellum; serpentine; small kinetoplast; 
�agellated pointed front end; 
blunt back end

Trypanosoma cruzi

Extracellular; 20–25 μm in length; 
more uniform in morphology than
the African species with a larger
kinetoplast and less convolution of
the undulating membrane; S- or
U-shaped; sometimes sharp at
both ends

Trypanosoma rangeli

Extracellular; longer and thinner than
T. cruzi with a smaller kinetoplast and
more convolution of the undulating
membrane; nucleus somewhat anterior
whereas that of T. cruzi is central

Leishmania donovani

Parasite within monocytes; fairly
uniform in size; approximately
2–6 x 1–3 μm; contains a nucleus 
and a rod-shaped kinetoplast

Intracellular
leishmaniae

Monocyte

Large 
kinetoplast

Red blood
cells

Kinetoplast

Undulating
membrane
Nucleus

Flagellum

Long slender
form

Short
stubby
form

Fig. 3.194  Summary of the morphological features of haemoflagellates.
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Fig. 3.195  Trypanosoma brucei gambiense; the parasites are ser­
pentine with a small kinetoplast (× 40 objective).

Fig. 3.196  Trypanosoma cruzi; the parasite is curved but not usu­
ally serpentine and has a large kinetoplast (× 40 objective).

often have a normocytic normochromic anaemia and 

thrombocytopenia [447].

Trypanosoma evansi, a parasite of domesticated 

mammals, has been reported in man in India, in a 

patient with a genetic susceptibility [448].

Trypanosoma cruzi (see Fig. 3.196), the causative agent 

of Chagas disease, differs morphologically from the Afri­

can parasites. It is rarely detected by direct examination 

of the blood, concentration procedures usually being 

required. Its distribution is manly in Latin America and 

in the southern USA, but it may occur in non‐endemic 

areas, e.g. Spain and elsewhere in the USA, as a result 

of migration. Examining a wet preparation of buffy 

coat for motile parasites can be useful. T. cruzi can be 

distinguished on morphological grounds from the non‐

pathogenic Trypanosoma rangeli, which has a similar geo­

graphical distribution (see Fig. 3.169). Lymphocytosis 

and mild anaemia may be observed in the acute phase 

of Chagas disease.

Leishmania donovani, the causative organism of kala 

azar, may be detected in monocytes or neutrophils in 

the peripheral blood, in thick or thin films or in buffy 

coat preparations (Fig. 3.197). Examination of a periph­

eral blood film may avoid the need for a bone marrow 

or splenic aspiration, but these procedures are much 

more sensitive than peripheral blood examination. Both 

peripheral blood and bone marrow culture are more 

sensitive than microscopy. Associated features that may 

be noted in patients with kala azar are anaemia, leu­

copenia, neutropenia, thrombocytopenia and increased 

rouleaux formation. A cryoglobulin may be present and 

paraproteins can occur.

Other tests
Rapid immunological methods are available for the 

detection of T. brucei gambiense and T. brucei rhodesiense 

antigens [430]. Immunological techniques are also 

applicable to chronic T. cruzi infection. A variety of sen­

sitive immunological tests are also available for the diag­

nosis of leishmaniasis.

Filariasis
In filariasis, adult worms reside in tissues and release micro­

filariae into the blood‐stream. Microfilariae are detectable 

during the acute phase of the disease, but are not detectable 

in patients with chronic tissue damage but without active 

disease. As the microfilariae are motile, examination of a 

wet preparation is often useful; they can also be detected 

in thick and thin films. Repeated blood examinations may 

be needed and blood specimens must be obtained at an 

appropriate time for the species being sought: Wuchereria 

bancrofti and Brugia malayi release their microfilariae at 

night, whereas those of Loa loa are released during the day. 

Mansonella ozzardi is non‐periodic. It lives in skin capillaries 

so may be more readily identified in capillary blood [449]. 

Mansonella perstans is usually non‐periodic but release may 

be nocturnal or, less often, diurnal.
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Morphological features that are useful in distin­

guishing the various microfilariae are summarised in 

Fig. 3.198 and illustrated in Figs 3.199–3.202. In gen­

eral, pathogenic filariae are sheathed and non‐patho­

genic are non‐sheathed. However, B. malayi is some­

times seen unsheathed [449]. Brugia timori, which is 

confined to the Lesser Sunda Island of Indonesia, is sim­

ilar to B. malayi but it is longer with fewer body kinks, a 

longer space at the head end, less dense nuclei and less 

intense staining [449]. Onchocerca volvulus is occasion­

ally seen in the blood, especially in heavy infections and 

after therapy [449]; it is unsheathed and has a pointed 

tail without nuclei.

Microfilariae moving through tissues are responsi­

ble for the syndrome known as tropical eosinophilia 

in which respiratory symptoms are associated with 

eosinophilia, increased rouleaux formation and an 

elevated ESR. However, microfilariae are not usu­

ally detectable in the blood of patients with tropical 

eosinophilia.

Other tests
Rapid simple immunological tests for the detection of 

Wuchereria bancrofti antigens are available [449]. Tests 

for Loa loa are under development.

Fig. 3.197  Leishmania donovani in: (a) a monocyte; and (b) a neutrophil in the peripheral blood of a patient with AIDS.

(a) (b)

Further learning resources for blood 
film morphology

Lewis SM, Bain BJ and Swirsky DM (2001) Bench Aids 

in the Morphological Diagnosis of Anaemia. World Health 

Organization, Geneva. ISBN 92‐4‐154532‐1.

Bain BJ (2005) Diagnosis from the blood smear.  

N Engl J Med, 353, 498–507.

Bain BJ (2014) Interactive Haematology Imagebank, 2nd 

edn, Wiley‐Blackwell, Oxford.

For images of malaria and other parasites see www.

med.cmu.ac.th/dept/parasite/default.htm (Chiang Mai 

University, Thailand) and then click on ‘Image’ or ‘para­

site web link’ (both useful) or www.dpd.cdc.gov/dpdx/

HTML/Image_Library.htm (Centers of Disease Control 

and Prevention, USA)

Tropical Health Technology, Doddington, Cam­

bridgeshire, www.tht.ndirect.co.uk (low‐cost books and 

bench aids for developing countries)

Learning Bench Aid No 1. Malaria

Learning Bench Aid No 2. African and S. American 

Trypanosomiasis – Leishmaniasis

Learning Bench Aid No 3. Microscopical Diagnosis of 

Lymphatic Filariasis, Loiasis, Onchocerciasis.

Learning Bench Aid No 7. Blood: Normal cells – 

Anaemias – Infections – Leukaemias
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Wuchereria bancrofti
200–300 x 8–10 μm

Graceful sweeping 
curves or spirals

Sheath stains
pale pink with 
Giemsa

Head space as
long as it is broad

Body nuclei coarse
but well separated

Tapers to a
delicate point 
with no nuclei 
in the tail

Brugia malayi
220–250 x 6–7 μm

Closely folded
angular

Usually sheathed

Sheath stains 
red with Giemsa

Head space twice 
as long as it is broad

Body nuclei 
crowded

Tail tapers irregularly
around two nuclei
which are connected
by a �ne thread

Size of red cell for comparison

Loa loa
250–300 x 6–8 μm

Irregular angular curves 
or corkscrew appearance

Sheath does not 
stain with Giemsa

Body nuclei
coarse and 
crowded

Delicate 
rounded tail
with nuclei 
extending to tip

Tail often recurved

Mansonella perstans
150–200 x 4 μm

Regular curves and loops

Unsheathed

Body nuclei medium sized 
and tend to overlap

Nuclei extend to tail 
which has a rounded 
tip

Large nucleus in tail

Mansonella ozzardi
MORE OFTEN DETECTED 
IN CAPILLARY BLOOD
150–200 x 4 μm

Body in
regular
curves 

Body nuclei �ne
and mostly separated

No nuclei in tail

Long pointed tip 

Unsheathed

Fig. 3.198  Morphological features that are useful in distinguishing between the microfilariae of different species of filaria.



(a)

Fig. 3.199  Microfilariae of Wuchereria ban-
crofti in thick films: (a) microfilaria showing 
the negative impression of the sheath (× 40 
objective); (b) tail of a microfilaria showing 
that the nuclei do not extend into the tail.(b)

Fig. 3.200  Microfilariae of Brugia malayi in 
thick film showing the widely separated 
tail nuclei. By courtesy of Dr Saad Abdalla, 
London.
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(a)

Fig. 3.201  Microfilariae of Loa loa: (a) a 
thick film showing the head and tail of 
microfilariae – nuclei extend to the tail (× 
40 objective); (b) the tail of a microfilaria in 
a thin film showing the negative impression 
of the sheath – the nuclei extend to the tail. (b)

Fig. 3.202  Microfilaria of Mansonella per-
stans in a thin film. By courtesy of Dr Saad 
Abdalla.
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Chapter 4

Detecting erroneous blood counts

The sources of errors in blood counts

Errors in blood counts may be pre‐analytical, analytical 

or post‐analytical. Pre‐analytical errors are those that 

precede the analysis of the sample and include errors 

in producing a request form, errors during venesection 

and errors in transport and storage of the specimen 

(Table 4.1). Pre‐analytical errors include those result-

ing from storage of blood specimens at room tempera-

ture. For example, with the Sysmex 2100 there is a 

rise in the mean cell volume (MCV) and haematocrit 

(Hct) and a fall in the mean cell haemoglobin con-

centration (MCHC) from 6 hours, and from 48 hours 

there is a rise in the neutrophil count and a fall in the 

monocyte count [4]. Siemens instruments show simi-

lar changes in red cell variables. It is essential that all 

laboratories that receive specimens from outlying clin-

ics are aware of the adverse effects of prolonged trans-

port or storage at room temperature. Analytical errors 

are those that occur during the analysis of the sample 

(Table 4.2). Post‐analytical errors are those that occur 

after analysis is completed and involve mishandling of 

data (Table 4.3). Sometimes an error at one stage of the 

process gives rise to an error at another. Thus, incom-

plete or erroneous patient identification details or clin-

ical information may lead to a result being issued with 

a wrong reference range or to interpretative comments 

being misleading.

The detection of errors in automated 
blood counts

Since automated blood counts may be inaccurate, it 

is the responsibility of the laboratory staff performing 

a count or authorising a report to detect inaccuracies 

whenever possible.

The validation of an automated count requires: (i) 

knowledge that an instrument is capable of measuring 

all variables accurately, that it has been correctly cali-

brated and that quality control procedures indicate 

normal functioning; and (ii) assessment of each indi-

vidual count as to whether it is likely to be correct or 

that, alternatively, it requires further review. If the first 

set of conditions has been met then it may be possible 

to validate counts by means of a computer program, 

either built into the automated counter or developed to 

fit the specifications of an individual laboratory. Counts 

can be computer‐validated if: (i) all measurements fall 

within predetermined limits (which may be some-

what wider than the reference limits for that measure-

ment) and there are no ‘flags’; or (ii) measurements 

fall outside predetermined limits but nevertheless have 

not changed significantly in comparison with previ-

ous measurements on that individual. When results 

do not meet either set of criteria they should be indi-

vidually assessed in relation to the clinical details and, 

if necessary, further steps should be taken to validate 

the results. These further steps may include: (i) exami-

nation of the histograms produced by an automated 

instrument to establish the likely reason for anomalous 

results or flags; (ii) examination of the blood speci-

men, e.g. to check the date and time when venesec-

tion was performed, to confirm that the specimen was 

of adequate volume and to detect clots, fibrin strands, 

hyperlipidaemia or haemolysis; (iii) examination of a 

blood film; or (iv) various combinations of these pro-

cedures. Which procedures are necessary depends on 

the nature of the abnormality shown on the auto-

mated count and the safeguards that are already built 

into the instrumentation, e.g. to confirm the identity 

of the patient and detect specimens of inadequate vol-

ume or containing clots. Opinions differ as to whether 

blood films should always be examined in conjunction 

with the initial blood count from a patient or whether 

an automated count with no flags can be accepted as 

valid evidence that there is no significant haemato-

logical abnormality. The latter policy will miss some 
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Table 4.2  Some analytical sources of errors in blood counts.

Type of error Examples

Faulty sampling Failure to prime instrument

Inadequate mixing

Aspiration probe blocked, e.g. by clot from previous sample

‘Short sample’ or clotted sample not detected

Carryover from preceding very abnormal specimen (minor with  

modern instruments)

Faulty calibration Use of control material as calibrant or error in assigning values to calibrant

Faulty maintenance, 

other instrument 

malfunction, 

reagent failure

Inaccuracy inherent 

in specific 

methodologies

Underestimation of MCV by impedance counters in the presence of hypochromia

Failure of identification of cells caused by peroxidase deficiency

Inaccuracy due 

to unusual 

characteristics of 

specimen

Error in Hb or red cell indices caused by presence of cold agglutinins, 

cryoglobulinaemia, hyperlipidaemia or (rarely) rosetting of red cells 

around neutrophils 

Error in platelet count caused by platelet aggregation or satellitism

Factitious ‘neutropenia’ or other cytopenia caused by peroxidase deficiency

MCV, mean cell volume; Hb, haemoglobin concentration

Table 4.1  Some pre‐analytical sources of errors in blood counts.

Type of error Examples

Clerical errors Patient’s name, age or gender missing from request form

Ethnic origin not supplied when it is essential for interpretation of a test result

Information that the patient is pregnant not given

Location of patient or relevant clinician details missing

Unannounced blood 

transfusion

Previous blood transfusion, unknown to laboratory staff

Fault during patient 

identification or 

phlebotomy

Blood from wrong patient; blood specimen and request form relate to  

different patients

Maternal and neonatal samples confused

Specimen diluted (e.g. taken from above intravenous infusion or excess liquid EDTA 

relative to volume of blood)

Specimen taken into wrong anticoagulant

Specimen taken into too high a concentration of EDTA

Specimen haemoconcentrated due to prolonged application of tourniquet

Specimen partly clotted

Specimen haemolysed

Specimen too small leading to ‘short sample’

Specimen contaminated with subcutaneous fat [1]

Fault during fetal 

blood sampling

Contamination with amniotic fluid [2]

Fault during 

specimen transport 

or storage

Specimen inadvertently heated [3] or frozen

Aged blood

EDTA, ethylenediaminetetra‐acetic acid
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abnormalities of clinical significance but not many and 

it has now become the usual procedure. Validation of 

a count before it is released also includes ensuring that 

results have been produced for all tests required, i.e. 

that no result has been ‘voted out’ because of poor rep-

licate counts or because it is beyond the linearity limits 

of the instrument.

Blood count results should be assessed as to prob-

ability in the light of the clinical details. For example, 

cytopenia could be accepted without further review 

in a patient known to have had recent chemotherapy. 

Similarly, an increased white blood cell count (WBC) 

with a ‘left shift’ flag could be accepted in a postpar-

tum or postoperative patient. Counts that have flags 

indicating the presence of blast cells or atypical lym-

phocytes require microscopic review. Whether flags 

for ‘left shift’ or ‘immature granulocytes’ or nucle-

ated red blood cells (NRBC) always require review is 

a matter of individual laboratory policy. Blood count 

results that are unexpected or that fall a long way out-

side reference limits generally require further atten-

tion. A very abnormal MCHC is a useful indicator of 

factitious results since it is derived from all measured 

red cell variables, i.e. haemoglobin concentration (Hb), 

red blood cell count (RBC) and MCV or Hct. It is thus 

sensitive to erroneous measurements in any of these 

three variables caused, for example, by hyperlipidae-

mia, intravascular haemolysis, non‐lysis of red cells in 

the Hb channel and red cell agglutination. A markedly 

elevated MCV is also often factitious. Some types of 

factitious result occur with all instruments while oth-

ers are specific to a methodology. Laboratory workers 

should be familiar with the factitious results that are 

likely with the particular instrument they are operat-

ing. The rest of this chapter will deal with factitious 

results other than those consequent on technical errors 

or instrument and reagent malfunction.

When contamination with amniotic fluid leads to 

an inaccurate fetal blood count, two mechanisms are 

operating. One is simple dilution, which affects all vari-

ables. The other is activation of coagulation in the sam-

ple, which has a disproportionate effect on the platelet 

count. A related blood film may show platelet aggre-

gates and amniotic fluid cells [2].

It should be noted that factitious results are more 

likely to have been reported for instruments that 

have been in use for a long time or have been stud-

ied in detail. The lack of reported factitious results 

for other instruments does not indicate that they do 

not occur.

Poorly mixed specimens can produce pseudopoly-

cythaemia, pseudoanaemia and inaccurate WBCs and 

platelet counts. This should be avoided by following 

a standard operating procedure. Such errors have led 

to unnecessary blood transfusion and bone marrow 

examination.

Errors in automated WBC

Errors that may occur in automated WBCs are sum-

marised in Tables 4.4 and 4.5 and instrument printouts 

from a sample producing an erroneous count because 

of contamination with subcutaneous fat are shown in 

Fig. 4.1 [1]. The only common causes of erroneous 

counts are factitiously high counts caused by NRBC, 

platelet aggregates or non‐lysis of red cells. Factitiously 

low counts are uncommon, unless the blood has 

taken many days to reach the laboratory. When a low 

WBC is the result of neutrophil aggregation it may be 

ethylenediaminetetra‐acetic acid (EDTA)‐dependent, 

temperature‐dependent or dependent on both [15]. 

Aggregation is antibody‐mediated and may be reversed 

by addition of kanamycin in a final concentration of 

30 mg/ml [15]. Neutrophil–platelet aggregation, which 

may represent an exaggerated form of platelet satellit-

ism, will similarly lower the WBC. A quite uncommon 

phenomenon that may lower the WBC is aggregation 

of lymphoma cells or of the cells of chronic lympho-

cytic leukaemia (CLL) or aggregation of all types of 

leucocyte [12].

Table 4.3  Some post‐analytical sources of errors in blood counts.

Type of error

Transcription error in laboratory

Transcription error in ward or outpatient department when results 

are telephoned

Results not issued in a timely manner

Results never reach intended destination

Results filed in wrong patient’s notes and so applied to  

wrong patient

Results issued with incorrect reference range or no reference 

range

Results issued with inappropriate interpretation



Detecting erroneous blood counts      189

Table 4.5  Some causes of a falsely low WBC.

Cause Instruments on which abnormality can occur

Cell lysis caused when blood is more than 3 days old Coulter instruments, Cobas Argos 5 Diff and 

probably other instruments

Storage at room temperature for 24 hours or more Cell‐Dyn 3500 (fall in optical WBC, impedance 

WBC stable) [13]

Storage at 4°C for more than 24 hours Horiba instruments

Leucocyte or leucocyte and platelet aggregation due to an antibody or to alteration of 

the cell membrane or to the presence of neoplastic cells with abnormal characteristics 

(e.g. antibody‐mediated aggregation of neutrophils, mucin‐induced aggregation 

in adenocarcinoma, aggregation of lymphoma cells or neoplastic plasma cells) – 

depending on the cause, may be aggregation of neutrophils or of all leucocytes; 

leucocyte rosetting around other cells [14]

Coulter instruments, Sysmex instruments,  

Bayer H.1 series instruments

Potent cold agglutinin Coulter instruments

WBC, white blood cell count

Table 4.4  Some causes of a falsely high WBC.

Cause Instruments on which fault can occur

Presence of NRBC All instruments unless NRBC are specifically enumerated and excluded from 

the WBC

Non‐lysis of red cells

  uraemia

  fetal and neonatal specimens

  abnormal haemoglobins (e.g. AS, SS, AC,  

  AE, AD, AO‐Arab)

Liver disease

Cold agglutinins

Myelodysplastic syndromes

Megaloblastic anaemia

Post‐splenectomy

Bayer H.1 series∗

Bayer H.1 series,∗ Cell‐Dyn instruments (optical channels), some Sysmex 

instruments, Coulter STKS

Bayer H.1 series,∗ some Sysmex instruments

Coulter and some Sysmex instruments

Coulter instruments

Coulter STKS

Coulter instruments

Coulter instruments

Numerous giant platelets or megakaryocyte fragments All instruments

Platelet aggregates Coulter, Bayer and Horiba instruments

Platelet phagocytosis by neutrophils Abbott Cell‐Dyn 3500 (impedance count accurate, optical count inaccurate) [5]

Cryoglobulinaemia and cryofibrinogenaemia Coulter, Sysmex and Bayer instruments [6]

Precipitation of mucin (in adenocarcinoma and Wilms tumour) Ortho ELT‐8 [7]

Paraproteinaemia Coulter and Sysmex instruments

Fibrin strands Coulter instruments

Hyperlipidaemia Coulter instruments

Exogenous lipid following chemoembolisation with Lipiodol Sysmex XE‐2100 [8]

Contamination of specimen with subcutaneous fat Bayer H.1 series [1]

Malarial parasites Coulter and Sysmex instruments

Candida glabrata Basophil channel of Siemens Advia 120 and DIFF channel of Sysmex XE2000i [9]

Candida glabrata, Candida parapsilosis and Candida albicans 

(mainly misidentified as lymphocytes)

Siemens Advia series [10 ]

Candida albicans, Candida tropicalis, Candida krusei and 

Candida dubliniensis

Sysmex XE‐2100 (classified as basophils), Siemens Advia series (classified as 

lymphocytes and LUC) and Coulter LH 750 (classified as eosinophils) [11]

Candida glabrata and Candida parapsilosis Sysmex XE‐2100 but not Siemens Advia series or Coulter LH 750 [11]

Micro‐organisms, if clumped [12]

Unstable haemoglobin Coulter instruments

LUC, large unstained cells; NRBC, nucleated red blood cells; WBC, white blood cell count
∗basophil channel gives accurate WBC but differential counts are erroneous
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Fig. 4.1  Instrument printout from: (a) Bayer H.2; and (b) Beckman–Coulter Gen S counters from a specimen accidentally contami-
nated with subcutaneous fat [1]. The signals generated by the fat are arrowed. The H.2 count was inaccurate whereas the Gen S 
count was accurate.

(a)

(b)



Detecting erroneous blood counts      191

Erroneous WBCs are usually detected because of 

instrument flags and improbable results for the WBC 

or other measurements, or by abnormalities detectable 

on instrument scatter plots or histograms. For exam-

ple, an erroneous WBC resulting from the presence of 

a cold agglutinin would usually be accompanied by an 

improbably high MCV and MCHC. Neutrophil aggrega-

tion may be indicated by an abnormal cloud at the top 

of the neutrophil area of the Coulter STKS or Bayer H.1 

series instruments.

For older instruments, if significant numbers of NRBC 

are present and an accurate WBC is needed, it is nec-

essary to correct the total nucleated cell count (TNCC) 

for the number of NRBC by counting their percentage 

on a blood film. However, it is also possible to accept 

the total nucleated cell count as a definitive measure-

ment and calculate the absolute count of NRBC and 

each leucocyte type from the manual differential count. 

Later instruments often correct the TNCC for the pres-

ence of NRBC. Non‐lysis of red cells is mainly a problem 

when the WBC is measured by light‐scattering technol-

ogy. Impedance counters usually produce an accurate 

result. The observation of factitious elevation of the 

WBC caused by non‐lysis of red cells can be clinically 

useful since it may be indicative of a previously undi-

agnosed haemoglobinopathy. This has been noted with 

H.1 series instruments and on the differential count 

channel of Sysmex instruments. Drugs administered to 

patients can also lead to non‐lysis of red cells, e.g. noted 

with a CELL‐DYN Sapphire because of the presence of 

polyoxyethylated castor oil, which is used to solubilise 

paclixatel [16].

Factitious counts caused by aggregation of platelets 

can usually be prevented by taking the blood specimen 

into citrate rather than into EDTA (necessitating a cor-

rection for dilution), by collecting capillary blood into 

ammonium oxalate (previously Unopette, Becton 

Dickinson, now Thrombo‐TIC, Bioanalytic GmbH), 

or by adding aminoglycosides to disaggregate plate-

let clumps [17]. Erroneous counts caused by cryopro-

teins and cold agglutinins can be rectified by keeping 

the specimen warm. Aggregation of leucocytes is often 

time‐dependent [18] and is sometimes caused by a cold 

antibody, so that keeping the specimen warm and per-

forming the blood count rapidly after phlebotomy can 

produce an accurate count. When erroneous counts are 

due to causes other than white cell clumping, haemocy-

tometer counts will be accurate.

Failure to discover that a low white cell count is facti-

tious has led to unnecessary bone marrow examination 

and antibiotic and granulocyte colony‐stimulating fac-

tor (G‐CSF) therapy [19].

Errors in haemoglobin concentration 
and red cell indices

Haemoglobin concentration
Errors that can occur in automated measurements of 

the Hb and red cell indices are shown in Tables 4.6–4.8. 

Such erroneous results are usually suspected from a 

markedly elevated MCV, a markedly abnormal MCHC 

or a discrepancy between MCHC and cellular haemo-

globin concentration mean (CHCM).

Table 4.6  Some causes of a falsely high Hb estimate.

Cause Instruments on which fault can occur Detection

Poorly mixed specimen All Unexpected result

High WBC All, but to a variable extent Check whenever WBC is very high

Hyperlipidaemia, endogenous or due to 

parenteral nutrition

Coulter and Bayer instruments, 

Cell‐Dyn instruments but error 

eliminated by modified reagent [20]

Improbable results for MCH and MCHC or 

flagging of MCHC/CHCM discrepancy; 

fuzzy red cell outlines on blood films

Paraprotein or hypergammaglobulinaemia Coulter instruments, Sysmex NE 

8000, Bayer instruments

MCH and MCHC slightly elevated [21]

MCHC/CHCM discrepancy

Cryoglobulinaemia Coulter instruments MCH and MCHC slightly elevated

High concentration of carboxyhaemoglobin [14]

Turbidity resulting from non‐lysis of red cells [14]

CHCM, cellular haemoglobin concentration mean; Hb, haemoglobin concentration; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin 

concentration; WBC, white blood cell count
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Table 4.7  Some causes of inaccurate estimates of RBC, MCV and Hct estimations.

Fault Cause Instruments on which fault can occur

Falsely high 

RBC

WBC very high

Numerous large platelets

Hyperlipidaemia (not consistently)

Cryoglobulinaemia 

Cryofibrinogenaemia

Coulter and Bayer instruments

Coulter instruments

Coulter instruments, Bayer‐ instruments  

(if concentration very high)

Coulter instruments

Coulter instruments

Falsely low  

RBC

Cold agglutinins

Rarely warm autoantibodies 

EDTA‐dependent panagglutination

In vitro red cell lysis due to mishandling of specimen or very  

abnormal red cells

Extreme microcytosis or fragmentation causing red cells to fall  

below the lower threshold

Coulter and Bayer instruments

Coulter S Plus II [22]

Coulter instruments [23]

All instruments

Coulter (and probably other)  

instruments

Falsely high 

MCV

Storage of blood at room temperature

Cold agglutinins and EDTA‐ dependent red cell panagglutinins [23]

Rarely warm autoantibodies

WBC very high

Hyperosmolar states (e.g. hypernatraemia, hyperglycaemia or blood  

taken from near a glucose infusion)

Excess K2EDTA

Most instruments, to a varying extent but 

particularly  

Bayer instruments (see text)

Coulter and Bayer instruments

Coulter S Plus II [22]

Coulter instruments

Coulter instruments, Bayer‐ instruments [12]

Bayer H.1 series

Falsely low 

MCV

Hypochromic red cells

Increase in ambient temperature

Hypo‐osmolar states (e.g. hyponatraemia)

Repeated mixing of sample leading to increased oxygenation

Some impedance instruments  

(Coulter STKR and earlier

Coulter instruments, K‐1000 to a lesser extent 

but not Sysmex NE‐8000) [24]

Coulter instruments

Coulter instruments

Sysmex instruments [25] and probably also 

other impedance counters

Falsely high  

Hct

Factitious elevation of MCV (except when due to a cold agglutinin)

Factitious reduction of RBC

See above

See above

Falsely low  

Hct

Factitious reduction of MCV

Factitious reduction of RBC by extreme microcytosis or in vitro red  

cell lysis

Cold agglutinin

Repeated mixing of sample leading to increased oxygenation

See above

See above

Coulter instruments

Sysmex instruments [25] and probably also 

other impedance counters

EDTA, ethylenediametetra‐acetic acid; Hct, haematocrit; MCV, mean cell volume; RBC, red blood cell count; WBC, white blood cell count

Erroneous estimations of Hb (see Table 4.6) most 

often result from turbidity caused by a high WBC or lipid 

in the plasma, either endogenous lipid [27,28] or that 

consequent on parenteral nutrition [29]. The degree of 

elevation of the WBC that causes an erroneous Hb var-

ies greatly between instruments since it is dependent on 

the strength of the lytic agent that is employed in the 

WBC/Hb channel. The problem can be circumvented if 

separate channels are used for the WBC and the Hb, as 

in later Sysmex instruments, since a more powerful lytic 

agent can then be used. The instrument operator should 

be aware of the degree of leucocytosis that is likely to 

make the Hb erroneous on a specific instrument and 

results should then be checked by manual techniques. 

The haemolysate is centrifuged before absorbance is 

read so that turbidity caused by the presence of cellular 
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debris does not affect the reading. Erroneous results 

from hyperlipidaemia may be suspected when red cell 

indices are improbable or red cells on stained blood 

films have fuzzy outlines. This error can be confirmed 

by examining the plasma, after either centrifugation or 

red cell sedimentation, and noting the milky appear-

ance. The problem can be dealt with by performing a 

microhaematocrit and a ‘blank’ measurement using the 

patient’s plasma. A correction is then as follows:

true Hb = measured Hb − [‘Hb’ of lipaemic  

plasma × (1 − Hct)]

Alternatively, the plasma can be carefully removed and 

replaced by an equal volume of isotonic fluid before 

repeating the automated count. Similarly, the use of a 

plasma blank permits the correction of errors caused 

by the presence of a paraprotein or polyclonal hyper-

gammaglobulinaemia (Table 4.9). With the Bayer H.1 

series and Advia 120 instruments, a correct Hb can be 

calculated from the CHCM and a microhaematocrit 

when there is lipid or other interfering substance in the 

plasma. The errors introduced into the Hb estimation by 

marked hyperbilirubinaemia and the presence of high 

levels of carboxyhaemoglobin are not of such magni-

tude as to be of practical importance and can therefore 

be ignored.

A falsely low Hb is a much less frequent observation 

than a falsely high estimate, but has been reported with 

a Bayer H.2 instrument in three patients with a very 

Table 4.8  Some causes of inaccurate MCH and MCHC estimations.

Fault Cause Instruments on which fault  

can occur

MCH falsely high Factitious elevation of Hb

Factitious reduction of RBC

Intravascular haemolysis with free haemoglobin in 

plasma (e.g. in Clostridium perfringens sepsis)

Administration of haemoglobin‐based oxygen 

carriers [26]

Red cell panagglutinin [23]

See Table 4.6

See Table 4.7

All instruments

All instruments

Probably all

Coulter

MCHC falsely high 

or true fall of 

MCHC masked

Factitious elevation of Hb

Intravascular haemolysis with free haemoglobin in 

plasma or in vitro lysis of red cells

Factitious reduction in Hct or the product of the 

MCV and RBC

Hypo‐osmolar states

Administration of haemoglobin‐ based oxygen 

carriers [26]

Red cell panagglutinin [23]

See Table 4.6

All instruments

See Table 4.7

Coulter instruments

All instruments

Coulter

MCHC falsely low Factitious elevation of MCV (except when caused by 

cold agglutinins)

Factitious elevation of RBC by numerous giant 

platelets

Hyperosmolar states

Falsely low Hb caused by extreme leucocytosis

See Table 4.7

All instruments

Coulter instruments

Bayer H1 series [6]

Hb, haemoglobin concentration; Hct, haematocrit; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin 

concentration; MCV, mean cell volume; RBC, red blood cell count

Table 4.9  Erroneous estimates of haemoglobin on Coulter Gen 
S counter caused by a paraprotein.

FBC on  

whole blood

‘FBC’ of  

EDTA‐plasma

FBC on washed  

and resuspended 

red cells

RBC (× 10‐12/l) 2.68 0.02 2.62

Hb (g/l) 101 17 82

MCV (fl) 94.3 88.2 95.5

MCH (pg) 37.6 + + + + 31.4

MCHC (g/l) 399 + + + + 329

EDTA, ethylenediaminetetra‐acetic acid; FBC, full blood count; Hb, 

haemoglobin concentration; MCH, mean cell haemoglobin; MCHC, 

mean cell haemoglobin concentration; MCV, mean cell volume; RBC, 

red blood cell count; + + + +, no result produced
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high WBC (243, 348 and 850 × 109/l) [30]. There was 

an associated factitious reduction of the MCHC leading 

to a discrepancy between the MCHC (calculated from 

the Hb) and the CHCM (measured directly). An unsta-

ble colour reaction was postulated as the cause of this 

observation. Sulphaemoglobinaemia has been reported 

to lower the estimate of Hb [12]. Increased blood vis-

cosity, e.g. due to the presence of a cold agglutinin or 

a cryoglobulin, can lead to incomplete aspiration and 

some reduction of the Hb and RBC [12].

RBC, MCV and Hct
Errors in the RBC, MCV and Hct are summarised in 

Table 4.7. Impedance and earlier light‐scattering instru-

ments have an intrinsic error that leads to the MCV 

of hypochromic cells being underestimated and their 

MCHC being overestimated. This can also lead to two 

apparent populations on a red cell size histogram with 

blood samples that, on Bayer H.1 and Advia series 

instruments, show a single population of cells on a his-

togram of red cell size but two populations on a histo-

gram of red cell haemoglobinisation.

Storage of blood at room temperature may cause 

errors in the MCV and Hct. Coulter instruments usually 

give stable measurements unless blood has been stored 

for several days, but a 6 fl rise by 24 hours has been 

observed with another impedance counter, the Sysmex 

NE‐8000 [31]. With the Abbott Cell‐Dyn 2500 a rise 

of 2–3 fl by 24 hours was observed [13]. The MCV on 

the Cobas Argos 5 Diff rises by about 2 f1 by 24 hours 

[32]. Marked changes are seen with Bayer H.1 series 

instruments (and it is likely that they also occur with 

the Advia series); a rise in the MCV starts after about 

8 hours and by 24 hours the average rise varies between 

4–5 and 7–8 fl, depending on the ambient temperature. 

A low MCHC, without any corresponding hypochromia 

being detectable on a blood film, can indicate that an 

elevation in the MCV is caused by red cell swelling as 

a result of storage. A factitious rise in the Hct occurs in 

parallel with the rise in the MCV.

When blood samples are processed without delay, 

errors in the RBC, MCV and Hct (excluding those that 

are intrinsic to the methodology) are most often caused 

by cold agglutinins. Impedance counters are prone to 

more major errors for this reason than are current Sie-

mens light‐scattering instruments. The factitious eleva-

tion of MCV is consequent on the doublets and triplets 

that pass through the aperture being counted and sized 

as if they were single cells. The RBC is factitiously low 

both for this reason and because, with some counters, 

larger agglutinates are above the upper threshold for red 

cells and are excluded from the count. The size of dou-

blets and triplets is also underestimated. For these rea-

sons, although MCV (Hct × 1000/RBC) is overestimated, 

Hct is underestimated. The underestimation of Hct 

means that there is a factitious elevation of mean cell 

haemoglobin (MCH) and MCHC. Erroneous counts can 

generally be eliminated by warming the sample before 

processing. When the cold agglutinin is very potent, it 

may be necessary both to warm the blood specimen and 

to predilute the sample for analysis in warmed diluent.

Other causes of factitious errors in the RBC, MCV and 

Hct are uncommon. Various changes in plasma osmolal-

ity lead to artefacts in MCV measurement by impedance 

counters. If a cell is in a hyperosmolar environment 

in vivo due, for example, to severe hypernatraemia or 

severe hyperglycaemia, then the cytoplasm of the cell 

will also be hyperosmolar. When the blood is diluted 

within the automated counter in a medium of much 

lower osmolality, the more rapid movement of water 

than of electrolytes, glucose or urea across the cell mem-

brane will lead to acute swelling of the cell, which will 

be reflected in the measured MCV. Since the Hct is cal-

culated from the MCV it will also be increased, whereas 

the MCHC will be correspondingly reduced. This phe-

nomenon may occur in hypernatraemic dehydration 

[33], severe uraemia [26] and hyperglycaemia, e.g. due 

to uncontrolled diabetes mellitus [34]. Not only may 

factitious macrocytosis be produced, but true micro-

cytosis may be masked. The converse error of a falsely 

low MCV and Hct with elevation of the MCHC may be 

seen in patients with hyponatraemia [33] such as may 

be seen in chronic alcoholics and patients with inap-

propriate secretion of antidiuretic hormone. The facti-

tious reduction of MCV in hypo‐osmolar states can lead 

to masking of a true macrocytosis as well as factitious 

microcytosis. This error can be eliminated in instru-

ments with a predilute mode by diluting the sample and 

allowing time for equilibration of solutes across the red 

cell membrane. A control sample should be prediluted 

and tested in parallel since, although the osmolality of 

the recommended diluent differs between instruments, 

it is often somewhat hypertonic so that the MCV of cells 

from normal subjects may also alter on predilution.

With the Bayer H.1 series of instruments, factitious 

macrocytosis can result from cell swelling that is induced 



Detecting erroneous blood counts      195

by taking a small volume of blood into excess K2EDTA. 

A hypochromia ‘flag’ also occurs [35].

If microcytosis is severe, some red cells may fall below 

the lower threshold of the instrument and, as these 

cells are excluded from the measurements, the MCV is 

overestimated. In the case of impedance counters this 

is usually more than counteracted by the fact that the 

cells are likely to be hypochromic and the inherent error 

of the methodology leads to the size of those cells that 

fall above the threshold being underestimated. If there 

are normochromic red cell fragments falling below the 

lower threshold, the MCV will be overestimated with-

out any counterbalancing effect being expected. Neither 

of these artefacts is of practical importance.

Inaccuracies in the Hct are those expected from inac-

curacies in the RBC and MCV.

MCH, MCHC and RDW
Errors that may occur in the MCH and MCHC are sum-

marised in Table 4.8. Errors in these variables are con-

sequent on errors in the primary measurements from 

which they are derived. Mechanisms have been explained 

above. The inherent error of impedance counting leads to 

the MCHC being a very stable variable that fails to reflect 

the true changes occurring in red cells. This is paradoxi-

cally useful, since abnormalities of the MCHC are com-

monly factitious and therefore serve to alert the labora-

tory scientist to the possibility of an erroneous result. In 

the case of Bayer/Siemens instruments, true abnormal-

ity of the MCHC is more common, but so is a factitious 

reduction resulting from swelling of cells as blood ages. A 

discrepancy between MCHC and CHCM serves as a flag 

since the latter variable is measured directly and thus is 

not affected by errors in Hb estimation.

With Coulter instruments, and probably with others, 

the RDW (red cell distribution width) rises with room‐

temperature storage. In the case of the Coulter Gen S, 

the rise starts from day 2 [36].

Errors in platelet counts

The causes of erroneous platelet counts are summarised 

in Tables 4.10 and 4.11. Many instruments are inaccu-

rate in the measurement of low platelet counts. A small 

inaccuracy can be clinically significant when a plate-

let count of 10 × 109/l is used as a trigger for platelet 

transfusion, e.g. in patients with acute leukaemia. In 

one study, one immunological method (Cell‐Dyn) and 

one optical method (XE‐2100) were accurate, whereas 

another impedance method (LH750) and four optical 

methods (H.3, Advia, Cell‐Dyn and XE‐2100) overesti-

mated by 2–5 × 109/l [53]. The Pentra 120 impedance 

method underestimated by about 4 × 109/l. Impedance 

counts (manufacturer not specified) have been found to 

underestimate platelet counts in comparison with flow 

cytometry immunofluorescence counts in patients with 

autoimmune thrombocytopenia purpura [54], whereas 

in patients with leukaemia and lymphoma it is possible 

that there is overestimation. A comparison of four instru-

Table 4.10  Some causes of falsely low automated platelet counts.

Cause Instrument on which observed

Partial clotting of specimen All instruments

Activation of platelets during venepuncture with consequent aggregation All instruments

Activation of platelets during cardiopulmonary bypass [37] All instruments

EDTA‐induced platelet aggregation (appears to be more common in viral infections, 

particularly hepatitis A, but also cytomegalovirus and influenza A) [38]

All instruments

EDTA‐induced platelet degranulation and swelling Coulter STKS [39]

Lipiodol‐induced platelet clumping following chemoembolisation Reported for Sysmex XE‐2100 but likely with all 

instruments [8]

Platelet satellitism All instruments

Platelet phagocytosis by neutrophils and monocytes Observed with Cell‐Dyn 3500 but would be 

expected to occur with all instruments [5]

Storage of blood at 4°C for more than 24 hours Horiba instruments

Giant platelets falling above upper threshold for platelet count All instruments

Heparin addition to blood sample in patient with antibodies to heparin‐platelet factor 4 [40]

EDTA, ethylenediaminetetra‐acetic acid
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Table 4.11  Some causes of falsely high automated platelet counts.

Cause Instrument on which observed

Microcytic red cells or red cell fragments falling below upper 

threshold for the platelet count

All instruments

Microspherocytes in hereditary spherocytosis Coulter MAXM [41]

Microspherocytes in burns Coulter instruments [42,43]

Inadvertent heating of blood sample Bayer H.1 series [3]

White cell fragments counted as platelets (fragments of leukaemic 

blast cells, hairy cells or lymphoma cells)

All instruments

Haemoglobin H disease Coulter instruments

Cryoglobulin∗ Coulter instruments, Bayer H.1 series, Cell‐Dyn 4000 (impedance 

count inaccurate; optical count accurate) [44]

Hypertriglyceridaemia or hyperlipidaemia Sysmex NE‐8000, Bayer H.1 series [20,45], impedance counters

Use of perfluorocarbon emulsions (blood substitute) Cell‐Dyn 3200 and 3500 (both optical and impedance counts  

affected) [46]

Bacteria in blood sample, either in patients with bacteraemia [47,48] 

or due to delay in processing in a hot climate [49]

Ortho ELT8 [47], Cell‐Dyn 4000 [48]

Fungi such as candida species in blood sample, often from fungal 

growth on indwelling intravenous line

Bayer H.1 [50] and Advia series, Sysmex XT 2000i [9]

Candida glabrata and Candida parapsilosis  

(but not Candida albicans)

Siemens Advia series [10]

Parasitised red cells in malaria Cell‐Dyn 4000, optical and impedance channels [51]

Non‐platelet particles in platelet concentrates Sysmex XE‐2100 and Advia 120 optical counts but not  

Sysmex impedance counts [52]

∗Platelet count and histograms of platelet size became normal on warming the blood

ments in patients with acute leukaemia or suspected 

disseminated intravascular coagulation found a good 

correlation with the international reference method, 

but the Cell‐Dyn Sapphire, Sysmex XE‐2100 and Beck-

man‐Coulter LH 750 all tended to underestimate the 

counts; only the Advia 2120 did not [55]. Erroneous 

counts were found to be more common when there 

was evidence of platelet activation, which causes loss 

of granules and sphering of platelets [55]. In addition 

to these errors, intrinsic to the technology, major errors 

in the platelet count can result from characteristics of 

the blood sample. Factitiously low platelet counts are 

quite common as a result either of partial clotting of the 

specimen or of platelet aggregation or satellitism. Platelet 

aggregation may be due to activation of platelets dur-

ing a difficult venepuncture or may be mediated by an 

antibody, which is either an immunoglobulin (Ig) G or 

IgM EDTA‐dependent antibody or an EDTA‐indepen-

dent antibody. IgG‐dependent platelet antibodies are 

directed at a crypto‐antigen on platelet glycoprotein 

IIb [56]. EDTA‐dependent platelet aggregation can be a 

transient phenomenon, e.g. occurring during infectious 

mononucleosis [57]. Platelet aggregation often leads to 

instrument flags, abnormal histograms of platelet distri-

bution and abnormal white cell scatter plots. Abnormal 

white cell scatter plots can lead to the flagging of erro-

neous platelet counts that are not detected in the plate-

let channel; instruments that incorporate an automated 

differential count are more likely to flag erroneous plate-

let counts than instruments without this capacity. Platelet 

satellitism is also an antibody‐mediated EDTA‐dependent 

phenomenon, which may be followed by phagocytosis 

of platelets [58]. Neither in vitro aggregation nor platelet 

satellitism is of any significance in vivo, but the detection 

of all factitiously low platelet counts is very important in 

order to avoid unnecessary investigation and treatment 

of the patient. There have been instances in which a fac-

titiously low platelet count has led to a mistaken diag-

nosis of ‘idiopathic’ (i.e. autoimmune) thrombocytopenic 

purpura (ITP) and consequent corticosteroid treatment 

and even splenectomy. Accurate platelet counts in  

subjects with EDTA‐dependent platelet aggregation can be 

achieved by adding 20 mg of kanamycin either to the EDTA 

into which blood is taken or to the EDTA‐anticoagulated 

blood sample [59], by adding excess EDTA to cause disag-

gregation or by using MgSO4 as an anticoagulant [60]. 
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Alternatively, blood can be taken into sodium citrate or a 

finger‐prick sample can be collected using an alternative 

anticoagulant, e.g. ammonium oxalate.

The accuracy of any unexpectedly low platelet counts 

must always be confirmed. The specimen should be 

examined with an orange stick to detect any small clots 

or fibrin strands and the instrument histograms and 

scatter plots should be assessed. Some instruments are 

able to detect fibrin strands or small clots and flag their 

presence. The presence of platelet aggregates may also 

be flagged and an abnormal cluster or band of particles 

may be apparent in scattergrams. The presence of an 

abnormal cluster along the top of the neutrophil box 

with the Bayer H.1 series instruments may indicate 

the occurrence of platelet satellitism. However, not all 

falsely low platelet counts are flagged or associated with 

abnormal scattergrams. For example, platelet aggregates 

may be so large that they are the same size as white 

cells and are thus not identified. It is therefore impor-

tant to examine a blood film for the presence of fibrin 

strands, platelet aggregates, platelet satellitism and giant 

platelets whenever a platelet count is unexpectedly 

low. Falsely low counts should be deleted from reports, 

since clinical staff often do not realise that a comment 

such as ‘platelet aggregates’ is likely to mean that the 

platelet count is wrong; ill‐advised platelet transfusions 

have been given for this reason. When platelet aggrega-

tion is antibody‐mediated, accurate counts can usually 

be obtained on specimens taken into citrate or hepa-

rin rather than EDTA (but the effect of dilution must be 

allowed for). Some such antibodies are cold antibodies, 

so performing a count rapidly on a specimen that has 

been kept warm can also produce a valid count. Alter-

natively, if the platelet count is clearly normal, the com-

ment ‘platelet count normal on film’ may be acceptable 

and obviate the need to obtain a further blood specimen. 

However, when platelet aggregation occurs in patients 

being managed for essential thrombocythaemia, appro-

priate measures must be taken to achieve an accurate 

count and permit monitoring [61]. Laboratories should 

be alert to platelet aggregation induced by therapy with 

monoclonal antibodies, such as abciximab, directed at 

platelet antigens, since these agents may also cause true 

thrombocytopenia [62,63].

It may be impossible to obtain an accurate automated 

platelet count in the presence of numerous giant platelets, 

in which case a haemocytometer count is required. Alter-

natively, the platelet:red cell ratio can be determined from 

a blood film and the platelet count can be calculated from 

the RBC. If a low platelet count is supported by the blood 

film, but is nevertheless unexpected, a repeat specimen 

should be obtained with careful attention to venepuncture 

technique before the count is regarded as a valid result on 

which management decisions should be based.

Falsely elevated platelet counts are much less common 

than falsely reduced counts. They are usually due to the 

presence of marked microcytosis (e.g. in haemoglobin H 

disease) or to the presence of red cell fragments (e.g. in 

microangiopathic haemolytic anaemia, severe burns or 

hereditary pyropoikilocytosis), so that a significant num-

ber of red cells fall below the upper threshold for plate-

lets. Factitious elevation of the platelet count can also be 

produced by red cell fragmentation produced in vitro by 

inadvertent heating of a blood sample [3]. Even with vari-

able thresholds and fitted curves, it may not be possible 

to separate very small red cells or fragments from plate-

lets. An accurate platelet count despite the presence of red 

cell fragments or microcytes can be produced by a Sys-

mex R‐1000 Reticulocyte Analyzer. The ribonucleic acid 

(RNA) of both platelets and reticulocytes is stained with 

the fluorescent dye auramine, and the two populations 

are then separated by gating [64]. Microcytic red cells do 

not take up the dye since they do not contain RNA.

Occasionally, falsely elevated platelet counts are 

caused by other particles of a similar size to platelets. 

The counting of fragments of white cell cytoplasm as 

platelets has been described in acute myeloid leukae-

mia [65,66] (Fig. 4.2), acute lymphoblastic leukaemia 

[66], hairy cell leukaemia [67] and lymphoma [68]. In 

patients with acute leukaemia this phenomenon is actu-

ally quite common [66]. The counting of red and white 

cell fragments [69] or extraneous particles such as fungi 

[50] (Fig. 4.3) as platelets may have serious implications 

in acute leukaemia as a severe thrombocytopenia may 

be masked and left untreated.

When platelets are distributed evenly in a blood film, 

the platelet count can be validated by counting the ratio 

of platelets to red cells and calculating the platelet count 

indirectly from the RBC.

With Coulter instruments, and probably with others, 

the MPV rises with room‐temperature storage of the 

blood sample. In the case of the Coulter Gen S, the rise 

starts from day 2 of storage [36]. With the Coulter STKS 

and the Sysmex SE‐9000, an artefactually elevated MPV 

has been observed as a result of platelet swelling and 

degranulation in EDTA‐anticoagulated blood [39].
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Errors in automated differential counts

Automated differential counts should be regarded as a 

means of screening blood samples for an abnormality 

and producing a differential count when there are only 

numerical abnormalities. Instruments may show sys-

tematic inaccuracies or may be inaccurate only with 

abnormal specimens of various types.

When mean automated counts for different leucocyte 

categories are compared with mean manual counts, it is 

not uncommon for automated instruments to show inac-

curacies that are statistically significant but too small to 

be of practical importance. Even when a discrepancy is 

larger, it is not necessarily a practical problem as long as 

Fig.  4.2  Peripheral blood film of a patient 
with acute monoblastic leukaemia. Despite 
only a slight reduction of the ‘platelet’ count 
the patient had major bleeding. Inspection 
of the film showed that there were many 
fragments of cytoplasm derived from leu-
kaemic cells that were of similar size to 
platelets and accounted for an erroneous 
Beckman–Coulter Gen S platelet count.

Fig.  4.3  Peripheral blood film of a patient 
with persistent pancytopenia after intensive 
chemotherapy for acute myeloid leukae-
mia. After many weeks of platelet depend-
ency the ‘platelet’ count suddenly rose. 
Inspection of the film showed that platelets 
continued to be very sparse; the particles 
that were counted as platelets were fungi, 
subsequently identified as Candida glabrata, 
originating from the patient’s indwelling 
central intravenous line [50].

differential counts on patient samples are compared with a 

carefully derived reference range for the same instrument.

It is often not possible to obtain an accurate auto-

mated count on blood specimens with abnormal char-

acteristics, e.g. if there are cells present for which the 

instrument does not have recognition criteria. The phi-

losophy differs between instrument manufacturers as 

to whether counts on such samples are usually rejected 

(STKS and Sysmex NE‐8000) or whether a count is 

usually produced but is flagged (Bayer H.1 series and 

Cell‐Dyn 3000) [70]. A possible disadvantage of the 

latter policy is that there are some laboratory scientists 

with an inclination to believe any figure produced by 

a laboratory instrument, even if it is flagged. However, 
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Table 4.12  Some causes of inaccurate differential white cell counts on Bayer H.1 series and Siemens Advia series instruments.

Mechanism Nature of factitious result

Non‐lysis of red cells Elevation of ‘lymphocyte’ count and reduction of neutrophil  

count (Fig. 4.4)

Neutrophil peroxidase deficiency; rarely in healthy people, affects 

only a proportion of the neutrophils [72]

Reduction of neutrophil count; increase of monocyte and LUC 

counts (Fig. 4.5)

Eosinophil peroxidase deficiency Reduction of eosinophil count; increase of neutrophil, monocyte or 

LUC count (Fig. 4.6)

Monocyte peroxidase deficiency Reduction of monocyte count and increase of LUC count (Fig. 4.7)

Dysplastic monocytes misidentified as neutrophils Reduction of monocyte count and increase of neutrophil count [73]

Neutrophil cluster misidentified as eosinophils Reduction of neutrophil count and elevation of eosinophil count 

(Fig. 4.8)

Leukaemic blasts or maturing cells with strong peroxidase activity 

misidentified as eosinophils

Increase in eosinophil count [74]

Hypergranular promyelocytes misclassified as eosinophils Increase in eosinophil count

Eosinophil cluster not recognised, sometimes but not always caused  

by reduced numbers of granules in eosinophils

Reduction of eosinophil count and elevation of neutrophil  

count [75]

Large cell residues in basophil channel due to presence of NRBC,  

blast cells, lymphoma cells, myeloma cells [73] or other abnormal 

cells or caused by coincidence, presence of heparin or storage of the 

sample at 4°C [76]

Elevation of ‘basophil’ count (Figs 4.9 and 4.10)

Contamination of specimen with subcutaneous fat Elevation of lymphocyte, monocyte and neutrophil counts [1]

Ageing of sample (more than 24 h) ‘Left shift’ flag

LUC, large unstained cells; NRBC, nucleated red blood cells

of more concern is the occurrence of inaccurate counts 

that are not flagged. All instruments fail to flag some 

samples containing NRBC, immature granulocytes, 

atypical lymphocytes and even, occasionally, blast cells.

Storage of blood at room temperature, e.g. dur-

ing transport from outlying clinics or satellite hospi-

tals, leads to inaccurate measurements, but the time 

taken for such inaccuracy to occur differs according to 

the instruments and the cell type. Storage effects are 

generally greater with impedance counters than with 

cytochemical light‐scattering instruments. The effect of 

storage is a great deal less if the specimen can be stored 

at 4°C when any delay in analysis is anticipated.

Two‐part and three‐part differential counts 
on impedance‐based automated full blood 
counters
Inevitably, two‐part and three‐part differential counts do 

not identify an increase of eosinophils or basophils and 

two‐part differential counts do not identify monocytosis. 

The loss of clinically useful information is not great since 

most differential counts are performed to detect abnormal-

ities of neutrophil or lymphocyte counts. The ‘monocyte’ 

or ‘mononuclear cell’ count is also not very accurate since 

some eosinophils, basophils and neutrophils are counted 

in this category [71]. Automated three‐part differential 

counts on Coulter counters and other impedance instru-

ments may be inaccurate within 30 minutes of venesec-

tion and become inaccurate again when the blood has 

been stored at room temperature for more than 6 hours. 

There is then a fall in the neutrophil count and a rise in the 

‘mononuclear cell’ count, which is progressive with time.

The majority of (but not all) specimens containing 

NRBC, blast cells, immature granulocytes and atypical 

lymphocytes are flagged by impedance‐based three‐part 

automated differential counters.

Five‐to‐seven part differential counts
Differential count of Bayer H.1 and Advia series 
instruments
Since the Bayer H.1 series and Advia series instruments 

base the differential WBC on peroxidase cytochemistry 

in addition to light scattering, they can produce errone-

ous counts as a result of inherited or acquired deficiency 

of peroxidase in neutrophils, eosinophils or monocytes. 

Some of the factitious results that have been observed 

with these instruments are shown in Table 4.12 and illus-

trated in Figs 4.4–4.11. A systematic underestimation of 
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Fig. 4.4  Bayer H.2 histograms and scatter plots showing an erroneous differential count caused by failure of lysis of neonatal red cells 
(green arrows). The peroxidase channel white blood cell count (WBC) of 75.8 × 109/1 has been rejected in favour of the basophil 
channel WBC of 5.48 × 109/1, but the differential count has been derived from the peroxidase channel where many of the non-lysed 
red cells have been counted as lymphocytes or large unstained cells (LUC). This has led to a factitious neutropenia. The erroneous 
differential count was flagged. The plots also illustrate the increased size of fetal red cells.

Fig.  4.5  Bayer H.2 white cell scatter plots 
from a patient with severe neutrophil per-
oxidase deficiency leading to an erroneous 
neutrophil count. Virtually all the neutro-
phils have been classified as large unstained 
(i.e. peroxidase‐negative) cells (green 
arrow) and the neutrophil count was zero. 
The basophil lobularity channel, however, 
shows a normal number of granulocytes.

the monocyte count, in comparison with that obtained 

by flow cytometry with anti‐CD14/CD45 monoclonal 

antibodies, was observed in one study [77]. Storage 

effects are relatively minor with Bayer H.1 series and 

Siemens Advia series automated differential counts. On 

average there is no more than 1–2% change in any cat-

egory of leucocyte by 72 hours.

Five‐part differential counts on Coulter,  
Sysmex and other instruments
Some systematic inaccuracies in counts have been 

reported. One study of the Coulter STKS five‐part dif-

ferential [70] found an overestimation of lymphocyte 

numbers and an underestimation of monocyte numbers. 

In another study, the STKS gave less accurate granulocyte 



Fig. 4.6  Bayer H.2 white cell scatter plots from a patient with partial eosinophil peroxidase deficiency showing an eosinophil cluster 
(green arrow) that has not been recognised. About two‐thirds of the eosinophils have been classified as neutrophils.

Fig. 4.8  Bayer H.1 white cell scatter plots showing neutrophils that have caused less forward light scatter than normal (green arrow) 
and have been misclassified as eosinophils.

Fig. 4.7  Bayer H.2 white cell scatter plots from a healthy subject with monocyte peroxidase deficiency causing an erroneous mono-
cyte count. Almost all the monocytes have been counted as LUC (green arrow). The automated monocyte count was 0.09 × 109/1 
while the manual count was 0.5 × 109/1.
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Fig. 4.9  Bayer H.2 white cell scatter plots from a patient with follicular lymphoma showing pseudobasophilia as a consequence of 
lymphoma cells (green arrow) being misclassified as basophils.

Fig. 4.10  Scatter plots and histograms produced by the Siemens Advia 120 on a blood sample from a patient with diffuse large B‐cell 
lymphoma showing pseudobasophilia as a result of circulating lymphoma cells. The basophil/lobularity channel (centre top) shows 
an abnormal compact cluster of signals that extends from the mononuclear area (blue) to the basophil area (yellow); the ‘basophil’ 
count was 0.95 × 109/l (15.9%). In the peroxidase channel (top left) the lymphoma cells appear in the LUC area (turquoise); the 
count was 1.41 × 109/l (23.5%). There were flags for atypical lymphocytes, blast cells and left shift. Other abnormalities shown by 
the red cell histograms and cytograms are an increase of hypochromic cells and of macrocytes, including hypochromic macrocytes. 
By courtesy of Professor Gina Zini, Rome.
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and lymphocyte counts in patients infected with the 

human immunodeficiency virus (HIV) than in other sub-

jects [78]; some granulocyte counts were falsely low and 

lymphocyte counts were more scattered than with a Coul-

ter S Plus IV three‐part differential. Cobas instruments 

have been observed to overestimate monocyte counts 

[79], whereas the Beckman–Coulter LH750 showed good 

agreement with the count obtained by flow cytometry 

with anti‐CD14/CD45 monoclonal antibodies [77].

Storage effects differ between instruments. The accu-

racy of the Coulter STKS differential count shows some 

deterioration after 6–8 hours of room‐temperature stor-

age with a significant fall in the monocyte and eosin-

ophil counts and a rise in the lymphocyte count [80], 

whereas, as noted above, counts on Bayer instruments 

are relatively stable. With the Coulter Gen S, there is 

a rise in the neutrophil, lymphocyte and eosinophil 

counts and a fall in the monocyte count, the inaccu-

racies appearing from days 1 to 2 of room tempera-

ture storage [36]. Some Sysmex instruments, e.g. the 

NE‐8000, have shown a marked rise in the monocyte 

count after 8 hours of room‐temperature storage and 

a rise in the neutrophil count after 24 hours [81]. The 

Cobas Argos 5 Diff shows a significant rise in the lym-

phocyte count and a fall in the counts of other types 

of leucocyte between 6 and 24 hours [82]. The effects 

of storage may differ for certain types of specimen. A 

study with the Sysmex NE‐8000 counter found that in 

HIV‐positive patients the lymphocyte count fell after 24 

hours of room‐temperature storage [83].

Blood specimens with abnormal characteristics can 

give rise to inaccurate counts, as shown in Table 4.13.

Fig. 4.11  Siemens Advia series cytograms and histograms from a patient with T‐lineage non‐Hodgkin lymphoma. The full blood 
count (FBC) showed WBC 74.6 × 109/l, neutrophils 7.23 × 109/l, lymphocytes 58.4 × 109/l, monocytes 1.35 × 109/l, eosinophils  
0.2 × 109/l, basophils 2.7 × 109/l, large unstained (i.e. peroxidase‐negative) cells 4.7 × 109/l. There were flags for blast cells (+) 
and atypical lymphocytes (+). The Perox scattergrams show that there is an abnormal population extending from the lymphocyte 
box into the LUC box. This is a clue to the fact that the basophilia is factitious. The abnormal population can be seen in the Baso 
scattergram to be extending from the lymphocyte box into the basophil box. By courtesy of Professor Gina Zini.
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Table 4.13  Some causes of inaccurate automated differential white cell counts on impedance and impedance/light‐scattering 
instruments.∗

Fault Effect Instrument on which observed

Some or many neutrophils counted as monocytes, 

particularly after 24 h storage of blood

Falsely high monocyte count and falsely low 

neutrophil count

Sysmex NE‐1500 and NE‐8000 [84,85]

Storage effects at room temperature Falsely low neutrophil and monocyte counts, 

falsely high lymphocyte counts after 24 h at 

room temperature

Falsely low neutrophil count and falsely high 

lymphocyte count after more than 18 h storage

Falsely low neutrophil count and falsely high 

monocyte count 

Lymphocyte count rises significantly with less 

than 24 h storage and eosinophil count falls

Abbott Cell‐Dyn 3500 [13]

Coulter STKS [86]

Sysmex NE 1500 and NE 8000 (see above)

Cobas Argos 5 Diff [82]

Neutrophil aggregation Falsely low WBC and neutrophil percentage, 

falsely high lymphocyte percentage

All instruments

Lymphocyte aggregation Falsely high neutrophil percentage Coulter STKS [87]

Non‐lysis of red cells

Neonatal red cells

Hyperlipidaemia

Abnormal haemoglobins (e.g. C, S, D, G)

Obstructive jaundice

Myelodysplastic syndrome

Falsely high WBC and lymphocyte count  

Coulter STKS [88]

Coulter STKS

Sysmex NE‐8000

Sysmex NE‐8000

Coulter STKS

Malaria parasites Falsely high lymphocyte and monocyte counts Sysmex NE‐8000

Malaria (P. vivax more often than  

P. falciparum)

Pseudoeosinophilia Sysmex XE‐2100 [89]

Malaria (neutrophils containing malaria 

pigment counted as eosinophils; rarely 

pigment‐containing parasites in non‐lysed 

red cells similarly counted)

Falsely high eosinophil count and falsely low 

neutrophil counts as malarial pigment 

polarises light

Cell‐Dyn 3500 [90,91]

Plasma interference Falsely high eosinophil count Coulter STKS [80]

Neutrophils containing haemosiderin 

counted as eosinophils

Falsely high eosinophil count and falsely low 

neutrophil count

Cell‐Dyn CD3700 [92]

Hypogranular eosinophils counted as 

neutrophils

Falsely low eosinophil count; falsely high 

neutrophil count

Sysmex NE‐8000 [75]

Coulter STKS [93]

Hypogranular or hypolobated neutrophils 

counted as lymphocytes

Falsely low neutrophil count Horiba instruments

Hypogranular neutrophils counted as 

monocytes

Falsely low neutrophil count and falsely high 

monocyte count

Sysmex XE‐2100 [94]

Other cells counted as basophils

  Abnormal lymphocytes in HIV‐infected  

  subjects

  Type of cell not specified

  Myeloblasts

  Promyelocytes in acute promyelocytic  

  leukaemia

  Various abnormal cells

  Lymphoblasts and myeloblasts

  Dysplastic neutrophils

  Atypical lymphocytes, lymphoma cells,  

  myeloblasts, leukaemic promyelocytes

  Atypical lymphocytes

  Maroteaux–Lamy syndrome neutrophils

Falsely high basophil count (pseudobasophilia)

Coulter STKS [95]

Coulter STKS [80]

Sysmex NE‐8000 [96]

Sysmex NE‐8000 [97]

Cell‐Dyn 3000 [98]

Coulter STKS [99]

Coulter STKS [73]

Horiba instruments

Sysmex XE‐2100 and XE‐2100D [100]

Sysmex XE‐2100 [101]
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Errors in automated reticulocyte 
counts and other reticulocyte 
measurements

Automated reticulocyte counts may be falsely elevated 

when there is autofluorescence or when fluorescence 

is produced by binding of the fluorochrome to some-

thing other than the RNA of reticulocytes, usually 

deoxyribonucleic acid (DNA) or RNA in other cells. Less 

information is available on erroneous counts with non‐

fluorescent nucleic acid stains. However, a tendency 

to underestimate the reticulocyte count with technol-

ogy based on New Methylene Blue staining has been 

noted in haemoglobin H disease [105] and a factitious 

elevation was found in the presence of a high NRBC 

count, using an oxazine 750 method [106]. With the 

New Methylene Blue method, factitiously elevated 

counts were also observed in some samples, but only 

when a longer than recommended period of incubation 

was used [105]. Some known causes of falsely elevated 

reticulocyte counts are shown in Table 4.14. Inaccuracy 

of reticulocyte counts in the presence of nucleated red 

cells is method dependent, in one study being more 

likely with the XE‐2100 than with the Pentra 120 Retic 

Fault Effect Instrument on which observed

Fault Effect Instrument on which observed

Basophils counted as lymphocytes in some 

cases of CML

Falsely low basophil count Coulter STKS [80]

 

Various abnormal cells counted as 

monocytes–lymphocytes in chronic 

lymphocytic leukaemia, lymphoma 

cells, myeloblasts, lymphoblasts and 

hypergranular promyelocytes

Lymphocytes of infectious mononucleosis

Myeloma cells

Neutrophils in patients with left shift

Falsely high monocyte count Horiba instruments

Coulter STKS and Sysmex NE‐8000 [102]

Sysmex SE‐9000 [73]

Horiba instruments

Poor separation of leucocyte clusters Some eosinophils sometimes counted as 

neutrophils, some neutrophils sometimes 

counted as monocytes, pseudobasophilia

Coulter STKS [82,103]

Giant platelets counted as lymphocytes Falsely high lymphocyte count Coulter STKS [103]

Nucleated red blood cells counted as 

lymphocytes

Falsely high lymphocyte count Horiba instruments

Intravenous lipid infusion causing alterations 

in cells

Neutrophil count reduced, monocyte count 

increased

Coulter LH 750 [104]

∗ This list of errors should not be regarded as exhaustive.

CML, chronic myelogenous leukaemia; HIV, human immunodeficiency virus; WBC, white blood cell count

Table 4.14  Some causes of falsely elevated automated 
reticulocyte counts.

Increased autofluorescence

Neonatal samples and post‐splenectomy [107]

Heinz bodies [108]

Binding of fluorescent dye to something other than  

RNA of reticulocytes

High WBC or NRBC count and/or abnormal leucocytes, e.g.  

  in chronic lymphocytic leukaemia [109], acute myeloid  

  leukaemia [110], acute biphenotypic leukaemia [110] and  

  chronic myelogenous leukaemia (chronic phase or blast  

  crisis) [110]

Howell–Jolly bodies [111]

Irreversibly sickled cells [104]

Cold agglutinins [107]

Large platelets [107]

Malaria parasites [112]

Babesia parasites

Heinz bodies [113]

Autofluorescence due to porphyria or drugs [12]

Binding of non‐fluorescent dye to something other than  

RNA of reticulocytes

NRBC [106]

Microcytic red cells [114]

NRBC, nucleated red blood cells; RNA, ribonucleic acid; WBC, white 

blood cell count
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[115]. Malarial parasites within red cells may lead to a 

bimodal reticulocyte histogram, suggesting this diagno-

sis [116,117]. In the presence of malaria parasites there 

is also a factitious elevation of the immature reticulocyte 

fraction [117].

Erroneously low reticulocyte counts have been 

observed if blood is obtained from a patient after fluor-

escent retinal angiography has been performed [118].

Quantification of high fluorescence reticulocytes is 

affected by the presence of white cells and is likely to be 

erroneous when the white cell count is elevated [119].

Reticulocyte indices may be inaccurate when large 

platelets are present [120].

A factitiously elevated reticulocyte count may be 

associated with a factitiously elevated immature reticu-

locyte fraction [110].
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The interpretation of any laboratory test result requires 

assessment as to whether or not the result is normal. 

‘Normal’ means that the results are those expected in 

that individual when in a state of optimal health (assum-

ing that the person does not have any inherited disorder 

affecting the blood). Since one rarely has the informa-

tion to make this assessment, it is necessary instead to 

consider whether the result is what would be expected 

in a healthy subject as biologically similar to the particu-

lar individual as possible. Test results are conventionally 

compared with normal ranges, such ranges often being 

derived from textbooks and sometimes being of obscure 

origin. More recently, test results have been compared 

with reference ranges. The concepts underlying the der-

ivation of a reference range are as follows.

A reference individual is one selected using defined 

criteria and coming from a population that includes all 

individuals who meet those criteria. A reference sample 

is a number of reference individuals chosen to repre-

sent the reference population. Reference values are test 

results derived from the reference individuals and can be 

analysed and statistically described: they will fall within 

certain limits; and they will have a certain distribution 

with a mean, a median and a mode. The usual method 

of describing a collection of reference values is in terms 

of the reference limits that exclude 2.5% of the values at 

either end of the observed range, i.e. the reference interval 

represents the central 95% of the observed values. Such 

a reference interval derived from the sample individuals 

will be representative of the reference interval of the pop-

ulation from which it is derived; the closeness of fit of the 

two intervals can be represented by the confidence limits 

of the mean and each of the reference limits. Closeness of 

fit is determined by the size of the sample and by whether 

the reference individuals have been chosen from the ref-

erence population in a way that is free of bias. Reference 

individuals can be derived from the reference population 

by random sampling or carefully selected to reflect the 

mix of age, gender, social class and other variables in the 
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reference population. Reference intervals are commonly 

referred to as ‘reference ranges’, a readily understandable 

term although it is not officially recommended.

A reference individual is not necessarily healthy, but 

if a good state of health is included as a criterion for 

selection, then it is clear that the reference interval may 

be very similar to a traditional ‘normal range’, although 

more carefully defined.

If reference ranges are to be useful in assessing haema-

tology results, they should take account of whether test 

results are influenced by age, gender or ethnic origin and 

separate ranges should be derived when necessary. Preg-

nant women would normally be excluded unless one is 

deriving a range for application during pregnancy. Refer-

ence ranges are often derived from test results obtained 

in carefully controlled conditions with fasting and rested 

subjects who have abstained from alcohol, cigarettes and 

drugs and whose blood specimens are taken at a defined 

time of day. Such conditions are not often met by patient 

populations and it may be more useful to use ambulant, 

non‐fasting individuals whose habits reflect those of the 

population from which they and the patients are drawn. 

The site of blood sampling and other variations in the tech-

nique of obtaining a blood sample affect results of haema-

tological tests (Table 5.1). For this reason, blood specimens 

should be taken in the same manner and using the same 

anticoagulant (dry or liquid) as in the patient population.

Establishing reference ranges on a population sample 

is a difficult and expensive procedure, which is often 

beyond the resources of an individual laboratory. Nev-

ertheless, laboratories should, whenever possible, estab-

lish their own ranges using their own techniques and 

instrumentation. Normal ranges can be derived from 

healthy volunteers, from subjects attending health 

screening clinics or having annual medical examina-

tions, or from staff having pre‐employment testing. 

Hospital staff may not be ideal because their average age 

is likely to be considerably lower than that of the patient 

population. First‐time blood donors are satisfactory, but 
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Table 5.1  Some effects of the method of obtaining a blood specimen on haematological variables.∗

Site of obtaining blood specimen

During the first week of life, the Hb, PCV/Hct and RBC are approximately 15% higher in heel‐prick than in venous specimens†; the difference 

may be greater in babies with sepsis with poor peripheral circulation [3]; the MCV, MCH and RDW do not differ but the MCHC is 

higher [3]; the WBC is about 20% higher in capillary blood [4]; in older infants, children and adults no consistent differences have been 

observed between finger‐prick and venous specimens, but ear‐lobe capillary specimens have Hb, Hct/PCV and RBC values 6–17% higher 

than finger‐prick or venous specimens.

In neonates, heel‐prick specimens have WBC, neutrophil and lymphocyte counts about 20% higher than arterial or venous samples; counts 

are most likely to approximate to those of venous blood if there is a free flow of blood and if early drops, excluding the first, are used 

for the count; in adults, the WBC and the neutrophil count are significantly higher in finger‐prick samples than in venous samples with a 

progressive fall occurring with successive drops [5]. In adults, the platelet count is lower in capillary samples and the Hb is higher [6].

In neonates the platelet count and MPV are lower in capillary samples than in venous samples [3].

Position of the arm

Hb, Hct/PCV and RBC are 2–3% higher if the arm is hanging down than if it is at the level of the atrium of the heart.

Use of tourniquet

Hb, Hct/PCV and RBC are increased by 2–3% by prolonged application of a tourniquet.

Nature of anticoagulant

The dilution caused by using a liquid anticoagulant causes a slight reduction of cell counts, Hb and Hct/PCV.

Oxygenation of the blood

Oxygenation of the blood lowers the Hct/PCV and MCV and raises the MCHC [7].

Prior rest

The Hb, Hct/PCV and RBC fall by 5–8% after as little as half an hour’s bed rest; rest lowers the lymphocyte count [8].

Hb, haemoglobin concentration; Hct, haematocrit; MCH, mean cell haemoglobin; MCHC, mean cell haemoglobin concentration; MCV mean 
cell volume; MPV, mean platelet volume; PCV, packed cell volume; RBC, red blood cell count; RDW, red cell distribution width; WBC, white 
blood cell count.
∗For other relevant references the reader is referred to the first edition of this book [1].
†It has been reported that, at birth, capillary Hb is higher than that of cord blood Hb [2], but it appears likely that this observation was the result of 
the 20–60 minutes’ delay that occurred before the capillary sample was obtained.

those who have donated regularly in the past may have 

depleted iron stores, which will affect haematological 

test results. It is also possible to derive normal ranges 

from data on patients, based on the assumption that the 

test results for any measurement will represent a nor-

mal and an abnormal population with some overlap. 

Large numbers are necessary and the statistics are fairly 

complex [9].

Particular problems exist in deriving ranges for elderly 

people because of the high prevalence of known and 

occult disease. It is desirable, if possible, to separate the 

effects of the increasing incidence of disease from the 

effects of the ageing process itself. Similarly, it may be 

difficult in a developing country to select an adequate 

population sample that is not adversely affected by 

malnutrition and subclinical disease. In such circum-

stances it may be necessary to derive normal ranges 

from ‘elite’ individuals such as the army, police force, 

medical students, doctors, nurses and laboratory work-

ers; such individuals will not be typical of the commu-

nities from which they are drawn, but their test results 

will more closely approximate to those that would be 

expected in an optimal state of health. Problems also 

occur in populations with a high prevalence of genetic 

disease. In deriving ranges for red cell variables it is nec-

essary to exclude subjects with haemoglobinopathies 

and α and β thalassaemia trait. Exclusion of β thalas-

saemia trait and haemoglobinopathies is not difficult 

since diagnosis is usually easy, but exclusion of α tha-

lassaemia trait requires deoxyribonucleic acid (DNA) 

analysis. However, unless this is done it is not possible 

to distinguish genuine ethnic differences from differ-

ences caused by a high prevalence of a genetic abnor-

mality. Thus, subtle differences in haemoglobin con-

centration (Hb) and red cell indices between African 

Americans and Caucasian Americans are attributable in 

part to the 25–30% prevalence of α thalassaemia trait 

among African Americans; however, when the effects of  
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α thalassaemia and iron deficiency are excluded, 

haemoglobin concentration is about 3.4 g/l lower in 

African American men and about 3.2 g/l lower in Afri-

can American women that in Caucasians [10]; this 

residual difference is not explained by sickle cell trait 

or by socio‐economic differences or differences in 

renal function. These differences are sufficient to lead 

to 6% of African American women and 8% of African 

American men being classified as anaemic if Caucasian 

reference ranges are used [10]. Similar differences are 

seen in African American children who have an Hb 

2–7 g/l lower than age‐matched non‐Hispanic Cau-

casian controls [11]. Italian studies of genetically iso-

lated populations have found strong evidence within 

genetic isolates that Hb is a hereditable feature [12], 

these results supporting previous evidence of heritabil-

ity from two Australian twin studies [13]. In addition, 

two southern Italian genetic isolates had lower Hbs 

than a northern Italian genetic isolate [12]. In deriving 

reference ranges for children, it is desirable to exclude 

subclinical iron deficiency. Even in adults, subtle dif-

ferences in iron status may affect population means. For 

example, heterozygosity for mutations associated with 

genetic haemochromatosis is common among Northern  

European populations (around 12%) and has been found 

to be associated with a slightly but significantly higher 

Hb, the difference between carriers and non‐carriers 

being of the order of 4 to 6 g/l [14]. Hb, haematocrit 

(Hct), mean cell volume (MCV), mean cell haemoglo-

bin (MCH) and mean cell haemoglobin concentration 

(MCHC) have all been found to be higher in patients 

with untreated haemochromatosis, probably as a result 

of enhanced delivery of iron to erythroblasts [15].

Once test results are available they must be dealt with 

by statistical techniques that are appropriate for the dis-

tribution of the data. If data have a normal (Gaussian) 

distribution, then a mean and standard deviation (SD) 

can be estimated and the mean ±1.96 SD will represent 

the central 95% of the data. The commonly used mean 

±2 SD represents 95.4% of the data. The Hb and the 

other red cell variables can be treated as if they have 

a Gaussian distribution, although they are not strictly 

Gaussian [16]. Various other haematological variables 

have a skewed distribution with a tail of higher val-

ues; this is true for the white blood cell count (WBC) 

and the absolute counts of various types of leucocyte. 

If data with this type of distribution are treated inap-

propriately, as if they were Gaussian, the estimates for 

both the upper and lower limits will be too low and 

the lower limit will often be negative. A logarithmic 

transformation may be appropriate or a more complex 

transformation may be necessary [17]. If a Gaussian  

distribution cannot be produced by transformation of 

the data, a non‐parametric analysis must be carried 

out, i.e. one that makes no assumptions about the dis-

tribution. The advantages of using transformation to 

a Gaussian distribution is that a smaller sample size is 

adequate, of the order of 36 samples in contrast with the 

120 samples that is the smallest adequate sample size for 

non‐parametric analysis [18].

Use of the central 95% range is arbitrary, but gives 

a reasonable balance between missing a clinically 

significant abnormality and misclassifying a normal 

subject as abnormal. However, comparison of an 

observed value in a patient with a laboratory’s normal 

range should be done with the constant awareness 

that, for each test, 5% of values of healthy subjects 

will fall outside the ‘normal’ range. Conversely, an 

individual may, as a result of a pathological process, 

have an alteration in a test result away from his or 

her own normal value while still remaining within 

the ‘normal’ range. When a patient’s previous results 

are available, some attention should be paid to any 

change as well as to whether a result falls outside the 

laboratory’s normal range.

If a laboratory does not derive its own normal ranges 

but adopts those of others, it is incumbent on it to be 

certain not only that the type of population is similar 

and the appropriate statistical techniques have been 

applied, but also that the blood sampling techniques and 

laboratory methods, including the methods of calibrat-

ing instruments, are identical.

Haematological variables are affected not only by age, 

gender, ethnic origin and altitude, but also by a num-

ber of other biological factors and extraneous influences 

(Tables 5.2 & 5.3).

The effects of age are complex and consistent results 

have not always been observed. The gender differ-

ence in the Hb and related variables lessens after the 

menopause but, at any given ferritin concentration 

or transferrin saturation, values continue to differ by 

about 10 g/l [33]. The Hb in men falls by about 10 g/l 

between youth and old age, particularly after the age 

of 60 years, whereas the Hb in women is fairly stable 

[33]. In a longitudinal population study in Sweden,  

Hb rose in women and fell in men between the 
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Table 5.2  Some demographic factors affecting haematological variables.∗

Gender

RBC, Hb and Hct/PCV are higher in men than in women.

Women in the reproductive age range have a higher WBC and neutrophil count than men, whereas in postmenopausal women the WBC is 

lower than in men.

The platelet count is higher in women than in men.

Age

Normal values of neonates, infants and children differ widely from those of adults (see Tables 5.8–5.12).

In most studies the Hb rises in women and falls in men after the age of 40–50 years and in both men and women it falls in old age.

The lymphocyte counts fall in old age.

Ethnic origin

The WBC and neutrophil counts are lower in Black people than in Caucasians, are lower in Africans than in Afro‐Caribbeans or African 

Americans (see Table 5.7) and are also lower in Yemenite Jews than in other Caucasians. The lower WBC in Black people is not apparent 

at birth but has appeared by the age of 1 year. The absolute lymphocyte count of African Americans is slightly but significantly higher 

than that of Caucasian Americans [10]. WBC and differential counts of Indians, Chinese and South‐East Asian populations are the same as 

those of Northern European Caucasians. Eosinophil counts do not differ between healthy subjects of different ethnic groups.

Black people have lower platelet counts than Caucasians.

African Americans have a lower Hb than Caucasian Americans by about 3.2 g/l in women and 3.4 g/l in men, when iron deficiency and 

α thalassaemia trait have been eliminated [10].

Geographical location

RBC, Hb and Hct/PCV are increased at higher altitude; in one study the response to moderate altitude was a rise in RBC alone with the MCV 

being lower, whereas at a greater altitude Hb and Hct also rose [19]. In another study of the acute effects of changing altitude, the rise in 

RBC and Hb at 14 days was proportionately greater than the rise in Hct [20]; during this time the mean MCV had risen from 85 to 93 fl. 

The platelet count is significantly higher at altitude [20,21]. Babies born at a high altitude have a higher WBC and neutrophil count [22].

Season

Overall, Hb and Hct are somewhat lower in summer [23]. In non‐smokers, Hb and PCV are lower in summer, due to an increase in plasma 

volume [24]; in smokers the MCHC is lower and the Hct and RBC are higher in summer; the plasma volume is unchanged [24].

Hb, haemoglobin concentration; Hct, haematocrit; MCHC, mean cell haemoglobin concentration; MCV, mean cell volume; PCV, packed cell 
volume; RBC, red blood cell count; WBC, white blood cell count.
∗For further relevant references the reader is referred to the first edition of this book [1].

ages of 40–50 and 70–80 years [34]. In a very large 

cross‐sectional French study, Hb was higher in women 

over the age of 50 years, probably due to a lower preva-

lence of iron deficiency since MCV and MCH also rose 

[35]. Healthy men showed a mean decline in Hb from 

152 to 141 g/l between the ages of 70 and 88 years  

(p < 0.05), whereas in healthy women there was no 

significant change (mean values 140 and 138 g/l, p > 

0.05) [34], so that after the age of 85 years there was no 

gender difference. Lower limits of normal for Hb had 

been defined previously as 133 g/l for healthy elderly 

men and 120 g/l for healthy elderly women [36]. In an 

Italian study, Hb was significantly higher in postmeno-

pausal Italian women than in premenopausal, whereas 

men over the age of 60 years have a significantly lower 

mean Hb than younger men [12]. In the USA, results 

for men were similar but a decline in Hb was seen in 

women from the age of 50 years [13]. Above the age 

of 80 years, mean Hb is lower in both genders, but the 

influence of occult ill‐health cannot be excluded [12]. 

In a Japanese study, men showed a decline in Hb from 

the fourth decade, whereas women showed a peak in 

the sixth and seventh decades and a decline only there-

after [37]; this decline with age was seen in the absence 

of any apparent anaemia‐related disease [37].

Locally derived reference ranges are needed for 

red cell variables for populations living at high alti-

tude. Above 2000 m the Hb is elevated by 10–15 g/l 

and red blood cell count (RBC) and Hct/packed cell 

volume (PCV) are also elevated [19]. Cities at a high 

enough altitude that altitude‐adjusted normal ranges 

are needed include Mexico City and Puebla (Mexico), 

La Paz (Bolivia), Quito (Ecuador), Bogota (Columbia), 

Johannesburg (South Africa), Tehran (Iran) and, in the 

USA, Santa Fe, Denver, Albuquerque, Reno, Salt Lake 

City, El Paso and Billings [38].
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Table 5.3  Some biological factors and common extraneous influences affecting haematological variables.∗

Diurnal variation

The Hb and Hct/PCV are higher in the morning than the evening.

The WBC and neutrophil counts are higher in the afternoon than in the morning. The eosinophil count is lowest at 10 a.m. to midday, and 

up to twice as high between midnight and 4 a.m. The lymphocyte count is lowest in the morning and highest in the evening [25].

The platelet count is higher in the afternoon and evening.

Pregnancy (see Table 5.14)

RBC, Hb and Hct/PCV fall; MCV rises, on average about 6 fl.

The WBC, neutrophil count and monocyte count rise during pregnancy; a left shift occurs; lymphocyte, eosinophil and basophil counts fall.

The neutrophil alkaline phosphatase score rises.

The platelet count has been observed to fall during pregnancy, but if subjects with pregnancy‐related hypertension are excluded there is 

usually no fall.

The ESR rises.

Labour

During labour there is a further marked rise in the WBC and the neutrophil count together with a steep fall in the eosinophil count and a 

slight further fall of the lymphocyte count.

Postpartum

RBC, Hb and Hct/PCV fall to the lowest level at 3–4 days postpartum.

WBC and neutrophil count remain markedly elevated for some days postpartum then fall gradually over 4–6 weeks.

Menstruation

WBC, neutrophil count and monocyte count fall steeply during menstruation; a reciprocal change is seen in the eosinophil count; the 

basophil count falls mid‐cycle.

Menopause

The Hb rises postmenopausally.

The WBC and the neutrophil count fall.

Exercise

The WBC and absolute counts of all leucocyte types rise as a response to vigorous exercise; the absolute rise in the WBC and neutrophil 

count is less in Black people than in Caucasians [26]; in babies, vigorous crying similarly causes an increase in the WBC, with recently 

circumcised babies showing a left shift [4].

The RBC, Hb and PCV rise as a response to vigorous exercise.

Intensive training leads to a fall in the lymphocyte count [27].

Cigarette smoking [28]

The RBC, Hb, Hct/PCV, MCV and MCH are higher in smokers.

The WBC, neutrophil count and monocyte count are higher.

The platelet count is higher.

The ESR is higher.

Alcohol intake

Alcohol consumption may be associated with an increased Hb [29], but heavy alcohol intake can cause anaemia, leucopenia and 

thrombocytopenia.

The MCV and MCH are higher and RBC is lower.

Obesity

WBC correlates with body fat [30] and is increased in morbid obesity [31].

WBC, neutrophil count, lymphocyte count and RBC increase with obesity; MCV and MCH decrease [32].

ESR, erythrocyte sedimentation rate; Hb, haemoglobin concentration; Hct, haematocrit; MCH, mean cell haemoglobin; MCV, mean cell volume; 
PCV, packed cell volume; RBC, red blood cell count; WBC, white blood cell count.
∗For further relevant references the reader is referred to the first edition of this book [1].



216      Chapter 5

Normal ranges for adults

Some reference ranges for red cell variables for Cauca-

sian adults are shown in Table 5.4 and some data for 

Black adults in Table 5.5. It should be explained that 

if a table shows the RBC × 10−12/l to be e.g. 4.32, then 

the RBC is 4.32 × 1012/l (and similarly for the WBC). 

Data are also available derived from more than 30 000 

mainly Caucasian French subjects, but iron deficiency 

and haemoglobinopathies were not specifically excluded 

[35]. Ranges for Caucasian adults can also be applied 

to Indian, Chinese and South‐East Asian populations. 

Indigenous Greenlanders have been found to have a 

lower Hb than Danish subjects, the difference not being 

explicable on the basis of diet, cigarette smoking or the 

prevalence of iron deficiency [29].

White cell variables for Caucasian adults are shown 

in Table 5.6. For leucocyte counts, particularly neutro-

phil counts, it is necessary to have specific reference 

ranges applicable to Africans and Afro‐Caribbeans 

(Table 5.7). The lower WBC and neutrophil counts 

observed in these ethnic groups may be partly explica-

ble on the basis of diet and other extraneous influences, 

but there is also a true biological difference [26,27,55]. 

Ethnic neutropenia in individuals of African origin is  

Table 5.4  95% ranges for red cell variables in Caucasian adults in five large series of subjects.

Male Female

RBC × 10−12/l 4.32–5.66∗ 4.5–5.6† 3.88–4.99∗ 3.9–5.1†

Hb g/l‡ 133–167∗ 133–176§ 132–180¶ 132–169∗∗ 137–172† 118–148∗ 120–158§ 122–150¶ 115–154∗∗ 120–152†

Hct l/l 0.39–0.50∗ 0.39–0.51¶ 0.40–0.50† 0.36–0.44∗ 0.36–0.48¶ 0.37–0.46†

MCV fl 82–98†† 82–99∗∗ 83–98† 82–98†† 81–99∗∗ 85–98†

MCH pg 27.3–32.6 28–32† 27.3–32.6 28–32†

MCHC g/l 316–349 320–360† 316–3.9 320–360†

RDW  

(SD or %)

9.9–15.5†† 

(SD)

9.9–15.5††

 

11.6–13.9‡‡ 

(%)

11.6–14.1 

(%)†
11.6–13.9‡‡ 12–14.7 (%)†

HDW g/dl 1.82–2.64‡‡ 1.82–2.64‡‡

∗based on 700 healthy subjects, aged between 18 and 60 years, studied by the author: 350 were male and 350 female; half were studied on 
Coulter instruments (S and S Plus IV) and half on Bayer‐Technicon instruments (Hemalog 8 and H.2); except where indicated, the ranges are 
derived from all 750 subjects.
†Sysmex XE 2100, 159 males, 91 females, aged 30–65 [39].
‡2.5 centile 134 g/l for men aged 20–59 (n = 6709), 128 g/l for men aged 60 years or more (n = 5615), 119 g/l for women (n = 11 286) [40].
§based on 1379 iron‐replete Danish males and 1003 iron‐replete Danish females [29].
¶ based on 1382 males and 1837 females for Hb and 1368 males and 1818 females for Hct [41].
∗∗6240 males and 5780 females having health screening, iron deficiency was excluded [10]; MCV is very dependent on the technology used and 
the method of instrument calibration so that derivation of normal ranges for individual laboratories is important.
††Coulter S Plus IV, n = 200.
‡‡Bayer H.2, n = 200.

Hb, haemoglobin concentration; Hct, haematocrit; HDW, haemoglobin distribution width; MCH, mean cell haemoglobin; MCHC, mean cell 
haemoglobin concentration; MCV, mean cell volume; PCV, packed cell volume; RBC, red blood cell count; RDW, red cell distribution width; 
SD, standard deviation.

Table 5.5  Haemoglobin concentration and MCV in Afro‐
Americans in whom iron deficiency and alpha thalassaemia 
trait were excluded [10]; 95% range and mean are shown.∗

Male (n = 172) Females (n = 42)

Hb g/l 127–167 113–149

MCV fl 80–99 81.5–99

Hb, haemoglobin concentration; MCV mean cell volume
∗Hb was significantly lower than that of Caucasians, whereas MCV 
was not; sickle cell trait did not have any influence on the Hb or MCV.
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Table 5.6  95% ranges for automated and manual leucocyte counts in Caucasian adults, derived by the author, using data from 
750 healthy subjects aged between 18 and 60 years.

Male Female Method and number of Subjects (n)

WBC × 10−9/l 3.7–9.5 3.9–11.1 Various methods, n = 750

Neutrophils × 10−9/l 1.7–6.1 1.7–7.5 Automated counts, Bayer H.2, n = 200

Lymphocytes × 10−9/l 1.0–3.2

Monocytes × 10−9/l 0.2–0.6

Eosinophils × 10−9/l 0.03–0.46

Basophils × 10−9/l 0.02–0.09

LUC × 10−9/l 0.09–0.29

Granulocytes × 10−9/l 1.8–7.5 2.1–8.9 Automated counts, Coulter S Plus IV, n = 200

Lymphocytes × 10−9/l 1.15–3.25

Mononuclear cells × 10−9/l 0.18–0.86

Neutrophils × 10−9/l 1.5–6.5 1.8–7.4 WBC on Coulter S or S IV; 500‐cell manual 

differential count, n = 400Lymphocytes × 10−9/l 1.1–3.5

Monocytes × 10−9/l 0.21–0.92

Eosinophils × 10−9/l 0.02–0.67

Basophils × 10−9/l 0.00–0.13

LUC, large unstained (peroxidase‐negative) cells; WBC, white blood cell count.

Table 5.7  95% ranges for leucocyte counts in adult Africans, Afro‐Caribbeans and Black Americans.

Ethnic origin

Male 

WBC

Female 

WBC

Male

neutrophils

Female

neutrophils Comment

African 2.8–7.2 3.0–7.4 0.9–4.2 1.3–3.7 n = 57 M, 29 F∗

Afro‐Caribbean 3.1–9.4 3.2–10.6 1.2–5.6 1.3–7.1 n = 38 M, 39 F∗

Ugandan (Kampala) 1.9–8.3 — 0.32–3.6 — n = 250 [42]

Ugandan (Makerere) 2.2–8.9 — 0.55–3.7 — n = 160 [42]

Ugandan† 3.4–8.7 0.84–3.37 n = 845, HIV negative [43]

Ugandan (Kampala) 2.8–8.2 3.2–9.0 0.9–3.8 1.1–4.4 n = 520 M, 140 F, negative for HIV and 

hepatitis B and C [44]

Tanzanian 3.2–8.0 3.0–7.9 1.1–4.8 1.2–5.4 n = 150 M, 126 F, HIV negative [45]

Ethiopian‡ 3–9.8 3–12.2 1.05–7.2 0.75–5.5 n = 280 M, 205 F, HIV negative [46]

Gambian 3.3–8.2 3.5–8.4 — — 90% rather than 95% range, HIV negative [47]

Rwandan, Kenyan, Ugandan, 

Zambian

3.1–9.1 1.0–5.3 n = M 1083, F 1022, negative for HIV and 

hepatitis B and C [48]

Kenyan 2.5–7.4 3.3–9.7 0.8–3.9 1.3–3.8 n = M 77, F 83, HIV negative [49]

Nigerian 3.0–10.0 2.4–7.2 n = 49, aged 14 to 17 [50]

Black American 3.6–10.2 1.3–7.4 — — n = 65 [51]

Black American 3.5–9.6 3.4–11.2 1.1–6.7 1.5–8.1 n = 172 M, 525 F [52]

Black American 3.2–10.2¶ — 1.1–6.8¶ — n = 493 [53]

Black American aged 12–18 3.2–9.3 1.0–6.2 n = 401 [54]

Black American aged > 18 years 3.1–9.9 1.3–6.6

F, female; HIV, human immunodeficiency virus; M, male; WBC, white blood cell count
∗Derived by the author.
†Lymphocyte count was 1.4–4.2.
‡Lymphocyte count was 1.0–3.5 in men and 1.1–3.5 in women.
§Lymphocyte count was 1.0–3.5 for men and 1.3–3.8 for women; the gender difference in the WBC and neutrophil counts was statistically very 
significant.
¶Read from graph.
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associated with a Duffy‐null phenotype and is the 

result of a variant of the Duffy antigen receptor for 

chemokines [56]. The lower WBC and neutrophil 

count relate to a difference in bone marrow produc-

tion of neutrophils [55] rather than to any difference 

in margination; the response to brief exercise [26], 

sustained exercise [27] and administration of granu-

locyte colony‐stimulating factor [57] is less than in 

Caucasians, although the absolute response to corticos-

teroids is similar to that of Caucasians [57]. Monocyte 

counts are also somewhat lower in those of African 

origin than in Caucasians [53]. The higher eosinophil 

counts previously reported in Africans and Indians do 

not represent a biological difference from Caucasians; 

eosinophilia observed was explicable on the basis of 

subclinical disease, particularly parasitic infection. Leu-

cocyte and neutrophil counts have been reported to 

be significantly higher in Mexican Americans than in 

Caucasian Americans [58] and in Latin Americans than 

in Caucasian, Black or Asian Americans [52]. Because 

of superior precision, reference ranges for automated 

differential leucocyte counts are narrower than those 

for manual differential counts (see Table 5.6). They 

are also dependent on methodology and thus need to 

be derived specifically for individual models of instru-

ment. Not even all instruments operating on the same 

principles give identical results.

Normal ranges for neonates 
and fetuses

Some normal ranges for haematological variables in 

neonates are shown in Tables 5.8 and 5.9. A higher WBC 

and neutrophil count are seen in female babies [70,75]. 

Published ranges for red cell variables in Indian babies 

[76] and in Jamaican babies in whom haemoglobinopa-

thies and β thalassaemia trait had been excluded [65] are 

similar to those for European neonates, whereas Nige-

rian babies have been observed to have lower RBCs, Hbs 

and PCVs [66]. Since haemoglobinopathies and thalas-

saemia trait were not excluded in the latter group, it may 

be more appropriate to apply ranges for red cell variables 

derived for Caucasian babies to all ethnic groups, includ-

ing Africans. The lower neutrophil count that is noted in 

Africans and Afro‐Caribbeans later in life is not appar-

ent in the neonatal period, so that the same reference 

ranges for leucocyte counts can be applied to neonates 

Table 5.8  95% ranges for red cell variables in healthy full‐term babies during the first month of life.

RBC × 10−12/l Hb g/l Hct or PCV l/l MCV fl

Caucasian

Cord blood (early cord clamping) [59] 3.5–6.7 137–201 0.47–0.59 90–118

Cord blood (time of cord clamping not specified)∗ [60] 3.13–4.85 113–176 99–115

Birth – 96 h (early cord clamping) [61,62]

(late cord clamping) [62]

3.8–6.5 142–240 0.46–0.75 101–137

161–240

‘newborn’ [63] 4.1–6.7 150–240 0.44–0.70 102–115

1–2 weeks (early cord clamping) [61] 3.2–6.4 128–218 0.38–0.70 75–149

3–4 weeks (early cord clamping) [61,64] 2.8–5.3 101–183 0.32–0.55 90–120

Jamaican

1 day [65] 4.6–7.6 157–275 90–118

1 week [65] 4.0–6.9 134–224 88–116

4 weeks [65] 3.1–5.9 95–181 83–107

Nigerian

1 day [66] 2.7–5.3 116–196 0.32–0.58 113 (mean)

2 weeks [66] 2.35–4.55 94–168 0.31–0.47 113 (mean)

4 weeks [66] 2.1–3.95 75–136 0.24–0.41 108 (mean)

1–7 days [50] 135–180 0.40–0.53

8–14 days [50] 130–160 0.38–0.51

∗Brazilian, from Porto Alegre, so likely to be essentially Caucasian.

Hb, haemoglobin concentration; Hct, haematocrit; MCV, mean cell volume; PCV, packed cell volume; RBC, red blood cell count.
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Table 5.9  90% or 95% ranges for white cell and NRBC counts for full‐term Caucasian babies during the first month of life.∗

Age WBC × 10−9/l

Neutrophils × 

10−9/l

Lymphocytes × 

10−9/l

Monocytes × 

10−9/l

Eosinophils × 

10−9/l NRBC × 10−9/l

Cord blood [59,60,67,71] 5–23 1.7–19 1–11 0.1–3.7 0.05–2.0 0.03–5.4

Half hour [69,72] 1.9–5.8

12 hours [67,69] 6.6–23.5

24 hours [67,69] 4.8–17.1

‘newborn’ [63] 9.1–34 6–23.5 2.5–10 < 3.5 < 2.0 < 0.4

48 hours [67,69] 3.8–13.4

0–60 hours [68] 2–7.3 0–1.9 0–0.8

72 hours [67,69] 2.0–9.4

4 days [67,69,72] 1.3–8.0 2.2–7.1 0.2–1.8 0.2–1.9

60 hours–5 days [68,69] 2.0–6.0 1.9–6.6 0–1.7 0–0.8

7–8 days [67,69,73] 9–18.4 1.8–8 3–9 0.03–0.98 0.16–0.94 0.03–0.11

2 weeks [67,69] 1.7–6

5 days–4 weeks [68,69] 1.8–5.4 2.8–9.1 0.09–1.7 0–0.8

3–4 weeks [68.69] 1.6–5.8

4 weeks [74] 5–19.5 1–9 4–13.5

NRBC, nucleated red blood cells; WBC, white blood cell count.
∗Data from different series have been amalgamated to include the lowest and highest limits found in different studies. The ranges of Gregory and 
Hey [67] and Weinberg et al. [68] are 90% rather than 95% ranges, while the scatter plots of Manroe et al. [69] show the full range of counts. It 
should be noted that Schmutz et al. [70], in a study carried out at an altitude of about 4800 feet, found a similar pattern of changes in WBC and 
neutrophil count with time, but absolute counts were much higher than those of Manroe et al. [69].

of all ethnic groups [69–71,77]. The lymphocyte count 

in the neonatal period is of considerable importance in 

suggesting the possibility of congenital immunodefi-

ciency. In severe combined immunodeficiency the count 

is almost invariably less than 2.8 × 109/l and it has been 

suggested that investigation is mandatory if the lympho-

cyte count is less than 1.0 × 109/l.

The Hb, Hct/PCV and RBC in the neonate are consid-

erably influenced by the time of umbilical cord clamping 

(see Table 5.8), since inflow from the placenta increases 

the blood volume of the neonate by up to 50–60% dur-

ing the first few minutes after birth. The rate of transfer 

of placental blood to the neonate is increased if oxytocin 

is administered to the mother to stimulate uterine con-

traction and is decreased if the baby is held above the 

level of the mother immediately after delivery. During 

the first few hours of life, plasma volume decreases so 

that the Hb, Hct/PCV and RBC rise appreciably, particu-

larly when late clamping has been practised. Nucleated 

red blood cells (NRBC) may be present in appreciable 

numbers at birth, but the count falls rapidly in the first 

24 hours. By 4 days they are infrequent. NRBC are 

more numerous in the cord blood of premature infants 

and the infants of diabetic mothers [78]. They are also 

increased when there has been fetal blood loss, hae-

molysis or intra‐uterine hypoxia. The reticulocyte count 

at birth is higher than at any other time of life, but it 

drops markedly after birth. There is a steady decline in 

the RBC, Hb and Hct/PCV but, as shown in Table 5.8, 

an Hb of less than 140 g/l in the first week of life is 

indicative of anaemia. The WBC at birth is influenced 

by the mode of delivery, being lower after an elective 

caesarean section than after vaginal delivery or when a 

caesarean section has been performed after labour has 

commenced [70,79]. The WBC and neutrophil counts 

rise after birth to a peak level at about 12 hours and 

thereafter fall sharply [69,70]. The lymphocyte count 

falls in the first few days of life [72]. The neutrophil 

count is initially higher than the lymphocyte count. This 

is reversed between the fourth and seventh days of life.

Maternal smoking causes a small increase in the neona-

tal Hb, Hct/PCV and MCV and a more substantial decrease 

in the neutrophil count, which persists for at least the first 

few days after birth [80]. Healthy babies with low birth 

weight for gestational age differ from normal birth weight 

babies: RBC, Hb, Hct and MCV are higher while MCH and 

MCHC are lower; erythroblasts and granulocyte precur-

sors are more numerous; neutrophil and platelet counts 
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may be lower [81,82]. Other maternal and fetal factors 

influencing the neutrophil count in the neonate are 

shown in Tables 6.5 and 6.23 and causes of polycythae-

mia and anaemia in the neonatal period in Tables 6.2 

and 6.20. Increased circulating NRBC on the first day of 

life have been found predictive of intraventricular haem-

orrhage in premature neonates [83].

Ranges applicable to the fetus from 8 weeks’ gestation 

onwards have also been published and a graphical rep-

resentation is shown in Fig. 5.1 [84–87]. In another 

study of Thai fetuses of between 18 and 22 weeks’ ges-

tation, who did not have any α thalassaemia mutation, 

95% ranges were: Hb 96.8–130 g/l, MCV 107–138 fl, 

MCH 34.7–48.1 pg and MCHC 308–360 g/l [88]. The 

platelet count in the fetus has a mean value of around 

250 × 109/l and does not change between 17 weeks’ 

gestation and term [89]; in this study of 5194 fetuses, 

the 95% range was 138–344 × 109/l, but fetuses with 

significant abnormalities causing thrombocytopenia 

were not excluded from the analysis. An unexpectedly 

high eosinophil count is sometimes observed in healthy 

fetuses [90].

Premature babies have a lower WBC and lower neu-

trophil and lymphocyte counts than term babies; NRBC 

and immature myeloid cells are more numerous and 

the reticulocyte count is higher [72,91]. At birth, the Hb 

and Hct/PCV are similar to those of term babies but the 

RBC is lower and the MCV higher [92]. Neutrophil and 

lymphocyte counts reach the levels of term babies by 

about 1 week [72,91]. In premature babies the eosino-

phil count often becomes elevated 2–3 weeks after birth.

Fig. 5.1  Haemoglobin concentrations in 265 healthy fetuses 
and reference range derived from the data, modified from Mari  
et al. [87].
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Normal ranges in infants and children

Normal ranges applicable to Caucasian infants and chil-

dren are shown in Tables 5.10 and 5.11 and for African 

American children and adolescents in Table 5.12. The 

steady decline in RBC, Hb and Hct/PCV that follows 

the early peak continues to a nadir around 2 months 

of age. There is a simultaneous rapid fall in MCV and 

MCH. In premature babies the postnatal decline in Hb 

is more rapid and continues for longer, 8 to 12 weeks 

rather than 4 to 8 weeks; the nadir is lower (Table 5.13). 

In populations where iron deficiency is uncommon, 

early clamping of the umbilical cord is not associated 

with any lowering of the Hb or the MCV at 4 months of 

age, although serum ferritin and transferrin saturation 

are lower than in babies in whom cord clamping was 

delayed [110].

The exclusion of children with iron deficiency is impor-

tant in deriving paediatric normal ranges, since one of 

the purposes of such ranges is to facilitate the diagnosis 

of iron deficiency. The iron stores of the neonate are ade-

quate to sustain erythropoiesis for 3–5 months, depend-

ing on whether the infant was full term or premature 

and on whether the cord was clamped early or late. 

Thereafter, iron deficiency is common. Iron deficiency 

can be excluded by requiring a normal serum ferritin 

or transferrin saturation, or a normal red cell protopor-

phyrin concentration, or by administering iron supple-

ments before testing. Population studies often show a 

lower limit of normal that is lower than figures appear-

ing in textbooks. For example, Emond et al. carried out 

a study on 1075 infants in Bristol (of whom only 1.2% 

had a serum ferritin concentration less than 12 μg/l) and 

found the 5th percentile for Hb to be as low as 97 g/l 

[98]. In another UK study in which iron deficiency was 

not excluded, 83 infants aged 9 months had a mean Hb 

of 98 g/l (95% range approximately 72–123 g/l) [100].

Girls have a higher neutrophil count than boys from 

puberty onwards [103]. The lower WBC and neutro-

phil counts noted in Black adults have been observed 

in children between the ages of 1 and 5 years [111] and 

in infants by 9–12 months of age [112]. Published ref-

erence ranges for Melanesian children show lower Hbs 

and MCVs than for Caucasians, even though α and β 

thalassaemia traits were excluded and iron deficiency 

was uncommon [113]; this probably reflects a high 

prevalence of malnutrition and malaria in the popula-

tion studied.
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Table 5.10  95% (or 90%) ranges for red cell variables for Caucasian infants and children∗; for one study differences according to 
the diet of the infants is shown.

RBC × 10−12/l Hb g/l Hct/ PCV l/l MCV fl MCH pg

2 months [64,69,95] 2.6–4.3

 

2.95–4.09 [95]

89–132

 

91–125 [95]

0.26–0.40

 

0.27–0.38 [95]

75–125† [69]

84–106‡ [64]

84.7–98.1 [95]

 

 

28.6–33.1 [95]

3 months [69,97] 3.1–4.3 93–138 0.27–0.39 73–103

4 months [64] 3.5–5.1 103–141 0.32–0.44 76–97

5 months [95] 3.79–4.87 101–129 0.30–0.38 73.3–84.1 24.5–28.7

6 months [64,97] 3.9–5.5 99–141 0.31–0.41 68–85

8 months [98] 97–136§

1 year [64,97] 4.1–5.3 98–141 0.33–0.41 71–84

1 year [99] 100–134§

13 months [95] 3.92–5.10 105–133 0.31–0.39 72.8–83.6 24.3–28.7

18 months [97] 97–151

18 months [99] 102–130§

18 months [100] 91–147 (cow’s milk);  

98–147 (unfortified  

formula), 91–147  

(iron‐fortified formula)

1–23 months [63] 3.8–5.4 105–140 0.32–0.42 72–88

1–2 years [94] 107–133

1–4 years¶ [101] 3.5–5.3 107–151 0.31–0.45 72–100 23.8–34.2

3–5 years [94] 109–137

2–5/6 years [64,74,93] 4.23–5.03 96–148 0.34–0.40 73–86

2–9 years [63] 4–5.3 115–145 0.30–0.43 76–90

5–8 years¶ [101] 3.45–5.49 103–151 0.31–0.44 71–99 24.6–33.4

5/6–9 years [74,102,103] 3.93–5.11 107–146 0.33–0.42  75–89.5

6–11 years [94] 115–145

8–12 years [104] 4.34–5.74 121–145 0.366–0.452 76.5–92.1

9–12 years [74,102,103] 4.08–5.11 115–154 0.34–0.42 76–91

9–12 years¶ [101] 4.11–5.49 113–153 0.34–0.44 72–99.6 24–34

12–14/15 years

  Males

  Females  

[74,93,94,103]

 

4.19–5.54

4.00–5.09

 

115–158

115–153

 

0.36–0.46

0.35–0.44

 

76–92

77–92.5

13/14–18 years

  Males

  Females  

[74,102,103,104]

 

4.34–5.88

3.90–5.42

 

127–170

113–154

 

0.37–0.49

0.35–0.46

 

77–95.6

75–93.8

Hb, haemoglobin concentration; Hct, haematocrit; MCH, mean cell haemoglobin; MCV, mean cell volume; PCV, packed cell volume;  
RBC, red blood cell count.

∗Some data have been amalgamated to include the highest and lowest limits in different series. Iron deficiency was largely excluded in most series 
[64,74,93–95]. Others have reported that the Hb is rarely less than 110 g/l in children who are not iron deficient [96] and the data of Castriota‐
Scanderberg et al. [93] and early data of Dallman and Siimes [74] support this. In more recent investigations the Hb was sometimes below 110 g/l 
in children of less than 5 years of age [94].

†MCV calculated from microhaematocrit and RBC [69].

‡MCV measured by impedance counter [64].

§90% rather than 95% range, low prevalence of iron deficiency, Hb measured by HemoCue on a heel‐prick sample; at 18 months of age girls had 
a significantly higher Hb than boys, but the magnitude of the difference was trivial (1.41 g/l).

¶Central America, altitude 0 to 750 m, Hb by haemoglobinometry, microhaematocrit and RBC on Coulter Counter Model B [101].
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Table 5.11  94% or 95% ranges for total and differential white cell counts for Caucasian infants, children and adolescents.

Age 9 days–1 year∗ 2 months† 5 months† 1 year∗ 1 year‡ 13 months†

WBC × 10−9/l 7.3–16.6 5.1–15.4 5.9–16.6 5.6–17 6.0–17.5 5.9–16.1

Neutrophils × 10−9/l 1.5–6.9 0.7–4.7 1.1–5.6 1.5–6.9 1.5–8.5 1.0–7.6

Lymphocytes × 10−9/l 3.4–9.4 3.0–9.9

(3.3–10.5)

3.2–10.6

(3.4–11.3)

2.5–8.6 4.0–10.5 3.1–9.6

(3.5–10.4)

Monocytes × 10−9/l 0.21–1.64 0.36–1.2 0.25–1.2 0.15–1.28 0.25–0.91

Eosinophils × 10−9/l 0.06–0.62 0.09–0.84 0.1–1.0 0.06–0.62 0.05–0.88

Basophils × 10−9/l 0.02–0.17 0.02–0.13 0.02–0.18 0.02–0.12 0.02–0.13

Large unstained cells × 10−9/l 0.09–0.61 0.17–0.91 0.17–1.00 0.13–0.72 0.20–1.1

Age 2 years∗ 2 years‡ 3 years∗ 4 years∗ 4 years‡ 5 years∗

WBC × 10−9/l 5.6–17.0 6.0–17.0 4.9–12.9 4.9–12.9 5.5–15.5 4.9–12.9

Neutrophils × 10−9/l 1.5–6.9 1.5–8.5 1.5–6.9 1.8–7.7 1.5–8.5 1.8–7.7

Lymphocytes × 10−9/l 2.2–7.7 3.0–9.5 1.7–5.5 1.7–5.5 2.0–8.0 1.6–4.3

Monocytes × 10−9/l 0.15–1.28 0.15–1.28 0.15–1.28 0.15–1.28

Eosinophils × 10−9/l 0.04–1.19 0.04–1.19 0.9–1.40 0.9–1.40

Basophils × 10−9/l 0.02–0.12 0.02–0.12 0.03–0.12 0.03–0.12

Large unstained cells × 10−9/l 0.11–0.68 0.09–0.48 0.09–0.38 0.08–0.32

Age 6 years∗ 6 years‡ 4–6 years§ 4–7 years¶ 7 years∗ 7–8 years§

WBC × 10−9/l 4.4–10.6 5.0–14.5 4.8–12.1 6.3–16.2 4.4–10.6 4.5–11.7

Neutrophils × 10−9/l 1.5–5.9 1.5–8.9 1.7–7.6 1.6–9.0 1.5–5.9 1.7–7.4

Lymphocytes × 10−9/l 1.6–4.3 1.5–7.0 1.6–4.2 2.2–9.8 1.6–4.3 1.7–4.3

Monocytes × 10−9/l 0.15–1.28 0.33–1.16 0.06–1.00 0.15–1.28 0.32–1.21

Eosinophils × 10−9/l 0.08–1.10 0.06–0.95 0–1.4 0.08–1.01 0.08–1.00

Basophils × 10−9/l 0.02–0.12 0–0.73 0–0.026 0.02–0.12 0.02–0.51

Large unstained cells × 10−9/l 0.07–0.26 0.07–0.26

Age 8 years∗ 8 years‡ 9–10 years∗ 9–10 years§ 10 years‡

WBC × 10−9/l 3.9–9.9 4.5–13.5 3.9–9.9 4.4–10.6 4.5–13.5

Neutrophils × 10−9/l 1.5–5.9 1.5–8.0 1.5–5.9 1.7–6.4 1.8–8.0

Lymphocytes × 10−9/l 1.4–3.8 1.5–6.8 1.4–3.8 1.7–3.9 1.5–6.5

Monocytes × 10−9/l 0.15–1.28 0.15–1.28 0.33–0.99

Eosinophils × 10−9/l 0.08–1.01 0.08–1.01 0.06–1.03

Basophils × 10−9/l 0.02–0.12 0.02–0.12 0.01–0.54

Large unstained cells × 10−9/l 0.07–0.26 0.07–0.26

Age 11 years∗ 11–12 years§ 12–13 years∗ 13–14 years§ 14 years∗ 15–16 years∗

WBC × 10−9/l 3.9–9.9 4.0–10.4 3.9–9.9 4.2–10.7 3.9–9.9 3.9–9.9

Neutrophils × 10−9/l 1.5–5.9 1.6–6.2 1.5–5.9 1.7–7.2 1.4–5.6 1.7–5.7

Lymphocytes × 10−9/l 1.4–3.8 1.5–3.7 1.4–3.8 1.4–3.6 1.4–3.8 1.4–3.8

Monocytes × 10−9/l 0.15–1.28 0.31–1.00 0.15–1.28 0.26–1.0 0.15–1.28 0.15–1.28

Eosinophils × 10−9/l 0.04–0.76 0.06–1.12 0.04–0.76 0.05–0.61 0.04–0.76 0.04–0.76

Basophils × 10−9/l 0.02–0.12 0.01–0.38 0.02–0.1 0.01–0.43 0.07–0.1 0.02–0.10

Large unstained cells × 10−9/l 0.07–0.26 0.02–0.1 0.07–0.26 0.07–0.26

WBC, white blood cell count
∗Differential count performed on a Hemalog D automated differential counter [73]; ‘large unstained cells’ are large peroxidase‐negative cells, in 
healthy infants and children representing mainly large lymphocytes.
†Differential count performed on a Bayer H.1 analyser [105]; ‘large unstained cells’ are large peroxidase‐negative cells, in healthy infants and children, 
representing mainly large lymphocytes; for the lymphocyte count the figures in parentheses represent lymphocytes plus large unstained cells.
‡100‐cell manual differential count [106].
§Differential count performed on Coulter STKS; figures for males and females have been amalgamated [103].
¶200‐cell manual differential count, recalculated to make allowance for skewed distribution [107,108].
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Table 5.12  95% ranges (mean) derived from 5039 African American children and adolescents (iron deficiency, β thalassaemia and 
‘suspected α thalassaemia trait’ excluded) [11].

Age (years) and gender Hb (g/l) Hct (l/l)∗ MCV (fl)∗

2–5 104–135 (119.4) 0.315–0.40 (0.36) 74.65–85 (79.8)

6–10 103–146 (124.4) 0.33–0.42 (0.37) 76.45–86.4 (81.44)

11–15, male 110–154 (132) 0.33–0.42 (0.39) 78–88.4 (83.2)

11–15, female 101–152 (126.7) 0.33–0.43 (0.38) 78–89.2 (83.6)

16–18, male 113–174 (143.5) 0.38–0.49 (0.435) 80.8–91.2 (86)

16–18, female 103–148 (125.5) 0.32–0.43 (0.37) 79.4–91.1 (85.3)

Hb, haemoglobin concentration; Hct, haematocrit; MCV, mean cell volume
∗Upper limit of normal calculated from mean + 2 standard deviations (after correcting an apparent error in the published figures for MCV).

Table 5.13  95% ranges for haemoglobin concentration (g/l) in 
pre‐term but iron‐replete babies in the first 6 months of life [109].

Birthweight  

1000– 1500 g

Birthweight 

1501– 2000 g

2 weeks 117–184 118–196

4 weeks 87–152 82–150

2 months 71–115 80–114

3 months 89–112 93–118

4 months 91–131 91–131

6 months 94–138 107–126

Normal ranges for Coulter instruments Red cell Size 

factor (RSf) for children have been derived, being 

82–102 fl for children aged 6 months to 6 years and 

83.7–103.1 fl for ages 6–18 years [114].

Normal ranges in pregnancy

The changes in haematological variables that occur dur-

ing pregnancy are shown in Table 5.3. Normal ranges are 

given in Table 5.14. The Hb usually remains above 100 g/l 

unless there is iron deficiency or some other complication.

Table 5.14  95% ranges for haematological variables during pregnancy.

Period of gestation 18 weeks 32 weeks 39 weeks

WBC × 10−9/l 5.6–13.8∗ 6.0–15.7∗ 5.8–15.2∗

Period of gestation 7–14 weeks 15–22 weeks 23–30 weeks 31–38 weeks

Hb g/l 128–136† 114–138† 109–138† 111–136†

Period of gestation First trimester Second trimester Third trimester

RBC × 10−12/l 3.52–4.52 3.2–4.41 3.1–4.44

Hb g/l 110–143 100–137 98–137

PCV/Hct l/l	 0.31–0.41 0.30–0.38 0.28–0.39

MCV fl 81–96 82–97 81–99

WBC × 10−9/l 5.7–13.6 6.2–14.8 5.9–16.9, 5.9–13.7‡

Neutrophil count × 10−9/l 3.6–10.1 3.8–12.3 3.9–13.1, 3.7–10.8‡

Lymphocyte count × 10−9/l 1.1–3.5 0.9–3.9 1–3.6, 1–3.1‡

Monocyte count × 10−9/l 0–1 0.1–1.1 0.1–1.1, 0.3–1.1‡

Eosinophil count × 10−9/l 0–0.6 0–0.6 0–0.6, 0.02–0.33‡

Basophil count × 10−9/l 0–0.1 0–0.1 0–0.1, 0–0.09‡

Platelet count × 10−9/l 174–391 171–409 155–429

Period of gestation 18 weeks 32 weeks 39 weeks

Platelet count × 10−9/l 155–359 146–361 139–364

Hb, haemoglobin concentration; Hct, haematocrit; MCV, mean cell volume; PCV, packed cell volume; RBC, red blood cell count; WBC, white blood 
cell count.
∗data derived from Milman et al. [115]; this reference also gives normal ranges for MCV and for Hb and MCHC based on haemoglobin expressed in mmol/l.
†data derived from Cruikshank [116].
‡data derived from England and Bain [117].

Other data from Balloch et al. [113].
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Table 5.15  95% ranges for platelet counts (× 10−9/l) in healthy adults of differing ethnic origins.

Method Male Female Reference

Caucasians

Microscopy 140–440 [118]

127–351 165–359 [119]

140–340 [119]

145–375 [120]

Impedance counting in platelet‐rich plasma 143–179 156–417 [121]

Impedance counting in whole blood 170–430 [122]

168–411 188–445 [123]

184–370 196–451 [124]

157–365 164–384 [125]

140–320 180–380 [39]

Light‐scattering in whole blood

  Hemalog 8

  H.1

  H2

  Advia 120

  Advia 120

  Advia 120

  Advia 2120

162–346∗

143–332∗ 169–358∗

144–328 137–347 [126]

159–376 (aged 18–45 years) [127]

156–300 (aged 45–65 years) 156–351 (aged 45–65 years) [127]

139–363 (aged > 65 years) [127]

172–398 (France)

139–332 (Iran)

185–445 (France)

152–371 (Iran)

[35]

[128]

Japanese

Light‐scattering in whole blood 130–350 [129]

Africans and Afro‐Caribbeans

Microscopy (Nigeria) 95–278

114–322

[130]

[130]

100–430 [50]

Impedance counting (Zambia) 36–258 [131]

Impedance counting (Ethiopia) 97–324 98–352 [46]

Impedance counting (Uganda) 80–288 100–297 [43]

Impedance counting (Uganda) 106–362 138–457 [44]

Sysmex KX‐21N (Tanzanians) 147–356 152–425 [45]

Impedance counting (Gambia) 124–367 (90% range) 140–397 (90% range) [47]

Impedance counting (Kenya) 102–307 88–439 [49]

Impedance counting  

(Rwanda, Kenya, Uganda, Zambia) 126–438

 

[48]

Impedance counting  

(Africans in London)  

(Afro‐Caribbeans in London)

 

128–365

210–351

 

166–377

160–411

 

[123]

[123]

Light‐scattering 

(Africans in London) 

(Afro‐Caribbeans in London)

 

118–297∗

134–332∗

 

149–332∗

165–368∗

∗Unpublished observations of the author.

Normal ranges for platelet counts and 
other platelet variables

The manual platelet count is imprecise and both manual 

and automated platelet counts are prone to inaccuracy. 

As a consequence, there are considerable discrepancies 

in published ranges (Table 5.15). It is therefore impor-

tant for laboratories to establish their own reference 

ranges for their own methodologies. Platelet counts 

are higher in women than men and the plateletcrit 
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Table 5.16  94% ranges for platelet counts (× 10−9/l) in healthy 
Caucasian children and adolescents.

Age Male Female

Cord blood∗ [60] 180–428

2 months† [95] 216–658

5 months† [95] 241–591

13 months† [95] 209–455

4–6 years‡ 213–429 220–443

7–8 years‡ 211–422 218–396

9–10 years‡ 166–429 197–406

1–10 years† [127] 220–422

11–12 years‡ 175–375 174–374

13–14 years‡ 166–360 192–439

15–19 years‡ 171–370 171–356

8–14 years‡ 193–445 183–410

15–18 years‡ 145–330 163–361

10–18 years† [127] 165–396

∗Brazilian, from Porto Alegre, so likely to be essentially Caucasian; 
Abbott Cell‐Dyn 4000.
†Bayer H.1 [95] or Advia 120 [127].
‡Coulter STKS [103,104].

Table 5.17  Mean platelet volume (MPV) in normal subjects 
[134,138–141].

Instrument Principle MPV

Coulter STKS [139] Impedance 7.9 (5.6–10.9)

Coulter LH 750 [138] Impedance 8.86 (6.36–11.36)

Sysmex XE‐2100 

[140]

Impedance 10.50 (25th–75th 

centile, 10.20–11.20)

Sysmex XE‐2100D 

[138]

Impedance 10.76 (8.26–13.26)

Siemens Advia 2120 

[140]

Light‐scattering 8.20 (25th–75th 

centile,7.80–8.70)

Siemens Advia 2120 

[138]

Light‐scattering 8.81 (5.45–12.17)

Siemens Advia 2120 

[134]

Light‐scattering 7.8 (6.7–9.6)

Abbott Cell‐Dyn [141] Impedance (6.9–10.4)

Table 5.18  Comparison of mean platelet volume and platelet 
distribution width when the same samples are evaluated on 
different instruments [142].

Instrument

Reference range 

for mean platelet 

volume (MPV) (fl)

Reference range for 

platelet distribution 

width (PDW) (%)

Cell‐Dyn 4000 7.6–11 15–17.2

Sysmex XE‐2100 9.8–12.6 11.0–16.9

Advia 120 7.1–10.4 46.4–68.0

ABX Pentra 120 7.7–10.3 12.5–20.0

Coulter LH750 7.9–11.3 15.6–17.5

(Pct) is similarly higher [52,132–134]. Platelet counts 

in Africans have been observed to be lower than those 

of Caucasians [130,131], but this is less true of Afro‐

Caribbeans and of Africans living in Britain [123] and 

no such difference was observed between Black and 

Caucasian Americans [52]. This suggests that the low 

platelet counts observed in Africa are in part genetic but 

in part caused by dietary factors or subclinical disease. 

Genetic factors are also operative within Caucasian pop-

ulations. A study of five isolated communities in Italy 

found significant differences between groups; there was 

also a significant steady decline with age [133].

The platelet count correlates with body weight, being 

higher in obese subjects [135].

In early studies, infants and children were reported to 

have similar platelet counts to adults [85,136]. Likewise, 

neonates, both premature and full term, were reported to 

have similar platelet counts to older children and adults 

[81,85,136], although babies that were small for gesta-

tional age [81] and many sick babies had lower counts. 

However, in more recent studies children have been 

observed to have higher counts than adults (Table 5.16). 

By adolescence, counts are similar to those of adults.

Many automated instruments measure the mean plate-

let volume (MPV). This is an inherited characteristic, which 

varies inversely with the platelet count [137]. The reference 

ranges are very instrument/method dependent. Reported 

ranges for five instruments are shown in Table 5.17. The 

platelet distribution width (PDW) may also be measured. 

Results for MPV and PDW on the same series of samples 

measured on five different instruments are shown in 

Table 5.18. Higher MPVs may be predictive of thrombotic 

risk, both venous and arterial [143].

Reference ranges for a wider range of platelet varia-

bles are available for the Advia 2020 [134], the Cell‐Dyn 

Sapphire [141] and the XE‐2100 [144].

Normal ranges for reticulocyte counts

When reticulocyte counts are expressed as a percentage, 

reported normal ranges have been between 0.4 and 2% 

in one study [145] and 0.8–2.5% and 0.8–4.1% for males 

and females respectively in another [146]. Later studies 

with automated reticulocyte counts have not generally 

found any gender difference in the percentage of retic-

ulocytes. Reticulocyte counts are more meaningfully 

expressed as absolute numbers. In one study, a mean of 

88 × 109/1 and a range of 18–158 × 109/1 were found 
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Table 5.20  Reference ranges for reticulocyte count, immature 
reticulocyte fraction and mean reticulocyte volume derived on 
the same specimens on different instruments.

Instrument

Reference 

range  

(× 10−9/l) for 

reticulocyte 

count [142]

Reference 

range for 

Immature 

Reticulocyte 

Fraction 

[142]

Reference 

range 

for mean 

reticulocyte 

volume (fl) 

[152]

Cell‐Dyn 4000 28–119 0.20–0.40

Sysmex 

XE‐2100

27–99 0.02–0.11

Advia 120 33–104 0.06–0.20 100–114

ABX Pentra 

30–105

30–105 0.09–0.17

ABX Pentra 120 91–111

Coulter LH750 18–114 0.22–0.40 98–120

Reference 

method

29–129

Table 5.21  Reported reference ranges for reticulocyte counts in 
infants using Advia H1 [95].

Age

Absolute reticulocyte  

count (× 10−9/l)

2 months 63–235

3 months 41–124

13 months 36–142

Test your knowledge

Visit the companion website for MCQs and EMQs  
  on this topic:
www.wiley.com/go/bain/bloodcells

 

Table 5.19  Reported reference ranges for manual and automated reticulocyte counts.

Method

95% range (median) of 

percentage reticulocytes

95% range (median) or [mean] of 

absolute reticulocyte count (× 10−9/l) Reference

Manual 18–158 (88) 147

Manual 0.8–2.5 (males)

0.8–4.1 (females)

146

Manual 0.4–2.0 145

Manual 0.4–2.3 (1.0) 19–111 (46) 150

  19–59 148

40–140 149

Bayer Advia 120 0.6–2.5 (1.2) 27–125 (58) 150

16–72 [44] 151

Abbott Cell Dyn 4000 0.4–2.2 (1.3) 25–108 (57) 150

19–97 [58] 151

Coulter Gen S 0.5–1.8 (1.0) 20–85 (43) 150

Coulter General S 16–79 [47.5] 151

Sysmex SE 9500 RET 0.5–1.9 (0.9) 23–95 (44) 150

9–72 [44] 151

Sysmex XE 2100 27–93 (males)

22–76 (females)

39

VEGA RETIC/ABX

Pentra 120 Retic

0.6–2.6 (1.3) 30–30 (60) 150

16–100 [58] 151

[147]. Reference ranges reported for automated reticu-

locyte counts have varied considerably, from 19–59 × 

109/1 [148] to 40–140 × 109/1 [149]. The higher values 

reported by Chin‐Yee et at. [149] appear more accept-

able since, in this study, automated and manual counts 

were similar. These and other reported reference ranges 

for reticulocyte counts are summarised in Tables  5.19 

and 5.20. Table 5.20 also shows reference ranges for the 

mean reticulocyte volume and the immature reticulo-

cyte fraction on various instruments. A higher range, 

approximately 94–222 × 109/1, has been reported in 

the neonatal period [60]; these were automated counts 

using an Abbott Cell‐Dyn 4000 instrument. Data appli-

cable to infants are shown in Table 5.21 [95].
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but in many cases the cause is unknown. The phenom-

enon has been referred to as ‘stress polycythaemia’ but 

‘pseudopolycythaemia’ or ‘relative polycythaemia’ is a 

better designation since there is no clear relationship to 

‘stress’.

Alternatively, a raised Hb can be due to true poly-

cythaemia, i.e. to an increase in the total volume of 

circulating red cells usually referred to, inaccurately, 

as the ‘red cell mass’. True polycythaemia can be pri-

mary or secondary. In primary polycythaemia there is 

an intrinsic bone marrow disorder, either inherited or 

acquired. Erythropoietin concentration is decreased. In 

contrast, secondary polycythaemia is generally medi-

ated by increased erythropoietin production, usually 

occurring either as a physiological response to hypoxia 

or as a result of inappropriate secretion by a diseased 

kidney or by a tumour. Causes of polycythaemia are 

summarised in Table 6.1. The differential diagnosis of 

polycythaemia vera (PV) is discussed in Chapter 8. Neo-

nates have higher Hbs than adults, but the Hb may rise 

even higher in pathological conditions. Some causes of 

polycythaemia that are peculiar to the neonatal period 

are summarised in Table 6.2.

Reticulocytosis

Either the percentage or absolute reticulocyte count 

or both may be increased. With rare exceptions, an 

increased reticulocyte percentage indicates an increased 

proportion of young erythrocytes. Again with rare 

exceptions, an increased absolute reticulocyte count 

indicates an increased marrow output of erythrocytes. 

Often both the percentage and absolute count are 

increased, but a patient with significant anaemia may 

have an increased percentage of reticulocytes without 

an increase in the absolute count.

Causes of an increased reticulocyte count are shown 

in Table 6.3.

This chapter deals with quantitative changes in blood 

cells, first the causes of increased cell counts for each lin-

eage, then the causes of decreased counts. An increase 

of a cell type usually results either from redistribution of 

cells or from increased bone marrow output; occasion-

ally an increased count, most noticeably of red cells, can 

result from a decrease of plasma volume. A decreased 

count of any cell type can result from diminished bone 

marrow output, redistribution or shortened survival in 

the circulation.

Polycythaemia

The term polycythaemia, strictly speaking, should indi-

cate an increase in the number of red cells in the circu-

lation but, in practice, the term is used for an increase 

of the haemoglobin concentration (Hb) and haemato-

crit/packed cell volume (Hct/PCV) above that which is 

normal for the age and sex of the subject. Usually, the 

red blood cell count (RBC), Hb and Hct rise in paral-

lel. Conventionally, the term polycythaemia does not 

refer to an increased RBC if the Hb is normal, as may 

be seen, for example, in thalassaemia trait. A raised 

Hb can be due to a decreased plasma volume occur-

ring either acutely or chronically. An acute decrease in 

plasma volume can be caused by shock, when there is a 

loss of fluid from the intravascular compartment, or by 

dehydration. An intermittent apparent polycythaemia, 

which can be very striking, occurs in the idiopathic cap-

illary leak syndrome [1]. It can also occur acutely in the 

toxic shock syndrome, resulting from a bacterial toxin, 

and in capillary leak syndromes associated with viral 

haemorrhagic fevers. Drinking a litre of water in a short 

period of time causes a transient increase in Hb due to 

increased sympathetic activity (which is followed by a 

gradual reduction) [2]; this is unlikely to be noted other 

than in an experimental situation. A chronic decrease in 

plasma volume is sometimes due to cigarette smoking, 
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Table 6.1  Some causes of polycythaemia.

Primary

Inherited

 � Erythroid progenitor cells with enhanced sensitivity to erythropoietin 

[3], sometimes caused by mutation of the erythropoietin receptor 

gene (EPOR) [4]; homozygosity for a R200W mutation in the VHL 

gene in mid‐Volga (Chuvash) familial polycythaemia (which also 

occurs in occasional families in western Europe, Pakistan and 

Bangladesh and is endemic on the Italian island of Ischia) [4–6, 

7] and for the H191D VHL mutation in Croatia [8] resulting in 

protection of HIP1α (hypoxia‐inducible protein 1α) from degradation 

and consequent increased synthesis of erythropoietin; mutation 

in the EGLN1 (PHD2) gene encoding HIF‐prolyl hydroxylase, 

resulting in impaired hydroxylation of HIFα [9], gain‐of‐function 

mutation in EPAS1 (HIF2A) [10]; familial inappropriate increase of 

erythropoietin synthesis [11,12], sometimes with preceding multiple 

paraganglionomas [13]

Acquired

  Polycythaemia vera (polycythaemia rubra vera)

  Essential or idiopathic erythrocytosis

Secondary

Caused by tissue hypoxia

Inherited

  Inadequate oxygen‐carrying capacity

  �  Caused by congenital deficiency of NAD‐linked or  

NADH‐linked methaemoglobin reductase with resultant 

methaemoglobinaemia

 � Haemoglobin M (structurally abnormal haemoglobins with  

  tendency to form methaemoglobin)

  Impaired release of oxygen from haemoglobin

  �  High affinity haemoglobins including some methaemoglobins  

  and hereditary persistence of fetal haemoglobin

  �  Oxygen affinity of haemoglobin increased by very low levels  

  of 2,3 DPG (2,3 diphosphoglycerate) resulting from BPGM  

  mutation and deficiency of bisphosphoglycerate mutase or,  

  occasionally, from deficiency of phosphofructokinase [14]

Acquired

  Hypoxia

    Residence at high altitude

  �  Use of simulated high altitude in athletic training (hypoxic tent  

  or ‘high altitude bed’)

    Cyanotic heart disease

    Chronic hypoxic lung disease

  �  Sleep apnoea [15]∗ and other hypoventilation syndromes  

  including morbid obesity (Pickwickian syndrome)

  �  Hepatic cirrhosis (consequent on pulmonary arteriovenous  

  shunting) [16]

  �  Pulmonary arteriovenous malformations in hereditary  

  haemorrhagic telangiectasia [17]

  Inadequate oxygen‐carrying capacity

  �  Chronic carbon monoxide poisoning [18] or heavy cigarette  

  smoking including water‐pipe (Shisha) smoking [19]

  �  Chronic methaemoglobinaemia or sulphaemoglobinaemia  

  caused by drugs or chemicals

Consequent on inappropriate synthesis or administration of 

erythropoietin (proven or presumptive) or androgens [20,21]

Renal lesions including carcinoma (hypernephroma), Wilms 

tumour, renal adenoma, renal haemangioma, renal sarcoma, 

renal cysts including polycystic disease of the kidney, renal artery 

stenosis, renal vein thrombosis, post‐transplant polycythaemia, 

hydronephrosis, horseshoe kidney, nephrocalcinosis (including 

that caused by hyperparathyroidism), Bartter syndrome, renal 

lymphangiectasis [22], perinephric lymphangioma [23]

Hyperparathyroidism [24]

Cerebellar haemangioblastoma

Meningioma

Hepatic lesions including hepatoma, hepatic hamartoma, hepatic 

angiosarcoma, hepatic haemangioma and early in infectious 

hepatitis [25]

Uterine leiomyoma (uterine fibroid)

Tumours of the adrenal gland, ovary, lung, thymus, parathyroid 

(carcinoma/adenoma)

Phaeochromocytoma [26]

Atrial myxoma [27]

Cushing syndrome and primary aldosteronism

Erythropoietin administration (e.g. illicit use in athletes)

Androgen administration or androgen‐secreting tumours in women

Gestational hyperandrogenism [28]

Androgen abuse in males (e.g. in athletes) [29]

TEMPI syndrome (Telangiectasia, Elevated erythropoietin, 

Monoclonal gammopathy, Perinephric fluid collection, 

Intrapulmonary shunting) [30]

‘Blood doping’

Illicit homologous transfusion or re‐transfusion of autologous blood  

  by athletes

Other mechanisms or unknown

Inherited

  Some familial cases [31]

Acquired

  Cobalt toxicity [32]

Monge disease (excessive erythrocytosis at altitude – possibly 

related to cobalt toxicity [33])

  Associated with POEMS [34]

Administration of anti‐vascular endothelial growth factor 

receptor (semaxanib) therapy in von Hippel‐Lindau 

syndrome [35]

Romiplostim therapy [36]

Sorafenib and sunitinib therapy [37]

∗Obstructive sleep apnoea causes only a minor increase in the haematocrit, which may represent relative polycythaemia [15]

NAD, nicotinamide adenine dinucleotide; NADH, reduced nicotinamide adenine dinucleotide; POEMS, Polyendocrinopathy, Organomegaly, 

Endocrinopathy, M‐protein, Skin changes syndrome
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Table 6.2  Some causes of polycythaemia of particular 
importance in or peculiar to the neonatal period.

Intra‐uterine twin‐to‐twin transfusion
Intra‐uterine maternal‐to‐fetal transfusion
Placental insufficiency and intrauterine hypoxia
  Small‐for‐dates babies
  Post‐mature babies
  Maternal pregnancy‐associated hypertension
  Maternal smoking
  Maternal diabetes mellitus
Chromosomal abnormalities
  Down syndrome
  Trisomy 13 syndrome
  Trisomy 18 syndrome
Neonatal thyrotoxicosis
Neonatal hypothyroidism
Congenital adrenal hyperplasia
Delayed cord clamping
Underwater labour with late cord clamping [38]

Leucocytosis

Leucocytosis is an increase in the total white blood cell 

count (WBC). It most often results from an increase in 

neutrophils, but sometimes from an increase in lympho-

cytes and occasionally from an increase in eosinophils or 

from the presence of abnormal myeloid or lymphoid cells 

in the blood. Leucocytosis cannot be interpreted with-

out knowledge of the differential count, although it is 

sometimes used as a surrogate indicator of the neutro-

phil count when a differential count is not available. Leu-

cocytosis is predictive of a worse prognosis in sickle cell 

disease [41]. It is an adverse prognostic indicator in acute 

coronary syndrome, stroke and pulmonary embolism 

[42]. The WBC is incorporated into the Alvarado score 

for the presumptive diagnosis of acute appendicitis [43].

Neutrophil leucocytosis – neutrophilia

Neutrophil leucocytosis or neutrophilia is the elevation 

of the absolute neutrophil count above that expected 

Table 6.3  Causes of reticulocytosis.

Common causes
Shortened red cell life span (i.e. haemolytic anaemia)
Recent blood loss
Response to therapy in a patient with deficiency of vitamin B12, 

folic acid or iron
Recovery from bone marrow (or erythroid) suppression or failure
Administration of erythropoietin
Hypoxia
Diabetes mellitus (possibly representing compensated haemolysis) [39]
Rare causes
Delayed maturation of reticulocytes (in myelodysplastic syndrome)
Genetic haemochromatosis [40]

in a healthy subject of the same age, gender, ethnic 

origin and physiological status. Healthy neonates have 

both a higher neutrophil count than is normal at other 

stages of life and also a left shift. Similarly, women in 

the reproductive age range have somewhat higher neu-

trophil counts than men, the count varying with the 

menstrual cycle. During pregnancy, a marked rise in the 

neutrophil count occurs and this is further accentuated 

during labour and the postpartum period. In addition, 

pregnancy is associated with a left shift (with myelo-

cytes and even a few promyelocytes appearing in the 

blood), with ‘toxic’ granulation and with Döhle bodies.

Neutrophil leucocytosis is usually due to redistribution of 

white cells or increased bone marrow output. Rarely, there 

is a prolongation of the period a neutrophil spends in the 

circulation. Exercise can alter the distribution of white cells 

within the circulation, with cells that were previously mar-

ginated (against the endothelium) being mobilised into the 

circulating blood. Vigorous exercise can double the neutro-

phil count. The absolute number of lymphocytes, mono-

cytes, eosinophils and basophils also increases, but because 

of the more striking increase in neutrophil numbers the 

increase of other cell types may go unnoticed. If exercise 

is both severe and prolonged a left shift can occur, indicat-

ing that there is then increased bone marrow output in 

addition to redistribution. Patients do not usually undergo 

severe exercise before having a blood sample taken, but 

epinephrine (adrenaline) administration and epileptiform 

convulsions can mobilise neutrophils similarly and even 

severe pain can have an effect on the neutrophil count. 

Corticosteroids also alter neutrophil kinetics. The output 

from the bone marrow is increased and there is a concomi-

tant decrease in egress to the tissues. Experiments in rabbits 

suggest there is also mobilisation of neutrophils from the 

marginated granulocyte pool [44]. A rise in the WBC starts 

within a few hours of intravenous administration or within 

1 day of oral administration. WBCs as high as 20 × 109/1 

occur, the elevation being predominantly due to neutro-

philia but with some increase also in the absolute mono-

cyte count, and with a fall in the absolute eosinophil and 

lymphocyte counts. Epinephrine and corticosteroids do not 

cause toxic granulation, Döhle bodies, left shift or neutro-

phil vacuolation.

Neutrophilia in pathological conditions usually 

results from increased output from the bone marrow, 

which more than compensates for any increased egress 

to the tissues. The major causes (and some minor 

causes) of neutrophilia are shown in Table 6.4 and 
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Table 6.4  Some causes of neutrophil leucocytosis.

Inherited

As a direct effect of the condition

Hereditary neutrophilia [45], some cases due to mutation of CSF3R 

encoding the receptor for granulocyte colony‐stimulating  

factor [46]

Inherited deficiency of CR3 complement receptors [47]

Deficient surface expression of leucocyte adhesion molecules, 

CD11b or CD15 (leucocyte adhesion deficiencies types I and II) 

[48,49,50]

Defective integrin rearrangement in response to chemokines and 

chemo‐attractants, kindlin 3 deficiency [51,52]

Associated with autosomal dominant thrombocytopenia due to 

mutation of ANKRD26 [53]

As an indirect effect of the condition

Familial cold urticaria with leucocytosis [54]

Hyperimmunoglobulin D syndrome [55]

Familial periodic fever syndromes including familial Mediterranean 

fever, tumour necrosis factor receptor‐associated periodic 

syndrome (TRAPS) [55] and hyperimmunoglobulin D with 

periodic fever

Autoinflammatory disease due to deficiency of interleukin 1 

receptor antagonist [56]

Inherited metabolic disorders, e.g. ornithine transcarbamylase 

deficiency [57]

Acquired

Infections

Many acute and chronic bacterial infections, including miliary 

tuberculosis and some rickettsial infections, e.g. Rocky Mountain 

Spotted fever (Rickettsia rickettsii infection), Rickettsia parkeri 

infection and some cases of typhus and murine typhus

Toxic shock syndrome

Some viral infections, e.g. chicken pox, herpes simplex infection, 

rabies, poliomyelitis, St Louis encephalitis virus infection, Eastern 

equine encephalitis virus infection, hantavirus infection including 

hantavirus pulmonary syndrome (Sin Nombre virus infection) 

[58,59], Japanese encephalitis [60], cytomegalovirus infection 

[61]

Some fungal infections, e.g. actinomycosis, coccidioidomycosis, 

North American blastomycosis, nocardiosis [62], cepacia 

syndrome (colonization of the lungs by Burkholderia cepacia in 

cystic fibrosis) [63], cryptococcosis [64]

Some parasitic infections, e.g. liver fluke, hepatic amoebiasis, 

filariasis, malaria [65], some Pneumocystis jirovecii infections, 

Cystoisospora belli enteritis [66]

Tissue damage, e.g. trauma, surgery (particularly splenectomy), 

burns, acute hepatic necrosis, acute pancreatitis, haemolytic–

uraemic syndrome, potassium cyanide poisoning [67]

Tissue infarction, e.g. myocardial infarction, pulmonary embolism 

causing pulmonary infarction, sickle cell crisis, atheroembolic 

disease

Acute inflammation and severe chronic inflammation, e.g. 

gout, pseudogout (calcium pyrophosphate crystal deposition 

disease), rheumatic fever, rheumatoid arthritis, Still disease, 

ulcerative colitis, enteritis necroticans (‘pigbel’), polyarteritis 

nodosa, scleroderma, acute generalised exanthematous 

pustulosis [68]

Acute haemorrhage

Acute hypoxia

Heat stress [69]

Drowning and near drowning

Metabolic and endocrine disorders, e.g. diabetic ketoacidosis, 

acute renal failure, Cushing syndrome, thyrotoxic crisis

Malignant disease, e.g. carcinoma, sarcoma, melanoma, Hodgkin 

lymphoma (particularly but not only when there is extensive 

disease or tumour necrosis) – sometimes related to secretion of 

G‐CSF by the tumour, e.g. in multiple myeloma [70] and spindle 

cell carcinoma of the kidney [71]

Myeloproliferative and leukaemic disorders, e.g. chronic 

myelogenous leukaemia, chronic myelomonocytic leukaemia, 

neutrophilic leukaemia, acute myeloid leukaemia (not 

commonly), other rare leukaemias, polycythaemia vera, essential 

thrombocythaemia, primary myelofibrosis (early in the disease 

process), systemic mastocytosis

Post‐neutropenia rebound, e.g. following dialysis‐induced 

neutropenia, recovery from agranulocytosis and cytotoxic 

chemotherapy, treatment of megaloblastic anaemia

Administration of cytokines such as G‐CSF, GM‐CSF, IL1, IL2 [72], 

IL3 [73], IL6 [74], IL10 [75]

Administration of drugs, e.g. epinephrine (adrenaline), 

corticosteroids, lithium, clozapine [76], desmopressin [77], 

initiation of rituximab therapy [78], plerixafor (CXCR4 

antagonist) [79]

Poisoning by various chemicals and drugs, e.g. ethylene glycol [80], 

iron

Hypersensitivity reactions including those due to drugs

Envenomation, e.g. scorpion bite [81], ‘killer bee’ attack [82], 

snake bite [83]

Cigarette smoking [84]

Vigorous exercise

Acute pain, epileptic convulsions, electric shock, paroxysmal 

tachycardia

Eclampsia and pre‐eclampsia (pregnancy‐associated hypertension)

Kawasaki disease

Sweet syndrome [85]

Neuroleptic malignant syndrome [86]

Blood transfusion in critically ill patients [87]

Infusion of cryoprecipitate [88]

Chronic idiopathic neutrophilia [89]

G‐CSF, granulocyte colony‐stimulating factor; GM‐CSF, granulocyte‐macrophage colony‐stimulating factor; IL, interleukin
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some causes of particular importance in the neonatal 

period in Table 6.5.

An increased neutrophil count can be of adverse 

prognostic significance. This is so for long‐term prog-

nosis in sickle cell anaemia and for short‐term prog-

nosis in unstable angina and following myocardial 

infarction.

and, in some parts of the world, parasitic infection. 

When the eosinophil count is greatly elevated (greater 

than 10 × 109/1) the likely causes are far fewer (Table 

6.9). Allergic conditions causing eosinophilia are 

usually readily apparent from the patient’s medical 

history but, in the case of parasitic infections, the lab-

oratory detection of eosinophilia may be the finding 

that leads to the correct diagnosis. Migrants from the 

tropics and returning travellers should be investigated 

by examination of faeces for ova, cysts and parasites 

and should have strongyloides serology performed. 

Those who have been in areas of Africa where Schis-

tosoma haematobium occurs should have serology plus 

microscopy of a terminal urine specimen.

In hospital patients, eosinophilia can be a useful sign 

of drug allergy. Following bone marrow transplantation, 

eosinophilia may be a feature of graft‐versus‐host dis-

ease and has been found to be predictive of extensive 

scleroderma‐like changes [166].

The laboratory detection of eosinophilia in patients 

with lung disease (Table 6.10) is important in indicat-

ing relevant diagnostic possibilities and in excluding 

conditions, such as Wegener granulomatosis, which 

are not associated with eosinophilia. In patients with 

symptoms suggestive of obstructive pulmonary dis-

ease, the presence of eosinophilia usually indicates a 

reversible or asthmatic component, although it does 

not necessarily indicate allergic rather than other trig-

gering factors [173]. In uncomplicated asthma the 

eosinophil count is rarely in excess of 2 × 109/l. Higher 

counts, often in association with deteriorating pulmo-

nary function, may indicate either allergic aspergillosis 

Table 6.5  Significant causes of neutrophilia in the neonate.

Maternal factors

Maternal smoking

Maternal fever

Prolonged intrapartum oxytocin administration

Administration of dexamethasone

Fetal factors

Stressful delivery

Birth asphyxia or other hypoxia

Crying

Physiotherapy

Pain, e.g. lumbar puncture

Hypoglycaemia

Seizures

Infection

Haemolysis

Intraventricular haemorrhage

Meconium aspiration syndrome

Hyaline membrane disease with pneumothorax

Thrombocytopenia with absent radii

Table 6.6  Some of the more common causes of eosinophilia.

Allergic diseases, e.g. atopic eczema, asthma, allergic rhinitis (hay 

fever), acute urticaria, allergic bronchopulmonary aspergillosis 

and other bronchoallergic fungal infections, milk precipitin 

disease [90]

Drug hypersensitivity (particularly to gold, sulphonamides, penicillin, 

nitrofurantoin) including drug‐induced Churg–Strauss syndrome 

or eosinophilia–myalgia syndrome [91,92]

Parasitic infection (particularly when tissue invasion has  

occurred) – see Table 6.7

Skin diseases, e.g. pemphigus vulgaris, bullous pemphigoid, 

dermatitis herpetiformis, herpes gestationalis, eosinophilic 

pustular folliculitis [93], familial peeling skin syndrome [94],  

acute generalised exanthematous pustulosis (some cases) [68]

Eosinophil leucocytosis – eosinophilia

Eosinophil leucocytosis or eosinophilia is the eleva-

tion of the eosinophil count above levels observed 

in healthy subjects of the same age with no history 

of allergy. Eosinophil counts are higher in neonates 

than in adults. A slow decline in the eosinophil count 

occurs in elderly people. Eosinophil counts are the 

same in men and women. Contrary to earlier reports, 

counts do not differ between different ethnic groups. 

High eosinophil counts previously reported in Indi-

ans and Africans are attributable to environmental 

influences.

The absolute eosinophil count is increased with vigor-

ous exercise, but not out of proportion to the increase in 

other leucocytes.

Some of the causes of eosinophilia are shown in 

Tables 6.6, 6.7 and 6.8, the commonest being allergic 

diseases (particularly asthma, hay fever and eczema) 
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Table 6.7  Parasitic infections known to cause eosinophilia.

Disease Parasite Usual degree of eosinophilia∗

Protozoan

Dientamoeba fragilis infection [95] Dientamoeba fragilis Absent or mild [96]

Isospora belli infection [95] Isospora belli Absent, in immunosuppressed 

patients, or mild [96]

Blastocystis hominis infection [97] Blastocystis hominis

Eosinophilic myositis Sarcocystis hominis Rarely causes marked eosinophilia [98]

Giardiasis Giardia lamblia Rarely causes marked eosinophilia [99]

Nematode (roundworm) infections

Hookworm infection Ancylostoma duodenale (Old World hookworm) 

Necator americanus (New World hookworm)

Ancylostoma ceylanicum [100]

Ancylostoma caninum

Absent in chronic infection, mild or 

moderate during stage of larval 

migration through the lung (Löffler 

syndrome) [96]

Cutaneous larva migrans Ancylostoma braziliense (dog and cat hookworm) [101]

Ancylostoma caninum (dog hookworm) [101]

Gnathostoma doloresi [102]

Rarely associated with eosinophilia

Epidemic eosinophilic enteritis [103] Ancylostoma caninum (dog hookworm)

Ascariasis Ascaris lumbricoides (large intestinal roundworm) Absent during adult stage, moderate  

during stage of larval migration through 

the lungs (Löffler syndrome) [96]

Strongyloidiasis Strongyloides stercoralis (threadworm)† Absent, mild or moderate; moderate 

during stage of larval migration 

through the lungs (Löffler 

syndrome) [96]; usually present in 

stronglyloides hyperinfection in 

immunosuppressed subjects

Trichuriasis [101] Trichuris trichiuria (whipworm) Absent or mild [96]

Trichinellosis, trichinosis [101] Trichinella spiralis (trichina worm) Moderate or marked during the acute 

phase [96]

Capillariasis [101,104,105] Hepatic infection by Capillaria hepatica (Calodium 

hepaticum), a roundworm of rodents, or intestinal 

infection by Capillaria philippinensis

Trichostrongyliasis [101,106] Trichostrongylus colubriformis (a roundworm  

of sheep)

Anisakidodis [107] Anisakis simplex and Anisakis pegreffi (anasakiasis)

Contracaecum osculatum Pseudoterranova decipiens 

(pseudoterranovosis)

Parasitic worms of fish

Enterobiasis Enterobius vermicularis (pinworm or threadworm†) Rarely causes eosinophilia but may do 

so when there is enteritis [108]

Filariasis (lymphatic filariasis including 

tropical pulmonary eosinophilia 

resulting from occult lymphatic 

filariasis)

Wuchereria bancrofti (Bancroft’s filaria)

Brugia malayi (Malayan filaria)

Brugia timori (Timorian filariasis)

Mild, moderate or marked, marked in 

tropical pulmonary eosinophilia [96]

Loiasis [101] Loa loa (eyeworm) Moderate or marked [96]

Onchocerciasis (river blindness) [101] Onchocerca volvulus (blinding filaria) Mild, moderate or marked [96]

Mansonellosis [101] Mansonella perstans

Dirofilariasis (tropical eosinophilia, 

eosinophilic pneumonia)

Dirofilaria immitis (dog heartworm), Dirofilaria 

repens (roundworm of dogs, cats and foxes) [109]

Dracunculiasis [101] Subcutaneous infection by Dracunculus medinensis 

(Guinea worm)

Spirurina type X infection [110]

(continued)
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Table 6.7  (continued)

Disease Parasite Usual degree of eosinophilia∗

Angiostrongyloidiasis, eosinophilic 

meningitis [111,112]

Angiostrongylus cantonensis (rat lungworm) Mild or moderate [96]

Eosinophilic enteritis [101] Angiostrongylus costaricensis (rat roundworm)

Gnathostomiasis [101] (including 

eosinophilic meningitis and visceral 

larva migrans)

Gnathostoma spinigerum Mild, moderate or marked [96]

Visceral larva migrans (including 

toxocariasis, gnathostomiasis, 

capillariasis)

Toxocara canis or Toxocara cati (toxocariasis)

Baylisascaris procyonis [113]

Gnathostoma spp [113], e.g Gnathostoma doloresi, 

Gnathostoma spinigerum

? Ascaris suum [113,114]

Capillaria hepatica

Moderate or marked

Eosinophilic myositis (Tasmania and 

Queensland)

Haycocknema perplexum [115] Mild eosinophilia

Trematode (fluke) infection

Clonorchiasis Clonorchis sinensis (Oriental or Chinese liver fluke) Absent or mild in chronic infection, 

may be moderate or marked in 

acute infection

Fascioliasis (liver fluke infection) Fasciola hepatica (sheep liver fluke) [116]

Fasciola gigantica [101]

Metorchis conjunctus (North American liver  

fluke) [117]

Mild, moderate or marked during 

stage of larval migration [96]

Fasciolopsiasis (intestinal fluke infection) Fasciolopsis buski (large intestinal fluke) [101,106] Marked eosinophilia

Heterophyiasis or echinostomiasis [101] Heterophyes heterophyes or Echinostoma spp 

(intestinal flukes)

Opisthorchiasis [101] Opisthorchis viverrini (a South‐East Asian liver fluke) 

or Opisthorchis felineus (a Russian liver fluke, also 

found in Italy)

Usually absent or mild, may be 

moderate or marked in early 

infection

Paragonimiasis, distomiasis [101] Paragonimus westermani (Oriental lung fluke) [118] Marked eosinophilia

Schistosomiasis Schistosoma mansoni

Schistosoma haematobium

Schistosoma intercalatum 

Schistosoma mekongi

Usually absent or mild but may 

be moderate to high in acute 

schistosomiasis (Katayama 

fever) [96]

Cestode (tapeworm) infection

Cysticercosis Larval stage of Taenia solium (pig tapeworm) Absent or mild, may be moderate 

if encysted larvae die and release 

antigen [96]

Echinococcosis (hydatid cyst) Larval stage of Echinococcus granulosus  

(dog tapeworm)

Absent or mild, may increase if cysts 

rupture or leak [96]

Coenurosis [101 Coenurus cerebralis (larval stage of a dog tapeworm, 

Taenia multiceps, which rarely occurs in man)

Hymenolepsiasis [101] Hymenolepis nana (dwarf tapeworm)

Sparganosis [101] Spirometra ssp, e.g. Sparganum mansoni Absent or mild

Arthropods

Scabies (ectoparasite) [119] Sarcoptes scabiei

Pentastomiasis (endoparasite) [120] Armillifer moniliformis, Porocephalus taiwana, 

Armillifer agkistrodontis (tongue worms)

Myiasis [121] Cutaneous larvae of flies

∗Mild = 0.4–1.0 × 109/l, moderate = 1.0–3.0 × 109/l, marked = greater than 3.0 × 109/l
†The term ‘threadworm’ is used for two different parasites
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Table 6.8  Some of the less common and rare causes of eosinophilia.

Table 6.9  Some causes of marked eosinophilia.

Parasitic infections, e.g. toxocariasis, trichinosis, tissue migration by 

larvae of ascaris, ankylostoma or strongyloides

Drug hypersensitivity

Churg–Strauss variant of polyarteritis nodosa

Hodgkin lymphoma

Acute lymphoblastic leukaemia

Chronic eosinophilic leukaemia

Idiopathic hypereosinophilic syndrome

or the Churg–Strauss syndrome. The Churg–Strauss 

syndrome is a variant of polyarteritis nodosa character-

ised by pulmonary infiltrates and eosinophilia, neither 

of which is typical of classical polyarteritis nodosa 

[174]. Patients are also seen with some features of 

classical polyarteritis nodosa and some of the Churg–

Strauss syndrome: this has been referred to as ‘chronic 

necrotising vasculitis’ or ‘the overlap syndrome’. 

Eosinophilia of 1.5 × 109/1 or more is an important 

Hereditary eosinophilia [122]

Myeloid leukaemias, e.g. chronic myelogenous leukaemia and some 

other chronic myeloid leukaemias, systemic mastocytosis and less 

often other chronic myeloproliferative neoplasms, acute myeloid 

leukaemia (particularly FAB categories M2 and M4), chronic 

eosinophilic leukaemia (including that associated with a FIP1L1‐

PDGFRA [123], with rearrangement of PDGFRB or FGFR1 [124] or 

with PCM1‐JAK1 or ETV6‐FLT3 fusion)

Lymphoproliferative disorders, e.g. acute lymphoblastic leukaemia 

(B‐lineage, T‐lineage and mixed T‐B lineages [125]), non‐Hodgkin 

lymphoma (particularly T‐cell and including angioimmunoblastic 

T‐cell lymphoma [126], mycosis fungoides and Sézary syndrome, 

enteropathy‐associated T‐cell lymphoma [127]), multiple  

myeloma [128], Hodgkin lymphoma

Presence of an occult T‐cell clone secreting cytokines (such as IL3 

and IL5) capable of increasing eosinophil production [129]

Autoimmune lymphoproliferative syndrome [130] (uncommonly)

Non‐haematological malignant disease, e.g. carcinoma, sarcoma, 

glioma, mesothelioma, malignant melanoma, hepatoma, 

metastatic pituitary tumour [131]

Autoimmune and connective tissue disorders, e.g. Churg‐Strauss 

variant of polyarteritis nodosa (eosinophilic granulomatosis 

with polyangiitis), systemic necrotising vasculitis (variant 

of polyarteritis nodosa), Crohn disease, ulcerative colitis, 

rheumatoid arthritis (uncommonly) [98], dermatomyositis 

(uncommonly) [98], Sjögren syndrome (uncommonly) [98], 

eosinophilic fasciitis (some cases caused by L‐tryptophan) 

[132], eosinophilic cellulitis (Wells syndrome) [133], progressive 

systemic sclerosis [134], systemic lupus erythematosus, chronic 

active hepatitis [135], sclerosing cholangitis (uncommonly) 

[136], primary biliary cirrhosis (uncommonly) [98], autoimmune 

hepatitis [137], eosinophilic cholangitis [98], eosinophilic 

cholecystitis [98], eosinophilic cystitis [138], acute eosinophilic 

pneumonia (late in disease course) [139], chronic eosinophilic 

pneumonia, idiopathic pulmonary haemosiderosis [140], 

eosinophilic oesophagitis [98], eosinophilic enteritis [98] 

(including as a manifestation of graft‐versus‐host disease),  

IgG4‐related disease [141]

Administration of cytokines (e.g. G‐CSF [142], GM‐CSF, IL2,  

IL3, IL5) that are capable of increasing eosinophil production or 

administration of cytokines (e.g. IL2 or IL15) that stimulate T‐cell 

proliferation [143]

Immune deficiency states and other conditions with recurring 

infections, e.g. Wiskott–Aldrich syndrome, Job syndrome 

(hyperimmunoglobulin E syndrome), immunoglobulin A 

deficiency, hyperimmunoglobulin M syndrome, severe congenital 

neutropenia, HIV infection [144] (particularly if complicated by 

HTLV‐2 infection [129])

Cyclical neutropenia

Cyclical eosinophilia with angio‐oedema [145]

Miscellaneous, e.g. recovery from some bacterial and viral 

infections, premature neonates during the first few weeks 

of life, cytomegalovirus pneumonia of infancy [90], scarlet 

fever, tuberculosis (6–10% of patients), coccidioidomycosis, 

Pneumocystis jirovecii infection, disseminated histoplasmosis 

[146], cat‐scratch disease [90], infectious lymphocytosis [90], 

Borrelia burdorferi infection [147], propanolol administration, 

drug abuse including cocaine inhalation [148,149], toxic oil 

syndrome [150], L‐tryptophan toxicity (see above) [151], 

haemodialysis and occasionally peritoneal dialysis [90], 

atheroembolic disease [152,153], acute and chronic 

graft‐versus‐host disease, thrombocytopenia with absent 

radii syndrome, chronic pancreatitis, Omenn syndrome 

[154], hepatitis B vaccination [155], treatment of lymphoid 

malignancies with nucleoside analogues (fludarabine or 

cladribine) [156], angiolymphoid hyperplasia with eosinophilia, 

Kimura disease [157], adrenal insufficiency (Addison disease) 

[158] or hypopituitarism, arsenic toxicity [159], Whipple disease 

[160], mitochondrial cytopathy [161], organising subdural 

haematoma [98], sarcoidosis, hard metal pneumoconiosis [162], 

chronic active Epstein‐Barr virus infection [163], Castleman 

disease [164], basidiobolomycosis (Basiliobolus ranarus 

infection) [165]

Unknown – idiopathic hypereosinophilic syndrome [95]

FAB, French–American–British; G‐CSF, granulocyte colony‐stimulating factor; GM‐CSF, granulocyte macrophage colony‐stimulating factor; HIV, 

human immunodeficiency virus; HTLV‐2, human T‐cell lymphotropic virus 2; Ig, immunoglobin; IL, interleukin
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criterion in making the diagnosis of the Churg–Strauss 

syndrome or the overlap syndrome.

In some patients with eosinophilia and pulmonary 

infiltration no underlying condition can be found. 

Many such patients have a condition known as eosino-

philic pneumonia; its cause is unknown, but chest radi-

ology shows distinctive peripheral infiltration and there 

is a predictable response to corticosteroid therapy. The 

combination of the characteristic X‐ray appearance with 

eosinophilia has been considered sufficient to make the 

diagnosis [175], whereas in the minority of patients 

lacking eosinophilia a lung biopsy is needed to establish 

the diagnosis.

Eosinophilia is a rare manifestation of non‐ 

haemopoietic malignancy. It is usually associated with 

widespread malignant disease, but rarely may pro-

vide a clue to a localised tumour. Eosinophilia may 

be mediated by interleukin (IL) 3, IL5, granulocyte 

colony‐stimulating factor (G‐CSF) or granulocyte‐mac-

rophage colony‐stimulating factor (GM‐CSF), some-

times demonstrated to be secreted by tumour cells 

[176,177]. Eosinophilia may also occur as a reaction 

Table 6.10  Some causes of eosinophilia with pulmonary 
infiltration.

Parasitic infections, e.g. toxocariasis, filariasis, schistosomiasis, 

larval migration stage of strongyloidiasis, ascariasis, 

ankylostomiasis

Asthma

Allergic bronchopulmonary aspergillosis

Hypersensitivity reactions to drugs (such as sulindac, 

fenoprofen, ibuprofen, diclofenac, tenidap [167], amoxicillin, 

clarithromycin [168]) and chemicals (such as zinc, chromium 

or beryllium)

Cocaine pneumonitis

Churg–Strauss variant of polyarteritis nodosa and systemic 

necrotising vasculitis

Infections

  Tuberculosis (rarely), brucellosis [169], coccidioidomycosis  

  (rarely), histoplasmosis [169], Pneumocystis jirovecii  

  pneumonia (rarely)

Sarcoidosis [169]

Hodgkin lymphoma [169]

Carcinoma [170]

Cytokine (GM‐CSF) administration [171]

Bronchocentric granulomatosis [172]

Chronic idiopathic eosinophilic pneumonia

Idiopathic hypereosinophilic syndrome

GM‐CSF, granulocyte macrophage colony‐stimulating factor

to lymphoid malignancy, particularly Hodgkin lym-

phoma, T‐lineage non‐Hodgkin lymphoma and T‐lin-

eage or B‐lineage acute lymphoblastic leukaemia (ALL). 

Eosinophilia can precede other clinical evidence of non‐

Hodgkin lymphoma or ALL by 6–12 months [178], and 

can recur some weeks before relapse can be detected. 

In Hodgkin lymphoma, isolated eosinophilia has been 

associated with a better prognosis [179]. In some 

patients with an initially unexplained eosinophilia, an 

occult T‐cell clone can be demonstrated [180].

In a minority of cases, eosinophilia is neoplastic rather 

than reactive. Eosinophilia is present in more than 90% 

of cases of chronic myelogenous leukaemia (CML) and 

in a lower percentage of other myeloid leukaemias and 

myeloproliferative neoplasms. It occurs occasionally in 

acute myeloid leukaemia (AML) and rarely in the mye-

lodysplastic syndromes (MDS). In some patients with 

leukaemia, differentiation is predominantly to eosino-

phils and the term ‘chronic eosinophilic leukaemia’ is 

then applicable (see Chapter 9).

An absolute, or even a relative, eosinophilia can be 

useful in the intensive care ward setting, in alerting clini-

cians to the possibility of adrenal insufficiency. The pres-

ence of more than 3% eosinophils has been suggested as 

a criterion for further investigation [158,181,182].

Incidental eosinophilia in a blood count has been 

found to be sometimes predictive of Hodgkin lymphoma 

(if eosinophils are at least 1 × 109/l) or of a myeloprolif-

erative neoplasm (if eosinophils are at least 0.5 × 109/l) 

and was also observed in patients with previously undi-

agnosed early chronic lymphocytic leukaemia (CLL); 

the presence of an eosinophil count above 0.5 × 109/l 

was associated with higher all‐cause mortality [183].

There remains a group of patients with persistent, 

moderate or marked eosinophilia for which no cause 

can be found despite detailed investigation. This con-

dition is designated the ‘idiopathic hypereosinophilic 

syndrome (HES)’ (see Chapter 9). This diagnosis should 

only be made when a patient has been fully investigated 

to exclude identifiable causes.

Basophil leucocytosis – basophilia

Some of the causes of basophilia are shown in 

Table 6.11. The detection of basophil leucocytosis is use-

ful in making the distinction between a myeloprolifera-

tive neoplasm and a reactive condition, since only in 
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occurs with exercise is due to an increase in all lympho-

cyte populations, B cells, CD4‐positive and CD8‐posi-

tive T cells, and NK cells [215]; this exercise‐induced 

increase is enhanced by caffeine [216]. Studies of sple-

nectomised subjects suggest that about two‐thirds of the 

exercise‐induced increase in T cells and NK cells is due 

to mobilisation from the spleen [217]. Using multivari-

ate analysis, lymphocytosis has been found predictive of 

mortality in hospitalised patients with general trauma 

or central nervous system injury [218].

In assessing a lymphocytosis it is important to con-

sider cytology as well as the lymphocyte count and both 

should be assessed in relation to the age and clinical 

features of the patient. Children are more prone than 

adults to both lymphocytosis and reactive changes in 

lymphocytes, and even apparently healthy children 

may have some lymphocytes showing atypical features.

Lymphocytosis can occur without there being any 

cytological abnormality. This is usual when lymphocyto-

sis is due to redistribution of lymphocytes (e.g. following 

exercise or epinephrine injection or as an acute response 

to severe stress), in endocrine abnormalities and in ‘acute 

infectious lymphocytosis’ (see Table 6.12). Cytological 

abnormalities are also uncommon in whooping cough, 

but sometimes there are cleft cells resembling those of 

follicular lymphoma [219]. In other viral and bacterial 

infections there are often minor changes in lympho-

cytes, such as a visible nucleolus or increased cytoplas-

mic basophilia, which are often referred to as ‘reactive 

changes’. Infectious mononucleosis and to a lesser extent 

other conditions are associated with much more strik-

ing reactive changes, the abnormal cells being referred 

to as ‘atypical lymphocytes’ or ‘atypical mononuclear 

cells’ (see Table 9.1). Post‐splenectomy lymphocytosis is 

usually mild, with only minor atypical features. However, 

it is important to realise that post‐splenectomy counts 

can be in excess of 10 × 109/1 and misdiagnosis as a lym-

phoproliferative disorder has occurred. Large granular 

lymphocytes are often prominent in post‐splenectomy 

lymphocytosis. Many heavy cigarette smokers have a 

mild lymphocytosis without cytological abnormalities. 

A minority of smokers, mainly women, have a persist-

ent polyclonal B‐cell lymphocytosis. An increase of large 

granular lymphocytes can occur as a reactive change, e.g. 

in human immunodeficiency virus (HIV) infection [220] 

and chronic hepatitis B or Epstein–Barr virus (EBV) infec-

tion, sometimes without an increase in the total lympho-

cyte count. An increase of large granular lymphocytes 

Table 6.11  Some causes of basophil leucocytosis.

Myeloproliferative and leukaemic disorders

  Chronic myelogenous leukaemia (almost invariably)

  Other chronic myeloid leukaemias

  Acute myeloid leukaemia (very rarely)

  Polycythaemia vera

  Essential thrombocythaemia

  Primary myelofibrosis

  Systemic mastocytosis

  Some cases of Ph‐positive acute lymphoblastic leukaemia

  Basophilic leukaemia

Reactive basophilia

  Myxoedema (hypothyroidism)

  Ulcerative colitis

  Juvenile rheumatoid arthritis [90]

  Immediate hypersensitivity reactions

  Oestrogen administration

  Hyperlipidaemia

  Administration of interleukin 3 [73]

  Lymphoma [184]

Unknown nature

  Idiopathic hypereosinophilic syndrome

myeloproliferative neoplasms and certain leukaemias is 

a marked increase in the basophil count at all common. 

A rising basophil count in CML is of prognostic signifi-

cance since it often indicates an accelerated phase of the 

disease and impending blast transformation. The occur-

rence of basophilia in association with ALL may indi-

cate that the patient is Philadelphia‐positive and in AML 

may indicate Philadelphia‐positivity or the presence of 

t(6;9)(p23;q34.3), both karyotypic abnormalities being 

of adverse prognostic significance. Chronic basophilic 

leukaemia is often Philadelphia‐positive and in this case 

should be regarded as a variant of CML.

Lymphocytosis

Lymphocytosis is an increase in the absolute lympho-

cyte count above that expected in a healthy subject of 

the same age. Since the lymphocyte counts of infants 

and children are considerably higher than those of 

adults, it is particularly important to use age‐adjusted 

reference ranges. There are no gender or ethnic differ-

ences in the lymphocyte count. In an adult, a count 

greater than 3.5 × 109/1 may be considered abnormal. 

Some of the causes of lymphocytosis are shown in 

Table 6.12. The increase in the lymphocyte count that 



242      Chapter 6

causing an absolute lymphocytosis has also been noted 

following dasatinib therapy for CML or Ph‐positive ALL 

[221] and has been shown to be an expansion of a pre‐

existing monoclonal or oligoclonal population [222]; the 

lymphocytes may be CD3+CD8+ T cells or CD3‐CD16/

CD56+ NK cells.

In lymphoproliferative disorders, lymphocytosis is usu-

ally caused by the presence of considerable numbers of 

lymphoma cells in the peripheral blood. However, occa-

sionally, e.g. in Hodgkin lymphoma, there is a lymphoma‐

associated polyclonal reactive lymphocytosis [212]. 

Neoplastic lymphocytes almost always show cytological 

abnormalities. The exception is large granular lymphocyte 

leukaemia, in which the neoplastic cells are usually cyto-

logically indistinguishable from normal cells. It is often 

said that in CLL there is an increase in apparently normal, 

mature lymphocytes, but in fact subtle abnormalities are 

present. The specific cytological features of this and other 

lymphoproliferative disorders are described in Chapter 9. 

In general, lymphoproliferative disorders have distinctive 

cytological features and can thus be readily distinguished 

from reactive changes in lymphocytes. An exception 

may occur in some low‐grade non‐Hodgkin lymphomas, 

particularly mantle cell lymphoma, some cases of which 

have neoplastic cells that can be confused with reactive 

lymphocytes. For this reason the term ‘reactive changes’ 

should be used with circumspection.

Monocytosis

Monocytosis is an increase of the monocyte count above 

that expected in a healthy subject of the same age. The 

absolute monocyte count is higher in neonates than at 

Table 6.12  Some causes of lymphocytosis.

Constitutional

Defective integrin rearrangement in response to chemokines and 

chemo‐attractants, kindlin 3 deficiency [51,52]

DiGeorge syndrome (polyclonal B lymphocytosis can occur) [185]

Autosomal dominant polyclonal B lymphocytosis due to CARD11 

mutation [186]

Acquired

Viral infections including measles (rubeola), German measles 

(rubella), mumps, chickenpox (varicella), influenza, 

infectious hepatitis (hepatitis A), infectious mononucleosis 

(EBV infection), CMV infection, infectious lymphocytosis 

(caused by infection by certain Coxsackie viruses, adenovirus 

types 1, 2 and 5, and echovirus 7) [187–191], HIV infection, 

infection by the human lymphotropic viruses (HTLV‐1 and 

HTLV‐2) [192]

Certain bacterial infections including whooping cough (pertussis, 

infection by Bordetella pertussis), brucellosis, tuberculosis, 

syphilis, plague (Yersinia pestis infection) [193], Lyme 

disease [194], human monocytic ehrlichiosis (recovery phase) 

[195], human granulocytic anaplasmosis (previously known 

as human granulocytic ehrlichiosis; recovery phase) [196], 

rickettsial infections including scrub typhus (Rickettsia 

tsutsugamushi – now known as Orientia tsutsugamushi) 

and murine typhus (Rickettsia typhi) [197,198], toxic shock 

syndrome [199] and bacterial infections in infants and young 

children

Malaria [65], hyper‐reactive malarial splenomegaly [200] and the 

acute phase of Chagas disease [201]

Transient stress‐related lymphocytosis, e.g. associated with 

myocardial infarction, cardiac arrest, trauma, obstetric 

complications, sickle cell crisis [202,203]

Epinephrine (adrenaline) administration

Plerixafor (CXCR4 antagonist) administration [79]

Vigorous muscular contraction, e.g. vigorous exercise, status 

epilepticus

Cigarette smoking [85] causing either T‐lymphocytosis (common) or 

persistent polyclonal B‐lymphocytosis (uncommon) [204]

Administration of cytokines, e.g. IL3 [73] or G‐CSF [205]

Allergic reactions to drugs

Serum sickness

Splenectomy

Endocrine disorders, e.g. Addison disease, hypopituitarism, 

hyperthyroidism [206]

β thalassaemia intermedia [207]

Gaucher disease [208]

Thymoma [209]

Autoimmune lymphoproliferative syndrome [210]

Associated with rituximab‐induced autoimmune neutropenia [211]

Lymphoid leukaemias and other lymphoproliferative disorders, e.g. 

chronic lymphocytic leukaemia, non‐Hodgkin lymphoma, Hodgkin 

lymphoma (rarely) [212], adult T‐cell leukaemia/lymphoma, hairy 

cell leukaemia and hairy cell variant leukaemia, Waldenström 

macroglobulinaemia, heavy chain disease, mycosis fungoides and 

Sézary syndrome, large granular lymphocyte leukaemia

Natalizumab (anti CD49b) therapy [213]

Ibrutinib therapy in chronic lymphocytic leukaemia and mantle cell 

lymphoma [214]

CMV, cytomegalovirus; EBV, Epstein–Barr virus; G‐CSF, granulocyte colony‐stimulating factor; HIV, human immunodeficiency virus; HTLV‐1 and 

HTLV‐2, human T‐cell lymphotropic viruses 1 and 2; IL3, interleukin 3
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other stages of life. A rise occurs in pregnancy in parallel 

with the rise in the neutrophil count. Some of the com-

mon causes of monocytosis are shown in Table 6.13. 

In diffuse large B‐cell lymphoma a monocyte count 

of above 0.8 × 109/l [238] or of 0.63 × 109/l or above 

[239] is associated with a worse prognosis. A mono-

cyte count of above 0.9 × 109/l in classical Hodgkin 

lymphoma [240] and above 0.6 × 109/l in nodular 

lymphocyte predominant Hodgkin lymphoma [241] is 

of adverse prognostic significance. A monocyte count 

above 0.5 × 109/l is of adverse significance in mantle 

cell lymphoma [242].

In examining a film of a patient with an unexplained 

monocytosis, evidence of chronic infection or myelodys-

plasia should be sought. The presence of promonocytes 

and blasts suggests AML with monocytic differentiation.

Plasmacytosis

Plasmacytosis is the appearance in the blood of appre-

ciable numbers of plasma cells. These may be reactive 

or neoplastic. Some of the causes of plasmacytosis are 

shown in Table 6.14.

In reactive plasmacytosis, the number of circulat-

ing plasma cells is usually low, but occasionally quite 

considerable numbers are present. A case of serum sick-

ness due to tetanus antitoxin, for example, was found to 

have 3.2 × l09/l plasma cells [243]. In reactive plasmacy-

tosis the plasma cells are usually mature, but occasion-

ally plasmablasts are present. Plasma cells can contain 

vacuoles or, occasionally, crystals. Atypical lymphocytes 

and plasmacytoid lymphocytes can also be present and 

cells of other lineages can show reactive changes.

Neoplastic plasma cells usually show more cytological 

abnormality than those produced in reactive states. The 

haematological features of plasma cell leukaemia and 

multiple myeloma and their differential diagnosis are 

discussed in Chapter 9.

Table 6.13  Some causes of monocytosis [223].

Exercise

Caffeine [216]

Chronic infection including miliary tuberculosis [224], congenital 

syphilis [225], typhoid fever [226] and leishmaniasis [227]

Rocky Mountain spotted fever [90]

Malaria [65] and babesiosis [228]

Chronic inflammatory conditions including Crohn disease, 

ulcerative colitis, rheumatoid arthritis and systemic lupus 

erythematosus

Autoinflammatory disease due to deficiency of interleukin 1 

receptor antagonist [229]

Carcinoma [230]

Administration of cytokines including G‐CSF, GM‐CSF, M‐CSF, 

IL3, IL10 and FLT ligand [73,231–233]

Recovery from bone marrow suppression

Administration of desmopressin [77]

Myocardial infarction [234]

Neutropenia and immune deficiency syndromes of various 

causes, e.g. cyclical neutropenia, severe congenital 

neutropenia, chronic idiopathic neutropenia, autoimmune 

neutropenia

Noonan syndrome in infants

Long‐term haemodialysis [235]

Plerixafor (CXCR4 antagonist) administration [79]

Lymphomatoid granulomatosis [236]

Autoimmune lymphoproliferative syndrome [237]

RAS‐associated autoimmune leucoproliferative disorder [237]

Myeloproliferative and leukaemic conditions including CMML, 

atypical CML, JMML, CML,∗MDS, systemic mastocytosis, AML

Diffuse large B‐cell lymphoma [238]

Cigarette smoking [84]

∗absolute but not relative monocytosis

AML, acute myeloid leukaemia; CML, chronic myelogenous 

leukaemia; CMML, chronic myelomonocytic leukaemia; G‐CSF, 

granulocyte colony‐stimulating factor; GM‐CSF, granulocyte 

macrophage colony‐stimulating factor; IL, interleukin; JMML, juvenile 

myelomonocytic leukaemia; M‐CSF, macrophage colony‐stimulating 

factor; MDS, myelodysplastic syndrome

Table 6.14  Some causes of peripheral blood plasmacytosis.

Reactive

Bacterial and viral infections and immunisation

Hypersensitivity reactions to drugs

Streptokinase administration

Serum sickness

Systemic lupus erythematosus

Neoplastic

Multiple myeloma and plasma cell leukaemia

Gamma heavy chain disease

Waldenström macroglobulinaemia (rarely)

Angioimmunoblastic T‐cell lymphoma

Thrombocytosis

Thrombocytosis is an increase of the platelet count above 

that expected in a healthy subject of the same age and 

sex. Use of the term ‘thrombocythaemia’ is usually 

restricted to a thrombocytosis that represents a myelopro-

liferative neoplasm; the term ‘essential thrombocytosis’ is 
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synonymous but is little used. Thrombocytosis is usually 

the result of increased marrow production of platelets, 

either autonomous or reactive. Following splenectomy 

and in hyposplenism, thrombocytosis is due to redistri-

bution of platelets. Some of the causes of thrombocyto-

sis are shown in Table 6.15 and the causes of a marked 

increase in the platelet count in Table 6.16. It should be 

noted that as more and more routine platelet counts are 

performed on very sick patients, the percentage of even 

very high platelet counts that are reactive is increasing 

and myeloproliferative neoplasms are now responsible 

for only 10–15% of counts greater than 1000 × 109/1.

Table 6.15  Some causes of thrombocytosis.

Primary

Inherited

  Familial thrombocytosis (sometimes caused by a mutation in 

the thrombopoietin gene (TPHO) with autosomal dominant 

inheritance [244], sometimes unlinked to thrombopoietin and 

showing either dominant [245] or recessive, possibly X‐linked 

recessive, inheritance [246], sometimes resulting from a mutation 

in the MPL gene [247]); polymorphism of MPL (MPL‐Baltimore) 

found in 7% of African‐Americans, causing variable but 

sometimes marked thrombocytosis in heterozygotes and marked 

thrombocytosis in homozygotes [248]; in one family autosomal 

dominant due to JAK2 V617I mutation [249] and in another 

resulting from JAK2 R564Q [250]; infantile cortical hyperostosis 

(COL1A1 mutation) [251]; Diamond–Blackfan syndrome [252]; 

some severely anaemic patients with cartilage‐hair hypoplasia 

syndrome [253]

Acquired

Essential thrombocythaemia (all cases)

Chronic myelogenous leukaemia (most cases)

Primary myelofibrosis (early in the disease course)

Polycythaemia vera (many cases)

Myelodysplastic syndromes (a minority of cases of  

the 5q– syndrome)

Myelodysplastic/myeloproliferative neoplasms (some cases), e.g. 

refractory anaemia with ring sideroblasts and thrombocytosis

Acute myeloid leukaemia (a minority of cases, particularly acute 

megakaryoblastic leukaemia including transient abnormal 

myelopoiesis in neonates with Down syndrome, some cases with 

inv(3)(q21q26) and acute hypergranular promyelocytic leukaemia 

during all‐trans-retinoic acid therapy [254])

Secondary

Exercise

Caffeine [216]

Infection (including some patients with miliary tuberculosis) [255]

Inflammation

Haemorrhage

Surgery and trauma

Malignant disease

Kawasaki disease (peaking in second or third week) [256]

Iron deficiency

Lead poisoning (one case) [257]

Rebound after cytotoxic chemotherapy

Rebound after alcohol withdrawal

Following treatment of severe megaloblastic anaemia

Severe haemolytic anaemia, particularly after unsuccessful 

splenectomy

Multicentric angiofollicular hyperplasia [258], Castleman disease 

[259] and POEMS [259]

Chronic eosinophilic pneumonia [260]

Epinephrine (adrenaline) administration

Vinca alkaloid (e.g. vincristine) administration

Administration of recombinant thrombopoietin  

or PEG‐rHuMGDF [261]

Administration of IL3 [73], IL6 [262], IL11 [263]

Administration of erythropoietin [264] or vitamin E to premature 

infants [265]

In infants of drug‐abusing mothers [266]

Erdheim–Chester disease [267]

Type Ib glycogen storage disease [268]

Severe congenital neutropenia [269]

Enzyme replacement in Gaucher disease [270]

Anorexia nervosa, particularly but not only during refeeding [271]

Redistributional

Splenectomy and hyposplenism

Unknown mechanism

Premature infants at 4–6 weeks of age [272]

Tidal platelet dysgenesis

IL, interleukin; PEG‐rHuMGDF, pegylated recombinant human megakaryocyte growth and development factor; POEMS, Polyendocrinopathy, 

Organomegaly, Endocrinopathy, M‐protein, Skin changes syndrome

Blood film and count
Increased platelet size, platelet anisocytosis, the pres-

ence of poorly granulated platelets, circulating megakar-

yocyte nuclei or micromegakaryocytes and an increased 

basophil count are all suggestive of a primary bone 

marrow disease rather than a reactive thrombocytosis. 

Large platelets are also seen in hyposplenism, whereas 

in reactive thrombocytosis platelets are generally small 

and normally granulated. The blood film may also show 

abnormalities of other lineages, which indicate the cor-

rect diagnosis. The features of hyposplenism should be 

specifically sought.
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The degree of elevation of the platelet count is of some 

use in the differential diagnosis. Counts of greater than 

1500 × 109/l are usually indicative of a myeloprolifera-

tive neoplasm, but reactive thrombocytosis with counts 

as high as 2000 × 109/l [275] and even 6000 × 109/l [277] 

have been reported. In primary thrombocytosis the auto-

mated blood count may show an increased mean platelet 

volume (MPV) and platelet distribution width (PDW), 

indicative of increased platelet size and platelet anisocy-

tosis, respectively. In secondary or reactive thrombocyto-

sis the MPV and PDW are more often normal.

Further tests
The cause of reactive thrombocytosis is usually readily 

apparent from the clinical history. When the cause is 

not apparent a bone marrow aspirate, trephine biopsy, 

cytogenetic analysis and analysis for JAK2 V617F and a 

CALR mutation are indicated. Indirect evidence favour-

ing a reactive thrombocytosis includes an increased 

erythrocyte sedimentation rate (ESR) and an increased 

concentration of C‐reactive protein, fibrinogen, fac-

tor VIII and von Willebrand factor. It can sometimes be 

difficult to distinguish iron deficiency with a marked 

reactive thrombocytosis from polycythaemia vera with 

complicating iron deficiency and in these circumstances 

a judicious trial of iron therapy may be needed.

Anaemia

Anaemia is a reduction in the haemoglobin concen-

tration in the peripheral blood below that expected 

for a healthy person of the same age, gender and 

Table 6.16  Some causes of markedly elevated platelet counts.

Platelet count >1000 × 109/l [273] >900 × 109/l [274] >1000 × 109/l [275] >500 × 109/l [276]

Patients (n) 102 526 280 777

Cause Cases attributable (%)

Malignant disease   45   27 11.5   5.9

Splenectomy or hyposplenism   40   20 16   1.9

Myeloproliferative neoplasm   28   26 14   3.4

Infection or inflammation   30   19 26
35

Connective tissue disorder     2     9

Iron deficiency     4

Trauma or other tissue damage 11.5 17.9

Blood loss   5

Rebound 2.5 19.4

physiological status (pregnant or not). It can be due to: 

(i) defective production of red cells; (ii) reduced red cell 

survival in the circulation due to haemolysis or blood 

loss; (iii) increased pooling of essentially normal red 

cells in a large spleen; or (iv) sequestration of abnormal 

red cells such as those in sickle cell anaemia or sickle 

cell/haemoglobin C disease, in the spleen or, less often, 

in the liver. Anaemia may be an isolated abnormality or 

there may be pancytopenia (see below).

Blood film and count
The blood film and count commonly give a clue to the 

cause of the anaemia by showing microcytosis, macro-

cytosis or a specific type of poikilocyte. Red cell disorders 

associated with these features are discussed in Chapter 

8. The presence of polychromasia suggests an adequate 

bone marrow response to anaemia and indicates that 

anaemia may have been caused by haemolysis or haem-

orrhage. The differential diagnosis of a normocytic, nor-

mochromic anaemia and the peripheral blood features 

that may be helpful in suggesting the diagnosis are sum-

marised in Table 6.17. Various other rare and curious 

causes of anaemia exist, e.g. that due to therapy with 

leeches, which sometimes necessitates blood transfu-

sion [291]. Causes of pure red cell aplasia are detailed 

in Table 6.18. In some anaemic patients the blood film 

is leucoerythroblastic, i.e. granulocyte precursors and 

nucleated red blood cells (NRBC) are present. In these 

cases the differential diagnosis is more limited, as sum-

marised in Table 6.19. A leucoerythroblastic blood film 

is normal in the neonatal period and pregnant women 

occasionally have NRBC in addition to the more usual 

granulocyte precursors. Otherwise a leucoerythroblastic 
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Table 6.17  Some causes of normocytic normochromic anaemia (other than conditions that usually cause pancytopenia, these being 
listed in Table 6.30).

Causative conditions Peripheral blood features that may be useful in diagnosis

Early iron deficiency∗ A few hypochromic cells may be present, RDW increased

Anaemia of chronic disease∗ Increased rouleaux and ESR, occasionally increased platelet count 

or WBC, RDW often normal

Lead poisoning∗† Basophilic stippling, some cases have polychromasia

Double deficiency of iron and vitamin B12 or folic acid∗ Hypersegmented neutrophils, increased RDW

Blood loss If blood loss is severe and acute, anaemia is leucoerythroblastic; 

polychromasia, reticulocytosis and increased RDW develop within 

a few days

Non‐spherocytic haemolytic anaemia∗ Occasional poikilocytes, polychromasia, increased reticulocyte 

count, RDW increased

Malaria and babesiosis Parasites present, sometimes also thrombocytopenia

Some congenital dyserythropoietic anaemias† Striking anisocytosis and poikilocytosis

Paroxysmal nocturnal haemoglobinuria Sometimes other cytopenias – particularly a low WBC, low 

neutrophil alkaline phosphatase score, polychromasia in some 

cases

Myelodysplastic syndromes† Other features of myelodysplastic syndromes

Renal failure Sometimes keratocytes or schistocytes

Liver failure† Target cells, stomatocytes, acanthocytes, other cytopenias

Congestive cardiac failure Nil

Hypothyroidism† Sometimes acanthocytes

Addison disease and hypopituitarism Lymphocytosis, eosinophilia, neutropenia, monocytopenia

Androgen ablation therapy, e.g. for carcinoma of the prostate Nil

Hyperparathyroidism Nil

Anorexia nervosa Other cytopenia, acanthocytes, poikilocytosis, basophilic stippling

Pure red cell aplasia† Normal RDW, reticulocyte count very low or reticulocytes absent

Pearson syndrome and other mitochondrial cytopathies)∗† 

[161,278]

Nil

 

Cystinosis Nil

Administration of IL2 , IL6 [279], IL11 [280] or IL12 [281] Other features of cytokine administration

Bortezomib therapy Nil

Autonomic failure [282] including dopamine‐β‐hydroxylase 

deficiency [283]

Nil

Vitamin D intoxication [284] Nil

Hypervitaminosis A [285] Platelet count also reduced

Arsenic poisoning There may be basophilic stippling, neutropenia and 

thrombocytopenia [286]

Graft‐versus‐host disease [287] Clinical features of graft‐versus‐host disease

Alemtuzumab (anti‐CD52) therapy Nil

Therapy with enalapril (an angiotensin‐converting enzyme (ACE) 

inhibitor) [288]

Nil

Therapy with sartanes (e.g. losartan or irbesartan) in patient with 

renal insufficiency or on dialysis [289]

Nil

Colchicine toxicity [290] Vacuolation and dysplastic nuclear changes

Copper deficiency∗† Neutropenia may coexist

Cartilage‐hair hypoplasia syndrome† Thrombocytosis can occur [253]

∗can also be microcytic
† can also be macrocytic

ESR, erythrocyte sedimentation rate; IL, interleukin; RDW, red cell distribution width; WBC, white blood cell count
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blood film, other than during an acute illness, is likely to 

indicate serious underlying disease.

In the perinatal period, the conditions responsible 

for anaemia differ somewhat from those operating later 

in life (Table 6.20). Other rare causes include anaemia 

Table 6.18  Some causes of pure red cell aplasia.

Transient

Parvovirus B19‐induced

Drug‐induced [292], e.g. antibiotics, antithyroid drugs, 

anticonvulsants, azathioprine, tacrolimus [293], allopurinol [294], 

phenytoin, isoniazid, ribavirin [295]

Transient erythroblastopenia of childhood

Chronic

Constitutional

Diamond–Blackfan syndrome

Cases of cartilage‐hair hypoplasia with severe anaemia [253]

Hereditary transcobalamin deficiency [296]

Acquired

Associated with chronic lymphocytic leukaemia, large granular 

lymphocyte leukaemia (T or NK cell), Hodgkin lymphoma, 

thymoma or autoimmune disease such as systemic lupus 

erythematosus, rheumatoid arthritis or autoimmune 

polyglandular syndrome

Tumour‐associated [297]

Pregnancy‐associated [298]

Chronic parvovirus B19 infection (in individuals with  

impaired immunity)

ABO‐incompatible stem cell transplantation [299], particularly but 

not only with non‐myelo‐ablative conditioning [300]

Development of antibodies to erythropoietin after recombinant 

erythropoietin therapy [301]

Myelodysplastic syndrome and other myeloid neoplasm  

(e.g. refractory anaemia)

Table 6.19  Some causes of leucoerythroblastic anaemia.

Bone marrow infiltration in carcinoma, lymphoma (Hodgkin 

lymphoma, non‐Hodgkin lymphoma), chronic lymphocytic 

leukaemia, multiple myeloma, acute lymphoblastic leukaemia or 

other malignant disease

Myeloproliferative neoplasms, particularly primary myelofibrosis and 

chronic myelogenous leukaemia

Acute myeloid leukaemia and the myelodysplastic syndromes

Bone marrow granulomas, e.g. in miliary tuberculosis

Storage diseases, e.g. Gaucher disease

Acute haemolysis (including erythroblastosis fetalis)

Shock, e.g. due to severe haemorrhage

Severe infection

Rebound following bone marrow failure or suppression

Crises of sickle cell anaemia

Bone marrow infarction

Thalassaemia major

Severe megaloblastic anaemia

Systemic lupus erythematosus [302]

Severe nutritional rickets [303]

Marble bone disease (osteopetrosis)

Severe inherited haemolytic anaemias (G6PD deficiency, 

sometimes following maternal ingestion of oxidants), triose 

phosphate isomerase deficiency, glucose phosphate isomerase 

deficiency, pyruvate kinase deficiency [304], hexokinase 

deficiency [305], hereditary xerocytosis [306], homozygosity 

for hereditary spherocytosis caused by band 3 Coimbra [307], 

homozygosity for haemoglobin Taybe [308]), South‐East Asian 

ovalocytosis∗ [309]

Haemoglobin F‐Poole [310]

Haemoglobin Bart’s hydrops fetalis

εγδβ thalassaemia [311]

Congenital dyserythropoietic anaemia [312]

Diamond–Blackfan syndrome [313]

Congenital hypotransferrinaemia [314]

Haemolysis due to transplacental passage of alloantibodies,  

e.g. Rh or Kell antibodies, rarely ABO [315]

Pure red cell aplasia caused by transplacental passage of 

maternal anti‐Kell or anti‐M antibodies [316]

Parvovirus B19 infection

Cytomegalovirus infection

Malaria

Congenital leukaemia [317]

Transient abnormal myelopoiesis of Down syndrome

Feto‐maternal haemorrhage (including following external cephalic 

version, amniocentesis, antepartum haemorrhage and abdominal 

trauma)

Twin‐to‐twin haemorrhage

Haemorrhage resulting from amniocentesis or cordocentesis

Neonate

Haemorrhage from the cord or the placenta or internal haemorrhage 

(e.g. cephalohaematoma, intracranial haemorrhage, ruptured liver 

or spleen), during or as a result of difficult birth

Twin–twin transfusion during birth

Haemolytic disease of the newborn (e.g. ABO haemolytic disease 

of the newborn)

Transient severe haemolysis in hereditary elliptocytosis

Haemolysis associated with disseminated intravascular 

coagulation caused by sepsis

Congenital infections, e.g. rubella, adenovirus infection [310]

Prematurity

Vitamin E deficiency [318]

Removal of inappropriately large amounts of blood for 

laboratory testing

Table 6.20  Some causes of anaemia of importance in the fetus 
and neonate.

∗Causes haemolytic anaemia only in the neonate and infant
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associated with cystic hygroma or chorioangioma and 

anaemia resulting from fetal haematuria caused by 

congenital mesoblastic nephroma [310]. Occasional 

neonates are anaemic as a result of haemoglobin H dis-

ease, Blackfan–Diamond syndrome, Pearson syndrome, 

cartilage‐hair hypoplasia, congenital sideroblastic anae-

mia or osteopetrosis [310]. In the fetus and neonate, 

haemolytic anaemia may be the result of transplacen-

tal passage of antibodies (alloantibodies or, less often, 

maternal autoantibodies) or on intrauterine infections 

by micro‐organisms that in later life do not usually cause 

anaemia (e.g. cytomegalovirus infection, toxoplasmosis, 

syphilis and rubella) [319]. The consequences of anae-

mia also differ from those at other periods of life. Severe 

anaemia in the fetus can lead to hydrops fetalis, a con-

dition characterised by gross oedema of the fetus and 

placenta, often leading to intra‐uterine death. In the 

neonate, because of the immaturity of the liver, severe 

haemolysis can lead to marked hyperbilirubinaemia 

with resultant brain damage. The identification of anae-

mia, particularly haemolytic anaemia, in the fetus and 

neonate is therefore of considerable importance.

Further tests
When the cause of anaemia is not apparent from the 

clinical history or the blood film and count, other 

tests are needed. Those most likely to be useful are: (i) 

a reticulocyte count; (ii) assay of serum ferritin or of 

serum iron and transferrin concentrations; (iii) serum 

B12 and red cell folate assays; and (iv) tests of renal, thy-

roid and hepatic function. If these investigations do not 

reveal the cause of the anaemia, a bone marrow aspirate 

is usually indicated. When there is an unexplained leu-

coerythroblastic anaemia, other than during an acute 

illness, a bone marrow aspirate and trephine biopsy are 

indicated without delay.

In the neonate, serological tests on mother and baby, 

a Kleihauer test to detect fetomaternal haemorrhage, 

haematological assessment of both parents and glu-

cose‐6‐phosphate dehydrogenase (G6PD) assay may be 

useful.

Reticulocytopenia

Reticulocytopenia means that there is a reduction in 

the absolute reticulocyte count below that expected in a 

healthy subject of the same age. Usually the reticulocyte 

percentage is also reduced. In assessing the reticulocyte 

count it is important not only to consider whether the 

value falls within the reference range, but also whether 

it is appropriate to the degree of anaemia and to any 

shortening of red cell life span. Thus a patient with a 

haemolytic anaemia should have a reticulocyte count 

above the normal range; lack of reticulocytosis in such 

a patient may indicate pure red cell aplasia or folic acid 

deficiency.

Causes of reticulocytopenia are shown in Table 6.21.

Leucopenia

Leucopenia is a reduction of the total white cell count 

below that expected in a healthy subject of the same 

age, gender, physiological status and ethnic origin. It 

can result from a decrease in the neutrophil count, 

the lymphocyte count or both and cannot be inter-

preted without knowledge of the differential count. 

There are, however, certain infections that are asso-

ciated with leucopenia rather than leucocytosis and 

the presence of leucopenia in a febrile patient can 

therefore be of some diagnostic use. They include 

dengue fever, rickettsial infections, typhoid fever and 

leishmaniasis.

Neutropenia

Neutropenia is a reduction of the absolute neutro-

phil count below that expected in a subject of the 

same age, gender, physiological status and ethnic 

origin. It is particularly important to use an appro-

priate reference range in individuals with African 

ancestry, to avoid a misdiagnosis of neutropenia, 

since Africans and, to a lesser extent Afro‐Americans 

Table 6.21  Some causes of reticulocytopenia.

Deficiency of vitamin B12, iron or folic acid

Anaemia of chronic disease

Bone marrow suppression by cytotoxic chemotherapy or other 

bone marrow‐damaging drugs

Aplastic anaemia

Pure red cell aplasia

Acute leukaemia

Myelodysplastic syndromes (most cases)
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and Afro‐Caribbeans, have neutrophil counts much 

lower than those of Caucasians. Neutropenia may be 

an isolated phenomenon or part of a pancytopenia. 

Mechanisms of neutropenia include: (i) inadequate 

production by the bone marrow because of reduced 

stem cell numbers, bone marrow replacement or 

ineffective granulopoiesis; (ii) destruction by bone 

marrow macrophages and other reticuloendothelial 

cells in haemophagocytic syndromes; (iii) defective 

release from the bone marrow as in myelokathexis; 

(iv) redistribution within the vasculature as occurs 

early during haemodialysis and can occur due to pul-

monary sequestration following transfusion of blood 

containing an anti‐neutrophil antibody, e.g. in trans-

fusion‐related acute lung injury [320]; (v) pooling 

in the spleen; (vi) shortened intravascular lifespan 

as in immune neutropenias; and (vii) rapid egress 

to the tissues when the bone marrow output cannot 

increase adequately, as in neonates with sepsis.

An unexpected apparent neutropenia on an auto-

mated counter should always be confirmed on a blood 

film since it may be factitious (see Chapter 4). The 

detection of unexpected neutropenia by the laboratory 

can be of vital importance, since drug‐induced agranu-

locytosis can be rapidly fatal. In many clinical circum-

stances the likely cause of neutropenia will be readily 

apparent from the patient’s medical history, includ-

ing the history of drug intake. When the history and 

examination of the blood film do not reveal the cause, 

bone marrow investigation is usually necessary. The 

causes of neutropenia are summarised in Tables 6.22 

and 6.23.

Table 6.22  Some inherited disorders causing neutropenia.

Reticular agenesis or dysgenesis (severe granulocytopenia, 

monocytopenia and lymphocytopenia with hypoplasia of thymus 

and lymph nodes and impaired cellular and humoral immunity; 

bi‐allelic mutation in the AK2 gene)

Neutropenia with pancreatic exocrine deficiency and dyschondroplasia 

– neutropenia may be intermittent (Shwachman or Shwachman–

Diamond syndrome, resulting from mutations in the SBDS gene)

Mitochondrial disorders: neutropenia with pancreatic exocrine 

deficiency and sideroblastic erythropoiesis (Pearson syndrome) 

[278], Barth syndrome (cardiomyopathy, growth retardation and, 

variably, congenital neutropenia, which may be cyclical, resulting 

from mutation of the TAZ (G4.5) gene at Xq28) [321], Kearns–

Sayre syndrome [161], fumarase deficiency [161]

Familial benign neutropenia

Familial severe neutropenia, previously known as infantile genetic 

agranulocytosis (autosomal recessive, autosomal dominant 

or X‐linked – autosomal recessive cases known as Kostmann 

syndrome), some cases due to mutations in ELANE (elastase) 

gene or the HAX1 gene; less often results from mutation in the 

gene encoding the G‐CSF receptor [322], activating mutations 

of the WAS gene [323,324] or GFI1 gene [325]; mutation in the 

LAMTOR 2 (MAPBPIP) gene (autosomal recessive) [326]; one of 

two reported cases of mutation in BLOC1S6 encoding pallidin, 

Hermansky–Pudlak syndrome type 9 (autosomal recessive) [327]

Familial cyclical neutropenia† (autosomal dominant) [328]; may 

result from mutation of the ELANE gene

Congenital dysgranulopoietic neutropenia [329]

Myelokathexis, also known as the WHIM (warts, 

hypogammaglobulinaemia, infections and myelokathexis) 

syndrome [330]

Lazy leucocyte syndrome (may actually represent childhood 

autoimmune neutropenia rather than being inherited) [90]

Chédiak–Higashi syndrome

Dyskeratosis congenita

Associated with X‐linked agammaglobulinaemia (occurring in a third 

of cases)

Associated with hyper‐immunoglobulin M syndrome [331]

Associated with cartilage‐hair hypoplasia

Associated with severe combined immunodeficiency [332]

Cohen syndrome [333]

Bloom syndrome [334]

Diamond–Blackfan syndrome, during the course of the 

disease [335]

Griscelli syndrome, type 2 [336]

Hermansky–Pudlak syndrome due to mutation of AP3B1 gene 

(Hermansky‐Pudlak syndrome type 2) [337]

Associated with familial fragile site at 16q22 leading to mosaic 

del(16)(q22) [338]

Glutathione synthase deficiency [90]

Rothmund–Thomson syndrome [339]

Associated with certain inborn errors of metabolism: idiopathic 

hyperglycinaemia, isovaleric acidaemia, methylmalonic 

acidaemia, type Ib glycogen storage disease due to 

bi‐allelic SLC37A4 mutation, bi‐allelic G6PC3 mutation 

[340], carnitine deficiency [341], methylglutaconic 

aciduria [342], propionic acidaemia [343], hyperzincaemia 

with hypercalprotectinaemia [344], tyrosinaemia [90], 

mevalonate kinase deficiency (hyperimmunoglobulin D 

syndrome) [345]

G‐CSF, granulocyte colony‐stimulating factor
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Table 6.23  Some acquired disorders causing neutropenia.

Infections

  Viral infections, e.g. measles, mumps, rubella including intrauterine 

rubella infection [346], MMR (measles, mumps and rubella) 

vaccination, influenza, avian influenza A [347], influenza 

vaccination [348], infectious hepatitis, infectious mononucleosis, 

cytomegalovirus infection including intra‐uterine cytomegalovirus 

infection [346], human herpesvirus 6 infection [349,350], parvovirus 

B19 infection (occasionally) [351], yellow fever, dengue fever, 

Colorado tick fever, Venezuelan haemorrhagic fever [352], Crimean–

Congo haemorrhagic fever [353], lymphocytic choriomeningitis 

virus infection [354], corona virus‐associated severe acute respiratory 

distress syndrome (SARS; occasionally) [355], advanced HIV infection 

(AIDS), severe fever with thrombocytopenia syndrome virus (SFTSV, a 

Bunya virus) infection [356], Heartland virus (a phlebovirus) infection 

[357], chronic hepatitis C infection [358]

  Bacterial infections, e.g. typhoid [226], paratyphoid, brucellosis, 

tularaemia [359], some cases of miliary tuberculosis [223], 

some Gram‐negative infections (early in the disease process), 

overwhelming bacterial infection – particularly but not only 

Gram‐negative infection, bacterial infection in neonates, rickettsial 

infections including scrub typhus [360], rickettsial pox [361], 

Rickettsia africae infection [362] and some cases of typhus, human 

granulocytic anaplasmosis (previously known as human granulocytic 

ehrlichiosis) and human monocytic ehrlichiosis [363]

  Protozoal infection, e.g. malaria, visceral leishmaniasis (kala azar), 

trypanosomiasis, babesiosis [364]

  Fungal infections, e.g. histoplasmosis [365]

Drugs,∗ e.g. alkylating agents and other anticancer and related 

drugs (including methotrexate used for rheumatological and skin 

conditions, azathioprine, zidovudine and, rarely, neutropenia 

in infancy following perinatal exposure to zidovudine [367]), 

idiosyncratic reaction to drugs (most often with anti‐thyroid 

drugs, sulphonamides, chlorpromazine, gold), interferon, 

alemtuzumab, rituximab (probably autoimmune) [368], bortezomib 

[369], sirolimus, imatinib [370], fostamatinib (R788) [371], 

thalidomide, lenalidomide, pomalidomide, levamisole, etanercept, 

clopidogrel, brodalumab [372], ixekizumab [373], granulocyte 

colony‐stimulating factor (transient, about 30 minutes after 

administration) [374], ibrutinib [375]

Mustard gas exposure [376]

Administration of IL12 [281]

Irradiation

Bone marrow replacement, e.g. in ALL, multiple myeloma, or carcinoma

Primary and secondary myelofibrosis

Ineffective granulopoiesis, e.g. in most cases of AML and most MDS

Megaloblastic anaemia

Aplastic anaemia

Paroxysmal nocturnal haemoglobinuria

Acute anaphylaxis

Hypersplenism

Haemophagocytic syndromes

Immune neutropenia

  Alloimmune neutropenia, following blood transfusion [377] or 

in neonates, as a result of transplacental passage of maternal 

alloantibody to human neutrophil antigens, HLA antigens or 

CD16 (FcγRIIIb; one case) [378]

  Immune neutropenia in neonates, as a result of transplacental 

passage of maternal autoantibody [379]

  Autoimmune neutropenia [380], including isolated autoimmune 

neutropenia and autoimmune neutropenia associated with 

autoimmune haemolytic anaemia, autoimmune thrombocytopenia, 

autoimmune lymphoproliferative syndrome, systemic lupus 

erythematosus, rheumatoid arthritis (Felty syndrome), scleroderma, 

hyperthyroidism, chronic active hepatitis, polyarteritis nodosa, 

primary biliary cirrhosis, thymoma, Hodgkin lymphoma, non‐Hodgkin 

lymphoma, angioimmunoblastic T‐cell lymphoma, large granular 

lymphocyte leukaemia (both T cell and NK cell) and increased activated 

T lymphocytes [381], viral infection (e.g. chronic parvovirus infection 

[382], HIV infection, infectious mononucleosis), Castleman disease, 

Sjögren syndrome, mannosidosis and hypogammaglobulinaemia

  Autoimmune panleucopenia [383]

  Autoimmune pure white cell aplasia [384] (may be associated  

  with thymoma)

  Graft‐versus‐host disease [287]

  Administration of anti‐Rh D for the treatment of autoimmune 

thrombocytopenic purpura [385]

Severe combined immunodeficiency, possibly due to graft‐versus‐host 

disease induced by maternal T lymphocytes [386]

Cyclical neutropenia, including adult onset cyclical neutropenia 

associated with large granular lymphocyte leukaemia (see above)

Haemodialysis and filtration leukapheresis (early during the procedures)

Transfusion‐associated acute lung injury (‘TRALI’) [320,387]

Peripheral blood stem cell apheresis [388]

Endocrine disorders, e.g. hypopituitarism, Addison disease, 

hyperthyroidism [206]

Alcoholism [389]

Anorexia nervosa [271]

Kawasaki disease

Kikuchi disease (necrotising lymphadenitis) [390]

Copper deficiency [391,392]

Arsenic poisoning [286]

Hypercarotenaemia [393]

Placental insufficiency – babies with intrauterine growth retardation 

and babies born to hypertensive and diabetic mothers [394,395]

Babies with asphyxia neonatorum [395]

Rh haemolytic disease of the newborn [394]

Extracorporeal membrane oxygenation in neonates [396]

Administration of erythropoietin to premature babies [264]

Associated with transient erythroblastopenia of childhood [397]

Intravenous immunoglobulin infusion in infants [394]

Therapy with alemtuzumab [398]

Splenic sarcoidosis [399]

Intermittent severe neutropenia of uncertain mechanism in some 

patients with immune deficiency due to STK4 mutation [400]

∗ Can result from inadvertent intake of drugs, e.g. levamisole used as a ‘filler’ in cocaine [366]

AIDS, acquired immune deficiency syndrome; ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; HIV, human immunodeficiency 

virus; IL, interleukin; MDS, myelodysplastic syndrome
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Eosinopenia

Eosinopenia is a reduction of the eosinophil count 

below that expected in a healthy subject of the same 

age. Eosinopenia is rarely noted on a routine blood film 

and cannot be detected on a routine 100‐cell differential 

cell count, since the eosinophil is a relatively infrequent 

cell and the reference limits include zero. Since the 

introduction of automated differential counts, eosin-

openia is far more often noted. However, it is a common 

non‐specific abnormality, so its detection is not of much 

clinical significance.

A physiological fall in the eosinophil count occurs dur-

ing pregnancy and there is a further fall during labour. 

Common causes of a low eosinophil count are shown in 

Table 6.24. The eosinophil count has been reported to 

be reduced in Down syndrome [401]. Rare causes that 

have been reported include thymoma, pure eosinophil 

aplasia [402] and apparent autoimmune destruction of 

eosinophils and basophils [403]. The eosinophil count is 

reduced in human T‐cell lymphotropic virus 1 (HTLV‐1) 

carriers [404].

Monocytopenia

Monocytopenia is the reduction of the monocyte count 

below that expected in a healthy subject of the same 

age. It may accompany other cytopenias, e.g. in reticu-

lar agenesis and aplastic anaemia. Sporadic and auto-

somal dominant monocytopenia associated with a loss‐

of‐function GATA2 mutation may have an associated 

reduction of B lymphocytes, natural killer cells and den-

dritic cells and predisposes to MDS and AML (Mono-

MAC syndrome) [406,407]. Monocytopenia is also asso-

ciated with mild congenital neutropenia due to a GATA2 

mutation [408]. Circulating monocytes are absent in 

homozygosity for a rare mutation in the gene encod-

ing interferon regulatory factor 8 [409]. The monocyte 

count is reduced in the WHIM (Warts, Hypogamma-

globulinaemia, Infections, Myelokathexis) syndrome 

[79]. The monocyte counts falls after administration of 

corticosteroids and in acute infections associated with 

endotoxaemia [90]. Monocyte numbers are conspicu-

ously reduced in hairy cell leukaemia. The monocyte 

count falls, together with the neutrophil count, in trans-

fusion‐associated acute lung injury (‘TRALI’) [387]. 

Alemtuzumab therapy causes monocytopenia.

Lymphocytopenia (lymphopenia)

Lymphopenia or, more correctly, lymphocytopenia is a 

reduction of the lymphocyte count below what would 

be expected in a healthy subject of the same age. It is 

important in assessing babies with suspected immuno-

deficiency to use an appropriate reference range; counts 

below 2.8 × 109/l in a baby with infection raise the pos-

sibility of severe combined immunodeficiency [410].

Lymphocytopenia is extremely common as part 

of the acute response to stress, although it is often 

Table 6.24  Some causes of eosinopenia

Acute stress including trauma, surgery, burns, epileptiform 

convulsions, acute infections, acute inflammation, myocardial 

infarction, anoxia and exposure to cold

Cushing syndrome

Administration of various drugs including corticosteroids and 

ACTH, epinephrine (adrenaline) and other β agonists, histamine 

and aminophylline

Haemodialysis (during procedure)

ACTH, adrenocorticotropic hormone

Table 6.25  Some causes of basopenia.

Acute stress including infection and haemorrhage

Cushing syndrome and administration of ACTH

Administration of prednisone in healthy subjects [405]

Anaphylaxis, acute urticaria and other acute allergic reactions

Chronic urticaria (increased by prednisolone therapy) [405]

Hyperthyroidism

Progesterone administration

ACTH, adrenocorticotropic hormone

Basopenia

Basopenia is a reduction in the basophil count below 

that which would be expected in a healthy subject. 

Some of the causes are shown in Table 6.25. Basophils 

are so infrequent in normal blood that their reduction is 

not likely to be noticed on inspection of the film or on 

a routine 100‐cell or even 500‐cell differential count. 

In theory, basopenia can be detected on automated dif-

ferential counters, since they have reference ranges for 

basophils that do not include zero. However, in practice, 

automated basophil counts are not very accurate and 

the observation of basopenia has not yet been found to 

be of any great importance in diagnosis.
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overshadowed by the coexisting changes in neutro-

phils. It is more likely to be noticed when an auto-

mated differential count is performed and counts are 

expressed in absolute numbers. With the increas-

ing importance of the diagnosis of the acquired 

immune deficiency syndrome (AIDS), characterised 

by increasingly severe lymphopenia with disease 

progression, it is important to realise how common 

this abnormality is in acutely ill patients, regard-

less of the nature of the underlying illness. In one 

study of patients with bacteraemia, lymphopenia was 

observed more consistently than neutrophilia [411]. 

In Hodgkin lymphoma, a lymphocyte count of less 

than 0.6 × 109/l is of adverse prognostic significance 

[412]. Lymphopenia is also of adverse significance in 

peripheral T‐cell lymphoma, not otherwise specified 

[413]. Similarly, a lymphocyte count of 1 × 109/l or 

less at presentation of diffuse large B‐cell lymphoma 

is associated with a worse prognosis [414]. In diffuse 

large B‐cell lymphoma, lymphopenia at the com-

pletion of first‐line treatment is predictive of early 

relapse [414]. Causes of lymphocytopenia are sum-

marised in Table 6.26.

Lymphocyte counts 3–6 days after irradiation expo-

sure correlate with the severity of acute radiation 

sickness, ranging from 0.8–1.5 × 109/l during this 

period after exposure for those with mild disease to 

0–0.1 × 109/l with no latent phase in those with lethal 

exposure [431].

Thrombocytopenia

Thrombocytopenia is a reduction of the platelet count 

below the level expected in a healthy subject of the same 

age and gender. Ethnic origin may also be relevant, since 

Table 6.26  Some causes of lymphocytopenia.

Inherited

Certain rare congenital immune deficiency syndromes including 

reticular dysgenesis, severe combined immunodeficiency, Swiss 

type agammaglobulinaemia, some case of thymic hypoplasia 

(diGeorge syndrome), ataxia telangiectasia, mutation in the CD2 

gene [415], WHIM syndrome [79]

Congenital dyserythropoietic anaemia, type I [416]

Acquired

Acute stress including trauma, surgery, burns, acute infection, 

fulminant hepatic failure (may be preceded by lymphocytosis)

Acute and chronic renal failure (including patients on dialysis)

Cushing syndrome and the administration of corticosteroids or 

ACTH

Carcinoma (particularly with advanced disease)

Hodgkin lymphoma (particularly with advanced disease)

Some non‐Hodgkin lymphomas

Angioimmunoblastic T‐cell lymphoma

Acute HIV infection

Acquired immune deficiency syndrome (AIDS)

Cytotoxic and immunosuppressive therapy, particularly nucleoside 

analogue therapy, and also use of antilymphocyte and 

antithymocyte globulin and monoclonal antibody therapy directed 

at lymphocytes (e.g. alemtuzumab – anti‐CD52); dimethyl 

fumarate (for psoriasis) [417]

Stem cell transplantation∗

Clozapine therapy [86]

Quinine hypersensitivity [418]

Erythropoietin therapy [419]

IL12 administration [281]

Influenza vaccination [420]

Irradiation

Alcoholism [389]

Rheumatoid arthritis [421] and systemic lupus  

erythematosus [422]

Sarcoidosis [423]

Aplastic anaemia and agranulocytosis

Megaloblastic anaemia

The myelodysplastic syndromes [424,425]†

Anorexia nervosa [426]

Intestinal lymphangiectasia and Whipple disease

Peripheral blood stem cell apheresis [388]

Iron deficiency anaemia [427]

Chronic platelet apheresis [428]

Graft‐versus‐host disease

Administration of ‘Lorenzo’s oil’ [429]

Thymoma [430]

∗A lymphocyte count of less than 0.75 × 109/l at day 100 is predictive of extensive and severe graft‐versus‐host disease after allogeneic 

transplantation
†A lymphocyte count of less than 1.2 × 109/l is of adverse prognostic significance in the myelodysplastic syndromes [425]

ACTH, adrenocorticotropic hormone; HIV, human immunodeficiency virus; IL12, interleukin 12; WHIM, Warts, Hypogammaglobulinaemia, 

Infections, Myelokathexis
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lower platelet counts have been observed in Africans 

and Afro‐Caribbeans. Thrombocytopenia may be con-

genital or acquired and due to reduced production or 

to increased destruction, consumption or extravascular 

loss. The causes are summarised in Table 6.27. Informa-

tion on drugs recognised as causing thrombocytopenia is 

available on a website, which is updated annually [534].

Table 6.27  Some causes of thrombocytopenia (excluding conditions that usually cause pancytopenia).

Failure of platelet production

Congenital (inherited or resulting from intra‐uterine events)

May–Hegglin anomaly, Sebastian syndrome, Epstein syndrome, 

Fechtner syndrome (all resulting from a MYH9 mutation)

Bernard–Soulier syndrome

Other inherited thrombocytopenias (see Tables 8.11–13)

Megakaryocytic hypoplasia, inherited or due to intrauterine events 

(including some mutations of the MPL gene encoding the 

thrombopoietin receptor), some cases of trisomy 13, trisomy 

18 and trisomy 21 syndromes, thrombocytopenia with absent 

radii, thrombocytopenia with radio‐ulnar synostosis (HOXA11 

mutation), thrombocytopenia with normal radii but with other 

physical abnormalities in 40% of cases and having an autosomal 

recessive or X‐linked recessive inheritance [432], amegakaryocytic 

thrombocytopenia with Noonan syndrome [433], X‐linked 

thrombocytopenia due to GATA1 mutation

Reticular agenesis (variable thrombocytopenia)

Placental insufficiency – associated with fetal hypoxia/intrauterine 

growth retardation/babies of hypertensive or diabetic mothers 

[394,434]

Haemolytic disease of the newborn (Rh and, particularly, Kell) 

[435,436]

Transplacental passage of maternal anti‐platelet antibodies 

inhibiting megakaryocytopoiesis, e.g. anti HPA‐2b [437]

Inherited but not present at birth

Fanconi anaemia

Acquired

Following bone marrow damage by some of the drugs that can 

cause aplastic anaemia or as the first manifestation of aplastic 

anaemia or as a feature of mustard gas exposure [438]

Anticancer drugs – alkylating agents, nitrosoureas, anthracyclines, 

mitoxantrone, imatinib (rarely) [196], dasatinib [439], thalidomide, 

lenalidomide, bortezomib

Thiazide administration

Myelodysplastic syndromes

Severe iron deficiency (rarely)

Parvovirus infection (rarely) [440]

HHV6 infection [350] including delayed platelet engraftment 

following allogeneic transplantation associated with early HHV6 

variant B infection [441]

Chronic hepatitis C virus infection (probably) [442]

Interferon therapy

Paroxysmal nocturnal haemoglobinuria

Alcohol abuse [443]

Anorexia nervosa [271]

Autoimmune acquired amegakaryocytic thrombocytopenia [443] 

including amegakaryocytic thrombocytopenia associated with 

large granular lymphocyte leukaemia and sometimes causing 

cyclical thrombocytopenia [444]

Graft‐versus‐host disease [287]

Chronic renal failure on haemodialysis and, to a lesser extent, on 

peritoneal dialysis [445]

Development of antibodies to thrombopoietin after administration 

of pegylated recombinant thrombopoietin [446]

Hypervitaminosis A [285]

Copper deficiency [392]

Arsenic poisoning [286]

Increased platelet consumption, destruction or removal 

(demonstrated or presumptive)

Immune mechanisms

Congenital

Alloimmune thrombocytopenia

Transplacental transfer of maternal autoantibody

Transplacental transfer of maternal anti GpIIb/IIIa (in the case of a 

mother with Glanzmann thrombasthenia) [447]

Transplacental transfer of maternal anti‐CD36 isoantibodies from 

CD36‐deficient mothers [448]

Transplacental transfer of maternal HLA antibodies (uncommon) 

[437]

Transplacental transfer of maternal ABO antibodies (rare) [437]

Maternal drug hypersensitivity

Acquired

Autoimmune thrombocytopenic purpura as an isolated abnormality 

or associated with other autoimmune disease (systemic 

lupus erythematosus, primary antiphospholipid syndrome, 

rheumatoid arthritis, autoimmune haemolytic anaemia (Evans 

syndrome), autoimmune lymphoproliferative syndrome), 

with a lymphoproliferative disease (chronic lymphocytic 

leukaemia, non‐Hodgkin lymphoma, Hodgkin lymphoma, large 

granular lymphocyte leukaemia), sarcoidosis [448], common 

variable immune deficiency [449] or angioimmunoblastic 

lymphadenopathy

Alloimmune, e.g. caused by transfer of donor lymphocytes during 

stem cell transplantation [450], infusion of plasma containing 

platelet alloantibodies [451]

Drug‐induced immune thrombocytopenia including heparin‐

induced thrombocytopenia, protamine‐heparin induced 

thrombocytopenia [452], thrombocytopenia induced by 

quinine (including in Indian tonic water, bitter lemon and 

(continued)
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Dubonnet [453]), vancomycin and carbimazole [454] and 

thrombocytopenia induced by anti‐platelet monoclonal 

antibodies such as abciximab∗ (anti‐platelet glycoprotein IIb/

IIIa) [455] and other drugs interfering with binding of fibrinogen 

to platelet glycoprotein IIb/IIIa – eptifibatide, orbofiban, 

roxifiban, tirofiban and xemilofiban [456], alemtuzumab 

(thrombocytopenia is transient)

Drug‐induced autoimmune thrombocytopenia due to gold salts and 

possibly procainamide, sulphonamides and interferon alpha and 

beta [457]

Food‐associated immune thrombocytopenia – tahina [458], Lupinus 

termis beans [459], cow’s milk [453], cranberry juice [453]

Immune thrombocytopenia associated with Jui herbal tea (a 

traditional Chinese remedy) [460]

Immune thrombocytopenia associated with HIV infection

Immune thrombocytopenia associated with cytomegalovirus 

infection [461], HHV6 infection [462], hepatitis C infection 

[463], hepatitis E infection [464], Mycoplasma pneumoniae 

infection [465], scarlet fever (β haemolytic streptococcal 

infection) [466], tuberculosis [467,468], brucellosis [469], 

toxoplasmosis [469], Helicobacter pylori infection [470], Q‐

fever [471], H7N9 (avian origin) influenza virus infection [472], 

malaria, babesiosis

Post‐infection thrombocytopenia, particularly after rubella but also 

after chicken pox (varicella), infectious mononucleosis, other viral 

infections and vaccinations, e.g. MMR vaccine

Post‐transfusion purpura

Cocaine abuse [473]

Anaphylaxis

Onyalai [474]

Use of dialysers sterilised with electron beam radiation [475]

Non‐immune mechanisms

Congenital

The Schulman–Upshaw syndrome [476,477]

Hereditary phytosterolaemia [478]

Kaposiform haemangioendothelioma [479] or tufted haemangioma 

(Kasabach–Merritt syndrome)

Intrahepatic infantile haemangioma [479]

Type IIB von Willebrand disease, particularly after DDAVP therapy, 

and platelet‐type (pseudo) von Willebrand disease (inherited 

defect of platelet GpIb)

Mutation in ITGB3 gene encoding GpIIb/IIa [480]

Acquired

Disseminated intravascular coagulation (including that associated 

with heat stroke, IL2 administration [481,482], trypanosomiasis 

[483] and angiosarcoma [484])

Thrombotic microangiopathy (thrombotic thrombocytopenic 

purpura and related conditions, see Table 8.8)

Post‐transplant hepatic veno‐occlusive disease [485]

Venous thrombo‐embolism [486]

Viral haemorrhagic fevers – arenavirus infection (Lassa 

fever and Argentinian, Bolivian, Venezuelan and Brazilian 

haemorrhagic fevers), Bunyaviridae infections (Rift Valley 

fever, Crimean–Congo haemorrhagic fever, haemorrhagic 

fever with renal syndrome due to Hantaan, Seoul, Puumala 

and other viruses and hantavirus pulmonary syndrome due to 

Sin Nombre virus) [59], Black Creek Canal and other viruses 

infection, severe fever with thrombocytopenia syndrome 

virus (SFTSV) infection [356], Filoviridae infections (Marburg 

and Ebola haemorrhagic fevers), Flaviviridae infections 

(yellow fever [487], dengue, Kyasanur Forest disease and 

Omsk haemorrhagic fever) and certain other viral infections, 

e.g. Colorado tick fever (coltivirus infection), acute HIV 

infection, Cache valley virus infection [488], lymphocytic 

choriomeningitis virus infection [354], Nipah virus encephalitis 

[489], corona‐virus associated severe acute respiratory distress 

syndrome (SARS) [354], avian influenza A infection [347], 

chikungunya fever [490], Heartland virus (a phlebovirus) 

infection [357], West Nile virus infection [491], Alkhumra virus 

infection [492]

Rickettsial infections, e.g. Rocky Mountain spotted fever, malignant 

Mediterranean spotted fever, Queensland tick typhus [493], scrub 

typhus [494], murine typhus [495]

Certain bacterial infections, e.g. Brazilian haemorrhagic fever 

(Haemophilus aegypticus infection), relapsing fever (Borrelia 

recurrentis infection), human monocytic ehrlichiosis (Ehrlichia 

chaffeensis infection), human granulocytic anaplasmosis 

(previously known as human granulocytic ehrlichiosis; Anaplasma 

phagocytophilum infection) and infection by Ehrlichia ewingii and 

ehrlichia species Wisconsin [496], Bartonella quintana infection 

(trench fever) [497], inhalational anthrax [498], brucellosis [499], 

typhoid fever [500], leptospirosis [501]

Certain protozoal infections, e.g. malaria and babesiosis

Extracorporeal circulation

Use of intra‐aortic balloon pump [502]

Peripheral blood stem cell apheresis [388]

Massive transfusion

Kaposi sarcoma [503]

‘Histiocytic sarcoma’ of the spleen [504]

Administration of M‐CSF [505]

Snake bite [83]

Envenomation by bees [506]

Acquired phytosterolaemia associated with soy‐based parenteral 

nutrition [507]

Redistribution of platelets

Congenital

Hypersplenism

Acquired

Hypersplenism (including acute sequestration in sickle cell disease)

Administration of Lorenzo’s oil [429,508]

Hypothermia [509]

Table 6.27  (continued)



Quantitative changes in blood cells      255

The platelet count is significantly lower and the mean 

platelet volume significantly higher in individuals with 

acute coronary syndromes in comparison with those 

with stable angina or non‐cardiac pain [535].

Some causes of thrombocytopenia of particular 

importance in the fetus and the neonate are summarised 

in Tables 6.28 and 6.29. In fetuses with intra‐uterine 

growth retardation, thrombocytopenia is indicative of 

a worse prognosis [537]. The most common cause of 

severe thrombocytopenia in neonates is alloimmune 

thrombocytopenia.

Blood film and count
In unexplained congenital thrombocytopenia both 

platelet size and granularity and white cell morphol-

ogy should be assessed. A number of inherited condi-

tions have thrombocytopenia associated with mor-

phological abnormalities of platelets or neutrophils 

(see Chapter 9). In acquired thrombocytopenia, platelet 

size is also relevant since increased platelet consump-

tion or destruction with increased bone marrow output 

is associated with increased platelet size, whereas bone 

marrow failure is associated with small or normal sized 

platelets. Red cells should be assessed for any evidence 

of a microangiopathic haemolytic anaemia, which 

may be associated with thrombocytopenia caused by 

a thrombotic microangiopathy. The blood film should 

also be examined for abnormal lymphocytes (indica-

tive of viral infection or lymphoproliferative disorder), 

blast cells, immature granulocytes or NRBC (indicative 

of leukaemia or bone marrow infiltration) and dysplas-

tic features (indicative of MDS or AML). Children with 

amegakaryocytic thrombocytopenia may have macro-

cytosis [433].

The automated blood count shows an increased MPV 

and PDW when there is increased platelet consump-

tion or destruction and a low MPV when there is fail-

ure of bone marrow output. The count of ‘reticulated 

Uncertain or complex mechanisms

Congenital

Extreme prematurity

Wiskott–Aldrich syndrome

The grey platelet syndrome

Chédiak–Higashi anomaly

Griscelli syndrome, type 2 [469]

Hermansky–Pudlak syndrome type II [510]

Cyclical thrombocytopenia and tidal platelet dysgenesis

Mediterranean macrothrombocytosis

Jacobsen syndrome (Paris‐Trousseau thrombocytopenia, terminal 

deletion of 11q with q21‐q24 breakpoint)

Congenital infections (toxoplasmosis, cytomegalovirus infection, 

rubella, syphilis, listeriosis, coxsackie B infection, herpes simplex 

virus infection, relapsing fever (Borrelia hermsii infection) [511])

Associated with certain inborn errors of metabolism (idiopathic 

hyperglycinaemia [512], methylmalonic acidaemia [512], isovaleric 

acidaemia [512], propionic acidaemia [343], hyperzincaemia 

with hypercalprotectinaemia [344], holocarboxylase synthetase 

deficiency, mevalonic aciduria [513])

Mitochondrial cytopathies including Pearson syndrome, fumarase 

deficiency and mitochondrial depletion syndrome [161,514]

Associated with factor V Quebec [515]

Congenital dyserythropoietic anaemia, type I (thrombocytopenia is 

transient) [516]

Severe congenital neutropenia, during treatment with G‐CSF [517]

Acquired

Phototherapy in the neonate [518]

Respiratory distress syndrome and mechanical ventilation in the 

neonate [519,520]

Neonatal herpes simplex infection

Associated with cyanotic congenital heart disease

Neonatal hyperthyroidism [521]

Miliary tuberculosis [255]

Graves disease [522]

Hypothyroidism [523]

Pregnancy‐associated thrombocytopenia

Monge disease (inappropriate altitude‐related polycythaemia) [524]

Thrombocytopenia with exanthem in Japanese neonates [525]

Wilson disease [526]

Paracetamol (acetaminophen) overdose [527]

Drug‐induced, non‐immune (valproate, amrinone, linezolid 

[457,528])

Drug‐induced, unknown mechanism (infliximab, efalizumab, 

rituximab [457,529,530]), alemtuzumab, omalizumab (anti‐

immunoglobulin E) therapy [531], trastuzumab [532], bortezomib 

[369], IL12 [281], sirolimus, ibrutinib [375]

Iodinated radiological contrast media [457]

Use of Jui (traditional Chinese herbal medicine) (probably immune) 

[533]

Oroya fever [191]

∗but note that abciximab can also cause factitious thrombocytopenia as a result of platelet aggregation

DDAVP, 1‐deamino‐8‐D‐arginine vasopressin; HHV6, human herpesvirus 6; HIV, human immunodeficiency virus; HLA, human histocompatibility 

antigen; IL, interleukin; M‐CSF, macrophage colony‐stimulating factor
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Table 6.28  Some causes of fetal thrombocytopenia (platelet count less than 150 × 109/l) [536,537]; the prevalence among fetuses 
with certain specified abnormalities is shown in brackets [536].

Category/mechanism

Frequency among instances of 

thrombocytopenia

Specific cause and % of cases of condition in  

which it is found

Intrauterine infection 28% Toxoplasmosis (26%), cytomegalovirus infection (36%), 

rubella (20%), HIV infection

Immune 18% Alloimmune thrombocytopenia, maternal autoimmune 

thrombocytopenia

Chromosomal abnormalities 17% Trisomy 13 (54%), trisomy 18 (86%), trisomy 21 (6%), Turner 

syndrome (31%), triploidy (3/4)

Unknown and presumably 

heterogeneous mechanisms

12% Associated with multiple congenital abnormalities without a 

chromosomal abnormality

Intrauterine growth retardation 6%

Unknown mechanism 4% Severe Rh haemolytic disease

Inherited rare Wiskott–Aldrich syndrome

Congenital amegakaryocytic thrombocytopenia

Table 6.29  Some causes of thrombocytopenia of particular 
importance in the neonate (for mechanisms and other rare 
causes see Table 6.27).

Chronic fetal hypoxia (maternal hypertension, diabetes mellitus, 

idiopathic intrauterine growth retardation)∗

Perinatal asphyxia (often associated with disseminated 

intravascular coagulation) [538]

Intrauterine infection

  Viral infection (cytomegalovirus infection, congenital rubella,  

  HIV infection, herpes simplex infection, varicella‐zoster  

  infection, coxsackie B infection)

  Congenital syphilis

  Listeriosis

  Congenital toxoplasmosis

Perinatal infection (e.g. Escherichia coli, group B streptococcus) [538]

Maternal antiplatelet antibodies (autoantibodies, alloantibodies 

or drug‐dependent antibodies)

Congenital leukaemia including transient abnormal myelopoiesis 

of Down syndrome

Disseminated intravascular coagulation (e.g. resulting from 

bacterial sepsis, acute asphyxia, respiratory distress syndrome, 

pulmonary hypertension, necrotising enterocolitis) [272]

Thrombosis (of aorta or renal vein) [537]

Kasabach–Merritt syndrome

Inherited (e.g. thrombocytopenia with absent radii, congenital 

amegakaryocytic thrombocytopenia, trisomy 13 [538], trisomy 

18 [538], Noonan syndrome [539])

Metabolic disease (e.g. propionic and methylmalonicacidaemia, 

Gaucher disease) [536]

Exchange transfusion

Hyperbilirubinaemia and phototherapy [272]

Induced hypothermia [537]

Necrotising enterocolitis

∗There may be associated polycythaemia, mild neutropenia and 

features of hyposplenism [537]

platelets’ is increased when there is increased platelet 

turnover and decreased when there is failure of pro-

duction.

Other tests
In congenital thrombocytopenia, the patient should be 

assessed for evidence of associated congenital defects 

and other family members should be assessed for plate-

let number and morphology and other evidence of 

inherited abnormalities. Children with amegakaryocytic 

thrombocytopenia may have an increased percentage 

of haemoglobin F and increased i antigen expression 

[433].

In acquired thrombocytopenia not readily explained 

by the clinical circumstances, a bone marrow aspiration, 

tests for autoantibodies (antinuclear factor, anti‐DNA 

antibodies and the lupus anticoagulant) and coagula-

tion tests to exclude disseminated intravascular coagu-

lation can be useful. Testing for HIV antibodies should 

be considered.

Pancytopenia

Pancytopenia is a combination of anaemia (with reduc-

tion of the RBC), leucopenia and thrombocytopenia. 

Leucopenia is usually mainly due to a reduction in the 

neutrophil count, although the numbers of other gran-

ulocytes, monocytes and lymphocytes are often also 

reduced.

Pancytopenia is usually caused by bone marrow 

replacement or failure, but it sometimes results from 
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splenic pooling or peripheral destruction of mature 

cells. Cyclical pancytopenia, probably cytokine‐

induced, is an unusual manifestation of Hodgkin lym-

phoma [540]. Some of the causes of pancytopenia are 

shown in Table 6.30. In hospital practice, pancytopenia 

is most often the result of cytotoxic or immunosuppres-

sive drug therapy.

Blood film and count
When the aetiology is not readily apparent from the clini-

cal history, the blood film should be carefully examined 

for blast cells, dysplastic features in any cell lineage, lym-

phoma cells, hairy cells, myeloma cells, increased rouleaux 

formation, macrocytes, hypersegmented neutrophils, 

NRBC and immature granulocytes. Blast cells should be 

Table 6.30  Some causes of pancytopenia.

Inherited disorders

Inherited conditions causing aplastic anaemia: Fanconi anaemia, 

dyskeratosis congenita, WT syndrome of radioulnar hypoplasia, 

hypoplastic anaemia and susceptibility to leukaemia [541], 

xeroderma pigmentosa, late stages of Shwachman–Diamond 

syndrome, aplastic anaemia following congenital amegakaryocytic 

thrombocytopenia [432] including some patients with 

amegakaryocytic thrombocytopenia as a result of a defective 

thrombopoietin receptor (MPL mutation) [542], ataxia‐

pancytopenia syndrome [543], Jacobsen syndrome (terminal 

deletion of 11q with q21‐q24 breakpoint), Dubowitz syndrome 

(microcephaly and other developmental defects with aplastic 

anaemia) [433], Seckel syndrome (microcephaly and dwarfism 

with aplastic anaemia) [433]

Marble bone disease (osteopetrosis)

Inherited metabolic disorders [544–548]: mannosidosis, Gaucher 

disease, adult Niemann–Pick disease, methylmalonic aciduria, 

oxalosis, isovaleric acidaemia, alpha methyl beta hydroxybutyric 

aciduria, propionic acidaemia, cystinosis

Mitochondrial cytopathies including some cases of Pearson 

syndrome [278] and pancytopenia associated with necrotising 

encephalopathy [549]

Other rare inherited conditions: cobalamin C deficiency [550], 

Griscelli syndrome, type 2 [551], thiamine‐responsive anaemia 

[552], Wolfram syndrome (DIDMOAD—Diabetes Insipidus 

Diabetes Mellitus Optic Atropy Deafness syndrome), 

methylmalonicaciduria

Acquired disorders

Aplastic and hypoplastic anaemias including idiopathic, virus‐

induced, drug‐induced and chemical‐induced aplastic anaemia; 

hypopituitarism [553]; bone marrow aplasia preceding ALL; bone 

marrow aplasia associated with thymoma and large granular 

lymphocyte leukaemia; graft‐versus‐host disease including 

transfusion‐associated graft‐versus‐host disease; donor lymphocyte 

infusion following haemopoietic stem cell transplantation; 

irradiation; use of alkylating agents and other anticancer and 

related drugs; imatinib therapy [554]; alemtuzumab; development 

of anti‐thrombopoietin antibodies [555]

Bone marrow infiltration, with or without associated fibrosis, 

including ALL, AML (ineffective haemopoiesis also contributes), 

multiple myeloma, carcinoma, non‐Hodgkin lymphoma, hairy cell 

leukaemia and hairy cell variant leukaemia

Hodgkin lymphoma (cytokine‐induced) [540]

Clonal disorders of haemopoiesis: the myelodysplastic syndromes, 

paroxysmal nocturnal haemoglobinuria, acute myelofibrosis, 

advanced primary myelofibrosis

Ineffective haemopoiesis: acute or severe megaloblastic anaemia

Arsenic poisoning [556]

Acute infections: some cases of acute HIV infection [557], 

parvovirus infection [558], ehrlichiosis [559] and anaplasmosis 

[560], brucellosis [561], miliary tuberculosis, cytomegalovirus 

infection in bone marrow transplant recipients [562], human 

herpesvirus 6 infection [563], human herpesvirus 8 infection 

in immunosuppressed patients [564], toxoplasmosis in 

immunosuppressed patients [565], Legionnaires’ disease [566], 

Mediterranean spotted fever [567], chronic active Epstein–Barr 

virus (EBV) infection [568] and following EBV infection in hosts 

subject to X‐linked lymphoproliferative syndrome

Some chronic infections, especially visceral leishmaniasis (kala 

azar), when it is due to hypersplenism; rarely chronic parvovirus 

infection [569], miliary tuberculosis (a minority of patients) [255]

Haemophagocytic syndromes (including familial and infection‐

related)

Acquired immune deficiency syndrome (AIDS)

Fusariosis [570]

Systemic lupus erythematosus

Combined immunocytopenia [571]

Autoimmune lymphoproliferative syndrome [572]

Severe or chronic graft‐versus‐host disease [573]

Drug‐induced immune pancytopenia (e.g. caused by phenacetin, 

para‐amino salicylic acid, sulphonamides, rifampicin and quinine)

Hypersplenism (e.g. kala azar and Schistosoma mansoni infection)

Acquired sea‐blue histiocytosis during prolonged parenteral 

nutrition (the mechanism is probably hypersplenism) [574]

Wilson disease [575]

Hyperthyroidism (rarely) [576]

Alcohol toxicity [389]

Copper deficiency [576]

Hypothermia [577]

Paget disease [578]

Hyperparathyroidism [579]

AIDS, acquired immune deficiency syndrome; ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; HIV, human immunodeficiency 

virus
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specifically sought along the edges of the film. Blast cells 

and hairy cells may be very infrequent, but the presence of 

even small numbers is significant. In aplastic anaemia the 

red cells may be normocytic or macrocytic, polychromasia 

is absent and the platelets are usually small and uniform in 

size; occasionally poikilocytosis is quite marked.

Differential diagnosis
The presence of dysplastic features in the absence of admin-

istration of cytotoxic drugs and toxic chemicals suggests 

either HIV infection or MDS or AML. Macrocytosis may 

be present in liver disease and alcohol abuse, megaloblastic 

anaemia and hypoplastic and aplastic anaemias, MDS and 

following cytotoxic chemotherapy. Poikilocytic red cells 

and a leucoerythroblastic blood film (see Table 6.19) sug-

gest bone marrow infiltration or primary myelofibrosis. A 

low reticulocyte count indicates failure of bone marrow 

output, whereas an elevated reticulocyte count suggests 

peripheral destruction, e.g. paroxysmal nocturnal haemo-

globinuria or immune destruction of cells.

The full blood count (FBC) may show an elevated 

mean cell volume (MCV) and elevated red cell distribu-

tion width (RDW). An appropriately increased MPV and 

‘reticulated platelet’ count suggest peripheral platelet 

destruction, whereas a reduced MPV and a low ‘reticu-

lated platelet’ count despite thrombocytopenia suggest 

failure of bone marrow output.

Further tests
A reticulocyte count is indicated and a bone marrow 

aspirate is usually necessary. Unless a cellular aspirate is 

obtained, a trephine biopsy is also required. Bone mar-

row aspiration is needed urgently if the clinical history 

suggests the possibility of a haemophagocytic syndrome, 

acute infection or the rapid onset of megaloblastic anae-

mia. In the latter condition macrocytes and hyperseg-

mented neutrophils may be infrequent or absent and 

only the bone marrow aspirate reveals the diagnosis. 

The other tests that are needed will be determined by 

the results of these initial investigations and by the spe-

cific diagnosis that is suspected.
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Chapter 7

Important supplementary tests

Peripheral blood cells can be used for many other tests, 

which supplement the full blood count (FBC) and 

May–Grünwald–Giemsa (MGG)‐stained blood film. 

These include cytochemical tests, immunophenotyp-

ing, cytogenetic analysis, molecular genetic analysis and 

ultrastructural examination. Only those techniques that 

involve counting or examining cells will be dealt with in 

any detail in this chapter.

Cytochemical techniques

Some recommended techniques for cytochemical stains 

are given in Table 7.1. Reticulocyte counting and stain-

ing are dealt with in Chapter 2. The application of other 

cytochemical stains will be discussed in this chapter.

Table 7.1  Some recommended methods for cytochemical stains.

Procedure Recommended method

Heinz body preparation Rhodanile blue with 2 minutes’ 

incubation [1] or methyl violet

Haemoglobin  

H preparation

Brilliant cresyl blue with 2 hours’ 

incubation [1]

Haemoglobin  

F‐containing cells

Acid elution [1]

Perls reaction for iron Potassium ferrocyanide [1]

Myeloperoxidase p‐phenylenediamine + catechol + 

H2O2 [2]

Sudan black B Sudan black B [1]

Naphthol AS‐D  

chloroacetate esterase 

(chloroacetate esterase)

Naphthol AS‐D chloroacetate + 

hexazotised fuchsin [3] or fast 

blue BB [4] or Corinth V

α naphthyl acetate  

esterase

α naphthyl acetate + hexazotised 

pararosaniline [3] or fast blue RR

Neutrophil alkaline  

phosphatase

Naphthol AS‐MX phosphate + fast 

blue RR

Periodic acid–Schiff (PAS) Periodic acid + Schiff’s reagent [1]

Acid phosphatase and 

tartrate‐resistant acid 

phosphatase

Naphthol AS‐BI phosphate + fast 

garnet GBC, with and without 

tartaric acid [5]

Reagents suitable for cytochemical stains can be purchased from 

Sigma–Aldrich

Heinz bodies
Heinz bodies are red cell inclusions composed of dena-

tured haemoglobin. They can be seen as refractile bod-

ies in dry unstained films viewed with the condenser 

lowered. Their presence can often be suspected from 

features seen on an MGG‐stained film. They can be 

stained by a number of vital dyes, including methyl vio-

let, cresyl violet, ‘new methylene blue’, brilliant cresyl 

blue, brilliant green and rhodanile blue. Their charac-

teristic shape and size (Fig. 7.1; see also Table 2.3) aid 

in their identification. Heinz bodies are not seen in 

normal subjects since they are removed by the splenic 

macrophages in a process often known as ‘pitting’. 

Small numbers are seen in the blood of splenectomised 

subjects. Larger numbers are found following expo-

sure to oxidant drugs, particularly in subjects who are 

glucose‐6‐phosphate dehydrogenase (G6PD) deficient 

or who have been splenectomised. They may also be 

seen post‐splenectomy in patients with an unstable 

haemoglobin. Patients with an unstable haemoglobin 

Fig. 7.1  A methyl violet preparation showing Heinz bodies in 
a patient exposed to the oxidant drug, dapsone. By courtesy of 
the late Dr David Swirsky and Mr David Roper, London.
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who have not been splenectomised sometimes, but not 

always, show Heinz bodies; in some patients they form 

in vitro during prolonged incubation.

A stain for Heinz bodies is indicated when Heinz body‐

haemolytic anaemia is suspected. However, sometimes 

this diagnosis is readily evident from the clinical history 

and the MGG‐stained film and the test is then redundant.

Haemoglobin H inclusions
Haemoglobin H (an abnormal haemoglobin with no 

α chains but with a β chain tetramer) is denatured 

and stained by the same vital dyes that stain reticulo-

cytes. The characteristic regular ‘golf‐ball’ inclusions 

(Fig. 7.2a) take longer to appear than the reticulum of 

a reticulocyte. An incubation period of 2 hours is rec-

ommended. It is important that either new methylene 

blue or brilliant cresyl blue is used to demonstrate the 

characteristic inclusions. Methylene blue (which has 

been sold by manufacturers wrongly identified as new 

methylene blue) does not give the typical appearance 

[6]. Patients with haemoglobin H disease who have not 

been splenectomised show the characteristic golf‐ball 

appearance, whereas post‐splenectomy patients have, 

in addition, Heinz bodies that represent preformed 

inclusions of haemoglobin H (Fig. 7.2b). Cells contain-

ing haemoglobin H are readily detected in patients with 

haemoglobin H disease, in whom they may form the 

majority of cells. In patients with α thalassaemia trait, 

(a)

Fig. 7.2  Haemoglobin H preparations show-
ing: (a) haemoglobin H‐containing cells 
(containing multiple small pale blue inclu-
sions) and reticulocytes (with a purple 
reticular network) in a patient with haemo-
globin H disease; and (b) haemoglobin H‐
containing cells, a reticulocyte and Heinz 
bodies (large peripherally placed blue inclu-
sions) in the blood of a patient with haemo-
globin H disease who had been splenecto-
mised.(b)
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their frequency is of the order of 1 in 1000 cells (when 

two of the four α genes are missing) or less (when one 

of the four α genes is missing); even when a prolonged 

search is made, they are not always detectable, par-

ticularly in individuals who lack only a single α gene. 

Haemoglobin H inclusions are not found in the red cells 

of haematologically normal subjects; apparently similar 

cells may be seen, however, in very occasional cells in 

normal subjects so that a control normal sample should 

be incubated in parallel with the patient’s sample.

The identification of occasional haemoglobin H‐

containing cells may be useful in the diagnosis of α 

thalassaemia. However, the search for infrequent inclu-

sion‐containing cells is very time‐consuming and, when 

the diagnosis is important, e.g. for genetic counselling, 

definitive confirmation by DNA analysis is required.

Haemoglobin F‐containing cells
Haemoglobin F‐containing cells are identified cyto-

chemically by their resistance to haemoglobin elution 

in acid conditions (Fig. 7.3); the procedure is com-

monly referred to as a Kleihauer test from its origi-

nator, although Kleihauer’s method is often modi-

fied. The test is useful for detecting fetal cells in the 

maternal circulation and thus for detecting and quan-

titating fetomaternal haemorrhage; it is indicated for 

the detection of fetomaternal haemorrhage in unex-

plained neonatal anaemia and for quantifying feto-

maternal haemorrhage from an Rh D‐positive fetus 

to an Rh D‐negative mother. The Kleihauer test will 

also detect autologous cells containing appreciable 

quantities of haemoglobin F, such as may be seen in 

hereditary persistence of fetal haemoglobin and β 

thalassaemia, and in some patients with thalassaemia 

major, δβ thalassaemia trait, sickle cell disease, juvenile 

chronic myelomonocytic leukaemia, myelodysplastic 

syndromes (MDS) and various other conditions. The 

distribution of haemoglobin F in adult cells may be 

homogeneous (in some types of hereditary persistence 

of fetal haemoglobin) or heterogeneous (in other types 

of hereditary persistence of fetal haemoglobin and in 

other conditions). Both a positive and a negative con-

trol should be tested in parallel with the sample under 

investigation. A positive control can be prepared by 

mixing together adult and fetal cells.

It should be noted that a Kleihauer test cannot be 

used for detection of fetal cells in the maternal circula-

tion if the mother already has a positive Kleihaeur test 

as a result of a high level of haemoglobin F.

Perls reaction for iron
Perls stain is based on a reaction between acid ferrocya-

nide and the ferric ion (Fe3+) of haemosiderin to form 

ferric ferrocyanide, which has an intense blue colour 

(Prussian blue). Ferritin, which is soluble, does not give 

a positive reaction. Perls stain is most often performed 

on the bone marrow, but it can be used to stain periph-

eral blood cells in order to detect sideroblasts and sidero-

cytes.

On a Romanowsky‐stained blood film, haemosiderin 

appears as small blue granules, designated Pappenhe-

imer bodies (see Chapter 3). On a Perls stain they are 

Fig. 7.3  Acid elution technique (Kleihauer 
test) for haemoglobin F‐containing cells; 
the blood specimen was taken from a post-
partum woman and shows that a fetoma-
ternal haemorrhage had occurred. A single 
stained fetal cell is seen against a back-
ground of ghosts of maternal cells.
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referred to as siderotic granules and the cells contain-

ing them are known as siderocytes (Fig. 7.4a). Sidero-

cytes are rarely detected in the blood of normal subjects; 

siderotic granules are present in reticulocytes newly 

released from the bone marrow, but disappear during 

maturation of the reticulocyte in the spleen, probably 

because the haemosiderin is utilised for further haemo-

globin synthesis. When haematologically normal sub-

jects are splenectomised, small numbers of siderocytes 

are seen in the blood. When red cells containing abnor-

mally large or numerous siderotic granules are released 

from the bone marrow, as in sideroblastic anaemia or in 

thalassaemia major, many of the abnormal inclusions 

are ‘pitted’ by the spleen. Some remain detectable in the 

peripheral blood, both in reticulocytes and in mature 

red cells. If a patient with a defect of iron incorpora-

tion has been splenectomised or is hyposplenic for any 

reason, very numerous siderocytes are seen.

A sideroblast is a nucleated red blood cell (NRBC) that 

contains siderotic granules. Sideroblasts are normally 

present in the bone marrow, but NRBCs do not normally 

circulate and it is therefore unusual to see sideroblasts in 

the peripheral blood. When they do appear, they may 

be morphologically normal, containing only one or a 

few fine granules, or abnormal, with the granules being 

increased in number, size or both. Abnormal sideroblasts 

include ring sideroblasts in which siderotic granules are 

present in a ring immediately adjacent to the nuclear 

membrane (Fig. 7.4b). When NRBCs are present in the 

peripheral blood, the film can be stained with a Perls 

stain to allow any siderotic granules present to be identi-

fied reliably. Abnormal sideroblasts may be detected in 

the peripheral blood in sideroblastic anaemia, megalo-

blastic anaemia and β thalassaemia major. They are seen 

in larger numbers when there is also an absent or hypo-

functional spleen. Sideroblastic anaemia is usually diag-

nosed by bone marrow aspiration, but strong support for 

the diagnosis is obtained if ring sideroblasts are detected 

in the peripheral blood, if necessary in a buffy coat prep-

aration in which any NRBCs are concentrated.

Glucose‐6‐phosphate dehydrogenase
A cytochemical stain for G6PD is useful in detecting 

females who are heterozygous for G6PD deficiency [7]. 

Although the G6PD assay may be normal, a cytochemi-

cal stain shows that there is a population of normal cells 

and a population of deficient cells.

Cytochemical stains used in the 
diagnosis and classification of 
leukaemias

Cytochemical stains used in the diagnosis and classifi-

cation of leukaemias can be applied to both the bone 

marrow and peripheral blood. Studies of peripheral blood 

cells are needed when bone marrow aspiration is difficult 

or impossible. In other circumstances, studies of periph-

eral blood and bone marrow are complementary. Cyto-

chemical stains for neutrophil alkaline phosphatase are 

performed on the peripheral blood. Cytochemical stains 

are much less needed for the investigation of leukaemia 

Fig. 7.4  Perls stain showing: (a) siderocytes (cells contain-
ing fine blue dots) in the blood of a patient with thalassaemia 
major; and (b) a ring sideroblast in the blood of a patient with 
sideroblastic anaemia.

(a)

(b)
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since flow cytometric immunophenotyping has become 

widely available, but remain important when there is no 

ready access to immunophenotyping. A myeloperoxi-

dase or Sudan black B (SBB) stain remains useful for the 

identification of Auer rods.

Neutrophil alkaline phosphatase
This stain is redundant if there is access to molecular or 

cytogenetic analysis for the detection of BCR‐ABL1 or 

t(9;22)(q34;q11.2).

Mature neutrophils, but not eosinophils, have alkaline 

phosphatase in specific cytoplasmic organelles [8], which 

have been called secretory vesicles or phosphosomes. 

Neutrophil alkaline phosphatase (NAP) has sometimes 

been referred to as leucocyte alkaline phosphatase, but 

the former designation is more accurate since it is the 

neutrophils that are assessed. A number of cytochemical 

stains can be used for demonstrating NAP activity. One 

suitable stain is that recommended by Ackerman [9], 

which permits grading of alkaline phosphatase activity, 

as shown in Table 7.2 and Fig. 7.5, to give an NAP score 

that falls between 0 and 400. The normal range is depen-

dent on the substrate used. With the above method it 

is of the order of 30–180. It is preferable for NAP scores 

to be determined on either native or heparinised blood. 

The cytochemical reaction should be carried out within 

8 hours of obtaining the blood specimen but, if this is 

not possible, the films can be fixed and stored, in the 

dark, at room temperature. Ethylenediaminetetra‐acetic 

acid (EDTA)‐anticoagulated blood is not ideal as enzyme 

activity is inhibited; if it is used, the films should be made 

within 10–20 minutes of obtaining the blood, but even 

then there is some loss of activity. Low, normal and high 

controls should be stained in parallel with the patient’s 

sample. A low control can be obtained from a patient 

Table 7.2  Scoring neutrophil alkaline phosphatase (NAP) activity (after Kaplow [10]); 100 neutrophils are scored as shown.

Score of cell

Percentage of  

cytoplasm occupied by 

precipitated dye Size of granules Intensity of staining Cytoplasmic background

0

1

2

3

4

None

50

50–80

80–100

100

–

Small

Small

Medium to large

Medium and large

None

Faint to moderate

Moderate to strong

Strong

Very strong

Colourless

Colourless to very pale blue

Colourless to pale blue

Colourless to blue

Not visible

Following the scoring of individual neutrophils, the scores are summed to produce the final NAP score. This is most easily done by multiplying each 

score by the number of cells having that score and adding the results together.

with chronic myelogenous leukaemia (CML), or can 

be prepared by immersing an appropriately fixed film 

of normal blood in boiling water for 1 minute. A high 

control can be obtained from a patient with infection or 

from a pregnant or postpartum woman or from a woman 

taking oral contraceptives. Positive and negative control 

films, which have been appropriately fixed and wrapped 

in Parafilm, can be stored at –70°C for at least 1 year.

Some of the causes of high and low NAP scores are 

shown in Table 7.3. Synthesis of NAP messenger ribo-

nucleic acid (mRNA) is stimulated by granulocyte col-

ony‐stimulating factor (G‐CSF) but inhibited by granu-

locyte‐macrophage colony‐stimulating factor (GM‐CSF), 

interleukin 3 (IL3) and interferon. The low NAP score 

sometimes seen in viral infections may reflect the effect of 

interferon. Neonates have very high NAP scores, usually 

exceeding 200. A fall to levels more typical of childhood 

occurs between 5 and 10 months of age [15]. Prema-

ture and low birth‐weight babies have lower scores than 

full‐term babies. Children have higher NAP scores than 

adults, with a gradual fall to adult levels occurring before 

puberty [16]. Women in the reproductive age range 

have higher NAP scores than men, with the score vary-

ing with the menstrual cycle (Fig. 7.6). After the meno-

pause, NAP scores of women approach those of men  

(Fig. 7.7) [16,17].

The NAP score is low in 95% of patients with CML. The 

test is useful in distinguishing between CML and other 

chronic myeloproliferative neoplasms, which usually have 

a normal or elevated NAP score, and between CML and 

reactive neutrophilia, since the latter almost invariably 

has a high score. Patients with CML may have a normal 

or elevated NAP during pregnancy, postoperatively (par-

ticularly following splenectomy), during bacterial infec-

tion, when the bone marrow is rendered hypoplastic by 
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Fig. 7.5  Neutrophil alkaline phosphatase (NAP) reaction (method of Ackerman [9]) showing cells with reactions graded 0 to 4:  
(a) neutrophil with a score of 0 plus a lymphocyte, which is also negative; (b) two band cells with a score of 1; (c) two neutrophils 
with a score of 2 and one with a score of 3; and (d) two neutrophils with a score of 4 and one with a score of 2.

(a)

(c)

(b)

(d)

Myeloperoxidase
Peroxidases are enzymes that catalyse the oxidation of 

substrates by hydrogen peroxide. The granules of neu-

trophils and eosinophils contain peroxidases, which are 

designated leucocyte peroxidase or myeloperoxidase 

(MPO). The demonstration of MPO activity is useful in 

establishing and confirming the diagnosis of acute mye-

loid leukaemia (AML), since lymphoblasts are uniformly 

negative. Myeloperoxidase was initially demonstrated 

with benzidine or one of its derivatives as a substrate. A 

suitable non‐carcinogenic substrate used in the method 

chemotherapy, and following the onset of transformation. 

However, it should be noted that, when cytogenetic and 

molecular genetic analysis are available, the NAP score is 

redundant even in the investigation of suspected CML.

The NAP score may be of use in distinguishing 

between polycythaemia vera, which usually has an 

elevated score, and secondary polycythaemia, in which 

the score is more likely to be normal. However, when 

molecular analysis for a JAK2 mutation is available, the 

NAP is redundant. In multiple myeloma, the increased 

NAP score correlates with disease activity.
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Table 7.3  Some causes of high and low neutrophil alkaline phosphatase (NAP) scores [4,10].

High NAP Low NAP

Inherited conditions

Down syndrome Inherited hypophosphatasia (NAP absent)

Specific granule (lactoferrin) deficiency [11]

Isolated primary NAP deficiency [12]

Grey platelet syndrome (some families) [13]
Physiological effects

Cord blood and neonate

Mid‐cycle in menstruating females

Oral contraceptive intake

Pregnancy and the postpartum period

 

Reactive changes

Bacterial infection

Inflammation

Surgery and trauma, tissue infarction, burns and other tissue damage

Corticosteroids and ACTH administration and acute stress

Leukaemoid reactions including those due to ectopic secretion of G‐CSF,  

e.g. in multiple myeloma [14]

Administration of G‐CSF

Carcinomatosis

Acute lymphoblastic leukaemia

Most cases of aplastic anaemia

Hairy cell leukaemia

Some cases of chronic lymphocytic leukaemia

Some cases of monoclonal gammopathy of undetermined significance

Hodgkin lymphoma

Hepatic cirrhosis (particularly when decompensated)

Some cases of infectious mononucleosis and other viral 

infections

Some cases of aplastic anaemia

Myeloid neoplasms

Neutrophilic leukaemia

Some cases of atypical chronic myeloid leukaemia

Some cases of AML, particularly acute monoblastic leukaemia

Most cases of primary myelofibrosis

Some cases of MDS

Some cases of JMML

Some cases of essential thrombocythaemia

Most cases of polycythaemia vera

Chronic myelogenous leukaemia

Most cases of atypical chronic myeloid leukaemia

Some cases of AML, particularly when there is differentiation

Some cases of primary myelofibrosis

Some cases of MDS

Some cases of JMML

Paroxysmal nocturnal haemoglobinuria

ACTH, adrenocorticotropic hormone; AML, acute myeloid leukaemia; G‐CSF, granulocyte colony‐stimulating factor; JMML, juvenile 

myelomonocytic leukaemia; MDS, myelodysplastic syndrome

of Hanker et al. [2] is p‐phenylene diamine, which pro-

duces a brownish‐black reaction product. Myeloperoxi-

dase is demonstrated in neutrophils and their precursors 

(Fig. 7.8), eosinophils and their precursors and the pre-

cursors of basophils. In neutrophils and eosinophils the 

primary granules have peroxidase activity and in eosino-

phils this is also true of secondary granules. Neutrophil and 

eosinophil peroxidases differ from each other, e.g. in their 

pH optima and in their sensitivity to inhibition by cyanide. 

The peroxidase activity of eosinophils is stronger than that 

of neutrophils. Auer rods are peroxidase‐positive. In the 

monocyte lineage, peroxidase activity is detectable at the 

promonocyte stage. Monocytes and promonocytes have 

fewer peroxidase‐positive granules than neutrophils and 

their precursors. Inherited deficiency of neutrophil peroxi-

dase is quite common. Deficiencies of eosinophil peroxi-

dase and monocyte peroxidase also occur.

An acquired peroxidase deficiency may be seen 

in AML and MDS. Although it cannot be excluded 

that a patient has acute lymphoblastic leukaemia  

(ALL) and a coincidental congenital peroxidase deficiency, 

the demonstration of peroxidase‐deficient mature cells 
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Fig. 7.6  Changes in NAP score during the menstrual cycle.

Fig. 7.7  Changes in NAP score with age in men and women. Data from Stavridis et al. [17].
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nevertheless provides indirect evidence that an apparently 

undifferentiated leukaemia is actually AML of French–

American–British (FAB) M0 category.

It should be noted that when a laboratory uses an 

automated haematology analyser employing peroxidase 

cytochemistry, such as Siemens H.1 and Advia series 

instruments, the instrument scatterplots can be useful 

for detecting both peroxidase activity in blast cells and 

peroxidase‐deficient neutrophils.

Sudan black B
Sudan black B (SBB) (Fig. 7.9) has an affinity for poly-

morphonuclear and monocyte granules. In general, 

the intensity of a positive staining reaction parallels 
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MPO activity. SBB staining is slightly more sensitive 

than MPO in the detection of myeloblasts. SBB stains 

the granules of neutrophils (both the primary and the 

specific granules) and the specific granules of eosino-

phils and, to a variable extent, the specific granules of 

basophils. The staining of eosinophil granules may be 

peripheral, with the central core remaining unstained. 

Auer rods are stained. Monoblasts are either negative 

or show a few small SBB‐positive granules. Promono-

cytes and monocytes have a variable number of fine, 

positively staining granules. In hereditary neutrophil, 

eosinophil and monocyte peroxidase deficiencies, the 

granules of cells of the deficient lineages are SBB‐nega-

tive. Lymphoblasts can have occasional fine positive 

dots, which may represent mitochondria [4]. Very 

rarely a stronger reaction is seen in the lymphoblasts of 

ALL [18] or in lymphoma cells of T or B lineage [19]. 

MPO and SBB staining can be used not only to demon-

strate that an apparently undifferentiated leukaemia is 

myeloid, but also to provide evidence of granulocytic 

dysplasia, when mature neutrophil are shown to be 

negative [20] (Fig. 7.10). For practical purposes these 

two stains are equivalent and a laboratory needs only 

one or the other.

Fig. 7.8  Leukaemic blast cells stained by the 
Hanker technique [2] for myeloperoxidase 
showing a brownish‐black deposit in the 
cytoplasm. This was a case of acute myeloid 
leukaemia (AML) of French–American–
British (FAB) M2 category.

Fig. 7.9  Leukaemic blasts cells stained with 
Sudan black B (SBB). One large blast cell 
contains both granules and Auer rods. Sev-
eral other blasts contain granules. The cells 
of this case, which was acute myeloid leu-
kaemia of FAB M1 category, had very few 
granules and only rare Auer rods visible on 
a May–Grünwald–Giemsa (MGG)‐stained 
film.
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Fig. 7.10  Peripheral blood film from a patient 
with acute myeloid leukaemia stained with 
SBB, showing two blast cells that are posi-
tive. The presence of neutrophils that are 
largely or entirely SBB‐negative demon-
strates dysplastic neutrophil maturation.

Fig. 7.11  Leukaemic blast cells stained for chloroacetate ester-
ase (CAE) activity, using Corinth V as the dye. This was a case 
of AML of FAB M2 category.

Naphthol AS‐D chloroacetate esterase
Naphthol AS‐D chloroacetate esterase (‘chloroacetate 

esterase’, CAE) activity is found in neutrophils and 

their precursors (Fig. 7.11) and in mast cells. Auer rods 

are sometimes positive, but this stain is much less use-

ful that the SBB and MPO reactions for the detection of 

Auer rods. Normal eosinophils and basophils are nega-

tive, but the eosinophils of certain types of eosinophil 

leukaemia may be positive. Monocytes are usually nega-

tive, but may show a weak reactivity. CAE is generally 

less sensitive than either MPO or SBB in the detection of 

myeloblasts, although occasional cases have been noted 

to be positive for CAE despite being MPO‐negative [3,4].

Non‐specific esterases
Esterase activity is common in haemopoietic cells. Nine 

isoenzymes have been demonstrated, of which four are 

found in neutrophils and are responsible for their CAE 

activity. Five are found in monocytes and a variety of 

other cells and the esterase activity of these cells has 

been designated ‘non‐specific’ esterase [4,21]. Different 

isoenzymes are preferentially detected by different sub-

strates and at different pHs. The most useful cytochemi-

cal reaction to detect the esterase activity of monocytes 

is α‐naphthyl acetate esterase (ANAE) activity at acid 

pH (Fig. 7.12). α‐naphthyl butyrate esterase (ANBE) 

activity is quite similar. With ANAE, strongly positive 

reactions are given by monocytes and their precursors 

and by megakaryocytes and platelets. Weaker reactions 

are given by plasma cells. ANBE is more often nega-

tive with megakaryocytes and platelets than is ANAE. 

Monocyte and megakaryocyte non‐specific esterase 

activity can also be detected as naphthol AS‐D acetate 
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(NASDA) esterase activity or the very similar naph-

thol AS acetate (NASA) esterase. NASDA esterase is 

weakly positive in neutrophils and their precursors. It 

is therefore less suitable than ANAE for differentiat-

ing between the monocyte lineage and the neutrophil 

lineage; the specificity of the test can be improved by 

carrying out the reaction with and without fluoride, 

since the monocyte and megakaryocyte enzymes are 

inhibited by fluoride whereas the neutrophil enzyme is 

fluoride‐resistant. The ANAE activity of monocytes and 

megakaryocytes is also fluoride‐sensitive, but ANAE 

permits a clearer distinction between monocytes and 

neutrophils and the addition of fluoride is not necess-

ary. Non‐specific esterase activity is often demonstrable 

in normal T lymphocytes and also in acute and chronic 

leukaemias of T lineage. With ANAE, a characteristic dot 

positivity is often demonstrable in T‐lineage ALL and T‐

prolymphocytic leukaemia; ANAE is superior to NASDA 

esterase in this regard [15], but this use of esterase cyto-

chemistry is largely redundant since immunophenotyp-

ing is now widely available. The abnormal erythroblasts 

of erythroleukaemia or megaloblastic anaemia may also 

have non‐specific esterase activity.

Combined esterase
A combined reaction for ANAE and CAE activities 

permits both reactions to be studied on the one blood 

film and is useful in characterising acute leukaemias. 

The monocytic and granulocytic differentiation of 

FAB M4 AML (acute myelomonocytic leukaemia) 

is clearly seen. The demonstration of an increased 

percentage (more than 3%) of cells staining for both 

chloroacetate esterase and non‐specific esterase can 

provide evidence of MDS and in one reported patient 

provided evidence that an apparently undifferenti-

ated leukaemia was actually myeloid, of FAB M0 

category [22].

Periodic acid‐Schiff reaction
The periodic acid‐Schiff (PAS) reaction stains a var-

iety of carbohydrates, including the glycogen that is 

often found in haemopoietic cells. The main clinical 

application of the stain is in the differential diagnosis 

of the acute leukaemias, but its role has diminished 

considerably with the increasing use of immunophe-

notyping. Lymphoblasts of ALL are PAS‐positive in 

the great majority of cases, this positivity often being 

in the form of coarse granules or large blocks on a 

clear background (Fig. 7.13). A negative PAS reaction 

is more often seen in T‐lineage than in B‐lineage ALL. 

Myeloblasts and monoblasts may be PAS‐negative or 

may have faint diffuse or granular positivity. Block 

positivity is rare in AML, but it has been observed 

in basophil precursors, monoblasts, megakaryoblasts 

and erythroblasts.

Fig. 7.12  Leukaemic blast cells stained for α‐naphthyl acetate 
esterase (ANAE) activity using fast RR as the dye. This was a 
case of AML of FAB M5 category.

Fig. 7.13  Periodic acid–Schiff (PAS) reaction showing block 
positivity in the blast cells of a case of B‐lineage acute lympho-
blastic leukaemia (ALL) of FAB L1 category. By courtesy of Dr 
Ayed Eden, Southend‐on‐Sea.
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Fig. 7.14  Acid phosphatase stain by the method of Janckila et al. 
[5] showing focal positivity in the blast cells of a patient with 
T‐lineage ALL.

Many other haemopoietic cells are PAS‐positive, 

but the reaction is rarely of diagnostic importance. 

The reaction has a limited application in the diagnosis 

of erythroleukaemias, megakaryoblastic leukaemia 

and acute promyelocytic leukaemia. Platelets, mega-

karyocytes and the more mature megakaryoblasts 

are positive. Megakaryoblasts may have PAS‐positive 

granules within cytoplasmic blebs. Normal erythro-

blasts are PAS‐negative. Strong diffuse or block PAS 

positivity may be seen in erythroleukaemia. How-

ever, quite strong reactions, either diffuse or granu-

lar, may also be seen in β thalassaemia major and 

iron deficiency, and weaker reactions in sideroblastic 

anaemia, severe haemolytic anaemia and a number 

of other disorders of erythropoiesis. Acute promye-

locytic leukaemia has moderately strong diffuse 

cytoplasmic positivity, appearing as a ‘cytoplasmic 

blush’. Mature neutrophils have fine positive gran-

ules, which appear to pack the cytoplasm, whereas 

eosinophils and basophils have a positive cytoplasmic 

reaction contrasting with the negative granules. Most 

normal lymphocytes are PAS‐negative. Lympho-

cytes containing PAS‐positive granules become more 

numerous in reactive conditions, such as infectious 

mononucleosis and other viral infections, and in lym-

phoproliferative disorders such as chronic lympho-

cytic leukaemia (CLL) and non‐Hodgkin lymphoma. 

A circlet of PAS‐positive granules surrounding the 

nucleus, likened to rosary beads, may be found in 

Sézary cells.

A PAS stain can be performed on a film that has been 

stained previously with a Romanowsky stain.

Acid phosphatase
Acid phosphatase activity is demonstrated by a variety 

of haemopoietic cells. The two main applications of this 

reaction are in the diagnosis of hairy cell leukaemia and 

in the diagnosis of T‐lineage leukaemias, particularly T‐

lineage ALL.

Acid phosphatase activity is usually stronger in acute 

and chronic leukaemias of T lineage than in those of 

B lineage, where it is often negative. T‐lineage ALL 

often demonstrates focal positivity (Fig. 7.14), which 

is of some use in confirming this diagnosis. How-

ever, with the availability of immunophenotyping, 

its importance has declined greatly. Acid phosphatase 

activity is also demonstrable in granulocytes and their 

precursors, in the monocyte lineage, and in platelets, 

megakaryocytes and the more mature megakaryo-

blasts. Auer rods are positive.

A number of isoenzymes of acid phosphatase are 

found in haemopoietic cells. That of hairy cells is 

characteristically tartrate‐resistant, whereas that 

of other cells is sensitive to inhibition by tartrate. 

The demonstration of tartrate‐resistant acid phos-

phatase (TRAP) activity remains useful in the diag-

nosis of hairy cell leukaemia. It is present in the great 

majority of cases and is uncommon in other lym-

phoproliferative disorders; however, TRAP positivity 

has also been reported in occasional cases of infec-

tious mononucleosis, CLL, prolymphocytic leukae-

mia (PLL), non‐Hodgkin lymphoma and the Sézary 

syndrome. If immunophenotyping, for CD11c, CD25, 

CD103 and CD123, and molecular analysis, for a 

BRAF1 mutation, are available, the TRAP reaction is 

redundant. The monocytes of patients with Gaucher 

disease are TRAP‐positive but normal monocytes are 

not [23].

Flow cytometric immunophenotyping

Immunophenotyping is now usually performed by 

flow cytometry, using antibodies directly labelled with 

a fluorochrome (Fig. 7.15). This permits simultaneous 

analysis of the expression of two, three or four anti-

gens together with an assessment of the strength of 
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antigen expression. Flow cytometry immunopheno-

typing is used mainly for characterising neoplastic 

cells in leukaemia and lymphoma, but there are mul-

tiple other applications (Table 7.4). Flow cytometric 

immunophenotyping is of major importance in the 

diagnosis and further classification of leukaemia and 

lymphoma. It is essential for confirmation of the diag-

noses of ALL and mixed phenotype acute leukae-

mia. When acute leukaemia is obviously myeloid, 
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Fig. 7.15  Immunophenotyping by flow cytometry in a case of 
follicular lymphoma. The lower plot demonstrates clonality, 
cells being kappa‐negative and lambda‐positive, and shows that 
surface membrane immunoglobulin is strongly expressed. The 
upper plot demonstrates that the lymphoma cells are CD19 posi-
tive and CD5 negative, thus differing from both chronic lym-
phocytic leukaemia and mantle cell lymphoma. By courtesy of 
Mr Ricardo Morilla, London.

immunophenotyping is unnecessary for diagnosis 

but, in the case of AML with no cytochemical evi-

dence of myeloid differentiation (FAB M0 AML) and 

acute megakaryoblastic leukaemia (FAB M7 AML), 

it is essential. Even when not essential for diagnosis, 

immunophenotyping at diagnosis is required if it is to 

be used for monitoring of minimal residual disease.

Immunophenotyping is often very important to avoid 

diagnostic errors in the chronic lymphoproliferative dis-

orders.

Immunophenotyping of the neoplastic cells in leu-

kaemia and lymphoma is carried out with a panel of 

antibodies, mainly monoclonal antibodies, which 

detect antigens on the surface membrane or, if the cell is 

lightly fixed or ‘permeabilised’, cytoplasmic or nuclear 

antigens. With such panels, cells can be assigned to T‐

cell, B‐cell or myeloid lineages. Certain specific anti-

bodies can identify cells of erythroid, megakaryocyte 

and natural killer (NK) lineages. The use of secondary 

panels of antibodies permits the establishment of char-

acteristic profiles that are very useful in the identifi-

cation of specific types of lymphoproliferative disorder. 

Typical immunophenotypic findings in haematological 

neoplasms are shown in Tables 9.14–9.16. For a more 

detailed analysis of the role of immunophenotyping 

in haematological neoplasms, the reader is referred to 

reference 37.

An important but more specialised application of 

immunophenotyping is when expression of an antigen 

is used for the enumeration of cells of a specific type 

or for demonstrating antigenic abnormalities of cells, as 

summarised in Table 7.4.

Immunocytochemistry

Immunophenotyping can also be carried out on 

fixed cells in blood films or on cytospin prep-

arations, using antibodies that are detected by either 

an immunoperoxidase (Fig. 7.16) or an alkaline 

phosphatase–anti‐alkaline phosphatase (APAAP) 

technique (Fig. 7.17). Using these techniques, sur-

face membrane, cytoplasmic and nuclear antigens 

are readily detected. These techniques have some 

advantages over flow cytometry since the cytologi-

cal features of positive cells can be appreciated, but 

they are labour‐intensive and thus are less suitable 

for routine use and are now rarely used.
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Table 7.4  Applications of flow cytometric immunophenotyping of peripheral blood cells.∗

Applications Specific details

Immunophenotyping of abnormal cells in suspected leukaemia or 

lymphoma – for diagnosis, classification and minimal residual 

disease monitoring

See Chapter 9

Confirmation that stem cells are increased in peripheral blood, 

permitting harvesting for autologous transplantation

Counting of CD34‐positive cells with weak expression of CD45 and 

low forward and side light scatter
Detection of circulating non‐haemopoietic tumour cells for 

diagnosis or staging

Detection of circulating neuroblastoma cells by their CD81‐positive, 

CD56‐positive, CD45‐negative immunophenotype
Exclusion of the presence of contaminating carcinoma cells, leukaemic 

cells or lymphoma cells in a peripheral blood stem cell harvest

Detection of cells expressing cytokeratin or aberrant antigen 

expression characteristic of cells of leukaemia or lymphoma
Diagnosis of paroxysmal nocturnal haemoglobinuria [24] Detection of lack of expression of CD55 and CD59 by peripheral blood 

cells (erythrocytes, granulocytes, platelets) or lack of expression of 

FLAER (fluorescein‐labelled proaerolysin) (granulocytes, monocytes, 

platelets); CD16 and CD66b are also reduced on neutrophils
Diagnosis of hereditary spherocytosis Reduced binding of eosin‐5‐maleimide, which binds specifically to 

band 3 of the erythrocyte membrane† (see Chapter 8)
Detection and quantification of fetomaternal haemorrhage [25] Enumeration of Rh D‐positive cells in pregnant women in whom a 

high haemoglobin F invalidates a Kleihauer test; an alternative to a 

Kleihauer test in other women
Detection of fetal cells by an anti‐haemoglobin F antibody, the 

distinction from elevation of haemoglobin F in maternal cells being 

on the basis of the strength of the signal
Detection of fetal cells by dual colour flow cytometry, using an 

antibody to haemoglobin F and an antibody to the i antigen; the 

expression of the i antigen on fetal cells permits the distinction 

of fetal cells from maternal cells; similarly a polyclonal antibody 

to carbonic anhydrase can be used together with an antibody to 

haemoglobin F, carbonic anhydrase being strongly expressed in 

maternal cells but quite weakly expressed in fetal cells [26]
Diagnosis of inherited platelet defects with reduction or absence of 

specific glycoproteins, e.g. Glanzmann thrombasthenia, Bernard–

Soulier homozygotes and heterozygotes, Wiskott–Aldrich 

syndrome and X‐linked thrombocytopenia

Lack of expression of platelet glycoproteins, e.g. lack of expression 

of glycoprotein IIb/IIIa in Glanzmann thrombasthenia, lack of 

expression of glycoprotein Ib/IX/V in Bernard–Soulier syndrome, 

lack of expression of the WAS protein in Wiskott–Aldrich and 

related syndromes [27], lack of expression of the thrombin receptor, 

PAR1, lack of expression of collagen receptors Ia/IIa and VI
Diagnosis of platelet δ‐storage pool disease Greatly reduced platelet serotonin content [28]
Diagnosis of leucocyte adhesion deficiency Lack of expression of CD18 in type 1 disease and CD15 expression in 

type 2 disease

Detection of acquired platelet abnormalities, e.g. in MDS Abnormal expression of platelet antigens or antigens do not show 

an appropriately increased or decreased expression in response to 

platelet agonists
Detection of activated platelets Expression of CD61P and neo‐epitopes on glycoprotein IIb/IIIa [29]
Tracking of transfused platelets Two‐colour immunofluorescence can be used to determine the 

survival of transfused platelets [30]

Diagnosis and monitoring of immunodeficiency (congenital or 

acquired)

Enumeration of T, B and NK lymphocytes and subset analysis, as 

appropriate, in suspected congenital or acquired immunodeficiency 

– detection of lack of expression of HLA‐DR in ‘bare lymphocyte 

syndrome’; detection of lack of expression of CD19 in some patients 

with congenital agammaglobulinaemia; detection of lymphocyte 

activation and increased expression of TCR‐γδ in Omenn syndrome 

and severe combined immunodeficiency with maternofetal 

engraftment; lack of expression of Bruton tyrosine kinase (Btk) on 

some platelets in carrier females of X‐linked agammaglobulinaemia; 

enumeration of CD4‐positive cells in initial assessment and follow‐up 

of the acquired immune deficiency syndrome (AIDS)
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Applications Specific details

Diagnosis of autoimmune lymphoproliferative syndrome Distinctive immunophenotype with increased CD8‐positive T cells, 

increased CD8‐positive CD57‐positive T cells, increased αβ‐positive 

CD4‐negative CD8‐negative cells, increased γδ‐positive CD4‐

negative CD8‐negative cells, increased CD3‐positive HLA‐DR‐

positive T cells, decreased CD3‐positive CD25‐positive T cells and 

increased B cells including CD5‐positive B cells [31]

Diagnosis of familial haemophagocytic lymphohistiocytosis type 2 Lack of expression of perforin by CD8‐positive and CD56‐positive 

lymphocytes [32]

Diagnosis of X‐linked lymphoproliferative syndrome Lack of expression of either SAP protein [33] or XIAP protein [34]

Detection of HLA‐B27 histocompatibility antigens Useful in supporting the diagnosis of ankylosing spondylitis, Reiter 

syndrome, psoriatic arthropathy and inflammatory bowel disease

T‐cell monitoring and detection of T cells sensitised to an antigen Monitoring of T‐cell subsets following transplantation or 

immunosuppressive treatment; detection of antigen‐specific T 

cells by their expression of the activation marker CD69 following 

exposure to the antigen

Quantification of CD46 on granulocytes Diagnosis of one form of atypical haemolytic–uraemic syndrome [35]

Quantification of degree of parasitaemia in malaria Quantification of the percentage of parasitised cells and of multiply 

infected cells in Plasmodium falciparum malaria [36]

∗The role of immunophenotyping is greater when bone marrow cells are also available for study, e.g. for monitoring of minimal residual 

disease, for establishing clonality of plasma cells with anti‐kappa and anti‐lambda antibodies or for confirming a diagnosis of mastocytosis by 

demonstration of CD117‐positive mast cells that express CD2 and CD25
†This test does not use an antibody but nevertheless permits recognition of a specific antigenic structure on the red cell membrane

MDS, myelodysplastic syndrome

Fig. 7.16  Immunophenotyping using a 
monoclonal antibody to CD13 and the 
immunoperoxidase technique. The blast 
cells of this case gave negative reactions 
with myeloperoxidase (MPO), SBB and 
CAE, but were identified as myeloid (FAB 
M0 category) by the positivity with CD13 
and negativity with monoclonal antibodies 
directed at lymphoid antigens. By courtesy 
of Professor Daniel Catovsky, London.

Cytogenetic analysis

The peripheral blood can be used for cytogenetic analy-

sis for the identification of constitutional disorders and 

for the investigation of leukaemia and lymphoma.

When investigating suspected constitutional abnor-

malities, e.g. Down syndrome, peripheral blood lym-

phocytes can be stimulated with phytohaemagglutinin 

(PHA) to induce mitosis and provide analysable meta-

phases. Cytogenetic techniques can also be applied to 

the diagnosis of Fanconi anaemia, susceptibility to clas-

togenic agents being shown.

In investigating leukaemias and lymphomas, the 

bone marrow is usually a more suitable tissue for analy-

sis, but successful results are sometimes possible with 

peripheral blood cytogenetic analysis, in the case of 
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Fig. 7.17  Immunophenotyping using a 
monoclonal antibody to CD42 (antiplate-
let glycoprotein Ib) and the alkaline phos-
phatase‐anti‐alkaline phosphatase (APAAP) 
technique. Positive reactions are given by 
two platelets, by a lymphocyte‐sized micro-
megakaryocyte and by a larger hypolobated 
megakaryocyte.

specific haematological neoplasms; for example, BCR‐

ABL1 can be used to monitor response to therapy in 

CML and FIP1L1‐PDGFRA fusion can be used to ident-

ify one specific type of eosinophilic leukaemia. Thirdly, 

molecular techniques can be used to demonstrate inher-

ited abnormalities of genes, e.g. α and β globin genes, 

that cause haematological abnormalities.

Molecular diagnostic techniques that may be 

employed include Southern blot analysis, the poly-

merase chain reaction (PCR) and comparative genomic 

hybridisation (CGH), for the analysis of deoxyribonu-

cleic acid (DNA), and reverse‐transcriptase‐PCR (RT‐

PCR) for the investigation of ribonucleic acid (RNA). 

Real‐time quantitative‐PCR (RQ‐PCR) can be used to 

quantitate the product of a specific fusion gene in a hae-

matological neoplasm. For further details on the prin-

ciples and applications of these techniques, the reader is 

referred to references 37–39.

Ultrastructural examination

Ultrastructural examination of peripheral blood cells 

by electron microscopy is labour‐intensive and there-

fore is not often employed in routine diagnostic hae-

matology. Scanning electron microscopy has been use-

ful in increasing understanding of the actual shapes of 

the various abnormal erythrocytes seen in fixed and 

stained blood films (see Chapter 3). In the past, trans-

mission electron microscopy has been used for the 

acute leukaemias, when there are a large number of cir-

culating immature cells, or in the case of mature B‐lin-

eage and T‐lineage lymphoproliferative disorders, when 

B‐cell and T‐cell mitogens respectively are employed.

For a detailed analysis of the role of cytogenetic analy-

sis in haematological neoplasms, the reader is referred 

to reference 37.

Fluorescence in situ hybridisation

Fluorescence in situ hybridisation (FISH) can be per-

formed on peripheral blood cells. Applications include 

the detection of abnormalities typical of haematologi-

cal neoplasms, e.g. PML‐RARA fusion in acute promye-

locytic leukaemia or FIP1L1‐PDGFRA fusion in chronic 

eosinophilic leukaemia. FISH can also be used for the 

rapid detection of constitutional chromosome abnor-

malities, such as trisomy 18 or trisomy 21.

Molecular genetic analysis

Peripheral blood cells are used for molecular genetic 

analysis with three main aims. Firstly, such studies are 

used to show clonality (and, by implication, neopla-

sia) by demonstration of clonal rearrangement of T‐cell 

receptor or immunoglobulin genes. Secondly, they are 

used to demonstrate the presence of various onco-

gene rearrangements that are strongly associated with 
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demonstration of the lineage of neoplastic cells (e.g. 

megakaryoblasts or myeloblasts) and for the detection 

of Sézary cells by demonstration of their characteristic 

nuclear form (Fig. 7.18), but these uses are now redun-

dant. Transmission electron microscopy remains useful 

in distinguishing the various congenital thrombocyto-

penia syndromes resulting from mutation of the MYH9 

gene, and in identifying those that lack visible leucocyte 

inclusions by light microscopy.

	4	 Hayhoe FGJ and Quaglino D (1980) Haematological Cytochem-

istry. Churchill Livingstone, Edinburgh.

	5	 Janckila A, Li C‐Y, Lam K‐W and Yam LT (1978) The cyto-

chemistry of tartrate‐resistant acid phosphatase technical 

considerations. Am J Clin Pathol, 70, 45–55.

	6	 Gadson D, Hughes M, Dean A and Wickramasinghe SN 

(1986) Morphology of redox‐dye‐treated HbH‐containing 

red cells: confusion caused by wrongly identified dyes. Clin 

Lab Haematol, 8, 365–366.

	7	 Roper D and Layton M (2012) Investigation of the hereditary 

haemolytic anaemias: membrane and enzyme abnormalities. 

In: BainBJ, Bates I, Laffan MA and Lewis SM. Dacie and Lewis 

		  Practical Haematology, 11th edn. Churchill Livingstone, Edin-

burgh.

	 8	 Rustin GJS, Wilson PD and Peters TJ (1979) Studies on the 

subcellular localization of human neutrophil alkaline phos-

phatase. J Cell Sci, 36, 401–412.

	 9	 Ackerman GA (1962) Substituted naphthol AS phosphate 

derivatives for the localization of leukocyte alkaline phos-

phatase activity. Lab Invest, 11, 563–567.

	10	 Kaplow LS (1968) Leukocyte alkaline phosphatase cyto-

chemistry: applications and methods. Ann NY Acad Sci, 155, 

911–947.

	11	 Breton‐Gorius J, Mason DY, Buriot D, Vilde J‐L and Griscelli C 

(1980) Lactoferrin deficiency as a consequence of a lack of 

specific granules in neutrophils from patient with recurrent 

infections. Am J Pathol, 99, 413–419.

	12	 Repine JE, Clawson CC and Brunning D (1976) Primary 

leucocyte alkaline phosphatase deficiency in an adult with 

repeated infections. Br J Haematol, 34, 87–94.

	13	 Drouin A, Favier R, Massé J‐M, Debili N, Schmitt A, Elbin C 

et al. (2001) Newly recognized cellular abnormalities in the 

gray platelet syndrome. Blood, 98, 1382–1391.

	14	 Kohmura K, Miyakawa Y, Kameyama K, Kizaki M and 

Ikeda Y (2004) Granulocyte colony stimulating factor‐pro-

ducing multiple myeloma associated with neutrophilia. Leuk 

Lymphoma, 45, 1475–1479.

	15	 O’Kell RT (1968) Leukocyte alkaline phosphatase activity in 

the infant. Ann NY Acad Sci, 155, 980–982.

	16	 Rosner F, Lee SL, Schultz FS and Gorfien PC (1968) The 

regulation of leukocyte alkaline phosphatase. Ann NY Acad 

Sci, 155, 902–910.

	17	 Stavridis J, Creatsas G, Lolis D, Traga G, Antonopoulos M 

and Kaskarelis D (1981) Relationships between leucocyte 

alkaline phosphatase and nitroblue tetrazolium reduction 

activities in the peripheral blood polymorphonuclear leuco-

cytes in normal individuals. Br J Haematol, 47, 157–159.

	18	 Stein P, Peiper S, Butler D, Melvin S, Williams D and Stass S 

(1983) Granular acute lymphoblastic leukaemia. Am J Clin 

Pathol, 79, 426–430.

	19	 Savage RA, Fishleder J and Tubbs SRR (1983) Confirming 

myeloid differentiation. Am J Clin Pathol, 80, 412.

	20	 Bain BJ (2010) Neutrophil dysplasia demonstrated on 

Sudan black B staining. Am J Hematol, 85, 707.

Fig. 7.18  Ultrastructural examination in Sézary syndrome 
showing a Sézary cell with a highly irregular nuclear outline. 
By courtesy of Dr Estella Matutes, Barcelona.
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Disorders of red cells

Disorders of red cells are most often divided into three broad 

categories, depending on whether the erythrocytes are: (i) 

microcytic and hypochromic; (ii) normocytic and normo­

chromic; or (iii) macrocytic. Red cell disorders can also be 

classified as congenital or acquired. Anaemia can be further 

categorised according to the mechanism, whether due pre­

dominantly to a failure of production or to shortened red cell 

survival, and if the latter whether it is caused by an intrinsic 

defect of the red cell or by extrinsic factors. Anaemia can 

also be the result of pooling of red cells in an enlarged spleen 

and, in an acute situation, loss of blood from the body. In 

this chapter red cell disorders will be discussed in groups 

that relate mainly to the morphological features of the cells, 

including their size and degree of haemoglobinisation.

Hypochromic and microcytic anaemias 
and thalassaemias

Disorders resulting from a defect in haem 
synthesis
Iron deficiency anaemia
Iron deficiency develops when: (i) iron intake is inadequate 

for needs (e.g. during growth spurts or during pregnancy); 

(ii) there is malabsorption of iron; (iii) there is increased 

loss of iron, usually consequent on gastrointestinal or uter­

ine blood loss; (iv) there is urinary loss of haemosiderin, 

as a result of chronic intravascular haemolysis; (v) there 

is a combination of these factors; or, rarely, (vi) there is 

sequestration of iron at an inaccessible site, as in idiopathic 

pulmonary haemosiderosis. In countries where Schistosoma 

haematobium infection occurs, urinary loss of blood can also 

be causative. Iron deficiency can be the presenting feature 

of autoimmune gastritis, presenting years in advance 

of megaloblastic anaemia due to vitamin B12 deficiency 

[1]. Anaemia occurs when a lack of reticuloendothelial 

storage iron and an inadequate rate of delivery of iron to 
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developing erythroid cells in the marrow leads to reduced 

synthesis of haem and therefore reduced production of 

haemoglobin and red blood cells. Clinical features include 

those attributable to anaemia, such as fatigue, pallor 

and exertional dyspnoea. More specific features of iron 

deficiency, apparent only when iron deficiency is severe, 

include koilonychia (spoon‐shaped nails), angular cheilo­

sis (cracks in the skin at the corners of the mouth) and 

glossitis (inflammation of the tongue).

Hereditary iron‐refractory iron deficiency anaemia is the 

result of bi‐allelic, or occasionally mono‐allelic, mutation 

in the TMPRSS6 gene [2]. Features of the blood film and 

count are the same as in other case of iron deficiency.

It is also necessary to recognise functional iron deficiency, 

defined as a state when there is insufficient iron available 

for erythropoiesis despite a normal serum ferritin and the 

presence of storage iron in the bone marrow [3]. This is 

one feature of the anaemia of chronic disease (see below), 

but is otherwise mainly recognised in renal patients given 

erythropoiesis‐stimulating agents.

Blood film and count

In iron deficiency, a normocytic normochromic anaemia 

with anisocytosis precedes the development of anisoch­

romasia, hypochromia and microcytosis. Morphological 

changes are not usually marked until haemoglobin con­

centration (Hb) falls below 100–110 g/l when character­

istic features start to appear (Fig. 8.1). Poikilocytes include 

elliptocytes, particularly very narrow elliptocytes, which 

are often referred to as pencil cells. Poikilocytes designated 

‘pre‐keratocytes’, i.e. erythrocytes with preserved central 

pallor with a sharply defined submembranous vacuole, are 

often present and are more common than in β thalassae­

mia trait or anaemia of chronic disease [4]. Target cells are 

often present [4], although their numbers are generally 

lower than in β thalassaemia trait. Numerous target cells 

may be seen in iron deficient patients with haemoglobin C 

or S trait who sometimes develop target cells only when 

they become iron deficient. Teardrop poikilocytes may be 
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present, particularly as anaemia becomes more severe. 

Basophilic stippling is infrequent. Polychromasia is some­

times present.

With most automated full blood counters, the earli­

est evidence of iron deficiency is an increase in the red 

cell distribution width (RDW). This is indicative of the 

anisocytosis that precedes anaemia. The next change 

observed is a fall in the Hb, red blood cell count (RBC) 

and haematocrit (Hct) followed by a fall in the mean cell 

haemoglobin (MCH) and the mean cell volume (MCV). 

In a study using one of two impedance counters (Sysmex 

K4500 or Coulter S890), an MCH of less than 26 pg was 

found to be a more sensitive indicator of iron deficiency 

than an MCV of less than 80 fl; sensitivity to a reduced 

serum ferritin was 97% and 85% respectively [5]. In 

early iron deficiency anaemia, the RBC is occasionally 

elevated rather than decreased, particularly in children. 

A low mean cell haemoglobin concentration (MCHC) is a 

sensitive indicator of iron deficiency when it is calculated 

from the Hb and a packed cell volume (microhaematocrit) 

and when it is measured by current Siemens instruments. 

When measured by impedance‐based instruments (such 

as Coulter or Sysmex instruments) it is insensitive, but 

more specific for iron deficiency. With Siemens H.1 series 

and later automated counters the appearance of a popu­

lation of hypochromic cells (%Hypo) and an increase in 

the haemoglobin distribution width (HDW) is the earliest 

change detected; a fall in the MCH and MCHC precedes 

any fall in the MCV [6]. The recent Sysmex instrument, the 

XE‐5000, also measures the haemoglobin concentration in 

individual cells and produces a measurement that is analo­

gous to that of Siemens instruments, designated %Hypo 

He, which is similarly low in iron deficiency. Other red 

cell variables that are reduced in iron deficiency include 

the RBC‐Y on Sysmex instruments and the Low Haemo­

globin Density (LHD) on the Coulter 750 (a mathematical 

transformation of the MCHC).

The reticulocyte percentage may be normal or elevated 

in iron deficiency anaemia, while the absolute reticu­

locyte count is normal or reduced. A low reticulocyte 

haemoglobin content (CHr) on Siemens instruments 

precedes any fall in Hb, MCH or MCV [7]. Similarly, the 

reticulocyte haemoglobin equivalent (Ret‐He) on Sys­

mex instruments is an early sign of iron deficiency.

Patients with iron deficiency not infrequently have an 

increased platelet count, which may be resultant on the 

iron deficiency itself, on blood loss or on an underlying 

malignant disease. In severe iron deficiency the platelet 

count is sometimes low. Leucopenia and thrombocyto­

penia occur in up to 10% of patients. Hypersegmented 

neutrophils are sometimes present and are not necessarily 

indicative of coexisting vitamin B12 or folate deficiency. In 

geographical regions where hookworm (Necator americanus 

or Ankylostoma duodenalis) infection occurs, the observ­

ation of eosinophilia may suggest that this is the cause of 

the iron deficiency. The presence of hyposplenic features 

may suggest coeliac disease as the underlying cause.

Other automated instrument measurements that are 

useful in the recognition of functional iron deficiency 

include 6% or more hypochromic red cells (%HRC) 

Fig. 8.1  The blood film of a patient with 
iron deficiency anaemia showing anisocy­
tosis, poikilocytosis (including elliptocytes), 
hypochromia and microcytosis. The full 
blood count (FBC, Coulter S Plus IV) was: 
red blood cell count (RBC) 4.22 × 1012/1, 
haemoglobin concentration (Hb) 70 g/l, 
haematocrit (Hct) 0.29 l/l, mean cell vol­
ume (MCV) 67 f1, mean cell haemoglobin 
(MCH) 16.6 pg, mean cell haemoglobin 
concentration (MCHC) 245 g/l.
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or a reticulocyte haemoglobin content (CHr) < 29 pg 

measured on Siemens instruments, or a Ret‐He value < 

30.6 pg measured on Sysmex instruments [3]. The Sys­

mex %Hypo‐He and the Beckman–Coulter LHD% are 

comparable to the Siemens %HRC (see Chapter 2).

Differential diagnosis

The important differential diagnoses of iron deficiency 

anaemia are thalassaemia trait and the anaemia of chronic 

disease. The blood film and count are of some use in distin­

guishing these disorders, but specific tests are needed for 

a precise diagnosis. Prominent target cells and basophilic 

stippling favour thalassaemia trait, whereas anisochroma­

sia, pencil cells and prekeratocytes favour iron deficiency; 

increased rouleaux formation, background staining and 

other signs of inflammation suggest the anaemia of chronic 

disease. A high RBC and a low MCV despite a normal Hb 

are characteristic of thalassaemia trait, but very similar red 

cell indices occur in patients with polycythaemia vera who 

are iron deficient. The RDW is usually elevated in iron 

deficiency and most often normal in thalassaemia trait [8]. 

A low MCHC on the less sensitive impedance counters 

is strongly suggestive of iron deficiency since it is usually 

normal in thalassaemia trait and in the anaemia of chronic 

disease (although it is low in haemoglobin H disease). 

Copper deficiency, a rare cause of a microcytic anaemia, 

is associated with a low serum iron, normal transferrin 

concentration and normal ferritin [9]. The equally rare 

acaeruloplasminaemia is associated with a normochro­

mic normocytic or hypochromic microcytic anaemia, low 

serum iron, normal transferrin concentration and moder­

ately elevated serum ferritin. Other rare conditions that 

can cause a microcytic anaemia are listed in Table 3.1.

Further tests

In uncomplicated iron deficiency anaemia, the diagnosis 

can be confirmed by either (i) a low serum ferritin or (ii) 

a low serum iron coexisting with an increased transfer­

rin concentration or serum iron binding capacity. It should 

be noted that a low serum iron by itself gives little useful 

information since it is found in both iron deficiency and 

anaemia of chronic disease. When iron deficiency and 

chronic inflammation coexist there may be no elevation 

in transferrin concentration and iron binding capacity, 

and serum ferritin may be in the lower part of the normal 

range rather than reduced. Whereas a serum ferritin of less 

than 20 μg/l is useful for the diagnosis of iron deficiency 

anaemia when there are no complicating factors, a cut‐off 

of 50 μg/l has been suggested in patients with liver disease 

[10] and of 70 μg/l in patients with chronic inflammation 

[11]. It should be noted that ferritin can be misleadingly 

normal in patients with iron deficiency anaemia as a result 

of idiopathic pulmonary haemosiderosis; iron deficiency 

anaemia can still be confirmed by a low serum iron, 

increased transferrin and absent bone marrow iron [12]. 

The hereditary hyperferritinaemia‐cataract syndrome is 

not usually associated with any haematological abnormal­

ity. However, coincidental iron deficiency can occur and 

there is then a hypochromic microcytic anaemia with a 

high ferritin but low iron saturation [13]. In iron‐refrac­

tory iron deficiency anaemia due to a TMPRSS6 mutation, 

serum iron and transferrin saturation are low but serum 

ferritin is normal [2].

An elevated free erythrocyte protoporphyrin or zinc 

protoporphyrin concentration is found in iron deficiency 

anaemia, in the anaemia of chronic disease and in 

lead poisoning, but is less often found in thalassaemia 

trait. It is useful for supporting the diagnosis of iron 

deficiency in clinical situations where uncomplicated 

iron deficiency is common, e.g. in children or obstetric 

patients, and since it can be measured on a very small 

volume of blood can be useful in field surveys.

Soluble transferrin receptor in serum is increased in 

iron deficiency and not in the anaemia of chronic disease. 

However, the usefulness of this test is reduced by the fact 

that the concentration is also increased whenever eryth­

ropoiesis is expanded, e.g. in megaloblastic anaemia, 

haemolytic anaemias, thalassaemia trait and myelodys­

plastic syndromes (MDS). The soluble transferrin receptor/

log serum ferritin gives improved discrimination between 

iron deficiency and other conditions; this ratio is increased 

in iron deficiency but not in anaemia of chronic disease 

[14] or β thalassaemia trait [15] or when erythropoiesis is 

expanded in MDS [15]. This ratio is particularly useful in 

the elderly in whom standard tests for iron deficiency are 

insensitive, probably because of the frequency of chronic 

inflammation [16]. Another ratio, the log[soluble trans­

ferrin receptor/serum ferritin] shows a linear relationship 

with body iron stores [17] and also gives improved separ­

ation of iron deficiency (with or without chronic inflam­

mation) from other conditions. If measurement of soluble 

transferrin receptor is not available, it is possible to identify 

most iron deficient patients accurately by means of a graph 

of serum ferritin plotted against the erythrocyte sedimen­

tation rate (ESR) [18]. The World Health Organization 

has recommended serum ferritin as the standard test for 
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iron deficiency, but with this test being supplemented by 

soluble transferrin receptor measurements in countries 

in which infection is common. In complicated cases the 

definitive test is the demonstration of absent bone marrow 

iron. Biochemical abnormalities of iron deficiency anae­

mia are summarised in Table 8.1.

Red cell survival is moderately reduced, e.g. to 

46–85 days [19].

Iron deficiency should not be regarded as a satis­

factory diagnosis until the underlying cause has been 

identified by clinical history, physical examination and 

supplementary tests. There is a very significant inci­

dence of unsuspected coeliac disease (around 10%) in 

unselected UK adults presenting with iron deficiency 

anaemia. Screening for coeliac disease may therefore 

be justifiable, particularly if there is no obvious cause 

for iron deficiency [20]. Iron deficiency coexisting 

with autoimmune thyroid disease or diabetes melli­

tus suggests underlying autoimmune gastritis, possibly 

triggered by Helicobacter pylori infection [1]. The pos­

sibility of occult gastrointestinal cancer and, in areas 

of endemicity, of parasitic infections should also be 

considered and appropriately investigated. Relevant 

parasites include hookworm and Blastocystis hominis. In 

patients with iron deficiency anaemia that is found to 

be refractory to oral iron therapy, the diagnoses that 

particularly need to be considered are coeliac disease, 

autoimmune gastritis and H. pylori infection, the lat­

ter two conditions sometimes occurring together. The 

rare cases of hereditary iron‐refractory iron deficiency 

anaemia can be confirmed by gene sequencing in a ref­

erence laboratory.

Anaemia of chronic disease
‘Anaemia of chronic disease’ is a term used to describe 

anaemia that is the result of chronic infection or inflam­

mation or, less often, of malignant disease and that is 

characterised by: (i) low serum iron concentration and 

defective incorporation of iron into haemoglobin des­

pite adequate bone marrow stores of iron; (ii) a blunted 

erythropoietin response to anaemia; and (iii) some 

shortening of red cell survival [21]. Clinical features are 

attributable to the primary disease, the effects of anae­

mia or both.

Blood film and count

Anaemia of chronic disease, when mild, is normocytic 

and normochromic, but as it becomes more severe 

hypochromia and microcytosis develop (Fig. 8.2). In 

severe chronic inflammation, the degree of microcytosis 

may be just as marked as in iron deficiency. The RDW 

has been reported to be normal in anaemia of chronic 

disease [3], but this has not been a consistent observ­

ation [22]. The absolute reticulocyte count is reduced. 

Associated features indicative of chronic inflammation 

may be present, e.g. neutrophilia, thrombocytosis, 

increased rouleaux formation and increased back­

ground staining. Pencil cells and prekeratocytes are 

Table 8.1  A comparison of laboratory tests in iron deficiency anaemia, the anaemia of chronic disease and thalassaemia trait.

Iron deficiency 

anaemia

Anaemia of chronic 

disease

Anaemia of chronic 

disease plus iron 

deficiency Thalassaemia trait

Serum iron Reduced Reduced Reduced Normal

Serum transferrin/serum 

iron binding capacity

Increased Normal or Reduced Variable Normal

Transferrin saturation Reduced, sometimes 

markedly

Reduced Reduced Normal

Serum ferritin Reduced, less than 

20 μg/l

Normal or increased Normal or reduced, 

generally less than 70 μg/l

Normal

Red cell zinc protoporphyrin Increased Increased Increased Normal or somewhat increased

Soluble transferrin receptor Increased Normal or reduced Normal or increased Increased

Soluble transferrin receptor/

log serum ferritin

Increased Normal Probably increased Normal

Log[soluble transferrin 

receptor/serum ferritin]

Increased Normal Increased Normal

Bone marrow iron Absent Present, often increased Absent Present

Wendy
Highlight

Wendy
Highlight

Wendy
Highlight

Wendy
Highlight

Wendy
Highlight



Disorders of red cells and platelets      299

less frequent than in iron deficiency and target cells are 

less frequent than in either iron deficiency anaemia or 

β thalassaemia trait [4]. Basophilic stippling is present 

in a minority of patients, fewer than in β thalassaemia 

trait [4].

Differential diagnosis

The differential diagnosis is iron deficiency anaemia (see 

above) and other causes of normochromic normocytic 

and hypochromic microcytic anaemia.

Further tests

Serum iron and serum transferrin (or iron binding 

capacity) are reduced. Serum ferritin is increased, con­

sequent on synthesis of apoferritin by inflammatory or 

neoplastic cells. Associated features indicative of chronic 

inflammation are useful in making the diagnosis. In 

addition to blood film features, these commonly include 

elevated ESR and C‐reactive protein, a reduced serum 

albumin concentration and an increased concentration 

of fibrinogen, α2 macroglobulin and γ globulins. Red cell 

free protoporphyrin or zinc protoporphyrin is increased, 

so that this test is not useful in distinguishing between 

iron deficiency and the anaemia of chronic disease. 

Soluble serum transferrin receptor is generally reduced 

or normal.

It is not uncommon for a patient with anaemia of 

chronic disease due to malignancy or chronic inflam­

mation to develop iron deficiency, usually as a result 

of gastrointestinal blood loss. The usual results of 

laboratory tests in anaemia of chronic disease, in iron 

deficiency anaemia and when both conditions are 

present are shown in Table 8.1. However, it may not 

always be possible to recognise the combination of iron 

deficiency and anaemia of chronic disease on the basis 

of the blood film and biochemical tests. A bone marrow 

aspiration will allow a correct appraisal.

Congenital sideroblastic anaemia
Congenital sideroblastic anaemia is a rare inherited con­

dition. In most families it has an X‐linked inheritance and 

is therefore largely confined to males. Rarely it occurs 

in women as a result of skewed X‐chromosome inacti­

vation and onset may then be delayed till old age [23]. 

Pyridoxine‐responsive X‐linked sideroblastic anaemia 

usually results from a defect in haem synthesis as a result 

of a mis‐sense mutation in the erythroid‐specific 5‐amino 

laevulinic acid synthase gene, ALAS2 [24]. Mutation in 

an erythroid‐specific ALAS enhancer located in the first 

intron of the ALAS gene can also be responsible and in 

this case the condition is refractory to pyridoxine [25]. 

In addition, autosomal recessive pyridoxine‐refractory 

sideroblastic anaemia can result from mutation in the 

SLC25A38 gene [26] or the GLRX5 gene [27]. Autoso­

mal dominant inheritance with the genetic basis being 

unknown has also been described in one family. In non‐

syndromic cases of congenital sideroblastic anaemia, the 

clinical features are those of anaemia, sometimes compli­

cated by iron overload. Only cases resulting from ALAS2 

mutation respond to pyridoxine [28].

Fig. 8.2  The blood film of a patient with the 
anaemia of chronic disease consequent on 
a lymphoma, showing mild anisocytosis, 
poikilocytosis and hypochromia. The FBC 
(Coulter S Plus IV) was: RBC 3.10 × 1012/1, 
Hb 74 g/l, Hct 0.23 l/l, MCV 75.6 fl, MCH 
23.8 pg, MCHC 315 g/l.
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Various syndromes of which sideroblastic anaemia is a 

part have been described. X‐linked recessive sideroblastic 

anaemia due to a mutation in ABCB7, a gene encoding a 

mitochondrial transporter protein, is associated with spi­

nocerebellar ataxia [29]. Autosomal recessive sideroblastic 

anaemia with myopathy and lactic acidosis can be due to 

mutation in either the PUS1 gene or the YARS2 gene [28]. 

A syndrome of severe congenital sideroblastic anaemia 

with B‐cell immune deficiency, periodic fever and devel­

opmental delay (SIFD syndrome) has been described [30]; 

the molecular basis has not yet been defined. Erythropoi­

etic porphyria, due to coinheritance of a loss‐of‐function 

mutation in the FECH gene and a low expression allele of 

the same gene, is associated with hypochromic microcytic 

anaemia in 20–60% of patients [31]. In a single family, 

transfusion‐dependent congenital sideroblastic anaemia 

was the result of inheritance of a mutated STEAP3 gene 

together with a low expression allele of the same gene 

[32]. In Pearson syndrome, resulting from mutation in 

a mitochondrial gene, there are ring sideroblasts associ­

ated with a normocytic or macrocytic anaemia rather 

than microcytic anaemia [33]. Similarly, in two other rare 

inherited syndromes there is macrocytosis associated with 

erythropoiesis that is both sideroblastic and megaloblastic; 

these syndromes are thiamine‐responsive megaloblastic 

anaemia with diabetes mellitus and sensorineural deaf­

ness, due to a mutation in the SLC19A2 gene, and the 

Diabetes Insipidus, Diabetes Mellitus Optic Atrophy and 

Deafness (DIDMOAD) syndrome (also known as Wolfram 

syndrome), due to a mutation in the WFS1 gene [34].

Blood film and count

The Hb ranges from 30–40 g/l to almost normal. 

Severity of anaemia differs according to the gen­

etic defect; patients with an SLC25A38 mutation, for 

example, are generally transfusion dependent. The 

blood film (Fig. 8.3) may be dimorphic or show uniform 

hypochromia and microcytosis. Occasionally, target 

cells and basophilic stippling are present. Poikilocytosis 

is sometimes marked and Pappenheimer bodies may 

be detectable. In older subjects, hypersplenism due to 

iron overload may cause mild leucopenia and thrombo­

cytopenia. In the SIFD syndrome, dimorphism was not 

noted; the film features were hypochromia, microcyto­

sis, schistocytes, basophilic stippling, frequent nucleated 

red blood cells and lymphopenia [30].

The MCV and MCH are reduced and the MCHC is 

sometimes reduced. Red cell histograms and cytograms 

may show two populations of red cells.

Rarely maternally inherited sideroblastic anaemia 

(with a low percentage of ring sideroblasts) is associated 

with macrocytosis [35] as is also seen in Pearson 

syndrome, thiamine‐responsive megaloblastic anaemia 

and the DIDMOAD syndrome. In Pearson syndrome 

there is not only a normocytic or macrocytic anae­

mia but, in about a quarter of patients, neutropenia or 

thrombocytopenia [33].

Female carriers of X‐linked sideroblastic anae­

mia resulting from an ALAS2 mutation who are not 

themselves anaemic may have a minor population of 

hypochromic microcytic cells (Fig. 8.4). Rarely, females 

Fig. 8.3  A dimorphic blood film from a 
patient with congenital sideroblastic anae­
mia. There is a minor population of cells 
that are hypochromic and microcytic with 
a tendency to target cell formation; there is 
also poikilocytosis. The patient had previ­
ously responded to pyridoxine with a rise 
of Hb and was taking pyridoxine when this 
blood specimen was obtained.
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have a hypochromic microcytic anaemia similar to that 

observed in males, as a result of skewed X‐chromo­

some inactivation. The dimorphism of the blood film 

and corresponding red cell cytograms and histograms 

may be more evident in heterozygous females than  

in hemizygous males [36]. Carriers of the ABCB7 

mutation may also have a population of hypochromic 

macrocytes [29].

Differential diagnosis

The differential diagnosis of X‐linked sideroblastic anae­

mia includes iron deficiency anaemia and thalassaemia 

trait. Serum iron and ferritin are normal or elevated, 

high performance liquid chromatography (HPLC) and 

haemoglobin electrophoresis are normal and haemo­

globin A2 concentration is not increased. There is 

usually no difficulty distinguishing between congeni­

tal and acquired sideroblastic anaemia, since the latter 

is usually characterised by predominantly normocytic 

or macrocytic cells with only a small population of 

hypochromic microcytes.

The differential diagnosis of Pearson syndrome 

includes congenital bone marrow failure syndromes. 

The differential diagnosis of thiamine‐responsive mega­

loblastic anaemia and the DIDMOAD syndrome includes 

other causes of megaloblastic anaemia.

Further tests

Diagnosis is by bone marrow aspiration; a Perls stain 

demonstrates ring sideroblasts. Pearson syndrome 

shows, in addition to ring sideroblasts, erythroid hypo­

plasia with vacuolation of erythroid and granulocytic 

precursors. Biochemical assays of enzymes involved 

in haem synthesis will help to categorise cases fur­

ther. Deoxyribonucleic acid (DNA) analysis of relevant 

genes is used for confirmation. Serum ferritin should 

also be monitored, to permit the early detection of iron 

overload.

Lead poisoning
Excess lead interferes with haem synthesis and also 

causes haemolysis. Patients with significant haemato­

logical effects often have other symptoms and signs of 

lead poisoning such as abdominal pain, constipation 

and a lead line on the gums. The clinical history and 

physical examination can thus be helpful in making the 

diagnosis. The source may be lead‐glazed pottery, cos­

metics or ‘herbal’ and other alternative remedies.

Blood film and count

Anaemia is usually mild or moderate in severity. The 

blood film may show hypochromia and microcyto­

sis or normocytic normochromic red cells with some 

polychromasia. Basophilic stippling is often prominent 

(Fig. 8.5). Pappenheimer bodies may also be present 

since lead poisoning causes sideroblastic erythropoie­

sis. The reticulocyte percentage and absolute count 

may be elevated.

Red cell indices may be normal or there may be a 

reduction in the MCV, MCH and MCHC.

Fig. 8.4  Blood film obtained from a non‐
anaemic carrier of congenital sideroblastic 
anaemia, the daughter of a patient with 
moderately severe microcytic anaemia. The 
film is dimorphic, showing a minor popu­
lation of hypochromic microcytes.
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Fig. 8.5  The blood film of a patient with lead 
poisoning showing anisocytosis, hypochro­
mia and prominent basophilic stippling. 
The FBC (Coulter S Plus IV) was: RBC 
2.99 × 1012/1, Hb 83 g/l, Hct 0.25 l/l, MCV 
85 fl, MCH 27.8 pg, MCHC 327 g/l. The 
reticulocyte count was 281 × 109/1.

Differential diagnosis

The differential diagnosis includes other causes of 

hypochromic microcytic anaemia and also haemo­

lytic anaemias, particularly that due to inherited 

pyrimidine 5′ nucleotidase deficiency in which baso­

philic stippling is also prominent. It should be noted that 

lead poisoning and iron deficiency often coexist.

Further tests

An appropriately elevated serum lead concentration 

is confirmatory. Erythrocyte free protoporphyrin or 

zinc protoporphyrin is increased, since ferrochelatase 

is inhibited by lead, but this test is not useful in mak­

ing a distinction from iron deficiency. When there is a 

haemolytic element there is likely to be increased serum 

transferrin receptor, so this test is also not helpful in 

making a distinction from iron deficiency.

Disorders resulting from a defect in  
β globin chain synthesis
β thalassaemia trait
β thalassaemia trait refers to heterozygosity for β thalas­

saemia, an inherited condition in which a mutation in a β 

globin gene or, less often, the deletion of a β globin gene 

leads to a reduced rate of synthesis of β globin chains. There 

is consequently a reduced rate of synthesis of haemo­

globin. Compensatory erythroid hyperplasia leads to the 

production of increased numbers of red cells of reduced 

size and haemoglobin content. The mutations giving rise to  

β thalassaemia are very numerous and very heterogeneous. 

In some cases the abnormal gene leads to no β chain  

production (β0 thalassaemia), whereas in others the 

abnormal gene permits β chain synthesis at a reduced rate 

(β+ thalassaemia). Different mutations producing defects 

of varying severity are prevalent in different parts of the 

world.

β thalassaemia trait occurs in virtually all ethnic 

groups, although in northern European Caucasians it is 

very infrequent. It is common in Greece and Italy where 

the prevalence in some regions reaches 15–20%. There 

is a similar prevalence in Cyprus among both Greek and 

Turkish Cypriots. The prevalence in some parts of India, 

Thailand and other parts of South‐East Asia reaches 

5–10%. In Black Americans the prevalence is about 

0.5% and in Afro‐Caribbeans it is about 1%.

Heterozygosity for β thalassaemia is usually clinically 

inapparent and for this reason the term ‘thalassaemia 

minor’ is sometimes used to describe it. Occasional patients 

have mild splenomegaly or signs or symptoms of anaemia.

An acquired deficiency of pyrimidine 5′ nucleotidase 

has been found to be common in β thalassaemia het­

erozygosity, possibly resulting from oxidant damage to 

the enzyme [37].

Blood film and count

The majority of subjects with β thalassaemia trait have 

a normal Hb; a minority are mildly anaemic, particu­

larly during pregnancy or intercurrent infections. Anae­

mia is more common among Greeks and Italians than 

among those with African ancestry. Despite the lack of 

anaemia, microcytosis is usually marked. The blood film 

(Figs 8.6 & 8.7) may or may not show hypochromia in 
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addition to microcytosis. The haemoglobin concentra­

tion of cells may appear very uniform, in contrast to the 

anisochromasia that is usual in iron deficiency. Poikilo­

cytosis varies from trivial to marked. Target cells may 

be prominent, but in some patients they are infrequent 

or absent. A few irregularly contracted cells are seen in 

some patients. Occasional patients have marked ellip­

tocytosis but, in general, elliptocytes are not a feature. 

Basophilic stippling is quite common in Mediterranean 

subjects with β thalassaemia trait, but is less often seen in 

those of African or Chinese/South‐East Asian ancestry. 

Acquired deficiency of pyrimidine 5′ nucleotidase (see 

above) provides a possible explanation of the frequency 

of basophilic stippling. The reticulocyte percentage and 

Fig. 8.6  The blood film of a healthy subject 
with β thalassaemia trait showing minimal 
morphological abnormalities – microcytosis 
and mild poikilocytosis. The diagnosis could 
easily be missed without the red cell indi­
ces. The FBC (Coulter S Plus IV) was RBC 
7.3 × 1012/1, Hb 143 g/l, Hct 0.43 l/l, MCV 
59 fl, MCH 19.7 pg, MCHC 328 g/l.

Fig. 8.7  The blood film of a healthy sub­
ject with β thalassaemia trait showing more 
marked morphological abnormalities – 
anisocytosis, poikilocytosis, hypochromia, 
microcytosis, occasional target cells and 
several irregularly contracted cells. The FBC 
(Coulter S Plus IV) was: RBC 5.78 × 1012/l, 
Hb 105 g/l, Hct 0.32 l/l, MCV 56 fl, MCH 
18.2 pg, MCHC 323 g/l.

absolute count are often somewhat elevated [38]. In 

uncomplicated cases the white cell and platelet counts 

are normal.

The red cell indices of β thalassaemia trait are very 

characteristic and it is often easier to make a correct pro­

visional diagnosis from the red cell indices than from the 

blood film. The Hb and Hct are normal or close to normal 

while the MCV and MCH are usually markedly reduced. 

The MCHC is usually normal when measured by imped­

ance counters such as Sysmex and Coulter instruments, 

but is often somewhat reduced when measured by 

Siemens H.1 and Advia series instruments. When the 

numbers of hypochromic cells and microcytic cells are 

measured independently, the percentage of microcytes 
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usually exceeds the percentage of hypochromic cells 

in thalassaemia trait, whereas the reverse is found in 

iron deficiency [39]. The red cell cytogram characteristi­

cally has a ‘comma’ shape (Fig. 8.8). In contrast to iron 

deficiency, the RDW is usually normal [8], but when a 

patient with β thalassaemia trait becomes anaemic the 

RDW tends to rise [8], so that this measurement is least 

useful when most needed. Other observers have often 

found the RDW to be elevated even in non‐anaemic 

patients [22].

The diagnosis of thalassaemia trait is more difficult 

in pregnant patients for two reasons. Firstly, the red 

cell indices are less characteristic since haemodilution, 

which is a physiological effect of pregnancy, lowers the 

Hb, RBC and Hct; the Hb may fall as low as 50–60 g/l 

[40]. The rise in MCV that occurs in pregnancy also 

contributes to the red cell indices being less character­

istic than in a non‐pregnant subject. Secondly, iron 

deficiency anaemia has an increased prevalence during 

pregnancy and when the two conditions coexist diag­

nosis is more complicated.

Differential diagnosis

The important differential diagnoses of β thalassaemia 

trait are α thalassaemia trait and iron deficiency anae­

mia. Various formulae have been devised in an attempt 

to separate iron deficiency from β thalassaemia trait 

[41–48]. Although such formulae may be useful in 

separating uncomplicated cases into the two diagnostic 

groups, they are not generally applicable to pregnant 

women [49] or children and are not useful in patients 

who have both iron deficiency and thalassaemia trait, a 

not uncommon situation with patients from the Indian 

subcontinent. Although these formulae are useful in 

suggesting the most likely diagnosis, there is little choice 

but to carry out specific diagnostic tests in circumstances 

where the diagnosis of thalassaemia trait is important, 

e.g. for antenatal, pre‐conceptual or pre‐marital genetic 

counselling. In this situation either the MCV (< 79 fl) or 

the MCH (< 27 pg) can be used as a screening test with 

all patients whose test results fall below an arbitrary 

limit having HPLC or an equivalent test performed. 

Occasional patients with mild variants of β thalassaemia 

Fig. 8.8  Red cell cytograms from a Bayer H.2 counter showing the relationship between haemoglobinisation (x‐axis) and volume 
(y‐axis) of individual red cells in a normal subject (left) and patients with β thalassaemia trait (centre) and iron deficiency (right). 
The ‘comma’ shape of β thalassaemia trait is apparent and has been emphasised by the sketched outlines of the cytograms in the 
lower series of scatter plots.
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trait have only a very trivial reduction of the MCV and 

MCH and if such cases are to be identified, it is necess­

ary to test all patients whose results fall below the lower 

limit of the reference range. Even this will not detect 

all cases, since in some mild thalassaemic variants there 

is no apparent haematological defect in heterozygotes; 

such cases cannot be diagnosed on the basis of the blood 

film and indices. However, except when genetic coun­

selling is being carried out in high incidence areas, it is 

generally necessary to have a cut‐off point for further 

investigation that is at or below the lower limit of the 

reference range in order to avoid having a very high 

percentage of negative tests with a very low yield of 

positive diagnoses.

It is not possible on the basis of the blood film and 

count to distinguish β thalassaemia trait from δβ or 

εγδβ thalassaemia trait or from cases of α thalassae­

mia trait in which two of the four α genes are deleted. 

Cases of α thalassaemia trait in which only one of the 

four α genes is deleted have only minor haematologi­

cal abnormalities and are less likely to be confused 

with β thalassaemia trait. Occasional patients with a 

blood film and red cell indices suggestive of thalas­

saemia trait have either a highly unstable globin chain 

or an abnormal haemoglobin that is synthesised at a 

reduced rate. The commonest of the latter group is 

haemoglobin E; red cell indices suggestive of β tha­

lassaemia trait can result from heterozygosity for this 

variant haemoglobin and such indices are typical of 

homozygotes. The much less common haemoglobin 

Lepore, resulting from a δβ fusion gene, is synthesised 

at a greatly reduced rate and the blood count resembles 

that of β thalassaemia trait. Sickle cell trait and haemo­

globin C trait are also not infrequently associated with 

microcytosis, although this may be only because of 

associated α thalassaemia trait.

The red cell indices in iron deficient polycythaemia 

may be indistinguishable from those of thalassaemia 

trait, but the RDW is more likely to be elevated and 

there may be associated features that are useful in the 

differential diagnosis, such as neutrophilia, basophilia, 

thrombocytosis and the presence of giant platelets. The 

characteristic indices of thalassaemia can also be simu­

lated by iron deficiency anaemia undergoing treatment. 

A marked elevation of the RDW (and HDW) or the 

detection of two cell populations on a blood film or on 

the graphical output of an automated counter suggests 

that the correct diagnosis is iron deficiency.

Anaemia of chronic disease can usually be readily dis­

tinguished from β thalassaemia because of the greater 

degree of anaemia and retention of a normal MCV until 

significant anaemia has developed.

Further tests

Definitive diagnosis of β thalassaemia trait is usually 

by HPLC (which quantitates haemoglobin A2 as well 

as detecting variant haemoglobins); alternative tech­

niques are capillary electrophoresis and cellulose acetate 

electrophoresis, the latter supplemented by quantifica­

tion of haemoglobin A2 by microcolumn chromatogra­

phy. Haemoglobin F is elevated in one third to one half 

of patients but is less specific than an increased percent­

age of haemoglobin A2 and quantification is not necessary 

for diagnosis. δβ or Aγδβ0 thalassaemia trait is diagnosed 

when there are thalassaemic indices with a normal or low 

haemoglobin A2 and an elevated haemoglobin F. Diagnosis 

of the rare cases of εγδβ thalassaemia (also known as γδβ 

thalassaemia) trait requires DNA analysis. Haemoglobin 

Lepore trait is diagnosed when there are thalassaemic indi­

ces with a normal or reduced haemoglobin A2 and with a 

minor abnormal haemoglobin having the same mobility 

as haemoglobin S at alkaline pH, the same mobility as 

haemoglobin A at acid pH and a retention time on HPLC 

that is similar to that of haemoglobin A2. Haemoglobins E, 

C and S will also be detected on HPLC or electrophoresis.

Because iron deficiency causes a reduction of the haemo­

globin A2 percentage, some cases of mild β thalassaemia 

trait may be missed if tests are done when the patient has 

a coexisting iron deficiency. Except in pregnant patients 

when immediate diagnosis is needed, it is better not to 

carry out electrophoresis in patients who appear to have 

uncomplicated iron deficiency, but rather to check that the 

full blood count (FBC) returns to normal after treatment.

Most of the tests used to confirm a diagnosis of iron 

deficiency are normal in β thalassaemia trait (Table 8.1). 

However, zinc protoporphyrin is somewhat increased 

and soluble transferrin receptor is increased to similar 

levels to those seen in iron deficiency [15].

β thalassaemia major
β thalassaemia major is an inherited disease result­

ing from homozygosity or compound heterozygosity 

for β thalassaemia that leads to a severe reduction or 

total lack of synthesis of β globin chains. Consequently, 

there is a marked reduction or total failure to synthesise 

haemoglobin A. There is marked erythroid hyperplasia 
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and ineffective haemopoiesis resulting from damage to 

developing erythroblasts by excess free α chains. Clini­

cal features are severe anaemia, hepatomegaly, sple­

nomegaly and expansion of marrow‐containing bones 

leading to frontal bossing of the skull and deformity of 

the jaw bones. There is significant growth retardation. 

Treatment of β thalassaemia major by blood transfusion 

ameliorates many of the clinicopathological features 

seen in the untreated patient but, in the absence of 

effective chelation therapy, leads to iron overload, 

resultant organ damage and premature death.

Blood film and count

Anaemia is severe, with the Hb sometimes being as low 

as 20–30 g/l. The blood film (Fig. 8.9) shows very marked 

anisocytosis and poikilocytosis, with the poikilocytes 

including target cells, teardrop cells, elliptocytes, fragments 

and many cells of bizarre shape. Hypochromia is very strik­

ing, but microcytosis is not always so obvious on the blood 

film since the cells are very flat and red cell diameter is 

thus greater than would be expected from the red cell size. 

Basophilic stippling and Pappenheimer bodies are present. 

Sometimes a minority of cells have inclusions with the 

same staining characteristics as haemoglobin; these rep­

resent precipitates of excess α chains and are much more 

readily identified on a Heinz body preparation. Nucleated 

red blood cells (NRBC) are frequent. The circulating eryth­

roblasts are micronormoblastic and show dyserythropoi­

etic features, defective haemoglobinisation and the pres­

ence of Pappenheimer bodies. There is often leucocytosis, 

resulting from neutrophilia and, in younger children,  

lymphocytosis. The platelet count may be normal or 

increased. In advanced disease with marked splenomegaly, 

the platelet count falls.

Following splenectomy (which may be performed 

because of discomfort from splenomegaly or to reduce 

transfusion requirement), the total nucleated cell count 

(TNCC), white blood cell count (WBC) and plate­

let count rise; the blood film is even more strikingly 

abnormal, with many abnormal NRBC and numerous 

target cells, Pappenheimer bodies and Howell–Jolly bod­

ies. Post‐splenectomy, Heinz body preparations show 

ragged inclusions in 10–20% of cells; these represent α 

chain precipitates and differ from the Heinz bodies con­

sequent on oxidant stress in that they are not attached 

to the red cell membrane and are present in NRBC as 

well as mature erythrocytes [50]. Following splenec­

tomy, there is often an exaggerated lymphocytosis or 

neutrophilia in response to intercurrent infections.

When patients are adequately transfused, the blood 

film is dimorphic with the percentage of the patient’s 

own abnormal cells being low.

The blood count shows a severe microcytic anaemia, 

with the MCV, MCH and MCHC being greatly reduced 

and the RDW and HDW being increased. The TNCC, 

when measured on automated counters that do not cor­

rect for the presence of NRBC, is greatly increased; a 

true leucocytosis is also often present. The TNCC may 

be erroneous since, with some automated instruments, 

some but not all NRBC are included in the count. More 

recent instruments do not have this problem since 

NRBC are enumerated separately from WBC.

Fig. 8.9  The blood film of a patient with  
β thalassaemia major who has been splenec­
tomised and is receiving intermittent blood 
transfusions. The blood film is dimorphic 
with about two‐thirds of the erythrocytes 
being donor cells. The patient’s own red 
cells show marked anisocytosis, poikilocyto­
sis and hypochromia. There are several tar­
get cells and three nucleated red blood cells 
(NRBC). Some cells contain Pappenheimer 
bodies and in two cells (a very hypochromic 
cell and an NRBC) there arc inclusions that 
represent precipitated α chains.
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Differential diagnosis

Thalassaemia intermedia is distinguished from thalas­

saemia major on clinical rather than haematological 

grounds. It is a genetically heterogeneous condition but 

most often results from homozygosity or compound het­

erozygosity for mild β+ thalassaemia. The Hb is usually 

above 70–80 g/l and other peripheral blood features are 

also intermediate between those of thalassaemia major 

and of thalassaemia minor. The compound heterozy­

gous state for β thalassaemia and haemoglobin E can 

also have haematological features that resemble those 

of thalassaemia major.

Further tests

Diagnosis requires HPLC or haemoglobin electrophore­

sis, which show only haemoglobins F and A2 when the 

genotype is β0/β0 and haemoglobins F and A2 with a 

variable amount of haemoglobin A when the genotype 

is β0/β+ or β+/β+. Some cases of thalassaemia interme­

dia have a relatively high percentage of haemoglobin A, 

while others have almost exclusively haemoglobin F. 

Patients with severe disease as a result of compound 

heterozygosity for haemoglobin E and β thalassaemia 

are distinguished from thalassaemia major by HPLC or 

haemoglobin electrophoresis.

β thalassaemia intermedia
β thalassaemia intermedia refers to a clinical pheno­

type with diverse genetic explanations [48]. The gen­

etic defect may be the presence of two alleles for mild 

β+ thalassaemia, coinheritance of β thalassaemia and 

haemoglobin E or the presence of a single β thalassae­

mia allele with an aggravating factor such as coinher­

itance of triple α (αα/ααα or ααα/ααα). The patient 

is symptomatic from anaemia, often has splenomegaly 

and sometimes has bony deformities. However, in con­

trast to β thalassaemia major, the patient is not trans­

fusion‐dependent. β thalassaemia intermedia varies in 

severity, from a disabling condition in which survival 

without transfusion is barely possible to a condition 

only slightly more severe than β thalassaemia minor.

Blood film and count

There is a moderately severe microcytic anaemia. The 

blood film shows features similar to those of typical 

β thalassaemia trait, but the abnormalities are more 

severe (Figs 8.10 & 8.11). Polychromasia and circulating 

NRBC may be present.

Differential diagnosis

�The differential diagnosis is β thalassaemia minor and 

β thalassaemia major. Diagnosis depends on clinical as 

well as laboratory features.

Other tests

HPLC or haemoglobin electrophoresis shows the pres­

ence of considerable amounts of haemoglobin F. The 

proportion of haemoglobin A2 is increased. In some 

patients there is also some haemoglobin A. In cases 

dues to compound heterozygosity for β thalassaemia 

and haemoglobin E, haemoglobins F, E and A2 will be 

present with or without some haemoglobin A.

Fig. 8.10  The blood film of a patient with 
β thalassaemia intermedia caused by 
homozygosity for a mild β thalassaemia 
variant.
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Disorders resulting from a defect in α 
globin chain synthesis
α thalassaemia trait
Haematologically normal subjects have four α genes.  

α thalassaemia trait is an imprecise term used to indicate 

deletion of either one or two of the four α genes. The geno­

type –α/αα is designated α+ thalassaemia. The genotype – –/

αα is designated α0 thalassaemia. Homozygosity for α+ tha­

lassaemia, i.e. –α/–α, or heterozygosity for the much less 

common non‐deletional α thalassaemia trait, αTα/αα or 

ααT/αα, produces a phenotype similar to that of α0 thalas­

saemia heterozygosity. α thalassaemia is common among 

many ethnic groups. A high incidence is found among 

various South‐East Asian populations, particularly among 

Thais and Chinese, who have both the –α/αα and the – –/

αα genotypes. The – –/αα genotype also occurs in Greeks, 

Cypriots, Turks and Sardinians. Among Black Americans 

25–30% have –α/αα and 1–2% have –α/–α [51]. In Jamai­

cans the prevalence is approximately 30% and 3%, respec­

tively [52]. In Nigerians the prevalence is even higher, with 

35% having –α/αα and 8% –α/–α [53]. –α/αα occurs in 

about 7% of Greeks [54] and is common in Cyprus and in 

some regions of Italy. On some Pacific islands the preva­

lence of –α/αα is as high as 85%.

A similar haematological phenotype is also produced by 

several α chain variant haemoglobins that are synthesised 

at a greatly reduced rate and thus represent non‐deletional 

α thalassaemia; the commonest of these is haemoglobin 

Constant Spring, which is not uncommon in South‐East 

Asia and is also found in the Caribbean area, around the 

Mediterranean, in the Middle East and in the Indian sub­

continent. An α thalassaemia phenotype can also result 

from certain rare, highly unstable α chains variants that 

are largely degraded before haemoglobin can be formed.

α thalassaemia trait produces no clinically evident 

effects but can be of genetic significance.

Blood film and count

α0 thalassaemia heterozygosity and α+ thalassaemia 

homozygosity produce haematological features similar 

to those of β thalassaemia trait, although basophilic stip­

pling and target cells are often not prominent (Fig. 8.12). 

An exception is non‐deletional α thalassaemia due to 

the presence of haemoglobin Constant Spring, αCSα, 

when basophilic stippling is prominent. α+ thalassaemia 

heterozygosity produces a lesser abnormality and often 

there is no discernible abnormality in the blood film.

The red cell indices of individuals with only two α genes 

are similar to those of β thalassaemia trait. The indices in 

individuals with three rather than four α genes may be 

either normal or abnormal, in the latter case overlapping 

the values seen in those with only two α genes.

Differential diagnosis

The differential diagnosis of α thalassaemia trait is β tha­

lassaemia trait and iron deficiency.

Fig. 8.11  The blood film of a patient with 
β thalassaemia intermedia caused by het­
erozygosity for β thalassaemia coinher­
ited with duplication of alpha genes (αα/
ααα) showing microcytosis, mild aniso­
cytosis and poikilocytosis and the pres­
ence of a micronormoblast. Red cell 
indices were: RBC 4.94 × 1012/l, Hb 
94 g/l, Hct 0.30 l/l, MCV 61 fl, MCH 19 pg 
and MCHC 313 g/l with haemoglobin A2 of 
5.8% and haemoglobin F 3.1%.
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Further tests

HPLC and haemoglobin electrophoresis are normal in 

α thalassaemia trait, except during the neonatal period 

when a low percentage of haemoglobin Bart’s (γ4) and 

haemoglobin H (β4) may be detected. Haemoglobin 

Constant Spring can be detected electrophoretically and 

by HPLC, although sometimes with difficulty since the 

percentage of the abnormal haemoglobin is usually low. 

In adults the diagnosis of α thalassaemia trait should be 

suspected when a subject of an appropriate ethnic group 

who is not iron deficient has indices suggestive of thalas­

saemia trait with normal HPLC or haemoglobin electro­

phoresis and a normal or low haemoglobin A2 percent­

age. The demonstration of haemoglobin H inclusions in a 

very small percentage of red cells supports the diagnosis, 

but this test is quite time‐consuming and it may be nega­

tive, particularly in heterozygotes, and to a lesser extent 

homozygotes, for α+ thalassaemia. When diagnosis is 

important, as when genetic counselling is required in a 

patient of South‐East Asian, Greek, Turkish, Cypriot or 

Sardinian ethnic origin, DNA analysis is necessary.

Haemoglobin H disease
The lack of three of the four α genes (genotype – –/–α) 

or a functionally similar disorder [40] causes haemo­

globin H disease. This most often occurs in subjects of 

South‐East Asian origin including Thais, Chinese and 

Indonesians, but it is also seen in Greeks and Cypri­

ots and less often in a variety of other ethnic groups. 

Clinical features are of a chronic haemolytic anaemia 

with splenomegaly and sometimes hepatomegaly. In 

patients with more severe disease there is sometimes 

bony deformity similar to that seen in β thalassaemia 

major. Rarely there is transfusion dependency.

Blood film and count

The diagnosis of haemoglobin H disease can usually be sus­

pected from the blood film and red cell indices. There is anae­

mia of moderate degree; the Hb is typically 60–100 g/l but 

it is lower during pregnancy, during intercurrent infections 

and following exposure to oxidant drugs. The blood film 

(Fig. 8.13) shows marked hypochromia, microcytosis and 

poikilocytosis, often including target cells, teardrop cells 

and fragments. Basophilic stippling and polychromasia are 

present. The reticulocyte percentage and absolute count 

are elevated. The coinheritance of haemoglobin H disease 

and hereditary elliptocytosis (see Fig. 3.25) causes striking 

poikilocytosis in addition to microcytosis.

The red cell indices show marked reduction of the 

MCV and MCH and reduction of the MCHC, which are 

demonstrated by the red cell cytogram (Fig. 8.14). The 

RDW and HDW are elevated.

Differential diagnosis

The differential diagnosis of haemoglobin H disease is  

β thalassaemia and other dyserythropoietic and haemo­

lytic anaemias, particularly hereditary pyropoikilocyto­

sis. The blood film and red cell indices are much more 

abnormal than in most β thalassaemia heterozygotes, but 

may be similar to those in β thalassaemia intermedia; the 

Fig. 8.12  The blood film of a healthy subject 
with α thalassaemia trait showing micro­
cytosis and mild hypochromia. The FBC 
(Coulter S) was: RBC 6.24 × 1012/1, Hb 
141 g/l, Hct 0.45 l/l, MCV 72 fl, MCH 23 pg, 
MCHC 313 g/l.
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Fig. 8.13  The blood film of a patient with 
haemoglobin H disease showing anisocy­
tosis, marked poikilocytosis, microcytosis 
and hypochromia. The FBC (Coulter S Plus 
IV) was: RBC 4.95 × 1012/1, Hb 96 g/l, Hct 
0.30 l/l, MCV 60.5fl, MCH 19.4 pg, MCHC 
321 g/l, red cell distribution width (RDW) 
25.7%. The corresponding haemoglobin H 
preparation is shown in Fig. 7.2a.

Fig. 8.14  Bayer H.2 scatter plots and histograms of a patient with haemoglobin H disease. The red cell cytogram and histograms show 
severe hypochromia and microcytosis. The white cell scatter plots are normal.

elevated reticulocyte count and the usual lack of NRBC 

in haemoglobin H disease are useful in making the dis­

tinction from β thalassaemia intermedia. The MCHC is 

reduced, irrespective of the method of measurement, 

whereas in β thalassaemia trait it is not reduced when 

measured by impedance counters, but is reduced when 

measured by Siemens H.1 and Advia series instruments. 

Congenital dyserythropoietic anaemias and hereditary 

pyropoikilocytosis can show a similar degree of poikilo­

cytosis to haemoglobin H disease, but the former group 

of disorders have normocytic or macrocytic red cells 

and no reticulocytosis, while the blood film in the lat­

ter condition shows specific types of poikilocyte such as 

microspherocytes, elliptocytes and red cells with bud‐like 
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Fig. 8.15  The blood film of a patient with 
acquired haemoglobin H disease as part 
of a myelodysplastic syndrome showing 
anisocytosis, poikilocytosis, microcytosis 
and some hypochromic cells and target 
cells. One of the hypochromic cells con­
tains Pappenheimer bodies. The FBC was: 
white blood cell count (WBC) 9.2 × 109/1, 
Hb 102 g/l, MCV 66 fl and platelet count 
53 × 109/l. By courtesy of Dr A. Hendrick, 
South Shields.

projections. Acquired haemoglobin H disease, which can 

be a manifestation of MDS, should also be mentioned in 

the differential diagnosis of the inherited condition; it is 

differentiated by the age of onset, the lack of a relevant 

family history and the demonstration of other features of 

MDS (Fig. 8.15).

Further tests

The diagnosis is confirmed by the demonstration of 

haemoglobin H inclusions in red cells (see Fig. 7.2) and 

by HPLC or haemoglobin electrophoresis, which shows 

2–40% of haemoglobin H. These procedures will also 

identify cases with both haemoglobin Constant Spring 

and haemoglobin H; such cases have the genotype 

αCSα/– – or αCSα/αCSα, which produces clinical and 

haematological features similar to deletional haemo­

globin H disease, although often somewhat more severe.

Haemoglobin Bart’s hydrops fetalis
Haemoglobin Bart’s hydrops fetalis is a syndrome result­

ing from an absence of all four α genes (α genotype 

– –/ – –) and a resultant total lack of α globin chain 

synthesis. This results in severe anaemia, extramedul­

lary haemopoiesis and hypoalbuminaemia, causing still­

birth or early neonatal death of a hydropic fetus.

Blood film and count

There is severe anaemia and the blood film (Fig. 8.16) 

shows striking hypochromia, microcytosis, poikilocyto­

sis and the presence of NRBC.

Fig. 8.16  The blood film of neonate with 
haemoglobin Bart’s hydrops fetalis show­
ing anisocytosis, poikilocytosis and NRBC. 
By courtesy of Dr Mary Frances McMullin, 
Belfast.
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Differential diagnosis

The differential diagnosis includes other causes of severe 

anaemia in the fetus (see Table 6.20) and other causes 

of hydrops fetalis.

Further tests

The diagnosis is confirmed by demonstration of α° 

thalassaemia heterozygosity in both parents and by 

HPLC or haemoglobin electrophoresis, which shows 

only haemoglobins Bart’s, H and Portland. Diagnosis 

in early pregnancy, permitting early termination of 

an affected pregnancy, can be achieved by molecu­

lar analysis of fetal cells obtained by chorionic villus 

sampling.

Haemoglobinopathies
Haemoglobinopathies are inherited abnormalities of 

globin chain synthesis. Some haematologists use this 

term broadly to cover all such abnormalities, including 

the thalassaemias. Others classify disorders of globin 

chain synthesis as ‘haemoglobinopathies’ when there 

is a structural abnormality and as ‘thalassaemias’ when 

the principal abnormality is a reduced rate of synthesis 

of one of the globin chains. There is necessarily some 

overlap between ‘haemoglobinopathies’ and ‘thalassae­

mias’ since some abnormal haemoglobins (e.g. haemo­

globin E) are synthesised at a reduced rate. Abnormal 

haemoglobins may also be formed in thalassaemias as 

a result of unbalanced chain synthesis (e.g. haemoglo­

bin Bart’s and haemoglobin H in various α thalassaemia 

syndromes). The most convenient approach is therefore 

to regard thalassaemia as a subtype of haemoglobinopa­

thy. Haemoglobinopathies (including thalassaemias) 

result from mutations in the genes encoding the α, β, γ 

and δ chains of haemoglobin. Mutations of α genes pro­

duce abnormalities affecting haemoglobins A, A2 and F. 

Mutations in β genes affect haemoglobin A, mutations 

in γ genes haemoglobin F and mutations in δ genes hae­

moglobin A2. Only mutations affecting α and β genes 

are important in adult life.

Sickle cell anaemia
Sickle cell anaemia is the disease caused by homozygo­

sity for the β chain variant, haemoglobin S or sickle cell 

haemoglobin. The genotype is βSβS. The term ‘sickle cell 

disease’ is used more broadly than ‘sickle cell anaemia’ 

to include also other conditions that lead to red cell sick­

ling, such as sickle cell/β thalassaemia.

Haemoglobin S is prone to polymerise in conditions 

of low oxygen tension, causing the red cell to become 

sickle shaped and less deformable. There are associated 

changes in the red cell membrane and in endothelial 

cells. The resulting obstruction of small blood vessels 

leads to tissue infarction, which underlies the dominant 

clinical feature of the disease, the recurrent painful cri­

ses affecting fingers and toes (in young children), limbs, 

abdomen and chest. Other clinical features are anae­

mia, which results largely from the low oxygen affinity 

of haemoglobin S, and splenomegaly, which is present 

only during childhood and is followed by splenic infarc­

tion and fibrosis leading to hyposplenism.

The βS gene and therefore sickle cell anaemia have 

their greatest frequency in individuals with African 

ancestry, but the gene also occurs in Indian, Greek, 

Italian, Turkish, Cypriot, Spanish, Arab, North African, 

Central and South American and some Indian subcon­

tinent populations.

Blood film and count

In sickle cell anaemia [55] the Hb is usually of the order 

of 70–80 g/l, but with a range of 40–110 g/l or even 

wider. Higher Hbs are characteristic of Arabs with sickle 

cell anaemia. A typical blood film (Fig. 8.17) shows 

anisocytosis, anisochromasia, sickle cells, boat‐shaped 

cells (pointed at both ends but not crescent shaped), 

target cells, polychromasia, basophilic stippling, NRBC 

and sometimes occasional irregularly contracted cells or 

spherocytes. Scanning electron micrography shows the 

characteristic form of the sickle cell (see Fig. 3.56). There 

may be linear fragments of sickle cells (see Fig. 3.50). Once 

infancy is past, the features of hyposplenism – Howell–

Jolly bodies, Pappenheimer bodies and more numerous 

target cells – are also present. Acanthocytes, which are 

usually present in hyposplenic states, are not a feature 

of hyposplenism caused by sickle cell disease. The reticu­

locyte count is usually 10–20%. The WBC, neutrophil, 

lymphocyte, monocyte and platelet counts are higher 

than in control subjects of the same ethnic group; counts 

tend to rise with age [56]. Occasional monocytes and 

neutrophils contain phagocytosed red cells.

At birth, when only a small amount of haemo­

globin S is present, the Hb, red cell indices and blood 

count are normal. The blood film is usually normal, 

but occasionally sickle cells are seen, even in neonates. 

Haematological abnormalities usually become apparent 

during the first year of life [57,58]. The Hb falls below 
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Fig. 8.17  The blood film of a patient with 
sickle cell anaemia showing anisocytosis, 
poikilocytosis, one sickle cell, several boat‐
shaped cells and a cell containing a Howell–
Jolly body.

the normal range at 1–6 months of age. A few sickle 

cells and other features of sickle cell anaemia appear at 

4–6 months of age; features of hyposplenism usually 

appear at 9–12 months of age, but sometimes as early as 

6 months. The features of hyposplenism appear at about 

the time that splenomegaly is detected. In early infancy 

hyposplenism can be reversed by blood transfusion, but 

later it cannot. Circulating NRBC only become common 

after 12 months of age.

Some subjects, although homozygous for βS, have 

a normal or near normal Hb and very few signs or 

symptoms of sickle cell anaemia; they are mainly Arabs 

with an unusually high percentage of haemoglobin F, 

which ameliorates the condition. In such subjects the 

morphological abnormalities may also be slight. When α 

thalassaemia trait coexists with sickle cell anaemia there 

are subtle differences in the red cell indices, but only 

when groups of patients are considered. Individuals 

cannot be distinguished on haematological grounds. In 

a group with coexisting α thalassaemia trait, the mean 

Hb and RBC are higher, whereas the mean MCV, MCH, 

MCHC, reticulocyte count and degree of polychroma­

sia and number of sickle cells are less. Treatment with 

hydroxycarbamide causes a rise in the MCV and MCH 

and reduces the degree of blood film abnormality.

During painful crises there is leucocytosis (with the 

WBC sometimes as high as 40–50 × 109/1), neutro­

philia, a minor fall in the Hb, increasing polychromasia 

and a rise in the number of NRBC and the reticulocyte 

count. There is an increase in the number of sickle cells 

in the blood film, but recognition of this requires careful 

counting and a knowledge of the baseline values for an 

individual patient. Irregularly contracted cells become 

much more numerous during pulmonary infarction 

with hypoxia.

Because of the shortened red cell survival, patients 

with sickle cell anaemia are prone to acute worsening 

of the anaemia when complicating conditions develop. 

The blood film and count may give some clues as to the 

cause of this. In acute splenic sequestration, which is 

largely confined to infants, there is a very acute fall of 

the Hb and the platelet count also falls. Subsequently, 

there are increased numbers of NRBC, increasing poly­

chromasia and an elevation of the reticulocyte count. 

In older subjects, acute sequestration may involve the 

liver rather than the spleen. In bone marrow infarction 

the WBC and platelet count may fall, there are promi­

nent leucoerythroblastic features and some circulating 

megakaryocytes may be seen. In parvovirus B19 infec­

tion, white cells and platelets are rarely affected; there is 

a disappearance of both NRBC and polychromasia and 

the reticulocyte count is very low. During the recovery 

phase there is an outpouring of NRBC and a rise in the 

WBC, neutrophil count and reticulocyte count. The 

suppression of reticulocyte production is usually less 

when other infections lead to worsening of anaemia, 

which acquires the characteristics of the anaemia of 

chronic disease. In megaloblastic anaemia due to folate 

deficiency, some circulating megaloblasts, macrocytes 

and hypersegmented neutrophils may be seen. The 
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reticulocyte count falls. In acute chest crisis, the Hb and 

platelet count fall, with a platelet count of less than 200 

× 109/l being an indicator of likely further complications 

[59]. Erythrophagocytosis may be observed in patients 

with hyperhaemolysis following blood transfusion [60]. 

The presence of red cell ghosts may alert the haematolo­

gist to haemolysis due to a coexisting glucose‐6‐phos­

phate dehydrogenase deficiency [61].

The blood count in sickle cell anaemia shows the 

Hb, RBC and Hct to be reduced. The MCV is normal 

or elevated, but is not increased to a degree commen­

surate with the increase in the reticulocyte count [62]; 

this may be regarded as a relative microcytosis. The 

RDW and HDW are increased. Red cell cytograms of 

Siemens H.1 (Fig. 8.18) and Advia (Fig. 8.19) series 

instruments show a population of dense cells represent­

ing irreversibly sickled cells and may show a population 

of hypodense cells representing reticulocytes. Although 

hyperdense cells are detected, their percentage may be 

underestimated because irreversibly sickled cells are 

incapable of undergoing the sphering that should occur 

prior to measurement of red cell variables by these 

instruments [51,63]. Impedance counters fail to detect 

the increased MCHC of the most dense cells [63]. Fur­

ther changes in red cell indices occur during, and some­

times 1–3 days before, painful crises [64]. The slight fall 

in the Hb and rise in the reticulocyte count are accom­

panied by further increases in the RDW and HDW. 

There is an increase in the MCHC and the percentage of 

abnormally dense cells.

Differential diagnosis

The differential diagnosis of sickle cell anaemia is mainly 

sickle cell/haemoglobin C disease (see below) and sickle 

cell/β thalassaemia. Sickle cell/β° thalassaemia cannot 

be distinguished from sickle cell anaemia on HPLC or 

haemoglobin electrophoresis since there is no haemo­

globin A in either condition. The distinction is made 

on the basis of family studies and the lower MCV and 

MCH in the compound heterozygous state. Sickle cell/

β+ thalassaemia may show a less abnormal blood count 

and blood film than sickle cell anaemia, depending on 

Fig. 8.18  Bayer H.1 red cell scatter plots and histograms of a patient with sickle cell anaemia; the presence of cells with an increased 
haemoglobin content is apparent on both the red cell cytogram and on the histogram of haemoglobin concentration (green arrows).
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the amount of haemoglobin A that is present; haemo­

globin electrophoresis or HPLC is diagnostic. The blood 

film of compound heterozygotes for haemoglobin S and 

either haemoglobin D‐Punjab or haemoglobin O‐Arab 

cannot be distinguished from that of sickle cell anaemia. 

Compound heterozygosity for haemoglobin S and 

hereditary persistence of fetal haemoglobin can be distin­

guished by the milder clinical and haematological pheno­

type, family studies and haemoglobin electrophoresis or 

HPLC. Sickle cell trait should not be confused with sickle 

cell anaemia, since the Hb is normal and there are no 

sickle cells in the blood film, but heterozygotes for several 

rare variants, e.g. Hb S‐Antilles, may have sickle cells on 

routine blood films [65] and heterozygotes for haemo­

globin S‐Oman have characteristic Napoleon hat cells – 

fat in the middle but pointed at both ends.

Further tests

Diagnosis is based on a sickle solubility test and either 

HPLC or haemoglobin electrophoresis, although it 

should be noted that if there are obvious sickle cells 

in a blood film the sickle solubility test could be con­

sidered redundant. Haemoglobin S predominates, 

with smaller amounts of haemoglobins F and A2 and 

no haemoglobin A. Haemoglobin F varies from 2% to 

around 15% and haemoglobin A2 may be minimally 

elevated. If haemoglobin electrophoresis is the pri­

mary analytical method, it is necessary for this to be 

performed at acid as well as alkaline pH to distinguish 

compound heterozygous states such as S/D‐Punjab 

(S/D‐Los Angeles) and S/Lepore from sickle cell 

anaemia; D‐Punjab/Los Angeles and Lepore both 

move with S at alkaline pH, but at acid pH move with 

Fig. 8.19  Siemens Advia series cytogram and histograms from a patient with sickle cell anaemia. The FBC was: WBC 9.3 × 109/l, RBC 
3.07 × 1012/l, Hb 94 g/l, Hct 0.27 l/l, MCH 30.6 pg, MCHC 349 g/l, cellular haemoglobin concentration mean (CHCM) 365 g/l, RDW 
19.7%, platelets 575 × 109/l, reticulocyte count 18.5%, 568 × 109/l. The red cell cytogram and haemoglobin concentration histogram 
(RBC HC) show an increase in cells with an increased haemoglobin concentration (to the right of the right‐hand vertical threshold) 
and there was a +++ hyperchromia flag. There was also a flag indicating the presence of NRBC. The reticulocyte scatter plot shows 
increased mature, intermediate and immature reticulocytes (turquoise dots). Note that there is an incidental hypereosinophilia: 
18.9%, 1.76 × 109/l. By courtesy of Professor Gina Zini, Rome.
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Differential diagnosis

The main differential diagnosis is other conditions that 

cause microcytosis (see Table 3.1) and other causes of 

target cell formation (see Table 3.7).

Further tests

The blood film and count must not be relied on for 

diagnosis. Diagnosis requires both HPLC or haemoglo­

bin electrophoresis (which shows A and S but with the 

percentage of A being greater than the percentage of S) 

and a sickle solubility test (which shows that the abnor­

mal haemoglobin is haemoglobin S rather than another 

abnormal haemoglobin with the same mobility or reten­

tion time). Haemoglobin S is usually 25–45% of total 

haemoglobin. The diagnosis of sickle cell trait should not 

be excluded on the basis of a negative sickle solubility test 

alone; if this is done in an emergency, e.g. before anaes­

thesia, it must be followed by HPLC or haemoglobin elec­

trophoresis to confirm the negative test. Diagnosis in the 

first 6 months of life, when the haemoglobin S percent­

age may be too low for a positive sickle solubility test, 

requires the use of two independent methods to confirm 

the nature of the variant haemoglobin, e.g. (i) HPLC, 

supplemented by isoelectric focusing or electrophoresis, 

or (ii) electrophoresis at both acid and alkaline pH.

Sickle cell/β thalassaemia
Patients who are heterozygous for haemoglobin S and 

either β0 or β+ thalassaemia cannot be distinguished 

reliably from sickle cell anaemia on the basis of clinical 

features, although those with βSβ+ thalassaemia tend to 

have milder disease and splenomegaly is more likely to 

persist beyond early childhood.

Blood film and count

The blood films and counts of compound heterozygotes 

for haemoglobin S and β thalassaemia cannot be reliably 

distinguished from sickle cell anaemia, particularly sickle 

cell anaemia with coexisting α thalassaemia trait, but as 

a group some differences are apparent. Those with βSβ0 

thalassaemia show more microcytosis and hypochromia 

than is usual in sickle cell anaemia and Pappenheimer 

bodies may be more prominent (Fig. 8.20). Otherwise 

blood films are similar. The blood films of compound 

heterozygotes with βSβ+ thalassaemia generally show 

less marked abnormalities, depending on the percent­

ages of haemoglobins A and F; target cells are numerous 

but sickle cells are less frequent. When there is persistent 

haemoglobin A. If the primary analytical method is 

HPLC, then these two variant haemoglobins are not 

confused with haemoglobin S. In infants, the percent­

age of haemoglobin S may be too low for the sickle 

solubility test to be positive and diagnosis then rests 

on HPLC, with confirmation by electrophoresis or 

isoelectric focusing, or by electrophoresis at acid and 

alkaline pH.

Diagnostic tests for sickle cell anaemia and other 

forms of sickle cell disease are recommended in all neo­

nates of appropriate ethnic origin, since early parenteral 

education, appropriate vaccinations and prophylactic 

penicillin therapy significantly reduce mortality. In the 

UK routine testing is done in the early neonatal period 

using Guthrie spots (spots of dried blood from a heel‐

prick specimen on filter paper).

Sickle cell trait
Sickle cell trait indicates heterozygosity for βS so that 

both haemoglobin S and haemoglobin A are present. 

The genotype is ββS. Sickle cell trait is usually asymp­

tomatic, but is of genetic significance and is relevant 

if a patient is likely to become hypoxic. Occasional 

patients have clinical manifestations such as haematu­

ria, loss of renal concentrating ability or splenic infarc­

tion at altitude.

Blood film and count

The blood film may be normal or show microcytosis 

or target cell formation. Although classical sickle cells 

are not seen, there may be small numbers of plump 

cells that are pointed at both ends [66]; such cells are 

observed in about 96% of individuals with sickle cell 

trait in comparison with 4% of normal subjects. Very 

rarely true sickle cells are seen. This has been reported 

in a patient with acute lymphoblastic leukaemia with 

a very high WBC and was attributed to in vitro con­

sumption of oxygen by the leukaemic cells [67]. The 

blood count is either normal or shows reduction of the 

MCV and MCH. Reduction of the MCV is commoner 

in those with sickle cell trait than in other individu­

als of African ancestry [68]. This appears to be due to 

the slightly higher incidence of α thalassaemia trait in 

subjects with sickle cell trait [69], since no difference 

in red cell indices is observed between those with and 

without sickle cell trait when individuals with iron 

deficiency or α thalassaemia trait are excluded from 

the analysis [70].
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splenomegaly, leucopenia and thrombocytopenia can 

occur as a consequence of hypersplenism.

The blood counts in compound heterozygotes, par­

ticularly those with βSβ+ thalassaemia, as a group show 

a higher Hb, RBC and Hct than patients with sickle cell 

anaemia and a lower MCV, MCH, MCHC, reticulocyte 

percentage and reticulocyte absolute count [71,72].

Differential diagnosis

The differential diagnosis is sickle cell anaemia and 

sickle cell/haemoglobin C disease.

Further tests

The diagnosis of βSβ+ thalassaemia can be confirmed by 

HPLC or haemoglobin electrophoresis, which demon­

strates haemoglobins S and A but, in contrast to sickle 

cell trait, the S percentage is higher than the A percent­

age. Haemoglobin F may also be increased, but does not 

usually exceed 10–15%. βSβ0 thalassaemia cannot be 

distinguished readily from sickle cell anaemia by HPLC 

or haemoglobin electrophoresis, since in neither condi­

tion is there any haemoglobin A. Diagnosis of cases with 

microcytosis and haemoglobins S and F requires family 

studies and, if necessary, DNA analysis.

Haemoglobin S/hereditary persistence of fetal 
haemoglobin (HPFH) compound heterozygosity
Patients with compound heterozygosity for haemo­

globin S and deletional HPFH, βSHPFH genotype, have a 

mild clinical condition in which painful crises are infre­

quent or absent.

Blood film and count

The Hb is normal. Cells are normocytic and normochro­

mic and features of hyposplenism are usually absent. 

There is anisocytosis, target cells are present and there 

are infrequent sickle cells.

The blood count is normal or shows very minor 

abnormalities.

Differential diagnosis

The differential diagnosis is sickle cell anaemia and 

sickle cell/β thalassaemia. The blood film shows much 

less abnormality than in either of the other conditions.

Further tests

HPLC or haemoglobin electrophoresis shows haemo­

globin S and haemoglobin F. F constitutes 20–30% of 

total haemoglobin. The F percentage is generally higher 

than in S/β thalassaemia compound heterozygotes, who 

usually have a haemoglobin F of less than 15%. The 

F percentage is also generally higher than in sickle cell 

anaemia in which levels of 0.5–15% are usual; how­

ever, it should be noted that some Arab patients with 

sickle cell anaemia have higher levels of haemoglobin F, 

as do patients under treatment with hydroxycarbamide.

Sickle cell/haemoglobin C disease
Haemoglobin C is a β chain variant that originated in 

West Africa, west of the Niger River, and is also present 

in some Afro‐Caribbeans and African Americans and, 

less commonly, in other ethnic groups such as North 

Africans, Sicilians, Italians and Spaniards. Compound 

Fig. 8.20  The blood film of a patient with 
sickle cell/β0 thalassaemia compound het­
erozygosity showing anisocytosis, poikilo­
cytosis, one sickle cell, one boat‐shaped cell 
and one NRBC. Many of the red cells con­
tain Pappenheimer bodies.
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heterozygotes for haemoglobin S and haemoglobin C, 

genotype βSβC, have a sickling disorder of very vari­

able severity, ranging from virtually asymptomatic to 

a severity comparable with that of sickle cell anaemia. 

Splenomegaly is present in childhood and may persist 

into adult life. Retinal abnormalities and ischaemic 

necrosis of major bones are more common than in sickle 

cell anaemia.

Blood film and count

In sickle cell/haemoglobin C disease the Hb is higher 

than in sickle cell anaemia with little overlap, levels of 

80–140 g/l being seen in women and 80–170 g/l in men 

[71]. Sickle cell/haemoglobin C disease can usually be 

distinguished from sickle cell anaemia on the basis of 

the blood film (Fig. 8.21), although it may not always 

be possible to distinguish it from haemoglobin C disease 

[73]. There are few sickle cells and, in comparison with 

sickle cell anaemia, fewer NRBC, less polychroma­

sia and less evidence of hyposplenism, which tends to 

develop later in life. Target cells and boat‐shaped cells 

are numerous. Irregularly contracted cells are more 

prominent and many patients have unusual poikilocytes 

that are specific to sickle cell/haemoglobin C disease; 

these resemble sickle cells in being dense and having 

some degree of curvature, but they differ in that they 

have some straight edges or are angulated or branched 

[73,74]. Specific SC poikilocytes are sometimes present 

in large numbers, but more often they are infrequent. 

Rare cells containing haemoglobin C crystals can also be 

found in a significant minority of patients.

In patients who are heterozygous for αG Philadelphia 

as well as for βS and βC, morphological features dif­

fer [75]. Haemoglobin C crystals are longer and once 

the cell membrane has ruptured the crystal acquires 

a scalloped appearance, which has been likened to 

sugar cane.

A sudden fall in Hb may be due to superimposed meg­

aloblastic anaemia, bone marrow necrosis or parvovirus 

B19‐induced pure red cell aplasia. Megaloblastic anae­

mia and bone marrow necrosis are particularly likely 

during pregnancy. When these conditions are suspected 

as a complication of sickle cell/haemoglobin C disease, 

the same features should be sought as were described 

under sickle cell anaemia.

The Hb, RBC and Hct are higher than in sickle cell 

anaemia. The MCV is generally lower and may be below 

the normal range, even in those who do not have coex­

isting α thalassaemia trait [76]. The MCHC is higher 

than in sickle cell disease, often above the normal range, 

and red cell cytograms identify a population of hyper­

dense cells. The RDW and HDW are increased. The 

reticulocyte count is lower, averaging 3% in contrast to 

10% in sickle cell anaemia [55].

The WBC and neutrophil and monocyte counts are 

higher than in Black controls [56].

Haemoglobin C disease
Homozygotes for haemoglobin C, genotype βCβC, have 

chronic haemolysis and usually haemolytic anaemia. 

The spleen is enlarged and the incidence of gallstones 

is increased.

Fig. 8.21  The blood film of a patient with 
sickle cell/haemoglobin C compound het­
erozygosity showing numerous specific SC 
poikilocytes.
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Blood film and count

There is usually a mild to moderate anaemia. The 

blood film generally shows large numbers of both tar­

get cells and irregularly contracted cells (Fig. 8.22). 

The latter cells resemble spherocytes, but closer 

inspection shows that the majority are irregular in 

shape. Polychromasia and some NRBC may be noted. 

Some patients have hypochromia and microcytosis. 

Haemoglobin C crystals are uncommon, but when 

present are sufficiently distinctive to confirm the 

presence of this haemoglobin. They are rhomboidal 

with parallel sides and triangular or obliquely sloping 

ends (see below). They are usually contained in a cell 

that appears to be otherwise empty of haemoglobin. 

A minority of patients have a lesser degree of blood 

film abnormality with smaller numbers of target cells 

and irregularly contracted cells.

The Hb, RBC and Hct are normal or mildly to moder­

ately reduced. A marked reduction of MCV and MCH is 

common, with the MCHC being increased [76]. The low 

MCV and MCH occur even in the absence of coexisting 

α thalassaemia trait. The RDW and HDW are increased 

and red cell cytograms show a population of hyperdense 

cells. The reticulocyte count is increased.

Differential diagnosis

The differential diagnosis is sickle cell/haemoglobin C 

disease and haemoglobin C/β thalassaemia compound 

heterozygosity. The blood film of haemoglobin C trait is 

also occasionally sufficiently abnormal to resemble that 

of milder cases of haemoglobin C disease.

Further tests

The diagnosis can usually be strongly suspected from 

the blood film, but confirmation requires a sickle sol­

ubility test and HPLC or haemoglobin electrophoresis. 

The haemoglobins present are C, A2 (which cannot be 

easily distinguished from C on cellulose acetate elec­

trophoresis, but separates on capillary electrophoresis) 

and small amounts of haemoglobin F. In microcytic 

cases, family studies or molecular genetic analysis are 

needed to make the distinction from compound het­

erozygosity for haemoglobin C and β° thalassaemia. If 

haemoglobin electrophoresis is the primary diagnostic 

method, a secondary method is needed to distinguish 

SC from S‐O‐Arab, since haemoglobin O‐Arab moves 

with haemoglobin C at alkaline pH.

Haemoglobin C trait
Haemoglobin C trait, genotype ββC, is an asymptomatic 

abnormality of no significance apart from the possibility 

of more severe disease in offspring.

Blood film and count

The Hb is normal. The blood film (Fig. 8.23) may be nor­

mal or may show target cells, varying from occasional 

to frequent, or occasional irregularly contracted cells. 

Red cells are often hypochromic and microcytic, even in 

Fig. 8.22  The blood film of a patient with 
haemoglobin C disease showing a mixture 
of irregularly contracted cells and target 
cells.
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the absence of coexisting α thalassaemia trait [76]. The 

reticulocyte count is normal. The blood count is either 

normal or shows a reduced MCV and MCH.

Differential diagnosis

The differential diagnosis includes other causes of tar­

get cells (see Table 3.7) and sometimes other causes of 

irregularly contracted cells (see Table 3.4).

Further tests

Since the blood film and blood count may be normal, 

HPLC or haemoglobin electrophoresis is required to con­

firm or exclude haemoglobin C trait. One of these tests 

is therefore indicated if genetic counselling is required 

in West Africans, Afro‐Caribbeans or Black Americans, 

even when a negative sickle solubility test has excluded 

the presence of haemoglobin S.

Haemoglobin C/β thalassaemia
The compound heterozygous state for haemoglobin C 

and β0 or β+ thalassaemia may cause symptomatic anae­

mia and splenomegaly.

Blood film and count

There is a moderate anaemia. The blood film (Fig. 8.24) 

shows microcytosis, hypochromia, target cells and 

irregularly contracted cells. Haemoglobin C crystals may 

be present. The blood count shows reduction of the Hb, 

RBC, Hct, MCV and MCH.

Differential diagnosis

The differential diagnosis is haemoglobin C disease and 

various thalassaemic conditions.

Further tests

The diagnosis is dependent on HPLC or haemoglobin 

electrophoresis, if necessary supplemented by fam­

ily studies or molecular genetic analysis to distinguish 

haemoglobin C disease from haemoglobin C/β0 thalas­

saemia.

Haemoglobin E disease
Haemoglobin E is a β chain variant that is common 

in Thailand, Burma, Laos, Cambodia, Vietnam and 

Malaysia and to a lesser extent in other countries in 

South‐East Asia stretching from Indonesia to Nepal 

and including Sri Lanka. It has a very low frequency 

in Northern European Caucasians and individuals of 

African origin, although occasional cases are observed 

in Afro‐Caribbeans. Haemoglobin E disease, genotype 

βEβE, is usually asymptomatic [77].

Blood film and count

There is a mild anaemia or a normal haemoglobin con­

centration. The blood film (Fig. 8.25) shows hypochro­

mia and microcytosis, a variable number of target 

cells and sometimes irregularly contracted cells. The 

Fig. 8.23  The blood film of a patient with haemoglobin C trait 
showing several target cells and an irregularly contracted cell.

Fig. 8.24  The blood film of a patient with haemoglobin C/β0 
compound heterozygosity showing crystals of haemoglobin C 
within cells that otherwise appear empty of haemoglobin.
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reticulocyte count is usually normal. The blood count is 

often similar to that of β thalassaemia trait, with a mild 

anaemia or a normal Hb, elevated RBC and reduced 

MCV and MCH.

Differential diagnosis

The differential diagnosis is haemoglobin E/β thalas­

saemia compound heterozygosity, β thalassaemia trait 

and iron deficiency. Haemoglobin C disease would also 

be included in the differential diagnosis were it not for 

the fact that there is very little overlap between the 

ethnic groups in which these two haemoglobinopa­

thies occur. Haemoglobin Eβ0 thalassaemia is clinically 

more severe and often has a greater degree of anaemia 

and microcytosis than does haemoglobin E disease and 

also more NRBC. Haemoglobin Eβ+ thalassaemia and 

the other conditions included in the differential diag­

nosis are excluded by haemoglobin electrophoresis or 

HPLC.

Further tests

Diagnosis requires HPLC or haemoglobin electropho­

resis, which shows mainly haemoglobin E with up to 

5–10% haemoglobin F. In haemoglobin E/β0 thalassae­

mia the percentage of haemoglobin F is higher. Haemo­

globin E has the same mobility as haemoglobin C at 

alkaline pH and the same mobility as haemoglobin A 

at acid pH. Haemoglobin E can be distinguished from 

haemoglobins A and C by HPLC, although it may have 

the same retention time as haemoglobin A2. On capil­

lary electrophoresis, haemoglobins E and A2 separate.

Haemoglobin E trait
Haemoglobin E trait, genotype ββE, is a completely 

asymptomatic condition that is only of importance 

because of its potential genetic significance.

Blood film and count

The blood film (Fig. 8.26) may be normal, but more 

often shows microcytosis or a few target cells or irregu­

larly contracted cells.

Fig. 8.25  The blood film of a patient with 
haemoglobin E homozygosity showing 
hypochromia, microcytosis, target cells 
and occasional irregularly contracted cells 
and other poikilocytes. The FBC (Coulter 
S) was: RBC 6.84 × 1012/1, Hb 119 g/l, Hct 
0.37 l/l, MCV 54 fl, MCH 17.4 pg, MCHC 
267g/l.

Fig. 8.26  The blood film of a patient with haemoglobin E trait 
showing hypochromia, microcytosis and occasional irregu­
larly contracted cells. The FBC (Coulter S Plus IV) was: RBC 
4.39 × 1012/1, Hb 110 g/l, Hct 0.32 l/l, MCV 74 fl, MCH 25.1 pg, 
MCHC 332 g/l.
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The blood count is normal in a minority of patients. 

In the majority (about 90%) it shows a minor reduction 

of MCV and MCH, with the Hb usually being normal.

Differential diagnosis

The differential diagnosis includes mild iron deficiency 

and β thalassaemia trait.

Further tests

Diagnosis is dependent on HPLC or haemoglobin elec­

trophoresis, which show haemoglobin E and haemo­

globin A, but with haemoglobin E being only about one 

quarter of total haemoglobin because of its diminished 

rate of synthesis. On cellulose acetate electrophoresis 

and HPLC, haemoglobin E and haemoglobin A2 can­

not be separated, but on capillary electrophoresis, when 

they separate, haemoglobin A2 is found to be increased.

Haemoglobin E/β thalassaemia
Haemoglobin E/β thalassaemia compound heterozygosity, 

genotype βEβ0 or βEβ+ thalassaemia, is in general consider­

ably more severe than haemoglobin E disease. It occurs in 

South‐East Asia and in India and, following migration, in 

Europe and North America. Severity varies from a mild 

anaemia to a condition resembling thalassaemia interme­

dia or thalassaemia major, with hepatomegaly, spleno­

megaly, anaemia and often transfusion‐dependence.

Blood film and count

Anaemia is usually moderate with an Hb of 70–90 g/l, 

though it varies from 20 to 130 g/l [78]. Marked hypochro­

mia and microcytosis are usual (Fig. 8.27). Red cells of  

some cases show basophilic stippling, anisocytosis and 

poikilocytosis. Poikilocytes may include target cells, 

keratocytes, teardrop cells, fragments and irregularly 

contracted cells. The reticulocyte percentage is increased 

and some NRBC may be present. The Hb, RBC, Hct,  

MCV and MCH are all reduced and often also the 

MCHC.

Complicating conditions that may affect the blood 

film and count are aplastic crisis, megaloblastic anaemia 

and hypersplenism.

Differential diagnosis

The differential diagnosis includes haemoglobin E dis­

ease and various thalassaemic conditions.

Further tests

Diagnosis is dependent on HPLC or haemoglobin electro­

phoresis, which may need to be supplemented by family 

studies or molecular genetic analysis. In haemoglobin 

Eβ0 thalassaemia, haemoglobins E and F are present, 

with haemoglobin F levels ranging from around 10% to 

well over 50%. In haemoglobin E/β+ thalassaemia there 

is also haemoglobin A, usually constituting around 30% 

of total haemoglobin.

Unstable haemoglobins
Heterozygosity for an unstable haemoglobin produces 

mild, moderate or severe haemolytic anaemia, depend­

ing on the severity of the molecular defect. Haemolysis 

may be chronic or precipitated or aggravated by infec­

tion or exposure to oxidant drugs. The spleen is some­

times enlarged and patients may pass dark urine after 

episodes of haemolysis. Some unstable haemoglobins 

Fig. 8.27  The blood film of a patient with 
haemoglobin E/β thalassaemia compound 
heterozygosity.
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also have a high oxygen affinity and can therefore 

cause polycythaemia. If the dominant clinical effect 

is usually polycythaemia rather than haemolysis, the 

variant haemoglobin is conventionally designated 

a high affinity haemoglobin rather than an unstable 

haemoglobin.

Blood film and count

The Hb varies from normal to markedly reduced, in cases 

with normal oxygen affinity, whereas the less common 

cases with a high affinity unstable haemoglobin may 

have a normal Hb. In some patients the blood film is 

normal or shows only macrocytosis associated with an 

elevated reticulocyte count. In others there is anisocy­

tosis, poikilocytosis, hypochromia, variable numbers 

of irregularly contracted cells (Fig. 8.28), ‘bite cells’, 

basophilic stippling or polychromasia. During haemo­

lytic crises, features of hyposplenism may appear. Non‐

splenectomised subjects may be thrombocytopenic, 

sometimes to a degree that seems out of proportion to 

the expected degree of hypersplenism.

The FBC shows a reduced Hb, elevated MCV and 

RDW, and often reduced MCH and MCHC, the latter 

abnormalities as a result of removal of Heinz bodies 

by the spleen. In some cases a discrepancy has been 

noted between lowered MCH and MCHC and a lack of 

hypochromia in the blood film. This has been attributed 

to the fact that an unstable haemoglobin may lose some 

of its haem groups; the staining of red cells is attribut­

able to their globin content, whereas the biochemical 

measurement of Hb requires the presence of haem 

[79]. The reticulocyte count is elevated, sometimes out 

of proportion to the degree of anaemia. This occurs if 

an unstable haemoglobin also has an increased oxygen 

affinity, since this will aggravate the tissue hypoxia and 

stimulate erythropoiesis.

Differential diagnosis

The differential diagnosis includes other causes of irreg­

ularly contracted cells and other causes of haemolytic 

anaemia.

Further tests

Heinz bodies are detected following splenectomy and 

during haemolytic crises in some non‐splenectomised 

patients. Definitive diagnosis requires a test for an unsta­

ble haemoglobin such as a heat or isopropanol instabil­

ity test. HPLC or haemoglobin electrophoresis should also 

be performed. On HPLC, the undenatured haemoglobin 

often has the same retention time as haemoglobin A, but 

there may be a small peak with a longer retention time 

representing denatured haemoglobin. Cellulose acetate 

electrophoresis often shows normal mobility, but the band 

in the position of haemoglobin A may be blurred because 

of the presence of some denatured variant haemoglobin.

Macrocytic anaemias
Macrocytic anaemias result from abnormal erythropoie­

sis, which may be either megaloblastic or macronormo­

blastic. Megaloblastic erythropoiesis is characterised by 

dyserythropoiesis, increased size of erythroid precursors 

and asynchronous maturation of nucleus and cytoplasm, 

Fig. 8.28  The blood film of a patient who 
was heterozygous for haemoglobin Köln 
showing several irregularly contracted cells 
including one in which the haemoglobin 
appears to be retracted from the red cell 
margin. The FBC (Coulter S Plus IV) was: 
RBC 4.04 × 1012/1, Hb 119 g/l, Hct 0.40 l/l, 
MCV 100 fl, MCH 29.5 pg, MCHC 294 g/l.
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so that cytoplasmic maturation is in advance of nuclear 

maturation. Macronormoblastic anaemia is characterised 

by increased size of erythroid precursors with or with­

out other features of dyserythropoiesis. The commonest 

causes of macrocytic anaemia are excess alcohol intake, 

liver disease, megaloblastic anaemia and MDS.

Megaloblastic anaemia
Megaloblastic anaemia usually results from deficiency 

of vitamin B12 or folic acid or the administration of 

drugs that interfere with DNA synthesis (see Table 

3.2). Some causes are particularly important in infancy 

and childhood [80] (Table 8.2). The most frequent 

causes of vitamin B12 deficiency in the adult are per­

nicious anaemia and food‐B12 malabsorption [82]. The 

most frequent causes of folic acid deficiency are diet­

ary deficiency and malabsorption, but the former is 

becoming infrequent as folic acid fortification of food 

is becoming increasingly prevalent worldwide. Excess 

alcohol intake may be complicated by dietary folic acid 

deficiency, but alcohol can produce macrocytosis even 

in the absence of folate deficiency; in these cases eryth­

ropoiesis may be macronormoblastic or mildly mega­

loblastic. Megaloblastic erythropoiesis can also occur 

in MDS and erythroleukaemia, but in these conditions 

macronormoblastic erythropoiesis is more usual.

The clinical features observed in patients with 

deficiency of vitamin B12 or folic acid include the usual 

features of anaemia but, in addition, there may be glos­

sitis, mild splenomegaly and jaundice, the latter being 

the result of ineffective haemopoiesis. Patients with 

vitamin B12 deficiency may suffer, in addition, from 

optic atrophy, dementia, peripheral neuropathy and 

subacute combined degeneration of the spinal cord 

(causing spastic paraparesis and reduced propriocep­

tion). In some patients with megaloblastic anaemia as a 

result of vitamin deficiency there are no symptoms and 

the diagnosis is made incidentally when a blood count is 

performed for another reason.

Blood film and count

The haematological features of vitamin B12 and folate 

deficiency are indistinguishable. Characteristic blood 

film features (Figs 8.29 & 8.30) are anaemia, macrocyto­

sis, anisocytosis, poikilocytosis (including the presence 

of oval macrocytes and teardrop cells) and neutrophil 

hypersegmentation. Neutrophil hypersegmentation is 

not invariably present but, in its absence, a chromatin 

pattern that is more open than normal may be noted. 

The macrocytes have increased thickness as well as 

diameter and central pallor is therefore lacking. There 

may also be occasional hypersegmented eosinophils, 

macropolycytes and basophilic stippling. As anaemia 

becomes more severe, there is increasing anisocytosis 

and poikilocytosis with the appearance of microcytes 

and fragments. There may be hypochromic microcytes 

and hypochromic fragments – as a feature of dyseryth­

ropoiesis rather than being indicative of coexisting iron 

deficiency. Small numbers of Howell–Jolly bodies and 

circulating megaloblasts and granulocyte precursors 

may appear. The WBC and platelet count fall with the 

Table 8.2  Some causes of megaloblastic anaemia of particular 
importance in infants and young children.

Nature of defect Causes

Vitamin B12 deficiency Maternal vitamin B12 deficiency 

(vegan mother or occult pernicious 

anaemia), particularly if baby is 

breast‐fed

Absent or non‐functional intrinsic 

factor (GIF mutation)

Imerslund‐Gräsbeck syndrome (CUBN 

or AMN mutation)

Absent or non‐functional 

transcobalamin (TCN2 mutation)

Ileal resection for necrotising 

enterocolitis

Inborn errors in vitamin 

B12 metabolism

Methylmalonicaciduria due 

to combined deficiency of 

adenosylcobalamin and 

methylcobalamin

Methionine synthase deficiency

Folate deficiency Premature babies, particularly with 

coexisting haemolytic anaemia

Babies weaned onto goat’s milk

Inborn errors of folate 

metabolism

Hereditary folate malabsorption (some 

cases due to SLC46A1 mutation)

Glutamate formiminotransferase 

deficiency (FTCD mutation)

Methylene tetrahydrofolate reductase 

deficiency (MTHFR mutation)

Other inborn errors of 

metabolism

Thiamine‐responsive megaloblastic 

anaemia

Diabetes Insipidus, Diabetes Mellitus 

Optic Atrophy and Deafness 

(DIDMOAD) syndrome (Wolfram 

syndrome)

Lesch‐Nyhan syndrome (HPRT1 

mutation) [81]
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development of moderate neutropenia and mild lym­

phopenia. There is usually no polychromasia despite 

severe anaemia and the reticulocyte count is low. When 

megaloblastic anaemia develops acutely there may be a 

sudden failure of bone marrow output of cells. There is 

pancytopenia with a normal MCV and with few or no 

macrocytes or hypersegmented neutrophils. Polychro­

masia is absent and the reticulocyte count is very low. 

Such ‘megaloblastic arrest’ is seen in acutely ill patients, 

often in association with pregnancy, surgery or sep­

sis. Rarely, in other patients with severe megaloblastic 

anaemia, the MCV is normal [83]. In patients with mini­

mal haematological features of vitamin B12 or folic acid 

deficiency, e.g. some patients presenting with the neu­

rological complications of vitamin B12 deficiency, the 

only haematological features may be occasional round 

or oval macrocytes and occasional hypersegmented 

neutrophils. Sometimes macrocytosis is associated with 

prominent features of hyposplenism, particularly with 

the presence of Pappenheimer bodies and with large and 

numerous Howell–Jolly bodies (Fig. 8.31); in a patient 

who has not had a splenectomy this suggests underlying 

coeliac disease with splenic atrophy as the cause of vita­

min B12 or, more often, folate deficiency.

Megaloblastic anaemia resulting from folic acid antag­

onists such as methotrexate is indistinguishable from 

Fig. 8.29  The blood film of an elderly 
woman with both malabsorption of vitamin 
B12 and dietary deficiency of folic acid show­
ing marked anisocytosis, macrocytosis, sev­
eral oval macrocytes, a teardrop poikilocyte 
and a hypersegmented neutrophil. The FBC 
(Coulter S Plus IV) was: WBC 4.2 × 109/l, 
RBC 0.76 × 1012/1, Hb 36 g/l, Hct 0.10 l/l, 
MCV 133 f1, MCH 47.4 pg, MCHC 356 g/dl, 
platelet count 50 × 109/l.

Fig. 8.30  The blood film of a patient with 
pernicious anaemia showing macrocytosis 
and a circulating megaloblast.
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that due to vitamin B12 or folate deficiency, but there 

are subtle differences when megaloblastosis is caused by 

other drugs that interfere more directly with DNA syn­

thesis. When these are administered over a long period 

of time there may be striking macrocytosis with or with­

out anaemia. Sometimes there is also stomatocytosis. 

Hypersegmented neutrophils are much less common 

than in the deficiency states.

When iron deficiency coexists with deficiency of 

either vitamin B12 or folic acid, blood film features 

are variable. There may be hypochromic microcytes 

in addition to macrocytes or the blood film features of 

iron deficiency may dominate, with only the presence 

of hypersegmented neutrophils suggesting a possible 

double deficiency. Hypersegmented neutrophils may, 

however, be seen in uncomplicated iron deficiency 

and for other reasons (see Chapter 3). Iron deficiency 

is sometimes unmasked when vitamin B12 or folic acid 

treatment is given to a patient with megaloblastic anae­

mia whose iron stores are inadequate. Following an 

initial rise of Hb and the production of well haemoglo­

binised cells, iron stores are exhausted, hypochromic 

microcytes are produced and the blood film becomes 

dimorphic (Fig. 8.32). Thalassaemia trait, like iron 

Fig. 8.31  The blood film of a splenectomised 
post‐renal transplant patient with mega­
loblastic anaemia caused by azathioprine 
therapy showing macrocytosis, acantho­
cytes and prominent Howell–Jolly bodies.

Fig. 8.32  A dimorphic peripheral blood film 
during treatment of megaloblastic anaemia. 
Iron stores have been exhausted and there 
is a population of hypochromic microcytes 
in addition to the original population of 
well‐haemoglobinised macrocytes. By cour­
tesy of Dr James Uprichard, London.
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deficiency, can prevent the development of macrocyto­

sis in megaloblastic anaemia. The MCV may rise into the 

normal range rather than above it.

When effective treatment is given to a patient with 

megaloblastic anaemia there is a lag phase of a few days 

and then a rise in the WBC and platelet count, followed 

by the production of polychromatic macrocytes and 

then a rise in Hb. If the patient has been pancytopenic 

there may be a rebound thrombocytosis, often associ­

ated with a left shift or a leucoerythroblastic blood film. 

Hypersegmented neutrophils persist in the peripheral 

blood for 5–7 days or even longer and in those who 

were cytopenic they may actually increase.

The blood count in megaloblastic anaemia shows 

reduction in the Hb, Hct and RBC. There is a parallel 

increase in the MCV and MCH. The MCHC is normal 

and the RDW increased. The increase in RDW precedes 

a rise in the MCV. As anaemia becomes more severe, the 

presence of severe poikilocytosis with red cell fragmen­

tation may lead to a paradoxical decrease of the MCV; 

the RDW is then very high. On Siemens H.1 and Advia 

series instruments, megaloblastic anaemia is associated 

with an increased HDW, an increased mean peroxi­

dase index (MPXI) (indicating an increased mean per­

oxidase activity of neutrophils) and a reduction of the 

lobularity index (indicating an immature structure of 

nuclear chromatin) [84] (Fig. 8.33). The red cell cyto­

gram shows an increase in normochromic macrocytes 

and, when anaemia is severe, also increased microcytes 

(Fig. 8.34). On impedance counters the mean platelet 

volume (MPV) remains relatively low when thrombo­

cytopenia is caused by megaloblastic anaemia, whereas 

it is increased when thrombocytopenia results from 

decreased platelet lifespan [85].

Fig. 8.33  Bayer H.1 scatter plots of the peroxidase channel and basophil/lobularity channels in a patient with megaloblastic anaemia 
(a, b) and a normal subject (c, d). In the peroxidase channel the neutrophil cluster is displaced to the right indicating a high peroxi­
dase activity, which is reflected in a high mean peroxidase index (MPXI). In the basophil lobularity channel the abnormal chromatin 
structure of the neutrophils has led to a loss of the normal valley between the mononuclear cluster (left) and the granulocyte cluster 
(right), which is reflected in a low ‘lobularity index’.

(a)

(c) (d)

(b)
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Fig. 8.34  Siemens Advia scatter plots and histograms in severe megaloblastic anaemia. The FBC was: WBC 2.1 × 109/l, RBC 
0.86 × 1012/l, Hb 36 g/l, Hct 0.10 l/l, MCV118 fl, MCH 41.6 pg, MCHC 353 g/l, RDW 32.5%, haemoglobin distribution width (HDW) 
3.7 g/l (increased), platelets 106 × 109/l. The red cell cytogram (top right) and histogram (top left) show an increase of macrocytes 
and a lesser increase in microcytes. The high RDW and HDW and the increased number of microcytes are the result of dyserythro­
poiesis. The reticulocyte count was very low at 13 × 109/l, consistent with the low number of hypochromic macrocytes present. By 
courtesy of Professor Gina Zini.

The various methods of assessing neutrophil hyperseg­

mentation are discussed on p. 96. In a study comparing 

B12 or folate deficient patients who had megaloblas­

tic erythropoiesis with patients who were not vitamin 

deficient, the index proposed by Edwin was found to 

be the most sensitive indicator of megaloblastosis [84]. 

Next most sensitive was the percentage of neutrophils 

with at least five lobes. In equal third place were the 

mean lobe count (Arneth score), the presence of neu­

trophils with at least six lobes and an elevated MPXI on 

the Siemens H.1 counter.

Differential diagnosis

The differential diagnosis includes other causes of 

macrocytosis (see Table 3.2) and, in severe cases with 

rapid onset, other causes of bone marrow failure. An 

increased RDW [8] and increased MPXI [86] have 

been found of some use in separating megaloblastic 

anaemia from other causes of macrocytosis in which 

these parameters are less often abnormal. Blood film 

features are also useful. In macrocytosis due to liver 

disease and chronic alcohol abuse, macrocytes are 

round rather than oval, hypersegmented neutrophils 

are absent and there may be other abnormalities 

(see below). In macrocytosis due to MDS there may 

be dysplastic neutrophils (hypogranular or hypolo­

bated) or a population of hypochromic microcytes 

consequent on sideroblastic erythropoiesis; in a min­

ority of patient there is thrombocytosis. In chronic 

haemolytic anaemia macrocytosis may be marked 

but polychromasia is usually apparent. The blood 

film features are very important in the identification 

of congenital dyserythropoietic anaemia as a cause 

of macrocytosis (see below). In patients with severe 

megaloblastic anaemia with marked red cell fragmen­

tation and thrombocytopenia, there is a possibility of 
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misdiagnosis as thrombotic thrombocytopenic pur­

pura (TTP) [82].

Further tests

The peripheral blood features of severe megaloblas­

tic anaemia are so characteristic that the diagnosis 

is often obvious from the blood film and count. A 

bone marrow aspiration is confirmatory, but is often 

not necessary. Tests that are useful in distinguish­

ing between vitamin B12 and folic acid deficiency 

are serum B12 and red cell folate assays. The serum 

vitamin B12 concentration is reduced in about 97% 

of patients with clinical evidence of vitamin B12 

deficiency [87]. Serum vitamin B12 assay is usually 

normal in children with vitamin B12 deficiency due 

to transcobalamin deficiency. It should also be noted 

that some assay methods give invalid measurements 

of serum vitamin B12 in the presence of intrinsic 

factor antibodies, sometimes leading to a deficiency 

being missed. Assay of serum holotranscobalamin 

(i.e. of cobalamin bound to transcobalamin – previ­

ously known as transcobalamin II) may detect some 

further patients with vitamin B12 deficiency in whom 

the concentration of total serum B12 is normal, but 

this assay is not yet established in routine use. Serum 

folate assay is a more sensitive indicator of negative 

folate balance than red cell folate, but red cell folate 

assay is more specific for significant tissue deficiency. 

Increased plasma homocysteine concentration is a 

sensitive indicator of vitamin B12 deficiency [87] 

(sensitivity of 96%) [88], but increased levels may 

also be found in folic acid deficiency, alcohol abuse 

and renal insufficiency; the need for rapid pro­

cessing of the blood sample lessens the clinical use­

fulness. Serum methylmalonic acid concentration is 

at least as sensitive as a homocysteine assay (sensi­

tivity 98%) [88] and is more specific for vitamin B12 

deficiency; however, concentration is also increased 

in renal insufficiency and the assay is more difficult. 

The Schilling test, measuring B12 excretion with and 

without intrinsic factor after administration of oral 

radio‐labelled B12, was previously diagnostically very 

valuable, identifying B12 malabsorption and distin­

guishing between a gastric and an intestinal cause, 

but unfortunately reagents are no longer available.

Tests for intrinsic factor antibodies are useful in 

confirming the diagnosis of pernicious anaemia, the 

commonest cause of vitamin B12 deficiency, and 

when positive can replace the Schilling test; they are 

detected in about two‐thirds of patients. It should 

be noted that false positive results may occur if the 

serum B12 is high, so assays should not be performed 

within 24 hours of a vitamin B12 injection [89]. Parie­

tal cell antibodies are also usually present in per­

nicious anaemia, but are less specific than intrinsic 

factor antibodies. As tests for malabsorption of food‐

B12 are not readily available, this is usually a diag­

nosis of exclusion. Elevated serum gastrin is useful in 

the diagnosis of pernicious anaemia, being elevated in 

about 90% of patients; however, it is also increased in 

about a third of patients with food‐B12 malabsorption 

[90]. If coeliac disease is suspected as a cause of folic 

acid deficiency or, less often, vitamin B12 deficiency, 

the most useful serological test is for antibody to 

tissue transglutaminase; it is usual to test for immu­

noglobulin (Ig) A antibodies and in patients with 

coexisting IgA deficiency (increased in frequency in 

patients with coeliac disease) this test will therefore 

be negative. If the test is negative it is therefore essen­

tial to be sure that the patient is not IgA deficient; 

deficient patients should be tested for IgG antibodies. 

The definitive test for coeliac disease is a small bowel 

biopsy.

In thiamine‐responsive megaloblastic anaemia 

(Fig. 8.35) and Wolfram syndrome, bone marrow aspir­

ation shows erythropoiesis to be sideroblastic as well as 

megaloblastic.

Fig. 8.35  Peripheral blood film in thiamine‐responsive haemo­
lytic anaemia showing macrocytosis, mild poikilocytosis and a 
circulating erythroblast, which is mildly megaloblastic. By cour­
tesy of Dr Abbas Hashim Abdulsalam, Baghdad.
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Macrocytic anaemia associated with excess 
alcohol intake and liver disease
Both excess alcohol intake and chronic liver disease can 

cause macrocytic anaemia. The two aetiologies often 

coexist. Associated leucopenia and thrombocytopenia 

are common, caused either by the effect of alcohol on 

the bone marrow or by hypersplenism associated with 

chronic liver disease. Patients may suffer from bruising 

or symptoms of anaemia, but often the other effects of 

alcohol excess or liver disease are more evident than the 

haematological effects.

Blood film and count

The blood film shows macrocytosis, with the macrocytes 

being predominantly round rather than oval. Anisocy­

tosis and poikilocytosis are less marked than in megalo­

blastic anaemia and there may be associated target cells 

and stomatocytes. There may be leucopenia and throm­

bocytopenia, but hypersegmented neutrophils are not 

a feature. In chronic liver disease, rouleaux formation 

is increased as a result of increased concentration of 

immunoglobulins. Patients with acute alcoholic liver 

disease may also suffer from haemolytic anaemia with 

spherocytes (or, more likely, irregularly contracted 

cells) and associated hyperlipidaemia (Zieve syndrome). 

Patients with advanced liver failure from any cause may 

suffer ‘spur cell haemolytic anaemia’, characterised by 

acanthocytosis.

The Hb, RBC and Hct are reduced. The MCV and 

MCH are increased. The MCHC is normal and the RDW 

is often normal.

Differential diagnosis

The major differential diagnosis is megaloblastic anae­

mia, particularly that due to dietary folate deficiency in 

‘Skid Row’ alcoholics.

Other tests

Red cell folate is normal or low. Serum vitamin B12 

concentration is increased as a result of release of 

transcobalamin from the damaged liver. A prothrom­

bin time and liver function tests, including γ gluta­

myl transpeptidase assay, are useful. A normal bone 

marrow deoxyuridine suppression test can exclude 

significant deficiency of vitamin B12 or folic acid in 

alcoholics with macrocytosis, but this test is not rou­

tinely available.

Macrocytic anaemia due to a myelodysplastic 
syndrome
Macrocytic anaemia is common in MDS, which is dis­

cussed in more detail in Chapter 9.

Blood film and count

The blood film shows macrocytes and often anisocytosis 

and poikilocytosis. In patients with sideroblastic anae­

mia, the film is dimorphic with hypochromic microcytes 

in addition to well‐haemoglobinised macrocytes. There 

may be neutropenia and thrombocytopenia and dys­

plastic feature in other lineages.

The Hb, RBC and Hct are reduced. The MCV, MCH 

and RDW are increased. Red cell cytograms on Siemens 

Advia series instruments demonstrate a particular pat­

tern that has been found to be predictive of the pres­

ence of ring sideroblasts (Fig 8.36). There is scattering 

of signals over eight of the nine areas of the cytogram 

(all except hyperchromic macrocytes) with a particular 

increase in microcytic cells (to the left of the left‐hand 

vertical threshold) and of hypochromic cells (below the 

lower horizontal threshold); the shape of the scatter plot 

differs from that of iron deficiency and thalassaemia 

[91]. The pattern is reasonably sensitive in the detec­

tion of sideroblastic erythropoiesis (32/38 cases) and is 

predictive (20/21 cases) [91]. Patients with sideroblastic 

erythropoiesis have a normal reticulocyte haemoglobin 

content (CHr) in contrast to the low levels seen in iron 

deficiency [91].

Differential diagnosis

The differential diagnosis is with other macrocytic 

anaemias. In addition, a distinction must be made 

from idiopathic macrocytosis (idiopathic dysplasia of 

undetermined significance), a condition that is, by 

definition, of unknown cause but may be a prelude 

to MDS [92].

Other tests

The investigation of suspected MDS requires bone mar­

row aspiration and cytogenetic analysis (see Chapter 9).

Congenital haemolytic anaemias

Congenital haemolytic anaemias usually result from 

inherited abnormalities of the red cell membrane, 

haemoglobin or red cell enzymes. Enzyme deficiencies 
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are mainly those of the glycolytic pathway, which are 

concerned with the energy requirements of the cell, and 

those of the pentose shunt, which protect the cell from 

oxidant damage. Congenital haemolytic anaemias of 

these types persist throughout life. Congenital haemo­

lytic anaemia can also be acquired in utero, e.g. haemo­

lytic disease of the newborn caused by ABO or Rh 

incompatibility, in which case it is a transient disorder. 

Haemolysis associated with abnormal haemoglobins has 

been discussed above. Red cell membrane and enzyme 

abnormalities will be discussed here. The structure of 

the normal red cell membrane, which is a lipid bilayer 

supported by a cytoskeleton, is illustrated in Fig. 8.37.

Hereditary spherocytosis and variants
Hereditary spherocytosis
The condition designated hereditary spherocytosis 

is actually a heterogeneous group of disorders [93]. 

Hereditary spherocytosis occurs in various ethnic 

groups including Caucasian, North African, Indian sub­

continent and Japanese subjects and rarely in those 

of sub‐Saharan African ethnic origin. The prevalence 

in Northern European Caucasians is at least 1 in 2000 

[94]. About three‐quarters of cases show an autosomal 

dominant inheritance, the remainder either being spor­

adic new mutations or showing an autosomal recessive 

inheritance [94]. Of the cases not showing dominant 

inheritance, the majority result from new mutations 

and the minority from recessively inherited disease 

[95]. The underlying genetic defect in the common 

autosomal dominant form of the disease is a mutation in 

the ankyrin (ANK1) gene in about 50% of cases, in the  

β spectrin (SPTB) gene in about 30%, in the gene for the 

red cell membrane protein, band 3 (SLC4A1 or EPB3), in 

15–20% [94] and in the α spectrin gene (SPTA) or the 

protein 4.2 (palladin) gene (EPB42) in a small minority. 

The rate of synthesis of α spectrin is usually three to four 

times greater than the rate of synthesis of β spectrin, 

so that hereditary spherocytosis is likely to be associ­

ated only with homozygosity or compound heterozy­

gosity for SPTA mutations but with heterozygosity for 

SPTB mutations. Mutations in the band 3 gene that can 

Fig. 8.36  Red cell cytograms from five patients with acquired sideroblastic anaemia showing the characteristic pattern with increased 
hypochromic and microcytic cells and usually also an increase in hypochromic and normochromic macrocytes. By courtesy of Dr 
Alicia Rovó, Basel.
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cause hereditary spherocytosis either lead to a reduced 

synthesis of band 3 or to synthesis of a protein that is 

unstable or that shows reduced binding to protein 4.2 

or ankyrin [96]. The uncommon autosomal recessive 

forms of hereditary spherocytosis have been associated 

particularly with compound heterozygosity or homozy­

gosity for α spectrin mutations [97], but also with 

mutations of the genes encoding band 3 [96], β spectrin 

and protein 4.2 [98,99]. Mutations of EPB42 have been 

reported mainly in Japanese individuals [98]. Rarely, 

mutations in the SLC4A1 gene resulting in a complete 

absence of band 3 cause distal renal tubular acidosis and 

hereditary spherocytosis, but in other kindreds mutation 

leads to the occurrence of one or other condition [93] or 

to renal tubular acidosis with acanthocytic or ovalocytic 

haemolytic anaemia. Homozygosity for such mutations 

(e.g. band 3 Coimbra) can cause renal tubular acidosis 

with severe hereditary spherocytosis and hydrops feta­

lis and is generally incompatible with life [100]. The 

mechanism of spherocytosis in most cases of hereditary 

spherocytosis is that a deficiency of spectrin, either pri­

mary or secondary to an abnormality of ankyrin, leads 

to reduced density of the cytoskeleton, lack of binding 

of the cytoskeleton to band 3 and consequent instabil­

ity of unsupported areas of the lipid bilayer. There is 

then loss of lipid, as vesicles, from the destabilised mem­

brane, in vitro and probably in vivo, leading to spherocy­

tosis. A reduction in band 3 protein has a similar effect. 

It appears likely that in protein 4.2 deficiency there is 

impairment of binding of spectrin through ankyrin and 

band 3 to the membrane protein, CD47 [99]. Mutations 

associated with hereditary spherocytosis are listed on 

the Human Gene Mutation Database [101] and Online 

Mendelian Inheritance in Man [102].

Hereditary spherocytosis may be asymptomatic and 

only diagnosed incidentally or there may be symptomatic 

anaemia and intermittent jaundice. The spleen is some­

times enlarged. Because of the chronic haemolysis there 

is increased production of bilirubin and the incidence 

of gallstones is increased. Symptomatic anaemia may 

occur only when there is intercurrent bacterial infec­

tion, parvovirus B19 infection or folic acid deficiency. 

Haemolysis may worsen, causing symptomatic anae­

mia as a result of repeated vigorous exercise in athletes 

[103]. Hereditary spherocytosis may be ameliorated by 

coinheritance of β thalassaemia trait [96].

Babies with hereditary spherocytosis usually have 

a normal Hb at birth. Neonatal jaundice is com­

mon and they may require phototherapy and, some­

times, exchange transfusion. Babies with hereditary 

Horizontal interactions
(involved in hereditary elliptocytosis)

Band
3

Band
3

Glycophorin A

Protein 4.2

Ankyrin

Lipid bilayer

Glycophorin C

4.1

4.1

4.1

Tropomodulin

Adducin
4.9

Actin

Tropomyosin

β spectrin 

α spectrin 

α

α

α

α

β

β

β

Vertical
interactions
(involved in
hereditary

spherocytosis)
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spherocytosis are prone to develop a transient but severe 

anaemia around 20 days of age [104]. Blood transfusion 

is often needed at this stage. Splenomegaly is common 

during the first year of life.

Blood film and count
Depending on the specific genetic abnormality, there 

may be either anaemia or compensated haemolysis. 

The blood film (Fig. 8.38) shows variable numbers of 

spherocytes and less easily recognised spherostoma­

tocytes. There are also some cells with normal central 

pallor. Scanning electron microscopy has shown that 

generally only a minority of the cells are spherical, the 

majority being discocytes, stomatocytes or spherostoma­

tocytes [105]. In mild cases of hereditary spherocytosis 

it is sometimes very difficult to be certain, on examining 

the blood film, whether or not spherocytes are present 

and confirmatory tests are needed. In severe cases there 

is obvious spherocytosis, polychromasia and polychro­

matic macrocytes and sometimes the presence of other 

poikilocytes. The reticulocyte percentage and absolute 

count are elevated. After splenectomy the usual post‐

splenectomy features are seen but target cells are not 

a feature; spheroacanthocytes may be very numerous 

(Fig. 8.39). Ultrastructural studies show that splenec­

tomy leads to the disappearance of a minor population 

Fig. 8.38  The blood film of a patient with 
hereditary spherocytosis who had mild 
chronic haemolysis without anaemia show­
ing moderately numerous spherocytes.

Fig. 8.39  The blood film of a patient with 
hereditary spherocytosis (the father of the 
patient shown in Fig. 8.37) who has been 
splenectomised, showing spheroacantho­
cytes.
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of microspherocytes [105]. Diagnosis can be difficult in 

the neonatal period, with a third of babies not showing 

a significant number of spherocytes [106].

Certain characteristic morphological features are 

associated with specific mutations [107–112]: the pres­

ence of both spherocytes and acanthocytes or sphero‐

echinocytes has been associated with a mutant β spec­

trin with defective binding to protein 4.1 and with 

certain other mis‐sense and null mutations of the β 

spectrin gene, including a mutation leading to trunca­

tion of β spectrin [109] and a mutation of the initiation 

codon [111]; band 3 deficiency is associated with pin­

cered or mushroom‐shaped cells (see Fig. 3.59), which 

are lost after splenectomy; band 4.2Nippon and band 

4.2Komatsu can be associated with stomatocytes, ovalo­

cytes and sphero‐ovalocytes in homozygotes [98]; 

protein 4.2 deficiency is associated with ovalosphero­

cytes and pincer cells [99]; severe spectrin and ankyrin 

deficiency has irregular spherocytes, some of which 

resemble the cells of hereditary pyropoikilocytosis. 

Heterozygosity for band 3Coimbra causes typical heredi­

tary spherocytosis, whereas the rare homozygous state 

is associated with a total absence of band 3 and very 

severe hereditary spherocytosis with spherocytosis 

and marked poikilocytosis, the poikilocytes including 

erythrocytes with stalk‐like elongations [112].

The blood count in hereditary spherocytosis shows a 

normal or reduced Hb and a normal MCV and MCH, 

although the MCV is low if account is taken of the 

young age of the cells. With impedance counters, the 

MCHC is towards the upper limit of normal or some­

what increased. With Siemens H.1 and Advia series 

instruments, the MCHC is increased in the majority 

of patients who also show an increased RDW and 

HDW and, on the histograms, a tail of microcytes and 

a tail of hyperchromic cells [113]. Red cell cytograms 

(Figs 8.40 & 8.41) show a characteristic increase of 

hyperchromic or hyperdense cells and, if there is signifi­

cant macrocytosis, an increase of hypochromic macro­

cytes. An increased percentage of hyperdense cells is not 

specific for spherocytosis, but examination of the blood 

film allows spherocytes to be distinguished from other 

hyperdense cells such as sickle cells and irregularly 

contracted cells. Post‐splenectomy the Hb rises, usually 

to normal, and the RDW and HDW usually return to 

normal. Microcytes are less consistently present, but 

increased numbers of hyperchromic cells are usually still 

present [113]. With the Beckman–Coulter Gen S and 

LH750 instrument a mean sphered cell volume (MSCV) 

(see Chapter 2) that is substantially less than the MCV 

has been found to have a high sensitivity and reason­

able specificity for hereditary spherocytosis [114,115]. 

Fig. 8.40  Bayer H.2 scatter plots and histograms of a patient with hereditary spherocytosis. Both the red cell cytogram and the 
haemoglobin histogram show a large number of dense cells, which are the spherocytes (green arrows).
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Findings are usually normal in autoimmune haemolytic 

anaemia [115].

Sudden worsening of anaemia in hereditary sphero­

cytosis may be caused by: (i) megaloblastic anaemia 

resulting from folate deficiency; (ii) ‘anaemia of chronic 

disease’ developing during acute infection; or (iii) red cell 

aplasia induced by parvovirus B19 infection or, less often, 

resulting from infection by another virus (e.g. influenza 

virus) [116]. Because of the shortened red cell lifespan, 

the anaemia develops acutely. In megaloblastic anaemia, 

polychromasia is diminished in comparison with the 

stable state and some macrocytes, oval macrocytes and 

hypersegmented neutrophils are present (Fig. 8.42). In 

‘anaemia of chronic disease’, e.g. resulting from acute 

or chronic infection, polychromasia also diminishes and 

red cells become less spherocytic, some developing cen­

tral pallor. The blood film may be dimorphic (Fig. 8.43). 

If the patient is not known to suffer from hereditary 

spherocytosis, the diagnosis may be difficult to make at 

this stage. In pure red cell aplasia, cells remain sphero­

cytic but polychromasia disappears and the reticulocyte 

count is close to zero. Previously undiagnosed hereditary 

spherocytosis may be unmasked by parvovirus infec­

tion and also by infectious mononucleosis, which aggra­

vates the haemolysis. Diagnosis is more difficult during 

recovery from parvovirus‐induced red cell aplasia, as 

young red cells newly released from the bone marrow are 

not spherocytic. Haemolytic episodes can also be induced 

by exercise or precipitated by pregnancy. The predispo­

sition to gallstones means that patients with hereditary 

spherocytosis have an increased likelihood of develop­

ing obstructive jaundice. When this occurs, more lipid is 

taken up into the red cell membrane and consequently 

spherocytosis and haemolysis lessen. Iron deficiency 

is also associated with a reduction of spherocytosis and 

sometimes a dimorphic blood film.

Fig. 8.41  Bayer Advia 120 scatter plots and histograms of a patient with hereditary spherocytosis. By courtesy of Ms Sue Mead, 
Woodley.
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Fig. 8.42  The blood film of a patient with 
hereditary spherocytosis who has devel­
oped a megaloblastic anaemia consequent 
on inadequate dietary intake of folate in the 
face of increased requirements caused by 
chronic haemolysis. The film shows macro­
cytes, oval macrocytes, occasional sphero­
cytes and a megaloblast containing Howell–
Jolly bodies.

Fig. 8.43  The blood film of a patient with 
hereditary spherocytosis (the same patient 
as shown in Fig. 8.41) during an episode of 
‘anaemia of chronic disease’ associated with 
intercurrent infection. Some cells have cen­
tral pallor and are hypochromic and micro­
cytic. The film is dimorphic.

Differential diagnosis

The main differential diagnosis is warm autoimmune 

haemolytic anaemia (see below). The blood films are 

often indistinguishable, and thus family history and 

a direct antiglobulin test are needed. Other causes of 

spherocytosis that may have to be considered in the 

differential diagnosis are shown in Table 3.3. Often the 

diagnosis is readily evident from the clinical history, but 

laboratory features can help. In the mild, compensated 

haemolytic anaemia associated with the Rh deficiency 

syndrome (see Table 8.4), there are some stomatocytes 

as well as spherocytes and there is reduced or absent 

expression of Rh antigens on red cell membranes. In 

Zieve syndrome, an acute haemolytic anaemia associ­

ated with alcoholic liver disease, there are irregularly 

contracted cells as well as spherocytes. In Clostridium 

perfringens sepsis the red cell membrane may be so dam­

aged that numerous ghosts are seen. Further lysis occur­

ring in the blood specimen in vitro can cause artefactual 

elevation of the MCH and MCHC.

In the neonatal period, the differential diagnosis 

includes haemolytic disease of the newborn, particu­

larly that due to ABO incompatibility (see below). It 

should, however, be noted that clinically evident ABO 

incompatibility is commoner in babies who are subse­

quently found to have hereditary spherocytosis.
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Further tests

The direct antiglobulin test is negative. The diagnosis 

has traditionally been confirmed by an osmotic fragility 

test. This test confirms the presence of osmotically 

fragile cells, but does not distinguish between heredi­

tary spherocytosis and warm autoimmune haemolytic 

anaemia or other causes of spherocytosis. In mild cases, 

an osmotic fragility test after the incubation of red cells 

at 37°C for 24 hours may be necessary to demonstrate 

the presence of abnormal cells. In very mild cases, the 

osmotic fragility may be normal, even after incuba­

tion. The osmotic fragility may be normal in heredi­

tary spherocytosis in the presence of iron deficiency, 

obstructive jaundice or post‐aplasia reticulocytosis. 

Post‐splenectomy, the osmotic fragility test remains 

abnormal but a small population of very fragile cells may 

have disappeared; this population probably represents 

very abnormal cells resulting from damage within the 

spleen. When an automated counter that detects hyper­

dense cells is available, the need for an osmotic fragility 

test is much diminished and the detection of a MSCV/

MCV discrepancy may play a similar role. Flow cytom­

etry showing uptake of eosin‐5‐maleimide (which binds 

to membrane band 3, Rh protein, Rh glycoprotein and 

CD47, all of which are reduced in hereditary sphero­

cytosis) may obviate the need for an osmotic fragility 

test [116–118]: the majority of patients with heredi­

tary spherocytosis show a reduction of mean fluor­

escence (whereas in autoimmune haemolytic anaemia 

results are normal or increased); contrary to earlier 

observations, this test is abnormal whether hereditary 

spherocytosis is due to a deficiency of band 3, spectrin 

or ankyrin [119]. Abnormal results are not specific 

for hereditary spherocytosis, being observed also in 

hereditary pyropoikilocytosis, South‐East Asian ovalo­

cytosis, type II congenital dyserythropoietic anaemia, 

cryohydrocytosis, in some patients with hereditary 

elliptocytosis [116,117] and in homozygotes for an 

SLC4A1 mutation that leads to an acanthocytic haemo­

lytic anaemia [120]. However, assessment of eosin‐5‐

maleimide (EMA) uptake together with the blood film 

features permits the correct diagnosis to be made. The 

glycerol lysis, acidified glycerol lysis and cryohaemolysis 

tests are abnormal in hereditary spherocytosis. Positive 

results with a glycerol lysis test are also seen in sphero­

cytosis from other causes, hereditary persistence of fetal 

haemoglobin, pyruvate kinase deficiency and severe 

glucose‐6‐phosphate dehydrogenase (G6PD) deficiency 

and also in a third of pregnant women and some 

patients with MDS or who are on dialysis for chronic 

renal failure [116]. Positive cryohaemolysis tests are 

also seen in South‐East Asian ovalocytosis and congeni­

tal dyserythropoietic anaemia type II [121]. The defini­

tive test for hereditary spherocytosis, although not often 

needed, is quantification of spectrin and other proteins 

of the red cell membrane. Membrane spectrin is nor­

mal in autoimmune haemolytic anaemia. The most rel­

evant genetic studies can be predicted from the defect 

demonstrated in membrane proteins: (i) spectrin and 

ankyrin deficient – investigate ANK1 gene; (ii) spectrin 

deficient – investigate SPTB and SPTA genes; (iii) protein 

3 deficient – investigate SLC4A1gene.

With the increasing availability of an EMA binding 

test, the importance of the osmotic fragility test has 

decreased considerably. A comparison of the tests cus­

tomarily used in the diagnosis of hereditary spherocy­

tosis in 150 patients with various genetic defects found 

that EMA binding had a sensitivity of 93% and a speci­

ficity of 98% [118]. An acidified glycerol lysis test had a 

sensitivity of 95%. The osmotic fragility test had a sen­

sitivity of 68% on fresh blood and 81% on incubated 

blood [118]. The authors therefore recommended a 

combination of EMA binding and an acidified glycerol 

lysis test [118]. The British Committee for Standards in 

Haematology (BCSH) considers that no further testing is 

necessary when there are typical clinical and laboratory 

features and a positive family history; when features are 

atypical, EMA binding and a cryohaemolysis test are 

advised [122].

Hereditary elliptocytosis and ovalocytosis
Hereditary elliptocytosis
The condition designated hereditary elliptocytosis is 

actually a heterogeneous group of inherited conditions 

characterised by elliptocytic red cells. The presence of 

at least 25% elliptocytes or ovalocytes has been sug­

gested as a diagnostic criterion. However, subjects with 

mutations capable of leading to hereditary elliptocytosis 

can have from 0 to 100% elliptocytes, so the selection of 

any cut‐off point for diagnosis is arbitrary. Inheritance 

is usually autosomal dominant. Many ethnic groups 

are affected including individuals of African origin, 

northern European Caucasians, Chinese, Japanese and 

Indians. The incidence is highest in West and Central 

Africa where the prevalence is at least 6 per 1000, and 

in Benin and some parts of Central Africa it is as high 
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as 1% [106]. In Caucasians the prevalence is about 1 

in 5000. Hereditary elliptocytosis results from a variety 

of genetic abnormalities that affect the integrity of the 

red cell cytoskeleton [93,107,108,123]. Most mutations 

leading to hereditary elliptocytosis affect the structure 

of α or β spectrin, causing either a truncated β spectrin 

chain or a defect in either the α or the β chain near the 

sites that are involved in the self‐assembly of the spec­

trin heterodimers into tetramers, i.e. the NH2‐terminus 

of the α spectrin chain or the COOH‐terminus of the β 

spectrin chain. As a result, the normal lattice of inter­

connected spectrin tetramers is disrupted. Overall, about 

80% of cases of hereditary elliptocytosis are caused by a 

mutation in the α spectrin gene (SPTA1), about 15% by a 

mutation in the protein 4.1 gene (EPB41) and about 5% 

by a mutation in the β spectrin gene (SPTB) [94]. SPTA 

mutations predominate in Africans, whereas EPB41 

mutations are common in Arabs [124]. Less commonly, 

there is a mutation in the glycophorin C gene (GYPC), 

giving the rare Leach phenotype (lack of expression of 

Gerbich blood group antigens, glycophorin C and glyco­

phorin D in association with elliptocytosis) [125]. Ovalo­

cytosis in the Wosera region of Papua New Guinea has 

been associated with Gerbich negativity and a deletion 

in the GYPC gene [126]. There is also a gene on the X 

chromosome, mutation of which can give rise to ellipto­

cytosis associated with Alport syndrome [94]. Mutations 

associated with hereditary elliptocytosis are listed on 

the Human Gene Mutation Database [101] and Online 

Mendelian Inheritance in Man [102].

The majority of patients with hereditary elliptocy­

tosis are asymptomatic and the diagnosis is made inci­

dentally. In a minority there is symptomatic anaemia. 

Sometimes there is more severe anaemia with transient 

poikilocytosis in infancy (see below); transfusion can be 

needed up during the first year of life [127].

Blood film and count

The severity of hereditary elliptocytosis is very vari­

able, ranging from a morphological abnormality without 

any shortening of the red cell lifespan, through mild or 

moderate compensated haemolysis to severe intermittent 

or severe chronic haemolytic anaemia. The majority of 

patients, however, are not anaemic. The blood film (Fig. 

8.44) shows predominantly elliptocytes or, in some patients 

with the same genetic defect, ovalocytes [123]. Haemoglo­

binisation of cells is normal. When there is anaemia, there 

is also polychromasia; more severe cases sometimes have 

a variety of other poikilocytes, including fragments and 

spherocytes. A variant with sphero‐elliptocytes has been 

associated with β spectrin variants, β spectrin Rouen [128] 

and β spectrin Prague [129]. Other cases of dominantly 

inherited spherocytic elliptocytosis (characterised by the 

presence of elliptocytes, spherocytes, micro‐elliptocytes 

and microspherocytes) are of unknown molecular basis 

[124]. Spherocytes as well as elliptocytes can also be seen 

in patients with glycophorin C mutations [124]. Morpho­

logical abnormalities are greater in those who have inher­

ited the low expression α spectrin allele, α spectrinLely, in 

trans to the hereditary elliptocytosis mutation [130]; such 

Fig. 8.44  The blood film of a patient with 
hereditary elliptocytosis showing ellipto­
cytes and ovalocytes. The patient had a nor­
mal Hb and reticulocyte count.
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patients may have poikilocytes and fragments, in addition 

to elliptocytes, and sometimes have the clinicopathological 

features of hereditary pyropoikilocytosis (see below [131]). 

Conversely, the α spectrinLely mutation occurring in cis to 

a hereditary elliptocytosis mutation lessens the phenotypic 

abnormality.

The Hb and red cell indices are usually normal. The 

reticulocyte count is normal or increased. Cases with 

haemolytic anaemia have an increased RDW. Siemens 

H.1 and Advia series red cell cytograms are usually nor­

mal but, in cases with haemolysis, increased numbers of 

hyperdense and hypodense cells may be detected and the 

volume histograms may show two populations of red cells, 

normocytic and microcytic. The proportion of microcytes 

correlates with the severity of haemolysis [132].

In hereditary elliptocytosis, there is considerable 

variation in the severity of the defect between indi­

viduals who have the same genotype; the pheno­

type in heterozygotes for some defects varies from an 

asymptomatic state, with less than 2% elliptocytes, 

to mild or moderately severe hereditary elliptocyto­

sis [107,108,123]. In subjects with the same genotype 

there is a correlation between the degree of abnormal­

ity of red cell shape and the severity of haemolysis. 

However, the genotypes that most often cause severe 

haemolysis are not those in which the cells are most 

elliptocytic or in which the percentage of elliptocytes 

is highest [123]. Despite the variable expression, some 

generalisations can be made with regard to the usual 

phenotypic expression of different genetic abnormalities 

[107,108,123]. Glycophorin C deficiency causes no sig­

nificant abnormality in heterozygotes, while homozy­

gotes have mild hereditary elliptocytosis. Protein 4.1 

deficiency and several α spectrin variants cause a mini­

mal or mild abnormality in heterozygotes and severe 

hereditary elliptocytosis in homozygotes [108,133,134]. 

The most severe elliptogenic mutations generally cause 

the phenotype of hereditary elliptocytosis in heterozy­

gotes, while homozygotes and certain compound hete­

rozygotes have the phenotype of hereditary pyropoikil­

ocytosis (see below).

Exacerbations of haemolysis are sometimes seen dur­

ing infections, during pregnancy [135], in the postpar­

tum period and when the microcirculation is compro­

mised or there is reticuloendothelial hyperplasia, e.g. 

in disseminated intravascular coagulation, TTP, malaria 

or infectious mononucleosis [107,123,124]. Parvovirus 

B19 infection can cause significant anaemia [136].

Patients with haemolysis severe enough to require 

splenectomy may thereafter have marked poikilocyto­

sis, in addition to the usual post‐splenectomy features; 

the poikilocytes include prominent spherocytes, micro‐

elliptocytes and fragments (Fig. 8.45). Patients with 

mild disease in whom splenectomy is carried out for 

other reasons, e.g. following trauma, can also have biz­

arre films post‐splenectomy.

In general, subjects with hereditary elliptocytosis 

have very few elliptocytes at birth. However, some 

who in later life have typical hereditary elliptocyto­

sis with only mild haemolysis may, in the neonatal 

Fig. 8.45  The blood film of a patient with 
severe hereditary elliptocytosis who 
required splenectomy for haemolysis, 
showing marked poikilocytosis with the 
poikilocytes including elliptocytes, ovalo­
cytes and fragments. One ovalocyte con­
tains a Howell–Jolly body. By courtesy of  
Dr Raina Liesner, London.
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period when haemoglobin F is high, have severe hae­

molysis and a blood film showing marked poikilocytosis 

with the presence not only of elliptocytes but also of 

fragments, irregularly contracted cells and microsphero­

cytes [137,138] (Fig. 8.46). The likely explanation of the 

more marked abnormality in the neonatal period is that 

haemoglobin F has a lower affinity for 2,3‐diphospho­

glycerate (2,3‐DPG) than does haemoglobin A and the 

free 2,3‐DPG destabilises the spectrin–actin–protein 4.1 

interaction, thus exacerbating the abnormality.

Differential diagnosis

When the blood film shows a high proportion of 

elliptocytes or ovalocytes the diagnosis of hereditary 

elliptocytosis is very probable. Rare patients with devel­

oping primary myelofibrosis [139] or MDS [140] have 

shown similar numbers of elliptocytes, and this may be 

attributable to an acquired deficiency of protein 4.1. 

The differential diagnosis of cases of hereditary ellipto­

cytosis with marked neonatal poikilocytosis is heredi­

tary pyropoikilocytosis. Follow‐up beyond the neonatal 

period permits the two conditions to be distinguished; 

alteration of the phenotype can take from 4 months to 

2 years [124].

Further tests

Osmotic fragility is normal except in those with severe 

haemolysis. Family studies are useful in confirming the 

inherited nature of the condition. A definitive diag­

nosis can be made by biochemical investigation of red 

cell membranes in a reference laboratory. Testing for 

Gerbich red cell antigens is useful in recognition of the 

Leach phenotype. Both normal [117] and abnormal 

[141] results for EMA binding have been reported.

Hereditary pyropoikilocytosis
The condition designated hereditary pyropoikilocyto­

sis is a heterogeneous group of inherited haemolytic 

anaemias characterised by recessive inheritance and 

bizarre poikilocytes, including red cell fragments and 

microspherocytes. It has been described in Caucasian, 

Black and Arab populations. The condition is defined 

by enhanced red cell fragmentation on in vitro heat­

ing, which occurs at a lower temperature than with 

normal red cells. This feature is indicated in the name 

‘pyropoikilocytosis’. Hereditary elliptocytosis shows 

a similar but milder defect on heat exposure. Red cell 

membranes often show two defects, a partial spec­

trin deficiency and a defect of self‐assembly of spec­

trin dimers into tetramers, the latter as a result of an 

elliptogenic mutation. It may be the spectrin deficiency 

(absent in typical hereditary elliptocytosis) that leads 

to the presence of spherocytes as well as elliptocytes in 

patients with hereditary pyropoikilocytosis [124]. The 

underlying genetic defects are various [142]. There may 

be homozygosity or compound heterozygosity for a 

mutant spectrin that has a defect affecting dimer self‐

assembly and is also degraded rapidly. Alternatively, 

there may be compound heterozygosity for a mutant 

spectrin (α or β chain) and for a polymorphism leading 

Fig. 8.46  The blood film of a neonate with 
hereditary elliptocytosis and neonatal 
poikilocytosis showing marked poikilocyto­
sis with a mixture of elliptocytes and other 
poikilocytes. By courtesy of Dr Marilyn 
Treacy, London.
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Fig. 8.47  The blood film of a patient with 
hereditary pyropoikilocytosis showing 
numerous spherocytes, other poikilocytes 
and polychromatic macrocytes. By courtesy 
of Professor Irene Roberts, Oxford.

to a reduced rate of synthesis of α spectrin, α spectrinLely 

occurring in trans. Parents of patients with hereditary 

pyropoikilocytosis may both have morphologically nor­

mal red cells or one or occasionally both parents may 

have typical hereditary elliptocytosis.

Patients with hereditary pyropoikilocytosis have a 

severe haemolytic anaemia. Anaemia tends to be more 

severe in the neonatal period, since haemoglobin F 

binds 2,3‐DPG less well than does haemoglobin A and 

the free 2,3‐DPG weakens spectrin–actin interactions.

Blood film and count

There is anaemia and the blood film (Figs 8.47 & 8.48) 

shows gross anisocytosis and poikilocytosis, with the 

poikilocytes including microspherocytes, cells with 

bud‐like projections and fragments; elliptocytes may 

be a minor or a major component. Sometimes they are 

absent. The reticulocyte count is increased. The Hb is 

reduced. The MCV and MCH are markedly reduced. 

The MCV is usually 50–60 fl and may be as low as  

25 fl [106]. The RDW and HDW are increased. Morpho­

logical abnormalities may be particularly marked in the 

neonatal period.

Differential diagnosis

In the neonatal period some cases of hereditary ellip­

tocytosis have marked poikilocytosis (see above) 

and therefore resemble hereditary pyropoikilocy­

tosis. Patients with homozygosity for protein 4.1 

deficiency also have a severe anaemia and fragmenting 

Fig. 8.48  The blood film of a patient with 
hereditary pyropoikilocytosis showing 
marked poikilocytosis and polychromatic 
macrocytes; among the poikilocytes, ellip­
tocytes and spherocytes are prominent. By 
courtesy of Professor Irene Roberts.
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elliptocytes, but have normal thermal stability [124]. 

Haemoglobin H disease and the congenital dyserythro­

poietic anaemias also sometimes show a similar degree 

of poikilocytosis, but they lack the microspherocytes 

and budding cells. Hereditary pyropoikilocytosis can 

be simulated by accidental in vitro heating of a blood 

specimen [143].

Further tests

Osmotic fragility and autohaemolysis are increased. The 

diagnosis is confirmed by demonstration of fragmen­

tation on in vitro exposure to heat and by biochemical 

analysis of red cell membranes. EMA binding is reduced 

(even more than in hereditary spherocytosis) [144].

South‐East Asian ovalocytosis
South‐East Asian ovalocytosis, also sometimes referred 

to as hereditary ovalocytosis of Melanesians, Mela­

nesian elliptocytosis or stomatocytic elliptocytosis, is 

a distinct and homogeneous disorder that occurs in 

Melanesians in Papua and New Guinea, the Solomon 

and Torres Strait Islands, in Malaysian aboriginals, in 

southern Thailand, Cambodia, Borneo and some popu­

lations in Indonesia and the Philippines. The condition 

has been recognised among the South African Cape 

Coloured population [145]. A single case has been 

described in a Mauritian Indian and single affected 

African American and Caucasian families have been 

reported [96]. Inheritance is autosomal dominant. In 

some of the affected ethnic groups, as many as 20–30% 

of the population are affected [146]. The underlying 

genetic defect is deletion of nine codons in the gene for 

band 3 (SLC4A1), which results in tight binding of band 

3 to ankyrin, reduced lateral mobility and rigidity of the 

membrane. A polymorphic point mutation in the same 

gene, the Memphis polymorphism, usually occurs in cis 

to the deletion responsible for this condition. South‐East 

Asian ovalocytosis has a cation leak at low temperatures 

that shows the same characteristics as that present in 

cryohydrocytosis [147].

Heterozygotes for South‐East Asian ovalocytosis are 

usually completely asymptomatic, but epidemiological 

studies suggest that homozygosity for this mutation is 

incompatible with fetal survival.

Blood film and count

In the vast majority of cases there is neither anaemia 

nor compensated haemolysis. The exception is in the 

neonatal period when a significant haemolytic anaemia 

can occur and persist into infancy [148]. A greater fall 

of Hb during intercurrent Plasmodium falciparum malaria 

has been observed in heterozygotes for this condition 

in comparison with subjects with normal red cell mem­

branes [149]. Red cells are round or oval and include 

stomatocytes. There is a minor population of macro‐

ovalocytes, many of which are stomatocytic (Fig. 8.49). 

Stomas may be longitudinal, transverse, V‐shaped or 

Y‐shaped or there may be two stomas per cell. Some 

Fig. 8.49  The blood film of a patient with 
South-East Asian ovalocytosis showing sev­
eral macro‐ovalocytes one of which has a 
V‐shaped stoma and the other an eccen­
tric transverse stoma. Many of the smaller 
cells are either stomatocytes, ovalocytes or 
stomato‐ovalocytes.
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cases, diagnosed by molecular genetic analysis, have 

lacked ovalocytes but have shown stomatocytes or red 

cells with multiple irregular or linear pale areas [149]. 

The reticulocyte count is normal. The Hb, MCV, MCH 

and MCHC are normal.

Differential diagnosis

The blood film in the majority of patients is so distinctive 

that as long as the characteristic features are known, it is 

unlikely to be confused with any other condition.

Further tests

The blood film is usually pathognomonic so that fur­

ther tests are unnecessary. However, molecular genetic 

analysis is possible. There is reduced expression of many 

red cell antigens including Rh D, so that subjects may 

type as DU [150]. EMA binding is abnormal, whereas 

it is generally normal in hereditary elliptocytosis [117]. 

Osmotic fragility is reduced [124].

Hereditary stomatocytosis and related 
conditions
Hereditary stomatocytosis and related disorders 

are a heterogeneous group of rare dominantly 

inherited haemolytic anaemias and related con­

ditions characterised by stomatocytes in blood films, 

an increased cation flux through red cell membranes 

or both. In the majority of cases there is increased 

intracellular sodium and decreased intracellular 

potassium. These disorders can be further categorised 

as shown in Table 8.3.

Hereditary stomatocytosis
The term hereditary stomatocytosis describes a hetero­

geneous group of rare inherited haemolytic anaemias 

characterised by a red cell membrane defect that leads 

to the formation of overhydrated stomatocytic cells. 

An alternative designation is hereditary stomatocyto­

sis, overhydrated variant, or ‘hydrocytosis’. There is a 

very marked increase in cation flux. In the majority of 

affected families the condition is due to a mutation in 

the RHAG gene [156]. The red cell membrane shows 

reduced expression of stomatin, Rhesus‐associated gly­

coprotein (RHAG) expression is slightly reduced and an 

electrophoretically abnormal RHAG protein is present 

[156]. In families where stomatocytosis is part of a syn­

drome that also includes neurological abnormalities, 

this gene is not involved [156].

Haemolysis is often severe and patients are 

chronically jaundiced. When splenectomy has been 

performed, post‐splenectomy thrombosis has some­

times been a problem. Intercurrent parvovirus B19 

infection can lead to life‐threatening and even fatal 

anaemia [161].

Blood film and count

Haemolysis may be compensated or there may be 

anaemia that is mild, moderate or severe. The blood 

Table 8.3  Hereditary stomatocytosis and related conditions [151–160]

Condition Blood film Other characteristics Mutated gene

Hereditary stomatocytosis, 

overhydrated variant

Stomatocytes Mild to severe haemolytic anaemia RHAG at 6q12.3 [156]

Hereditary xerocytosis or 

hereditary stomatocytosis, 

dehydrated variant

Target cells and sometimes 

also stomatocytes

Haemolytic anaemia or compensated 

haemolysis, may have perinatal 

oedema and ascites

PIEZO1 at 16q24.3 [157,158]

Familial pseudohyperkalaemia Normal blood film Fully compensated mild haemolytic 

anaemia; loss of potassium at room 

temperature

PIEZO1 at 16q24.3 [157,158]

Cryohydrocytosis Stomatocytes Mild to moderate haemolytic anaemia 

with loss of potassium at low 

temperatures

SLC4A1 at 17q21.31 in most 

cases [159]

Stomatin‐deficient 

cryohydrocytosis

Stomatocytosis (2 cases) Haemolytic anaemia with increased 

anion leak, cryohydrocytosis,  

cataracts and neurodevelopmental 

delay

SLC2A1 at 1p34.2 [160]
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film shows a variable number of stomatocytes, usually 

10–30% (Fig. 8.50). There are also macrocytes, echino­

cytes and target cells [156].

There is an increased MCV and decreased MCHC. 

Red cell cytograms show increased normochromic 

and, in particular, hypochromic macrocytes. The 

HDW is increased. Typical red cell indices have been 

given as Hb 80–100 g/l, MCV 120 fl, MCHC 280 g/l 

and reticulocyte count 10–30% [124]. A change in 

red cell indices ex vivo can be diagnostically useful; 

overnight storage, whether at room temperature or at 

4°C, can lead to an increase from an MCV of 95–98 fl 

to 110–120 fl, with a corresponding fall in the MCHC 

[127].

Differential diagnosis

The differential diagnosis includes other inherited 

conditions characterised by stomatocytes and also the 

much more frequent cases of acquired stomatocytosis 

(see Chapter 3). Rh deficiency disease (see Table 8.4) 

has many characteristics in common with hereditary 

stomatocytosis. Blood films show similar numbers of 

stomatocytes together with a few spherocytes. Cation 

flux is abnormal. There is a mild haemolytic anaemia 

or well‐compensated haemolysis. The demonstration 

of a total lack of Rh antigens allows the diagnosis to 

be made. Stomatocytes are also a feature of Mediter­

ranean stomatocytosis/macrothrombocytopenia (see 

below) [162].

Further tests

Osmotic fragility is increased. There may be pseu­

dohyperkalaemia resulting from leakage of potass­

ium from cells if there is delay in processing blood 

specimens; this abnormality can be sought when 

stomatocytosis is suspected. Blood grouping is indi­

cated to exclude Rh null disease. EMA binding is 

increased [127].

Hereditary xerocytosis
Hereditary xerocytosis, also referred to as the dehy­

drated variant of hereditary stomatocytosis, is a 

rare inherited haemolytic anaemia characterised by 

increased cation flux, normal or increased cellular 

cation content and loss of red cell water. Inheritance 

is autosomal dominant with variable penetrance. 

Pseudohyperkalaemia can occur. Fetal ascites and 

neonatal ascites and peripheral oedema have been 

reported [163]. This condition is now recognised as 

being the same as that initially described under the 

designation ‘high phosphatidyl choline haemolytic 

anaemia’ [155,164]. It is both milder and more com­

mon than the overhydrated variant of hereditary 

stomatocytosis. Hereditary xerocytosis and related 

syndromes result from a mutation in the PIEZO1 

gene, which encodes a component of a cation chan­

nel [157,158]. When splenectomy has been per­

formed, post‐splenectomy thrombosis has sometimes 

occurred [155].

Fig. 8.50  The blood film of a patient with 
hereditary stomatocytosis showing baso­
philic stippling and numerous stomatocytes. 
By courtesy of Dr Carol Barton, Reading.



Disorders of red cells and platelets      345

Blood film and count

Some patients are anaemic and some have compen­

sated haemolysis. The blood film (Figs 8.51 & 8.52) 

shows target cells, sometimes a small number of 

stomatocytes, echinocytes, irregularly contracted cells 

and cells with the haemoglobin apparently ‘puddled’ 

at the periphery or on one or two edges of the cell 

[165]. There is polychromasia and the reticulocyte 

count is increased. Stomatocytes may be more promi­

nent on wet preparations.

The MCV is normal or high and the MCHC may be 

elevated. The RDW and HDW are increased. Typical red 

cell indices have been given as Hb 110–140 g/l, MCV 

110–120 fl, MCHC 360–370 g/dl and reticulocyte count 

5–10% [124]. Red cell cytograms produced by the Sie­

mens instruments may show a population of hyper­

dense cells.

Differential diagnosis

The differential diagnosis includes other causes of 

haemolytic anaemia, particularly those conditions that 

usually have some stomatocytes or target cells.

Further tests

The osmotic fragility is decreased although there 

may be a small tail of fragile cells. The demonstration 

of a population of cells with an increased MCHC is 

diagnostically useful. Patients may exhibit pseudo­

hyperkalaemia if there is delay in measuring plasma 

potassium, as a result of leakage of potassium from 

the red cells. The acid glycerol lysis time is normal 

and EMA binding is normal or increased [127].

Familial pseudohyperkalaemia
This term refers to a heterogeneous group of inher­

ited red cell membrane defects that lead to increased 

cation flux with loss of potassium from red cells at 

room temperature [155,166]. Diagnosis of this con­

dition usually follows observation of a falsely elevated 

Fig. 8.51  The blood film of a patient with 
hereditary xerocytosis showing target cells, 
poikilocytes and several cells with haemo­
globin distributed unevenly in the cell or 
‘puddled’. By courtesy of Dr Joan Luis Vives 
Corrons, Barcelona.

Fig. 8.52  Blood film of a patient with hereditary xerocytosis 
showing both stomatocytes and several dense cells with little 
or no central pallor. By courtesy of Dr Mark Layton, London.
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plasma potassium concentration. In some kindreds 

the abnormality is due to a PIEZO mutation, indicat­

ing a close relationship to hereditary xerocytosis. In 

other kindreds it is probably a mild variant of heredi­

tary cryohydrocytosis [124].

Blood film and count

There is fully compensated haemolysis so that the 

haemoglobin concentration is normal. The reticulocyte 

count may be slightly elevated. The blood film does not 

show any stomatocytes. There may be mild macrocyto­

sis and the MCV may rise markedly on room tempera­

ture or cold storage [167].

Differential diagnosis

The differential diagnosis includes hereditary stomato­

cytosis and other defects leading to pseudohyperkalae­

mia. The normal or near normal blood film and the 

mildness of the haemolysis distinguish this condition 

from related disorders.

Cryohydrocytosis
This term refers to a very rare group of disorders with 

increased erythrocyte cation flux, loss of potassium from 

the red cell and red cell lysis at low temperatures [168]. 

On storage in the cold, red cells swell so that the MCV 

rises and the MCHC falls. Splenectomy is not of ben­

efit, but has not been reported to have any deleterious 

effects [169]. This condition is usually due to a mutation 

in SLC4A1 (encoding anion exchanger 1, band 3) [159]. 

Other patients with mutations in this gene also have 

a low temperature cation leak, but have spherocytosis 

rather than stomatocytosis and it can be regarded as a 

variant of hereditary spherocytosis resulting from band 

3 deficiency [159].

Blood film and count
There is either haemolytic anaemia or compensated 

haemolysis. The blood film shows stomatocytes and 

macrospherocytes [169]. The MCHC is increased when 

measured without delay, but decreases with storage, 

whereas the MCV rises with storage [155]. Storage 

effects are aggravated if storage is in the cold rather than 

at room temperature.

Differential diagnosis

The differential diagnosis includes other types of heredi­

tary stomatocytosis and other defects leading to pseudo­

hyperkalaemia. Misdiagnosis as hereditary spherocytosis 

may occur because storage in the cold leads to the 

appearance of increased numbers of macrospherocytes 

and increasing osmotic fragility [169] and, in addition, 

EMA binding may be reduced [127].

Further tests

Plasma potassium may be increased. Overnight storage 

at 4°C causes lysis and a rise of extracellular potassium 

concentration.

Stomatin‐deficient cryohydrocytosis
This very rare condition has a phenotype interme­

diate between that of overhydrated stomatocytosis 

(stomatin‐deficient stomatocytic red cells) and cryohy­

drocytosis (cells sensitive to cold). It is due to a mutation 

in the SLC2A1 gene [160]. There is moderate haemolytic 

anaemia with episodic crises. There are associated neu­

rological abnormalities (mild or severe mental retarda­

tion, seizures), growth retardation, cataracts and mass­

ive hepatosplenomegaly [160,170].

In one reported patient with the same neurological 

syndrome and mutated SLC2A1, there was echinocytosis 

rather than stomatocytosis [171].

Sitosterolaemia
Sitosterolaemia (also known as phytosterolaemia) is an 

autosomal recessive disorder resulting from mutation in 

ABCG5 or ABCG8 at 2p21, in which there is unselective 

and unrestricted absorption of dietary cholesterol and 

plant‐derived cholesterol‐like molecules (phytosterols) 

[172]. Serum phytosterols are increased and serum 

cholesterol may be increased. In addition to the haema­

tological manifestations, short stature and xanthomas 

are typically present and there may also be splenomeg­

aly. This condition has been observed in Northern and 

Eastern Europeans, in Chinese, in Japanese and in an 

Indian family [162,172].

A similar condition described in Australians of Greek 

or Balkan origin (Adelaide and Perth only), prior to 

1975, and designated Mediterranaen stomatocytosis/

macrothrombocytosis appears likely to have been an 

acquired condition; it has been speculated that a con­

taminant of olive oil could have been responsible [173].

Blood film and count

There is mild haemolysis with marked stomatocytosis. 

The platelet count is reduced and platelets are large.
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Differential diagnosis

The differential diagnosis includes other causes of 

stomatocytosis and others causes of thrombocytopenia 

with large platelets.

Other defects of the erythrocyte 
membrane

Other rare inherited defects of the red cell membrane 

leading to haemolytic anaemia are summarised in 

Table 8.4. In addition, familial hypercholesterolaemia is 

associated with a red cell membrane abnormality and 

a reduced red cell survival in the absence of any mor­

phological abnormality [180]. When such patients are 

treated by plasmapheresis, haemolysis increases and 

iron deficiency anaemia subsequently develops.

Red cell enzyme abnormalities
The red cell contains many enzymes that are crucial for 

maintaining the integrity of the cell. The most impor­

tant enzymatic pathways are the glycolytic pathway, 

which provides energy for the cell, and the pentose 

shunt, which protects the red cell from oxidant dam­

age. These pathways are shown in Figs 8.53 & 8.54. 

Table 8.4  Other rare hereditary haemolytic anaemias caused by red cell membrane defects [171,174–179].

Defect

Antigenic or biochemical defect and 

genetic abnormality (when known) Haematological features Associated abnormalities

McLeod phenotype [174] Lack of Kx antigen encoded by KX gene 

at Xp21; Kell antigens are generally 

reduced

Acanthocytosis, compensated 

haemolysis

Late onset of muscular and 

neurological abnormalities 

(neuropathy and 

choreiform movements), 

cardiomyopathy; when 

caused by a large 

deletion may occur in 

association with chronic 

granulomatous disease, 

Duchenne muscular 

dystrophy or retinitis 

pigmentosa

Neuro‐acanthocytosis

[175]

Normal Kell and Kx antigens, mutation in 

CHAC gene or JP3 gene

Acanthocytosis Dystonic and choreiform 

movements (atypical 

Huntington disease)

Acanthocytosis with red cell 

anion leak [176,177]

SLC4A1 mutation Acanthocytosis with increased 

red cell anion leak

Echinocytosis with cation leak SLC2A1 mutation Echinocytosis, cation leak in 

red cells

Exertion‐induced dyskinesia 

[171]

Inherited CD59 deficiency

[178]

Autosomal recessive inheritance of CD59 

deficiency

Chronic haemolytic anaemia 

resembling acquired 

paroxysmal nocturnal 

haemoglobinuria

Rh deficiency

syndrome [179]

Rhnull

Lack of all Rh and LW antigens and also 

Fy5 antigen, reduced expression of 

CD47, Ss and U, caused either by 

homozygosity for a silent allele at the RH 

locus or homozygosity for an autosomal 

suppressor gene Xor, an allele at the 

RHAG (Rh‐associated glycoprotein) locus

Chronic haemolytic anaemia 

or compensated haemolysis 

with spherocytes and 

stomatocytes; increased 

osmotic fragility

 

Rhmod

Reduced expression of Rh antigens caused 

by mutations in the RHAG gene
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Fig. 8.53  The metabolites and enzymes of the red cell glycolytic pathway (Embden‐Meyerhoff pathway).
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Fig. 8.54  The metabolites and enzymes of the metabolic pathways that maintain the reduction potential of the red cell (including 
the pentose shunt).
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Other enzymes are concerned with nucleotide metab­

olism. Deficiencies in any of these pathways can lead 

to haemolytic anaemia. Individual mutations associated 

with non‐spherocytic haemolytic anaemia are listed in 

the Human Gene Mutation Database [101] and Online 

Mendelian Inheritance in Man [102].

Glucose‐6‐phosphate dehydrogenase (G6PD) 
deficiency
G6PD is an enzyme of the pentose shunt. G6PD defi­

ciency is common in many ethnic groups, includ­

ing many African populations, Afro‐Caribbeans and 

Black Americans, populations around the Mediterra­

nean basin, Middle‐Eastern populations and those of 

the Indian subcontinent and in South‐East Asia and 

Papua New Guinea. The gene for G6PD is on the X 

chromosome so that most cases of G6PD deficiency 

are in hemizygous males. However, in populations 

with a high incidence of mutant genes, deficiency 

also occurs in homozygous females. In addition, 

because of random inactivation of one X chromo­

some, deficiency is sometimes seen in heterozygous 

females. Haemolysis can also occur in women who 

have had a haemopoietic stem cell transplant from a 

G6PD‐deficient male. In parts of Greece and the Mid­

dle East the prevalence in males is as high as 35–40%. 

Depending on the severity of the defect, G6PD defi­

ciency may present as neonatal jaundice, congenital 

non‐spherocytic haemolytic anaemia or intermittent 

haemolysis triggered by oxidant stress, such as that 

caused by intercurrent infection, by eating broad 

beans (fava beans) or by exposure to naphthalene 

or oxidant drugs. Mediterranean subjects with G6PD 

deficiency have a mild reduction of the steady‐state 

red cell survival, reduced from a normal of 120 days 

to about 100 days, together with reduction of plasma 

haptoglobin [181] and a mean Hb averaging about 15 

g/l lower than that in non‐deficient subjects [182]. 

Neonatal jaundice occurs in as many as a third of 

affected males, being attributable to impaired liver 

function more than to haemolysis [183]; when medi­

cal care is unavailable, kernicterus may result. Inter­

mittent oxidant‐induced haemolysis is acute and 

partly intravascular, leading to both haemoglobinuria 

and jaundice.

Blood film and count

In most patients with G6PD deficiency, the blood film 

is normal except during haemolytic episodes. When 

such an episode occurs, the morphological abnormali­

ties are very characteristic (Figs 8.55 & 8.56). There 

are irregularly contracted cells, some of which have 

small protrusions caused by the presence of Heinz 

bodies. Keratocytes, often called ‘bite cells’, have 

an irregular gap in their outline, probably caused by 

removal of Heinz bodies by the spleen. In other cells, 

referred to as hemighosts or blister cells, the hae­

moglobin appears to have retracted to form a dense 

mass occupying half the cell while the rest of the cell 

appears empty. When haemolysis is very acute, a few 

Fig. 8.55  The blood film of an Afro‐Carib­
bean child with G6PD deficiency who had 
suffered an episode of acute haemolysis, 
showing anaemia, irregularly contracted 
cells, a hemighost, a complete ghost, and 
a cell with a protrusion attributable to a 
Heinz body; the Heinz body preparation 
was positive.
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Fig. 8.56  The blood film of a patient with 
acute haemolysis associated with G6PD 
deficiency showing a ‘bite cell’ and a cell 
with haemoglobin retracted from the cell 
margin.

complete ghosts may be present. At the height of a 

haemolytic episode there is leucocytosis and neutro­

philia and the features of hyposplenism can appear 

as a result of reticuloendothelial overload. In the few 

days following an episode of oxidant stress there may 

be a further fall in the Hb as damaged cells are cleared 

by the spleen. Subsequently, polychromatic macro­

cytes appear.

When there is chronic haemolytic anaemia due to 

severe G6PD deficiency, the blood film (Fig. 8.57) may 

show anisocytosis, poikilocytosis, basophilic stippling, 

macrocytosis and polychromasia without any specific 

diagnostic features. Patients with chronic non‐sphero­

cytic haemolytic anaemia caused by G6PD deficiency 

can have their haemolysis exacerbated by infection or 

other oxidant stress.

G6PD deficient patients with chronic non‐sphero­

cytic haemolytic anaemia have a reduced Hb, RBC 

and Hct and an increased MCV and MCH. Those with 

episodic haemolysis have a reduced Hb, RBC and 

Hct during attacks together with an increased RDW, 

a population of cells with an increased haemoglo­

bin concentration and, if haemolysis is very acute, 

an increased MCHC. When recovery starts, there is 

Fig. 8.57  The blood film of a patient with 
congenital non‐spherocytic haemolytic 
anaemia caused by G6PD deficiency show­
ing macrocytosis and slight polychromasia. 
By courtesy of Professor Lucio Luzzatto, 
Florence.
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a further increase in the RDW and the MCV, MCH 

and HDW also increase. In these patients the steady‐

state Hb in hemizygous males is somewhat reduced, 

a mean of 141.2 g/l in comparison with 156.8 g/l in 

normal subjects being observed in one study [182]; 

the mean RBC and Hct are similarly significantly 

reduced. The mean steady‐state MCV is slightly but 

significantly increased reflecting the slight increase in 

reticulocytes, 90.16 fl in comparison with 87.54 fl in 

the same study [182]. Heterozygous females show a 

slight but significant decrease in the RBC and Hct and 

a slight but significant increase in the MCV and MCH 

[182].

Differential diagnosis

In the neonatal period, the differential diagnosis 

includes other causes of neonatal jaundice, particu­

larly haemolytic disease of the newborn with an 

immune basis. In cases with chronic haemolysis, the 

differential diagnosis includes other causes of con­

genital non‐spherocytic haemolytic anaemia (see 

below). In patients with intermittent haemolysis the 

differential diagnosis is other much less common 

defects of the pentose shunt and haemolytic anae­

mia due to exposure to oxidant drugs or chemicals 

in a patient with no underlying enzyme deficiency; 

when there is oxidant damage to red cells the blood 

films are indistinguishable whether or not there is an 

underlying enzyme defect. To a lesser extent other 

causes of irregularly contracted cells, such as unstable 

haemoglobins, should be included in the differential 

diagnosis.

Further tests

There is haemoglobinuria and free haemoglobin may 

be present in the plasma during haemolytic episodes. 

Haptoglobin is greatly reduced or absent. Unconju­

gated bilirubin is increased. Diagnosis can be based 

on screening tests for G6PD deficiency or on an assay. 

Screening tests are very suitable for population sur­

veys. During haemolytic episodes, the high reticu­

locyte count can cause screening tests and some­

times even assays to be normal. This is particularly 

so in individuals of African ancestry who often have 

a G6PD mutation associated with relatively high 

enzyme levels in reticulocytes. It can also occur in 

female heterozygotes who suffer haemolysis, since 

the deficient cells will be selectively lysed, leav­

ing cells with a more normal G6PD content in the 

circulation [184]. If G6PD deficiency is suspected, 

on the basis of the clinical history and the blood 

count and film, and the assay is normal, it should be 

repeated after the reticulocyte count has returned to 

normal.

In some countries with a high prevalence of G6PD 

deficiency, neonatal screening is performed on cord 

blood.

Pyruvate kinase deficiency
Pyruvate kinase deficiency is the most common of 

the congenital non‐spherocytic haemolytic anae­

mias resulting from a glycolytic pathway enzyme 

deficiency. Its prevalence is about one in 20 000 [185], 

similar to that of non‐spherocytic haemolytic anae­

mia due to G6PD deficiency. There is a high preva­

lence among the Amish population. Pyruvate kinase 

deficiency is recessive, so that affected individuals are 

either homozygotes or, more often, compound het­

erozygotes. This diagnosis should be suspected when 

there is either neonatal jaundice associated with 

haemolysis or chronic haemolysis in older children 

or adults without any specific morphological abnor­

mality. Anaemia is very variable in severity, with rare 

patients being transfusion dependent. Hydrops feta­

lis has occurred [185]. Extramedullary haemopoiesis 

can lead to spinal cord compression [185]. Leg ulcers 

occasionally occur [186]. Anaemia may be aggravated 

by intercurrent infection, oxidant stress, pregnancy 

and possibly by administration of oral contraceptives 

[187]. Sudden worsening of anaemia may also result 

from pure red cell aplasia caused by parvovirus B19 

infection. Iron overload sometimes occurs, particu­

larly in individuals who are also heterozygous for 

familial haemochromatosis.

Pyruvate kinase deficiency is associated with increased 

levels of 2,3‐DPG and therefore milder symptoms than 

would be expected for the degree of anaemia.

Blood film and count

There is chronic anaemia, varying from very severe 

to mild, or compensated haemolysis. The blood film 

(Fig. 8.58) usually shows only non‐specific features 

such as anisocytosis, macrocytosis and polychroma­

sia. There may be occasional ovalocytes and ellipto­

cytes and small numbers of densely staining spicu­

lated cells; in one study 3–30% of spiculated cells 
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Fig. 8.58  The blood film of a patient with 
pyruvate kinase deficiency showing aniso­
cytosis, macrocytosis, polychromasia and an 
NRBC.

Fig. 8.59  The blood film of a patient with 
pyruvate kinase deficiency who has been 
splenectomised showing macrocytosis and 
acanthocytosis.

were seen in 15% of 61 patients [185]. It has been 

postulated that these spiculated cells are adenosine 

triphosphate (ATP)‐depleted erythrocytes at the end 

of their lifespan. Elliptocytes have been attributed 

to associated dyserythropoiesis, but the presence 

of appreciable numbers may indicate a coexisting 

membrane defect [188]. The reticulocyte count is 

increased but, because of the increased concentration 

of 2,3‐DPG, less than might have been expected from 

the Hb. Some patients have leucopenia consequent 

on hypersplenism.

After splenectomy, the Hb usually rises by 10–30 

g/l and the MCV and MCH may rise. Following 

splenectomy, some but not all cases have very fre­

quent spiculated cells, resembling acanthocytes or 

abnormal echinocytes [189] (Fig. 8.59); there may 

be a paradoxical rise in the reticulocyte count to 

40–70% despite improvement in the haemolysis, the 

likely explanation being that prior to splenectomy 

some highly defective newly produced cells were 

removed rapidly by the spleen and also that reticulo­

cytes are selectively sequestered in the spleen. When 
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the spleen is removed these cells survive in the cir­

culation.

Differential diagnosis
The differential diagnosis includes other causes of con­

genital non‐spherocytic anaemia (see below).

Further tests

Pyruvate kinase deficiency is characterised by signs 

of haemolysis, such as increased non‐conjugated bili­

rubin and increased lactate dehydrogenase (LDH). In 

some cases there is intravascular haemolysis, leading 

to reduced serum haptoglobin and the presence of uri­

nary haemosiderin. Osmotic fragility is normal in three‐

quarters and reduced in one‐quarter of patients [185]. 

Increased autohaemolysis is seen in only about a fifth of 

patients and is therefore not a useful test [185]. Defini­

tive diagnosis requires a pyruvate kinase assay.

Congenital nonspherocytic haemolytic 
anaemia resulting from other red cell enzyme 
deficiencies
A variety of inherited congenital haemolytic anae­

mias consequent on a red cell enzyme deficiency have 

no characteristic abnormality of red cell shape and are 

grouped together under the designation ‘congenital 

non‐spherocytic haemolytic anaemia’. There may be 

echinocytes and, in defects of glutathione synthe­

sis, irregularly contracted cells. The two most com­

mon causes of congenital non‐spherocytic haemolytic 

anaemia are pyruvate kinase deficiency and G6PD 

deficiency. All others are rare or very rare. They 

should be suspected when there is either neonatal 

jaundice associated with haemolysis or chronic hae­

molysis in older children or adults. Neonatal jaun­

dice, which is mainly hepatic in origin, is particularly 

a feature of G6PD deficiency. The underlying defect 

may be in enzymes of the: (i) glycolytic pathway; (ii) 

pentose shunt and glutathione synthesis and metabo­

lism; or (iii) nucleotide metabolism. The inheritance 

and associated clinical features of these defects are 

summarised in Tables 8.5–8.7. In addition, an associa­

tion of haemolytic anaemia with glyceraldehyde‐3‐

phosphate dehydrogenase deficiency has been sus­

pected but not firmly established [186]. Deficiencies 

of a single enzyme are heterogeneous; the mutations 

differ and they occur in a variety of ethnic groups 

spread over a wide geographical area. Most enzyme 

Table 8.5  Associated clinical features and inheritance of glycolytic pathway enzyme deficiencies, most of which cause congenital 
non‐spherocytic anaemias [101,186,190–204].

Enzyme Frequency Inheritance Associated features

Hexokinase [196,197] Rare; at least 17 known 

families

AR∗

HK1 gene at 10q22.1; at 

least 7 known mutations

 

Multiple congenital abnormalities, latent diabetes 

mellitus or psychomotor retardation in some 

cases; intrauterine periventricular leucomalacia 

reported in a compound heterozygote and a 

homozygote with lethal haemolytic anaemia

Glucose phosphate 

isomerase [198]

Third most common enzyme 

deficiency causing 

haemolytic anaemia; at 

least 50 known families 

among Caucasians, Afro‐

Americans, Turks, Japanese 

and Jews

AR

GPI gene at 19q13.11; 

at least 29 known 

mutations

Five mutations have been associated with 

non‐haematological abnormalities including 

myopathy, mental retardation, neurological 

symptoms and granulocyte dysfunction

Phosphofructokinase†

[195,199]

Rare; at least 39 known 

families in Caucasians, 

Japanese and Jews (a third 

of known families with 

PFKM mutations are Jewish)

AR

mutation in PFKM gene 

at 12q13 (at least 15 

known) or in the PFKL 

gene at 21q22.3

Myopathy (type VII glycogen storage disease) 

in about half (those with a mutation in the 

PFKM gene); myopathy can also occur without 

haemolysis; some individuals with deficiency are 

asymptomatic

Aldolase

[195,200,201]

Very rare, at least six cases in 

five kindreds

AR

mutations in ALDOA gene 

at 16q22‐23

Mental retardation, multiple congenital 

abnormalities, type VI glycogen storage 

disease in 1 kindred; myopathy in two cases 

(rhabdomyolysis can occur)
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Enzyme Frequency Inheritance Associated features

Triosephosphate 

isomerase 

[195,202,203]

Rare, at least

35 known cases; however 

heterozygosity is 

unexpectedly common 

among Afro‐Americans

AR

at least 14 known 

mutations in TPI1 gene 

at 12p13

Progressive neuromuscular and cardiac 

dysfunction in the great majority of cases; 

sometimes mental retardation; increased 

susceptibility to infection; death in utero or 

early childhood

Phosphoglycerate 

kinase [195,199]

Rare, at least

29 known families

X‐linked recessive

PGK1gene at Xq21.1; at 

least 17 known variants; 

female heterozygotes 

may have mild 

haemolytic anaemia

No associated defect or various combinations 

of myopathy with exercise‐induced 

rhabdomyolysis, growth retardation, mental 

retardation and progressive neurological 

dysfunction; myopathy, neurological dysfunction 

or both can occur without haemolysis

2,3 diphosphoglycerate

mutase [195]‡
Rare, about 20 cases known AR

BPGM gene at 7q33

Enolase [195] Very rare,

3 known families with 

deficiency and haemolysis 

but there may not be a 

causal relationship

? AD

ENO1 gene at 1q36.23 but 

no mutations identified

In these families enolase of about half normal is 

seen in individuals with hereditary spherocytosis 

with AD inheritance

Pyruvate kinase

[195,204]

Similar frequency to G6PD 

deficiency as a cause 

of chronic haemolytic 

anaemia, prevalence among 

Caucasians 50/106, more 

than 500 cases reported

AR

PKLR gene at 1q22;

more than 160 known 

mutations

Lactate 

dehydrogenase§

[195]

Very rare AR

LDHA gene at 11p15.1 or 

LDHB gene at 12p12.1

∗AD in two families with unusual morphological features
† Can be associated with haemolytic anaemia, compensated haemolysis or mild polycythaemia
‡ Causes polycythaemia rather than anaemia because of decreased 2,3 DPG; compensated haemolysis has been described but a causal association 
has not been shown [186]
§ Reduced enzyme level but no anaemia (although haemolysis is seen in deficient mice) [186]
AD, autosomal dominant; AR, autosomal recessive; G6PD, glucose‐6‐phosphate dehydrogenase

Table 8.6  Clinical features and inheritance of deficiencies or excesses of enzymes involved in nucleotide metabolism, most of which 
cause congenital non‐spherocytic anaemias [101,186,192–194,205–210].

Enzyme Frequency Inheritance Associated features

Adenylate kinase∗ [195,205,206] Rare AR

AK1 gene at 9q34.11; at least 7 

mutations known

Mental retardation in some 

patients

Pyrimidine 5’ nucleotidase†

[37,207–209]

Rare;

about 64 known cases in  

54 families

AR

NT5C3A at 7p14.3 [208]

Possible association with learning 

difficulties, seen in 7 cases 

[208,209]

Adenosine deaminase excess‡ Rare AD

ADA gene at 20q13.2, possible 

increased translation of mRNA

[210]

∗Association with anaemia is inconsistent [186]
† Correctly designated pyrimidine 5’ nucleotidase 1
‡ Deficiency causes immune deficiency but not anaemia
AD, autosomal dominant; AR, autosomal recessive; mRNA, messenger ribonucleic acid
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deficiencies show an autosomal recessive inheritance, 

with affected individuals being homozygotes or, more 

often, compound heterozygotes. Exceptions are phos­

phoglycerate kinase and G6PD deficiency, which have 

an X‐linked recessive inheritance, enolase deficiency, 

which is probably autosomal dominant, and the very 

rare haemolytic anaemia associated with adenosine 

deaminase excess, which is autosomal dominant. 

Heterozygotes do not suffer haemolysis, with the 

exception of some female heterozygotes for phospho­

glycerate kinase deficiency [193]. Anaemia may be 

aggravated by intercurrent infection or pregnancy. In 

defects in the pentose shunt or glutathione synthe­

sis, haemolysis may be aggravated by infection, drugs 

or ingestion of fava beans [214]. Sudden worsening 

of anaemia can also result from pure red cell apla­

sia caused by parvovirus B19 infection. Iron overload 

sometimes occurs, particularly in individuals who are 

also heterozygous for familial haemochromatosis. In 

one kindred with pyrimidine 5′ nucleotidase defi­

ciency there was intravascular haemolysis leading to 

iron deficiency [208].

It should be noted that deficiencies of enzymes early 

in the glycolytic pathway lead to reduced synthesis of 

2,3‐DPG, which in turn causes a left shift of the oxy­

gen dissociation curve, aggravates the symptoms of 

anaemia and provides a hypoxic drive to erythropoie­

sis. This may, paradoxically, lead to polycythaemia, 

as has been observed for individuals with diphos­

phoglycerate mutase deficiency and some with phos­

phofructokinase deficiency. Conversely, deficiency 

of enzymes involved late in the glycolytic pathway 

is associated with increased levels of 2,3‐DPG and 

milder symptoms than would be expected for the 

degree of anaemia.

Blood film and count

There is chronic anaemia, varying from very severe to 

mild, or compensated haemolysis. The blood film (see 

Fig. 8.57) usually shows non‐specific features such as 

anisocytosis, macrocytosis, polychromasia and baso­

philic stippling. Sometimes there are echinocytes [190] 

or other poikilocytes, usually in small numbers. Echino­

cytes have been noted in some cases of triose phosphate 

Table 8.7  Clinical features and inheritance of deficiencies of enzymes of the hexose monophosphate shunt and enzymes concerned 
in glutathione synthesis and metabolism that can cause congenital non‐spherocytic anaemias [101,192–195,211–217].

Enzyme Frequency Inheritance Associated features

Glucose‐6‐phosphate 

dehydrogenase

[211]

Similar frequency to pyruvate 

kinase deficiency as a cause of 

chronic haemolytic anaemia; 

occurs sporadically in many 

ethnic groups

X‐linked, G6PD gene at Xq28 Neonatal jaundice

γ‐glutamyl cysteine 

synthetase∗

[212,213]

Rare;

Caucasian, Japanese, Moroccan 

and mixed Caucasian‐

American Indian

AR, mutations described in 

GCLC gene at 6p12.1

Spinocerebellar disease or neuropathy and 

mental retardation in 4 of 9 reported 

patients, aminoaciduria in 2

Glutathione synthetase

[214,215]

Rare AR

GSS gene at 20q11.22

Mental retardation, ataxia and metabolic 

acidosis with 5‐oxoprolinuria in some 

cases with generalised rather than red 

cell restricted deficiency; may have 

intermittent neutropenia

Glutathione peroxidase 

[195,216]

Rare: English, Polish, Syrian,

Jewish, Mediterranean, Black

Autosomal

GPX1 at 3p21.31

Neonatal jaundice and drug‐induced 

haemolysis in heterozygotes, 

compensated haemolysis in homozygotes

Glutathione reductase† 

[195,217]

Rare

 

AR

GSR gene at 8p12

Cataracts, favism, neonatal jaundice not 

caused by haemolysis

∗Enzymes required for glutathione synthesis
† Enzyme that favours maintaining glutathione in reduced state; acquired deficiency has been associated with haemolysis, panmyelopathy and a 
neurological disorder and is mainly caused by riboflavin deficiency
AR, autosomal recessive
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Fig. 8.60  The blood film of a patient with 
triose phosphate isomerase deficiency 
showing echinocytosis. By courtesy of Dr 
Joan Luis Vives Corrons.

Fig. 8.61  The blood film of a patient with 
glucose phosphate isomerase deficiency 
showing echinocytosis.

isomerase deficiency (Fig. 8.60) [218], aldolase 

deficiency [219], phosphoglycerate kinase deficiency 

[220] and glucose phosphate isomerase deficiency  

(Fig. 8.61). Small numbers of irregularly contracted cells 

have been noted in triose phosphate isomerase defi­

ciency [221] and stomatocytes [222] in glucose phos­

phate isomerase deficiency. Irregularly contracted cells 

can also be a feature of defects of glutathione biosyn­

thesis, and are prominent during haemolytic episodes 

(Fig. 8.62). Adenylate kinase deficiency has been asso­

ciated with small numbers of elliptocytes, spherocytes, 

schistocytes and stomatocytes [223,224]. Glutathione 

synthetase deficiency has been associated with tear­

drop poikilocytes [214]. One kindred with deficiency of 

2,3‐diphosphoglycerate mutase had occasional micro­

spherocytes [225]. Enolase deficiency is unusual in that 

in the three reported kindreds it has been associated 

with the presence of spherocytes [193,195], but for con­

venience it is discussed here with other enzyme defi­

ciencies. Only in pyrimidine 5′‐nucleotidase deficiency 

is the blood film distinctive. In this condition there is 

very prominent basophilic stippling (Fig. 8.63), best 
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seen when the blood film is made from heparinised or 

non‐anticoagulated blood rather than from ethylen­

ediaminetetra‐acetic acid (EDTA)‐anticoagulated blood. 

Basophilic stippling disappears if EDTA‐anticoagulated 

blood is stored for more than four hours [37]. In addi­

tion to basophilic stippling, it is common for there to be a 

low percentage of spherocytes or spiculated spherocytes 

(but with the osmotic fragility test usually being nor­

mal) [207]. The reticulocyte count is increased. Some 

cases have leucopenia as a result of hypersplenism.

After splenectomy, the Hb usually rises by 10–30 

g/l and the MCV and MCH may rise. If there is a poor 

response to splenectomy, thrombocytosis may be very 

marked. Splenectomy is not usually useful in pyrimi­

dine 5′‐nucleotidase deficiency [207].

Differential diagnosis

The differential diagnosis of pyruvate kinase deficiency 

and other enzyme deficiencies includes: (i) congenital 

haemolytic anaemias due to membrane abnormalities 

but with only minor morphological abnormalities such 

as congenital xerocytosis and some cases of congeni­

tal stomatocytosis; (ii) certain porphyrias; and (iii) lead 

poisoning. Congenital erythropoietic porphyria causes 

chronic haemolysis with or without anaemia. The blood 

film in this condition shows anisocytosis, poikilocyto­

sis, basophilic stippling and polychromasia [226]; How­

ell–Jolly bodies are often present. Slender purple‐violet 

crystals, often radially arranged, have been observed 

in erythrocytes (see Fig. 3.63); they are likely to rep­

resent crystallised porphyrins [227]. Hypersplenism is 

common with resultant leucopenia and thrombocyto­

penia [226]. One case of the very rare harderoporphyria 

showed basophilic stippling [228] but, in general, cases 

of porphyria with haemolysis have not shown any 

Fig. 8.63  The blood film of a patient with pyrimidine 5′ nucle­
otidase deficiency showing prominent basophilic stippling. By 
courtesy of Dr Joan Luis Vives Corrons.

Fig. 8.62  The blood film of a patient with 
glutathione peroxidase deficiency during an 
acute haemolytic episode showing irregu­
larly contracted cells, polychromasia and an 
erythrocyte containing a Howell–Jolly body. 
The latter is attributable to functional hypo­
splenism resulting from splenic overload 
during acute haemolysis. By courtesy of Dr 
Mark Layton.
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specific morphological features. Lead poisoning enters 

particularly into the differential diagnosis of pyrimidine 

5′‐nucleotidase deficiency, since it can cause a haemo­

lytic anaemia with prominent basophilic stippling; the 

stippling is the result of an acquired deficiency of the 

same enzyme. In cases presenting beyond the neona­

tal period, the differential diagnosis also includes Wil­

son disease, congenital erythropoietic porphyria and 

acquired haemolytic anaemias. Wilson disease can 

cause acute haemolysis with minimal morphological 

abnormalities in advance of any obvious evidence of 

liver disease.

Further tests

Congenital nonspherocytic anaemia is characterised by 

signs of haemolysis, such as increased unconjugated 

bilirubin. In some cases there is intravascular haemol­

ysis, leading to reduced serum haptoglobin and the 

presence of urinary haemosiderin. The demonstration 

of normal osmotic fragility with or without increased 

autohaemolysis is consistent with a red cell enzyme 

deficiency. However, definitive diagnosis requires bio­

chemical assays, which can generally only be performed 

in a reference laboratory. Congenital erythropoietic por­

phyria can be confirmed by demonstrating fluorescence 

in a proportion of erythrocytes and in the nuclei of any 

circulating erythroblasts when the blood is examined 

under ultraviolet light.

Acquired haemolytic anaemias

Acquired haemolytic anaemias with an 
immune mechanism
Warm autoimmune haemolytic anaemia
Most cases of autoimmune haemolytic anaemia (AIHA) 

are caused by warm‐acting antibodies, usually IgG, 

which are directed at red cell membrane antigens. The 

phagocytic cells of the spleen, and to a lesser extent the 

liver, remove both whole cells and parts of the red cell 

membrane to which immunoglobulin and sometimes 

also complement have been bound. Removal of pieces 

of the red cell membrane leads to spherocyte formation. 

Autoimmune haemolytic anaemia may be primary, 

one feature of an autoimmune disease such as sys­

temic lupus erythematosus (SLE) or the autoimmune 

lymphoproliferative syndrome or secondary to other 

diseases such as chronic lymphocytic leukaemia (CLL), 

non‐Hodgkin lymphoma, Hodgkin lymphoma, carci­

noma of the ovary or diGeorge syndrome; in one study, 

3 of 13 patients with either AIHA or Evans syndrome 

(autoimmune haemolytic anaemia plus autoimmune 

thrombocytopenic purpura) had a population of periph­

eral blood cells with a CLL phenotype, suggesting that 

monoclonal B lymphocytosis may also predispose to 

AIHA [229]. Rarely, AIHA has been induced by a drug – 

in the past most often α‐methyl dopa but occasionally 

levodopa, mefenamic acid, interferon alpha [230] or 

other drugs. One case has been reported in association 

with infection by a novel micro‐organism provision­

ally designated Candidatus Mycoplasma haemohominis 

[231]. Autoimmune haemolytic anaemia can occur as a 

complication of Wiskott–Aldrich syndrome and when it 

occurs early in life is prognostically adverse and an indi­

cation for transplantation [232].

Warm AIHA can occur in recent recipients of alloge­

neic haemopoietic stem cell and solid organ transplants, 

as a result of disordered cellular immune responses. In 

the case of stem cell transplantation there are donor 

antibodies against donor‐derived erythrocytes, whereas 

in the case of solid organ transplants there are recipient 

antibodies against recipient erythrocytes [233].

Blood film and count

The blood film (Fig. 8.64) shows spherocytosis and some­

times also polychromasia and polychromatic macrocytes. 

Fig. 8.64  The blood film of a patient with autoimmune haemolytic 
anaemia showing spherocytes and polychromatic macrocytes.
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There may be phagocytosis of erythrocytes by neutro­

phils and monocytes, but such phagocytic cells are suf­

ficiently infrequent that they are only readily noted of a 

buffy coat preparation. In severe cases, granulocyte pre­

cursors and NRBC are present and there may be features 

of hyposplenism consequent on reticuloendothelial 

overload. In occasional patients, teardrop poikilo­

cytes have been prominent and have disappeared after 

splenectomy [234]. Some patients have an associated 

immune thrombocytopenia. More rare is immune pan­

cytopenia in which there is also neutropenia. The blood 

film may show features of an underlying disease such as 

CLL, large granular lymphocyte leukaemia, non‐Hodg­

kin lymphoma or angioimmunoblastic T‐cell lymphoma.

The Hb, RBC and Hct are reduced. The MCH and 

MCV may be normal or elevated. The MCHC is ele­

vated when measured by an instrument that is sensi­

tive to changes in this variable. The RDW and HDW are 

increased. The reticulocyte count is increased. Some 

automated instruments indicate the presence of hyper­

chromia. Red cell cytograms plotting size against cellu­

lar haemoglobin concentration are not distinguishable 

from those of hereditary spherocytosis but, because hae­

molysis is often more severe, there may be a prominent 

population of hypochromic and normochromic macro­

cytes, which represent reticulocytes and other young 

red cells (Fig. 8.65).

Differential diagnoses

The differential diagnosis includes hereditary sphero­

cytosis and other causes of immune haemolytic 

anaemia. Occasionally, there are specific blood film 

features suggestive of immune haemolysis, such as 

small red cell agglutinates, red cell phagocytosis by 

monocytes, rosetting of red cells around neutrophils 

(as an in vitro phenomenon) [235] or thrombocyto­

penia. More often the peripheral blood features are 

indistinguishable from those of hereditary sphero­

cytosis. Other immune haemolytic anaemias that 

can also be confused with autoimmune haemolytic 

anaemia if sufficient weight is not given to the clini­

cal history are: (i) paroxysmal cold haemoglobinuria; 

(ii) drug‐induced immune haemolytic anaemia; and 

(iii) alloimmune haemolytic anaemia (see below), 

including delayed transfusion reactions. In delayed 

transfusion reactions, examination of a blood film 

permits a diagnosis, since only transfused cells are 

affected and the film is dimorphic (see Fig. 3.30). 

Fig. 8.65  Bayer H.2 red cell histograms and cytogram from a patient with autoimmune haemolytic anaemia showing dense cells, 
which are spherocytes, and hypochromic macrocytes, which are mainly reticulocytes (green arrows). There is also eosinophilia evi­
dent in the peroxidase channel.
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When ABO incompatible plasma or immunoglobu­

lin is transfused, the spherocytosis is generalised so 

that the film appearances do not differ from those 

of AIHA. Spherocytosis may persist for weeks [236] 

so that confusion with AIHA is possible. Immediate 

transfusion reactions are unlikely to be confused with 

AIHA since most of the donor cells are destroyed and 

spherocytosis is not prominent.

Chronic haemolytic anaemia mediated by a cold 

agglutinin (see below) can usually be readily distin­

guished from warm AIHA on the blood film. The blood 

film of acute cold antibody‐induced haemolytic anae­

mia is more likely to cause confusion but, in comparison 

with warm AIHA, red cell agglutinates are more promi­

nent and spherocytes are not so numerous.

Paroxysmal cold haemoglobinuria and drug‐induced 

immune haemolytic anaemias (see below) can some­

times cause confusion since some spherocytes are 

present, but consideration of the history should suggest 

the correct diagnosis.

Further tests

A positive direct antiglobulin test (Coombs’ test) is criti­

cal in distinguishing AIHA from hereditary spherocyto­

sis. There may also be free autoantibody in the plasma, 

detected by an indirect antiglobulin test. The direct 

antiglobulin test is positive in 99% of cases; a nega­

tive result in a patient with AIHA may be the result 

of the autoantibody being IgA or IgM or because an 

IgG autoantibody has low affinity [237]. Some patients 

have, in addition, other autoantibodies such as anti‐

DNA antibodies or antinuclear factor. An osmotic 

fragility test is positive in both hereditary spherocytosis 

and AIHA, so is not of use in distinguishing between 

these two conditions. EMA binding, however, is nor­

mal in AIHA, which aids the distinction from heredi­

tary spherocytosis. In children, Evans syndrome may 

be the initial presentation of the autoimmune lym­

phoproliferative syndrome; immunophenotyping to 

detect CD4‐negative CD8‐negative cells has therefore 

been advised [238].

Cold antibody‐induced haemolytic anaemia
Haemolysis may be induced by autoantibodies that 

have maximal activity at low temperatures. Cold anti­

bodies are often IgM antibodies that can cause both 

red cell agglutination and complement‐mediated 

haemolysis. Clinical features may be mainly due to 

haemolysis or mainly due to red cell agglutination in 

small peripheral vessels following exposure to cold. 

Cold antibody production may be an acute phen­

omenon when polyclonal antibodies are produced 

following infections such as infectious mononucleosis, 

Mycoplasma pneumoniae infection, rubella, varicella, 

cytomegalovirus (CMV) infection, human immuno­

deficiency virus (HIV) infection, Legionnaires’ disease 

[239] or brucellosis [240]. In these cases acute hae­

molysis is the dominant clinical feature. Cold anti­

body production can also be chronic, when a clone of 

neoplastic lymphocytes produces a monoclonal cold 

agglutinin, the syndrome being known as chronic 

cold haemagglutinin disease. The dominant clinical 

features are those of peripheral cyanosis (acrocyano­

sis) and ischaemia following cold exposure, but there 

may also be haemolysis and features, such as lym­

phadenopathy, suggestive of a lymphoproliferative 

disease.

Cold antibodies produced following infections such as 

measles and other viral infections can also cause a dis­

tinct clinical syndrome known as paroxysmal cold hae­

moglobinuria (see below).

Blood film and count

In acute cold antibody‐induced haemolytic anaemia 

the peripheral blood film (Fig. 8.66) shows red cell 

agglutinates, variable numbers of spherocytes and, 

subsequently, polychromasia and the presence of poly­

chromatic macrocytes. Erythrophagocytosis is occasion­

ally present. Variable numbers of atypical lymphocytes 

are present when haemolysis is caused by infectious 

mononucleosis and, less often, when it is caused by 

other infections. In chronic cold agglutinin disease, the 

dominant peripheral blood feature is red cell agglutina­

tion, which may be massive (see Fig. 3.2). Some cases 

also have lymphocytosis and there may be plasmacy­

toid lymphocytes. The presence of a cold agglutinin is 

often first suspected from the automated FBC as the red 

cell agglutinates cause a factitious elevation in the MCV, 

MCH and MCHC with impedance counters such as 

Coulter instruments and, to a lesser extent, with light‐

scattering instruments such as the Siemens H.1 and 

Advia series. Histograms and cytograms may show two 

populations of red cells, the apparent macrocytes being 

red cell agglutinates. The presence of a cold agglutinin 

is easily verified by warming the blood specimen and 

repeating the FBC.
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Differential diagnosis

The differential diagnosis includes other causes of acute 

haemolysis, spherocytosis and red cell agglutination. 

The blood film in acute paroxysmal cold haemoglobinu­

ria can be confused with that of other types of acute cold 

antibody‐induced haemolytic anaemia.

Further tests

Confirmation that haemolysis or ischaemia is caused by 

a cold haemagglutinin is by a direct antiglobulin test, 

which is positive for complement but not IgG, and by 

the detection of a cold agglutinin. This is usually IgM. It 

most often has anti‐I specificity and less often anti‐i or 

other specificity. In mycoplasma infections, anti‐I speci­

ficity is usual and in infectious mononucleosis anti‐i. 

Cold agglutinins are not uncommon in healthy sub­

jects, but in patients with relevant clinical features they 

are present at a high titre and/or have a wide thermal 

amplitude.

Paroxysmal cold haemoglobinuria
The term ‘paroxysmal cold haemoglobinuria’ (PCH) 

covers two distinct syndromes, both of which are 

caused by a biphasic antibody referred to as a Donath–

Landsteiner antibody. A biphasic antibody is one that 

is bound to red cells at low temperature but causes 

potent complement activation on warming to 37°C. 

The antibody is usually IgG with anti‐P specificity. 

In chronic PCH, there is episodic haemolysis, hence 

the designation ‘paroxysmal’. In acute transient PCH, 

there is a single episode of haemolysis; the term ‘par­

oxysmal cold haemoglobinuria’ is therefore inappro­

priate but no more suitable alternative has been sug­

gested. Chronic PCH is very rare and may be idiopathic 

or secondary to syphilis or other infections. Rarely it is 

consequent on non‐Hodgkin lymphoma, the autoan­

tibody being secreted by the lymphoma cells [241]. 

Acute transient PCH usually follows a non‐specific 

febrile illness but can also follow specific infections, 

either bacterial or viral (e.g. measles, mumps, chicken 

pox, CMV infection, infectious mononucleosis, Myco-

plasma pneumoniae infection, Haemophilus influenzae 

infection or Klebsiella pneumoniae infection) [239]. 

Haemolysis in PCH is intravascular so that haemoglo­

binuria is a feature.

Blood film and count

In acute transient PCH the Hb, RBC and Hct are reduced, 

often severely. The reticulocyte count is usually increased 

but some patients have reticulocytopenia [239]. There 

are small red cell agglutinates and spherocytes (Fig. 8.67). 

Erythrophagocytosis by neutrophils (Fig. 8.68) is often 

prominent and large round vacuoles in neutrophils are 

also seen [242]. Red cell rosetting around neutrophils can 

occcur [243]. In chronic PCH there are no specific blood 

film features. Associated features sometimes present in 

PCH include leucopenia, neutropenia, leucocytosis, neu­

trophilia, left shift, eosinopenia, monocytopenia and a 

lesser degree of lymphopenia [239,244]. The platelet 

count is normal or increased.

Fig. 8.66  The blood film of a patient with 
acute haemolytic anaemia caused by anti‐i 
autoantibodies occurring as a complication 
of infectious mononucleosis. There are sev­
eral spherocytes, a single small agglutinate 
and an atypical lymphocyte.
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Further tests

The diagnosis of PCH is confirmed by demonstration of 

the Donath–Landsteiner antibody, usually anti‐P, which 

causes biphasic haemolysis, i.e. haemolysis on rewarm­

ing a previously chilled blood sample.

Combined cold and warm autoimmune 
haemolytic anaemia
Uncommonly a patient meets the serological criteria for 

warm autoimmune haemolytic anaemia and also has a 

high thermal amplitude cold agglutinin [239]. Haemol­

ysis is usually severe but responsive to corticosteroids. 

Chronicity is common. There is an association with SLE 

and with lymphoma [245].

Immune haemolytic anaemia induced by drugs 
and other exogenous antigens
Drugs are now a rare but still important cause of haemo­

lytic anaemia. Antibodies are produced that damage red 

cells only in the presence of the drug. Haemolysis is acute 

and severe when the red cell is an ‘innocent bystander’, 

damaged by drug–antibody complexes. The most 

common cause of immune complex‐mediated drug‐

induced haemolytic anaemia is now third‐generation 

cephalosporins, particularly cefotetan and ceftriaxone 

[246]. When the antibody is directed at a drug bound 

to the red cell membrane (‘hapten mechanism’), as in 

penicillin‐induced haemolysis, haemolysis is usually 

less acute and less severe.

Fig. 8.67  The blood film in acute paroxys­
mal cold haemoglobinuria showing sphero­
cytosis and red cell agglutination.

Fig. 8.68  The blood film in acute paroxys­
mal cold haemoglobinuria showing eryth­
rophagocytosis (same case as Fig. 8.66).
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Immune haemolytic anaemia can be induced not 

only by drugs but also by exposure to other exogenous 

antigens such as pollens and plants containing flavo­

noids [247].

Blood film and count

In drug‐induced haemolysis of the ‘innocent bystander’ 

type the blood film usually shows only the features of 

anaemia and spherocytes are rare. Sometimes sphero­

cytes are more numerous (Fig. 8.69).

In penicillin‐induced haemolytic anaemia there may 

be moderate numbers of spherocytes.

Differential diagnosis

The differential diagnosis includes other causes of acute 

haemolysis and other causes of spherocytosis.

Further tests

Suspected drug‐induced haemolysis can be confirmed 

serologically. With penicillin‐induced haemolysis the 

direct antiglobulin test is positive in the absence of 

the drug and the patient’s serum immunoglobulins 

bind to penicillin‐coated cells. When there is hae­

molysis with an innocent‐bystander mechanism, the 

antiglobulin test is usually positive as complement is 

bound to the red cells. Serological tests using normal 

red cells, the patient’s serum and the causative drug 

are positive.

Haemolytic disease of the fetus and newborn
IgG maternal alloantibodies cross the placenta and those 

with specificity for antigens on fetal red cells can cause 

hydrops fetalis and haemolytic disease of the newborn. 

The commonest form of haemolytic disease of the new­

born is now that caused by anti‐A or anti‐B antibod­

ies; clinically significant ABO haemolytic disease of the 

newborn occurs in one in 3000 pregnancies in the UK. 

Rh haemolytic disease of the fetus and newborn, caused 

by anti‐D or other Rh antibodies, is now the second 

most common cause. Occasionally, haemolytic disease 

of the newborn is caused by antibodies of other systems 

such as Kell.

Blood film and count

Anaemia varies from mild to severe. The blood film in 

ABO haemolytic disease of the newborn shows promi­

nent spherocytosis (Fig. 8.70), whereas in Rh haemo­

lytic disease of the newborn the degree of spherocytosis 

is usually much less (Fig. 8.71). There is polychromasia 

and the number of NRBC is increased. Erythrophagocy­

tosis by monocytes had been observed in Rh haemolytic 

disease [248]. There may be associated neutropenia, 

lymphopenia, monocytopenia and thrombocytopenia 

[249,250]. The reticulocyte count is generally elevated.

In Kell haemolytic disease of the newborn, the 

evidence of a bone marrow response to haemoly­

sis (reticulocytosis and circulating NRBC) is not 

Fig. 8.69  The blood film in cephalosporin‐
induced immune haemolytic anaemia show­
ing a moderate number of spherocytes.
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Fig. 8.70  The blood film of a baby with ABO 
haemolytic disease of the newborn showing 
marked spherocytosis and an NRBC.

Fig. 8.71  The blood film of a baby with Rh haemolytic disease of 
the newborn showing that the degree of spherocytosis is much 
less than that which is seen in ABO haemolytic disease of the 
newborn (see Fig. 8.69).

increased appropriately to the degree of anaemia as 

there is also an element of bone marrow suppression 

[251], attributable to suppression of proliferation of 

erythroid progenitors by antibodies to Kell group 

antigens [252]. Marked thrombocytopenia is also a 

particular feature of Kell haemolytic disease of the 

newborn and is attributable to inhibition of prolifer­

ation of megakaryocyte progenitors by antibodies to 

Kell group antigens [252].

Differential diagnosis

The main differential diagnosis is hereditary spherocy­

tosis.

Further tests

The diagnosis is confirmed by a positive direct antiglob­

ulin test in the baby and detection of an IgG antibody 

in maternal serum with specificity against a fetal red 

cell antigen. In the case of ABO haemolytic disease of 

the newborn, a high titre IgG antibody will be demon­

strated.

Other alloimmune haemolytic anaemias
Beyond the neonatal period, alloimmune haemolytic 

anaemia is uncommon. Delayed transfusion reactions 

following transfusion of incompatible red cells are allo­

immune in nature, as is immune haemolysis following 

transfusion of incompatible plasma, cryoprecipitate, 

high‐dose intravenous immunoglobulin or other blood 

products containing immunoglobulin, such as some 

factor VIII or IX concentrates. Alloimmune haemolysis 

can result from administration of anti‐D in the treat­

ment of autoimmune thrombocytopenic purpura [253]; 

uncommonly there may be acute haemoglobinaemia 

and haemoglobinuria with a sudden marked fall in the 

Hb. Transient alloimmune haemolysis can follow trans­

plantation of ABO‐incompatible bone marrow, e.g. A or 

B marrow transplanted into an O recipient as a result 

of preformed anti‐A or anti‐B antibodies. If peripheral 

blood is used as a source of stem cells, severe haemolysis 
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can also occur with a transplant showing minor ABO 

incompatibility (e.g. O donor with A or B recipient), 

presumably because of the greater content of donor 

lymphocytes with this type of transplantation [254]. 

Alloimmune haemolysis can even occur following solid 

organ transplantation from O donors as a result of pas­

senger B lymphocytes in the graft. Mixed chimaerism 

can lead to alloimmune haemolysis following transplan­

tation when surviving recipient B lymphocytes produce 

antibodies against donor‐derived erythrocytes.

Blood film and count

In delayed transfusion reactions, only a proportion of 

red cells are spherocytic, the patient’s own cells either 

being normal or showing features of the underlying dis­

ease. In other types of alloimmune haemolytic anaemia 

spherocytosis is generalised.

Differential diagnosis

The differential diagnosis includes other causes of 

spherocytosis with a positive direct antiglobulin test, 

particularly autoimmune and immune drug‐induced 

haemolytic anaemia.

Further tests

The direct antiglobulin test is positive, as are tests 

indicative of intravascular haemolysis; there may be 

haemoglobinaemia and haemoglobinuria (when hae­

molysis is acute and severe), a positive Schumm’s test, 

low serum haptoglobin and presence of urinary haemo­

siderin. Otherwise the clinical history is of more impor­

tance than laboratory tests in elucidating the nature 

of the anaemia. Alloimmune haemolysis is sometimes 

severe enough to precipitate renal failure, so that renal 

function should be monitored.

Haemolysis in familial autoimmune/
lymphoproliferative syndrome
Haemolysis with either a positive or negative direct 

antiglobulin test, a poor reticulocyte response and 

associated dyserythropoiesis has been reported in the 

familial autoimmune/lymphoproliferative syndrome 

associated with mutations in the FAS gene and impaired 

Fas‐mediated apoptosis [255].

Non‐immune acquired haemolytic 
anaemias
Microangiopathic and other schistocytic 
haemolytic anaemias
The term microangiopathic haemolytic anaemia 

refers to haemolytic anaemia caused by red cell frag­

mentation resulting from endothelial damage, fibrin 

deposition in capillaries or both. Causes are multiple 

Table 8.8  Some causes of red cell fragmentation.

Microangiopathic haemolytic anaemia

Congenital, inherited and familial

  Familial thrombotic thrombocytopenic purpura resulting from deficiency of von Willebrand factor‐cleaving protease (ADAMTS13) 

[256,257]; familial haemolytic–uraemic syndrome (some caused by autosomal recessively inherited deficiency of complement factor H 

[258] or of other complement‐regulatory proteins such as membrane cofactor protein and factor I [259]); haem oxygenase 1 deficiency 

[260]; associated with congenital cobalamin C defect [261]

Epidemic or sporadic haemolytic–uraemic syndrome, thrombotic thrombocytopenic purpura and related thrombotic microangiopathies

  Following infection by Shigella, verotoxin‐producing E.coli, Campylobacter jejuni, Legionella pneumophila [262], Rickettsia rickettsii [263], 

Borrelia burgdorferi [264], Streptococcus pneumoniae [265], Aeromonas hydrophilia [266], Campylobacter upsaliensis [266], Campylobacter 

canimorsus [266], Mycoplasma pneumoniae, Staphylococcus epidermidis (bacterial endocarditis with vegetations) [267], brucellosis 

[268], leptospirosis [269], viruses (including HIV, HTLV‐1, CMV, varicella zoster, adenovirus and possibly human herpesvirus 6 [270]), fungi 

[271–275] or following vaccination (influenza, polio, measles, smallpox, triple antigen or typhoid‐paratyphoid) [276]

Associated with pregnancy (including HELLP syndrome), oral contraceptive intake or the postpartum state

  Drug toxicity [277] including due to quinine [278], mitomycin C, bleomycin, pentostatin [279], daunorubicin [280], gemcitabine [281], 

methyl‐CCNU [282], tamoxifen [282], atorvastatin [282], penicillin, rifampicin [280], sulphonamides [280], quinolones [280], aciclovir 

[280], valaciclovir [280], penicillamine [272], ciclosporin, tacrolimus [283], sirolimus [282], simvastatin [284], ticlopidine [285], clopidogrel 

[280,286], risperidone [280], OKT3 [287], interferon β [266], interferon α therapy in CML [288], heroin [266], traditional African medicine 

(‘Pitocine’) [289], quinine hypersensitivity [290], arsenic [282], iodine [282], ‘crack’ cocaine [282], anti‐CD22 recombinant immunotoxin 

[291], treatment of acute promyelocytic leukaemia with all‐trans retinoic acid [292], bevacizumab [293], abuse of oxymorphone slow‐

release tablets by intravenous injection [294]
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Other pathological processes involving small vessels in the kidney (with or without extra‐renal vascular lesions)

  Pregnancy‐associated hypertension

  Malignant hypertension

  Renal cortical necrosis

  Microscopic polyarteritis nodosa

  Acute glomerulonephritis

  Renal involvement by systemic lupus erythematosus (may precede other manifestations of the disease) [295]

  Renal involvement by systemic sclerosis (scleroderma) [296]

  Granulomatosis with polyangiitis (Wegener’s granulomatosis)

  Renal irradiation

  Rejection of transplanted kidney

  POEMS syndrome [281]

  Anti‐phospholipid antibody syndrome [281]

  Dysfibrinogenaemia and other prothrombotic states [281]

Diabetic angiopathy [297]

Following haemopoietic stem cell transplantation

Associated with pancreatitis [298]

Light chain deposition disease (one case) [299]

Secondary oxalosis (one case) [300]

Systemic amyloidosis

Disseminated intravascular coagulation (including that associated with malignant disease, aortic aneurysm, renal vein thrombosis and snake bite)

Therapeutic defibrination (occasionally)

Atrial myxoma [301]

Disseminated carcinoma (particularly mucin‐secreting carcinoma, particularly carcinoma of the stomach)

Following arteriography [302]

Reaction to bee sting [272]

Bone marrow transplantation

Thymoma‐associated (1 case) [303]

Associated with vascular malformations and other large vessel and valvular lesions

Haemangioma

Haemangioendothelioma of the liver or spleen

Haemangioendotheliosarcoma

Plexiform pulmonary lesions of pulmonary hypertension

Plexiform pulmonary lesions of cirrhosis [304]

Giant cell arteritis [305]

Umbilical vein varix (in a fetus) [306]

Prosthetic valves (aortic more than mitral, much more common when there is regurgitation around a valve)

Homograft, xenograft (porcine) and fascia lata autograft valves (less likely than with prosthetic valves)

Acute rheumatic valvulitis [307]

Prosthetic patches, e.g. for ventricular septal defect

Endoluminal closure of patent ductus arteriosus [308]

Severe aortic stenosis (very uncommon)

Severe mitral valve disease and following valvuloplasty for mitral valve disease (rare)

Cardiac myxoma

Aortic coarctation (rare)

Use of subclavian dialysis catheters [309]

Associated with extracorporeal circulation (associated with thrombosis in the apparatus) [309] and long‐term extracorporeal 

membrane oxygenation in neonates [310]

Drug‐induced thrombotic microangiopathy may be either idiosyncratic (e.g. with quinine and ticlopidine) or dose‐related (as with cytotoxic 
chemotherapeutic agents) [277]

CML, chronic myelogenous leukaemia; CMV, cytomegalovirus; HELLP, Haemolysis, Elevated Liver enzymes and Low Platelet syndrome; HIV, human 
immunodeficiency virus; HTLV‐1, human T‐cell lymphotropic virus type 1; POEMS, Polyneuropathy, Organomegaly, Endocrinopathy, M protein, 
Skin changes syndrome.
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(Table 8.8). In childhood the commonest cause is 

enteric infection, most often by a verocytotoxin‐

secreting Escherichia coli (serotype O157:H7), result­

ing in haemolytic–uraemic syndrome. In adults the 

commonest causes are probably idiopathic TTP, preg­

nancy‐associated hypertension and carcinoma. An 

outbreak of adult cases of haemolytic–uraemic syn­

drome in 2011, centred on Germany, was due to E. coli 

serotype O104:H4; women were particularly affected 

[311]. Schistocytic haemolytic anaemia can also occur 

with large vessel or valvular lesions and with pros­

thetic cardiac valves. In some of these instances there 

is thrombosis on an abnormal surface and in oth­

ers there is red cell damage resulting from turbulent 

flow or from mechanical damage to red cells by com­

ponents of a malfunctioning prosthetic valve.

Blood film and count

The blood film shows microspherocytes, kerato­

cytes and schistocytes and often polychromasia and 

polychromatic macrocytes. When there is associated 

platelet consumption, thrombocytopenia and large 

platelets are apparent. In the post‐diarrhoeal haemo­

lytic–uraemic syndrome of childhood there is often 

leucocytosis and neutrophilia, the severity of which 

correlates with associated renal damage; the degree of 

elevation of the WBC and the duration of leucocytosis 

are both of prognostic significance [312]. Prolonged 

thrombocytopenia is associated with long‐term renal 

sequelae [266]. Occasionally there is also marked 

Fig. 8.72  The blood film of an adult patient 
at presentation with haemolytic–uraemic 
syndrome, showing both fragments and 
echinocytes. By courtesy of Dr Ayed Eden, 
Southend‐on‐Sea.

echinocytosis (Figs 8.72 & 8.73). In microangiopathic 

haemolytic anaemia there is often associated throm­

bocytopenia, but otherwise the blood films of micro­

angiopathic haemolytic anaemia (Figs 8.74 & 8.75) 

and of haemolytic anaemia caused by large vessel 

or valvular diseases or prostheses (Fig. 8.76) cannot 

be readily distinguished. Haemolysis in the micro­

angiopathic and mechanical haemolytic anaemias is 

intravascular and when it is severe and chronic the 

resultant haemoglobinuria can lead to complicating 

Fig. 8.73  The blood film of a hyposplenic adult patient with the 
haemolytic–uraemic syndrome induced by gemcitabine show­
ing schistocytes, crenation (attributable to acute kidney injury), 
a cell containing a Howell–Jolly body and thrombocytopenia. 
Some of the schistocytes are crenated.
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Fig. 8.74  The blood film of an adult with 
the haemolytic–uraemic syndrome showing 
fragments, several spherocytes and several 
polychromatic macrocytes.

Fig. 8.75  The blood film of an adult patient 
with the haemolytic–uraemic syndrome 
induced by peginterferon showing schisto­
cytes and thrombocytopenia.

iron deficiency, the features of which are then appar­

ent on the blood film (Fig. 8.77).

It should be noted that, although red cell fragmen­

tation is often a feature of chronic disseminated 

intravascular coagulation (DIC), it is quite uncommon 

in acute DIC. Examination of a blood film is therefore 

not often a useful screening test if this diagnosis is sus­

pected [313]. Conversely, blood film examination is 

very important if TTP or the HELLP (haemolysis, ele­

vated liver enzymes and low platelet count) syndrome 

is suspected. It should, however, be noted that in TTP, 

schistocytes are sometimes lacking in the first few days 

after presentation [314].

The International Council for Standardization in 

Haematology (ICSH) has recommended that, for 

the purposes of counting schistocytes in suspected 

microangiopathic haemolytic anaemia, the follow­

ing forms should be included: fragments with sharp 

angles and straight borders, small crescents, helmet 

cells, keratocytes and microspherocytes (if other 
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Fig. 8.76  The blood film of a patient with 
mechanical haemolytic anaemia, due to a 
defective prosthetic mitral valve, showing 
numerous fragments.

Fig. 8.77  The blood film of an Afro‐Carib­
bean patient with iron deficiency as a com­
plication of mechanical haemolysis from a 
defective prosthetic valve. The film shows 
fragments, hypochromia, microcytosis and 
one target cell. The patient also had haemo­
globin C trait.

typical forms are also present) [315]. The presence 

of more than 1% of schistocytes defined in this man­

ner, 1000 cells having been counted, is diagnostically 

significant if fragmentation is the dominant abnor­

mality present [315]. A higher threshold of 4% has 

been used for the diagnosis of post‐transplant micro­

angiopathy [315].

The FBC shows a reduced Hb, increased RDW, some­

times an increased MCV and HDW (consequent on retic­

ulocytosis) and sometimes a low platelet count with an 

increased MPV. There may be ‘flagging’ indicating the 

presence of both microcytes and macrocytes. If there 

are large numbers of schistocytes there may be ‘flag­

ging’ indicating poor separation of red cells and platelets 

and the possibility of factitious elevation of the platelet 

count. Some instruments (Siemens Advia and Sysmex 

XE‐2100) are able to specifically flag and enumerate 

schistocytes, a normal value having a high negative pre­

dictive value for schistocytes in the blood film (but with 

some false negatives in specimens with an MCV above 

105 fl) [316]. Red cell histograms and cytograms (Figs 

8.78 & 8.79) may show hyperchromic cells, normochro­

mic and hyperchromic microcytes and hypochromic 

macrocytes.
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Fig. 8.78  Bayer H.2 red cell and platelet histograms and cytograms from a patient with microangiopathic haemolytic anaemia. There 
are many hyperchromatic cells (spherocytes and microspherocytes) and normochromic microcytic cells (other fragments). The plate­
let histogram illustrates that in this patient the platelet count was very low.

Differential diagnosis

The blood film of schistocytic haemolytic anaemias 

is distinctive and usually there is no diagnostic diffi­

culty. However, it should be noted that the blood film 

of severe megaloblastic anaemia may have prominent 

schistocytes and has been confused with microangio­

pathic haemolytic anaemia.

Further tests

The speedy recognition of haemolytic–uraemic syndrome 

by the laboratory is of critical importance for optimal man­

agement. In addition to appropriate management of the 

renal failure, early stool culture is indicated and therapy 

that may aggravate the condition, e.g. antibiotics and 

agents to reduce gut motility, should be avoided [266]. 

Death associated with delay in diagnosis has been reported 

when a blood film was not examined [317]. Speedy diag­

nosis of TTP is likewise critical, since plasmapheresis should 

be instituted promptly, but it must be remembered that 

initial absence of fragments does not exclude the diagnosis. 

Patients presenting with the clinicopathological features of 

TTP should be tested for HIV.

Bilirubin and LDH estimations and a reticulocyte 

count are useful in assessing the severity of the hae­

molysis. In cases with chronic mild haemolysis and few 

fragments, the detection of haemosiderin in urinary 

sediment is useful in demonstrating that intravascular 

haemolysis has occurred.

Oxidant‐induced haemolytic anaemia
Exposure to sufficiently potent oxidants, either drugs 

or chemicals, can cause haemolytic anaemia even in 

individuals in whom G6PD and other enzymes of the 

pentose shunt are normal. Neonates, especially prema­

ture neonates, are particularly susceptible to oxidant‐

induced haemolysis. Oxidants can cause both acquired 

methaemoglobinaemia, resulting from oxidation of 

haemoglobin, and acute or chronic haemolytic anae­

mia, resulting from oxidation of both haemoglobin and 

membrane components. When haemolysis is acute, oxi­

dised haemoglobin precipitates as Heinz bodies, hence 

the name ‘Heinz‐body haemolytic anaemia’. Heinz bod­

ies are cleared by the spleen, but when haemolysis is 

acute they may be detected in circulating red cells.
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Oxidant‐induced haemolysis is most often caused by 

drugs, particularly dapsone and sulfasalazine. It can also 

result from nitrate contamination of drinking water or 

from accidental or deliberate exposure to agricultural 

and industrial chemicals. Copper sulphate, taken with 

suicidal intent, is a common cause in some countries.

It should be noted that if patients have methaemo­

globinaemia as well as oxidant‐induced haemolysis, 

their symptoms are often more severe than would be 

expected from the degree of anaemia. This is because 

methaemoglobin does not function in oxygen transport 

and, in addition, causes a left shift of the oxygen dis­

sociation curve, further reducing the capacity of haemo­

globin to deliver oxygen to tissues.

Blood film and count

When the haemolysis is acute the blood film (Fig. 

8.80) is similar to that of G6PD deficiency during acute 

haemolytic episodes. Heinz bodies may produce a visible 

protrusion of the surface of the red cell, the reason for 

this being apparent from electron microscopy [318]. 

Heinz bodies do not merely bind to the red cell mem­

brane but protrude through it (Fig. 8.81). When hae­

molysis is milder and more chronic, there are variable 

numbers of irregularly contracted cells and sometimes 

also macrocytosis with polychromatic macrocytes.

Differential diagnosis

The differential diagnosis includes G6PD deficiency, 

unstable haemoglobins and other causes of irregularly 

contracted cells (see Chapter 3).

Further tests

The diagnosis can usually be made from the clinical 

history and the blood film. A Heinz body preparation 

is positive in acute cases. In some patients it may be 

necessary to confirm that the G6PD activity is normal 

after the episode of haemolysis has passed.

Fig. 8.79  Siemens Advia series cytogram and histograms from a patient with thrombotic thrombocytopenic purpura. The FBC was: WBC 
19.17 × 109/l, RBC 1.45 × 1012/l, Hb 42 g/l, Hct 0.12 l/l, MCH 28.9 pg, MCHC 344 g/l, CHCM 361 g/l, RDW 25.6%, platelets 17 × 109/l, 
reticulocyte count 7.9%, 114 × 109/l. The red cell cytogram and haemoglobin concentration histogram (RBC HC) show an increase in cells 
with an increased haemoglobin concentration (to the right of the right‐hand vertical threshold) and there was a +++ hyperchromia flag. 
There was also a flag indicating the presence of NRBC. Red cell fragments were 2.75%. By courtesy of Professor Gina Zini.
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Neonatal glutathione peroxidase deficiency
Glutathione peroxidase deficiency can occur transiently 

in the neonatal period as a result of deficiency of sele­

nium, an essential cofactor.

Blood film and count

The blood film shows irregularly contracted cells and 

other features similar to those of oxidant damage.

Renal disease
Red cell survival is usually reduced in acute renal fail­

ure. The features of a microangiopathic haemolytic 

anaemia are commonly present. Reduced red cell sur­

vival is one of the mechanisms, although not the prin­

cipal one, in anaemia of chronic renal failure. Small 

numbers of keratocytes and other fragments may be 

present. Occasionally there are echinocytes. In chronic 

renal failure the oxygen dissociation curve is often right 

shifted, improving oxygen delivery to tissues and reduc­

ing the erythropoietic drive [319].

Liver disease
Liver disease is associated with several haemolytic syn­

dromes. In Zieve syndrome there is acute alcoholic liver 

disease associated with hyperlipidaemia and acute hae­

molysis. Zieve [320] and others [321] have described the 

abnormal cells as ‘spherocytes’ and in one case Zieve sus­

pected an inherited haemolytic anaemia. However, illus­

trations have shown irregularly contracted cells [321] 

and these are sometimes prominent (Fig. 8.82). A dis­

tinct syndrome initially called ‘spur cell haemolytic anae­

mia’, which is characterised by numerous acanthocytes  

(Fig. 8.83), is caused by liver failure of any aetiology.

Wilson disease
Wilson disease can cause both acute haemolytic anae­

mia with no morphological abnormality and an acute 

Heinz‐body haemolytic anaemia consequent on sud­

den release of copper from a gravely damaged liver 

[322] (Fig. 8.84). It is important to think of previously 

undiagnosed Wilson disease when an acute haemolytic 

Fig. 8.80  The blood film of a patient taking 
dapsone for a skin condition showing mac­
rocytosis, irregularly contracted cells and 
several bite cells.

Fig. 8.81  Scanning electron micrograph of an erythrocyte with 
a projecting Heinz body. By courtesy of Dr M. Amare and col­
leagues, Kansas City.
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Fig. 8.82  The blood film of a patient with 
Zieve syndrome as a complication of acute 
alcoholic liver disease showing irregularly 
contracted cells and polychromatic macro­
cytes.

Fig. 8.83  The blood film of a patient with 
terminal liver disease of unknown aetiology 
showing numerous acanthocytes (‘spur cell’ 
haemolytic anaemia).

Fig. 8.84  The blood film in a patient with 
terminal liver failure as a complication of 
Wilson disease showing irregularly con­
tracted cells and polychromatic macrocytes.
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anaemia is unexplained, since this may be the present­

ing feature of a condition that is fatal if left untreated.

Diabetes mellitus
Compensated haemolysis without anaemia or morpho­

logical abnormalities appears to be common in diabetes 

mellitus [323].

Vitamin E deficiency and infantile pyknocytosis
Vitamin E deficiency can cause haemolysis, particularly 

in neonates and particularly when iron‐supplemented 

milk is used for feeding. This may be the initial pres­

entation of cystic fibrosis [324]. The blood film shows 

‘pyknocytes’ – irregularly contracted spiculated cells, 

resembling acanthocytes. Other cases of infantile pyk­

nocytosis may be the result of oxidant stress without 

vitamin E deficiency [325]. Plots of cell density, e.g. on 

Siemens automated instruments, show two populations 

representing normal and abnormal cells, whereas retic­

ulocytes have a normal density distribution [325].

Phosphate depletion
Phosphate depletion, leading to reduced ATP, is a rare 

cause of haemolytic anaemia. This is the likely mecha­

nism of haemolytic anaemia reported in association 

with hypophosphataemia during refeeding of a patient 

with anorexia nervosa [326].

Bacterial and parasitic infections
Bartonellosis, malaria and babesiosis characteristically 

cause haemolytic anaemia. Rarely this is also seen in 

patients with Whipple disease who have been splenec­

tomised. Bacterial and viral infections can be associated 

with microangiopathic haemolytic anaemia. Clostridial 

toxins can cause a severe spherocytic haemolytic anae­

mia. Bacillus cereus infection, mainly in immunodeficient 

patients, can cause hyperacute haemolysis with red 

cell ghosts and, probably, spherocytes. Bacterial infec­

tions can also alter red cell membrane antigens to cause 

T activation. Anti‐T antibodies in the plasma can then 

bind to red cells causing spherocytosis and haemolysis. 

This has been observed with infection by Staphylococcus 

aureus, Escherichia coli and pneumococcus and in necro­

tising enteritis caused by Clostridium perfringens. Acute 

haemolysis can follow transfusion of normal blood, 

which contains anti‐T antibodies, and this type of hae­

molysis can therefore be confused with other types of 

haemolytic transfusion reaction [327].

Snake and insect bites
Bites of a number of snakes (Fig. 8.85) and insects can 

cause an acute spherocytic or microangiopathic haemo­

lytic anaemia, sometimes with associated DIC and 

thrombocytopenia [328].

March haemoglobinuria
March haemoglobinuria describes haemolytic anaemia 

observed in soldiers on forced marches. Although hae­

molysis is mechanical, resulting from damage of red cells 

in blood vessels in the feet, it is rare for any fragments or 

other specific features to be observed. A similar type of 

haemolysis can be induced by jogging on hard surfaces, 

Fig. 8.85  The blood film of a Sri Lan­
kan patient who had suffered a viper bite 
showing fragments and microspherocytes. 
By courtesy of Dr Sudharma Vidyatilake, 
Colombo.
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tennis playing, karate, drumming with the hands and 

even swimming. These conditions should be sought 

by specific questioning whenever there is mild unex­

plained anaemia in an apparently fit, usually young, 

person. (There may be factors other than haemolysis 

operating in some cases of exercise‐induced anaemia, 

e.g. exercise‐induced gastrointestinal haemorrhage.)

Haemolysis caused by infusion of hypotonic fluid
Acute intravascular haemolysis with no morphological 

abnormality can be caused by inadvertent intravenous 

infusion of hypotonic fluid.

Paroxysmal nocturnal haemoglobinuria
Paroxysmal nocturnal haemoglobinuria (PNH) is a 

clonal haemopoietic stem cell disorder in which red cells 

with a specific membrane defect are abnormally sensi­

tive to complement‐induced lysis. This results from an 

acquired somatic mutation in the phosphatidylinositol‐

glycan complementation class A (PIGA) gene that leads 

to a deficiency of glycosylphosphatidylinositol (GPI) 

and therefore of the numerous membrane proteins that 

are anchored to GPI [329]. A tendency to bone marrow 

hypoplasia or aplasia must also be present so that the 

PNH clone is favoured. Some but not all patients give 

a history of nocturnal haemolysis, i.e. of the first urine 

specimen passed in the morning being red. A diagnosis 

of PNH should be considered when there is an unex­

plained haemolytic anaemia, particularly if associated 

with leucopenia or thrombocytopenia. Acute myeloid 

leukaemia (AML) and MDS may develop during the 

course of PNH.

It should be noted that very rarely the phenotype 

of PNH results from an inherited deficiency of CD59 

(membrane inhibitor of reactive lysis, MIRL) [330].

Blood film and count

There are no specific blood film features. Polychromatic 

macrocytes may be present (Fig. 8.86) {previously 8.73}. 

Eighty percent of patients have neutropenia or throm­

bocytopenia [329].

Differential diagnosis

The differential diagnosis includes other causes of nor­

mocytic anaemia and pancytopenia.

Further tests

The diagnosis can be confirmed by flow cytometry using 

monoclonal antibodies directed at GPI‐anchored anti­

gens such as CD55 and CD59 on red cells or neutrophils. 

The absence of such antigens can also be demonstrated 

by a modification of the gel technology used for blood 

grouping. If this technology is not available, the diag­

nosis can also be confirmed by a Ham test showing lysis 

of red cells following exposure to acidified serum.

Miscellaneous causes of acquired 
haemolytic anaemia
Haemolytic anaemia with a negative direct and indirect 

anti‐globulin test and with no specific morphological 

Fig. 8.86  The blood film of a patient with 
paroxysmal nocturnal haemoglobinuria 
(PNH) showing polychromatic macrocytes.
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features has been described as a transient phenome­

non, sometimes accompanied by thrombocytopenia, in 

patients with hepatitis C infection [331].

Haemolysis as a contributing factor to 
anaemia
A shortened red cell lifespan can also contribute to 

anaemia when haemolysis is not the primary mechan­

ism, e.g. in iron deficiency anaemia [19], in protein‐cal­

orie malnutrition [332] and in leishmaniasis (possibly 

immune mediated) [333].

Dyserythropoietic anaemias
Congenital dyserythropoietic anaemias (CDA)
The congenital dyserythropoietic anaemias are inher­

ited disorders characterised by ineffective and dysplastic 

erythropoiesis, shortened red cell lifespan and anae­

mia with marked poikilocytosis. There are three 

well‐characterised types, the features of which are 

summarised in Tables 8.9 and 8.10. There are also cases 

that appear to conform to these types but have a dif­

ferent inheritance and therefore presumably a different 

underlying defect. There are autosomal dominant cases 

resembling type I and apparently autosomal recessive 

cases resembling type III. In addition there are individual 

cases or families with distinctive features. These include 

congenital megaloblastic anaemia independent of vita­

min B12 or folate deficiency and cases with various red 

cell inclusions [334]. Variants have been described with 

microcytosis attributable to sideroblastic erythropoiesis 

[340] and with prominent ovalocytosis [341]. Two cases 

have been described with features resembling those 

Table 8.9  Inheritance pattern, ethnic distribution and associated features in the congenital dyserythropoietic anaemias [334–338].

Type Inheritance Reported cases Gene Ethnic origin and associated features

Type I AR More than 150 CDAN1 at 15q15.1–15.3; 

some cases not linked to 

chromosome 15

Caucasians (including Germans, Swiss, Yugoslavs, 

Russians), Turks, Israeli Bedouins, Lebanese, 

Kuwaitis, Saudi Arabians, North Africans, 

Indians, Japanese, Polynesians; associated 

constitutional abnormalities such as facial 

dysmorphism and abnormalities of distal limbs 

are common

Type II (HEMPAS) AR More than 300 SEC23B at 20q11.2 in 90%, 

unknown in others

Caucasians, particularly Italian, Indian and North 

African; red cell life span reduced

Type III AD in 2 families 

(Swedish and 

American)

Rare KIF23 at 15q23 in Swedish 

and US families

Swedish, American, Filipino and Argentinean 

families; Swedish family shows association with 

retinal abnormalities and plasma cell neoplasia; 

intravascular haemolysis

Type IV AD Rare KLF1 at19p13.2 One Danish case

AD, autosomal dominant; AR, autosomal recessive; HEMPAS, hereditary erythroid multinuclearity with positive acidified‐serum lysis test

Table 8.10  Peripheral blood features in the congenital dyserythropoietic anaemias [334,335,339].

Type Red cell size Other blood film features

Type I Usually macrocytic Round and oval macrocytes, marked anisocytosis, marked poikilocytosis including 

elliptocytes and teardrop poikilocytes, basophilic stippling, irregularly contracted 

cells, polychromasia

Type II (HEMPAS) Normocytic Moderate anisocytosis, variable anisochromasia, moderate poikilocytosis including 

‘pincer cells’ [339], teardrop cells and irregularly contracted cells, occasional 

spherocytes, basophilic stippling, some NRBC, polychromasia

Type III Normocytic or slightly macrocytic Marked anisocytosis with some large macrocytes, marked poikilocytosis including 

fragments and irregularly contracted cells, basophilic stippling, polychromasia; 

some patients have superimposed iron deficiency

Type IV Normocytic normochromic Basophilic stippling, erythroblastosis, irregular nuclear outline, reticulocyte count 

may be elevated

HEMPAS, hereditary erythroid multinuclearity with positive acidified‐serum lysis test; NRBC, nucleated red blood cells
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of type II CDA but with spherocytosis and a negative 

acid lysis test [342]. Cases with X‐linked inheritance 

and coexisting thrombocytopenia result from GATA1 

mutation [343,344]. Provisional categorisation of some 

atypical forms as CDA, types IV to VII, has been pro­

posed when at least three unrelated families have been 

described [334,336]. It has been suggested that cases of 

congenital ineffective erythropoiesis without significant 

erythroid dysplasia should also be included in the categ­

ory of CDA [334].

The genes implicated in the three major forms 

of CDA have now been identified. Type I is due to 

a mutation in CDAN1, encoding codanin, type II to 

a mutation in SEC23B and type III to a mutation in 

KIF23 [345]. A KLF1 mutation has been identified in 

CDA type IV [338]. Some cases, particularly of type 

I CDA, have other associated congenital abnormali­

ties. Patients typically present with anaemia, hepa­

tomegaly, splenomegaly and intermittent jaundice. 

Cases of type III are typically milder than cases of 

types I and II. Coexisting β thalassaemia trait has been 

observed to aggravate type II. In a patient CDA type 

IV, the condition was severe enough to cause hydrops 

fetalis [338].

Since interferon alpha has been found to be of con­

siderable therapeutic benefit in type I CDA, the labo­

ratory diagnosis of these rare conditions is becoming 

increasingly important. Correct diagnosis may also lead 

to therapeutic measures to reduce iron overload and 

consequent organ damage.

Blood film and count

In a minority of cases the anaemia is severe. Usually it is 

mild or moderate. Some cases have macrocytic red cells 

and others normocytic. There is usually marked aniso­

cytosis and striking poikilocytosis (Figs 8.87 & 8.88), 

but in CDA type II the peripheral blood abnormality 

may be minor (Fig. 8.89). Haemoglobinisation is gener­

ally normal, but some cells may be poorly haemoglobi­

nised. The absolute reticulocyte count is normal. Some 

cases have had circulating NRBC, which become very 

numerous after splenectomy [346]. Erythroblastosis is 

striking in CDA associated with KLF1 mutation [338]. 

The RDW and HDW are increased, the RDW markedly 

so, and this is reflected in the red cell cytograms and 

histograms (Fig. 8.90).

A sudden fall of Hb with a very low reticulocyte count 

as a result of pure red cell aplasia has been reported 

following parvovirus B19 infection in patients with 

CDA type II [347]. In CDA resulting from mutation of 

the GATA1 gene there is thrombocytopenia with large 

platelets. Acanthocytes, which are not often a feature 

of CDA, have been noted in this syndrome [343,344]. 

The platelet count is also reduced in some cases of type 

II CDA.

Differential diagnosis

The differential diagnosis includes haemolytic anaemias 

with marked morphological abnormalities, particularly 

hereditary poikilocytosis and haemoglobin H disease. In 

both these conditions the reticulocyte count is elevated 

Fig. 8.87  The blood film of a patient with 
type I congenital dyserythropoietic anaemia 
showing marked anisocytosis, poikilocytosis 
and some macrocytes.



Fig. 8.89  The blood film in type II congeni­
tal dyserythropoietic anaemia showing only 
mild anisocytosis and poikilocytosis.

(a)

Fig. 8.88 (a,b)  The blood film of a patient 
with type III congenital dyserythropoietic 
anaemia showing anisocytosis and poikilo­
cytosis. Courtesy of the late Professor Suni­
tha Nimal Wickramasinghe. (b)

379
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Fig. 8.90  Bayer H.2 red cell histograms and cytograms from a patient with type I congenital dyserythropoietic anaemia (same patient 
as in Fig. 8.85) showing a marked variation in red cell size (as reflected in the increased RDW) and a lesser degree of variation in red 
cell haemoglobinisation (as reflected in the increased HDW).

and in haemoglobin H disease there is hypochromia and 

microcytosis. Cases presenting beyond childhood need 

to be distinguished from MDS and other conditions 

causing acquired dyserythropoiesis. Cases of CDA 

usually lack significant dysplastic features in non‐eryth­

roid lineages.

Further tests

A provisional diagnosis can be made from the blood 

film. Confirmation of the diagnosis requires bone 

marrow examination with ultrastructural examin­

ation being particularly useful. In type I CDA there 

may be an increased percentage of haemoglobin A2 

and a slight reduction in red cell membrane protein 

4.1 [93]. In the case of suspected type II CDA, the 

demonstration of a positive acid lysis (Ham) test is 

useful; this may require testing with multiple fresh 

sera. Type II CDA also shows increased expression 

of the i antigen and on SDS‐polyacrylamide gel 

electrophoresis red cell membrane band 3, which 

is hypoglycosylated, shows an abnormal migration 

pattern. In type II CDA, EMA binding can be nor­

mal or reduced [117,127], osmotic fragility may 

be increased and the acidified glycerol lysis time is 

sometimes shortened [127]. Thymidine kinase is 

increased in type III CDA. CDA due to KLF1 mutation 

is associated with markedly increased haemoglobin F, 

persistence of haemoglobin Portland, absent eryth­

roid expression of CD44 and reduced expression of 

AQP1 [338].

Bilirubin and LDH concentrations are generally 

increased and serum haptoglobin is decreased. In more 

severe cases there may be significant haemosiderinuria.

Acquired dyserythropoietic anaemias
Dyserythropoiesis as an acquired phenomenon can 

be secondary to severe protein–calorie malnutrition, 

acute severe illness, autoimmune disease, HIV infec­

tion or exposure to drugs (such as cytotoxic drugs) 

or to toxic substances (such as alcohol or arsenic). 

It can also be a manifestation of MDS (see Chap­

ter 9) or of other haemopoietic neoplasms. Severe 
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dyserythropoiesis has been observed in peripartum 

women with pregnancy‐associated hypertension and 

parvovirus B19 infection [348].

Blood film and count

Red cells may show anisocytosis, poikilocytosis, macro­

cytosis or basophilic stippling and there may be a pop­

ulation of hypochromic microcytes. Neutrophils may 

show hypogranularity and defects of nuclear lobulation. 

The FBC may show anaemia, neutropenia or thrombo­

cytopenia. Red cell histograms and cytograms may show 

an increased MCV, RDW and HDW.

Differential diagnosis

The differential diagnosis includes congenital dyseryth­

ropoietic anaemias and other causes of anaemia with or 

without other cytopenia.

Further tests

Which further tests are indicated is dependent on the 

clinical setting and the specific cytological abnormalities 

present.

Aplastic anaemias and pure red cell aplasia
Inherited aplastic anaemia
There are various inherited syndromes in which hae­

mopoietic stem cells are abnormal, leading to the onset 

of aplastic anaemia during childhood or adolescence. 

The least uncommon of these is Fanconi anaemia, a 

genetically diverse group of disorders in which there 

are often associated constitutional abnormalities; 

these may include mental retardation, abnormalities 

of skin pigmentation, urogenital abnormalities and 

abnormalities of limbs and digits. There appear to be 

at least 16 different genes, mutation of which can lead 

to the phenotype of Fanconi anaemia. Inheritance is 

autosomal recessive. Fanconi anaemia may progress to 

MDS and AML. In Fanconi anaemia, improvement in 

blood counts can occur as a result of gene conversion 

or another second mutation that compensates for 

the inherited abnormality [349].An even more rare 

inherited condition leading to aplastic anaemia is dys­

keratosis congenita, characterised also by prominent 

abnormalities of skin and nails. Inheritance can be 

autosomal dominant, autosomal recessive or X‐linked 

recessive. Most cases result from mutation in DKC1, 

TERC, TERT or TINF2, but a total of nine genes have 

been implicated.

Blood film and count

There is thrombocytopenia, which is often the present­

ing feature. Anaemia is often macrocytic and is accom­

panied by reticulocytopenia. Sometimes anisocytosis 

and poikilocytosis are marked. With progression, there 

is pancytopenia.

Differential diagnosis

The differential diagnosis includes acquired aplastic 

anaemia and other causes of anaemia or pancytopenia.

Further tests

Diagnosis of aplastic anaemia requires bone marrow 

aspiration and a trephine biopsy. Diagnosis of Fanconi 

anaemia is traditionally by demonstration of increased 

chromosomal breaks on exposure to clastogenic agents 

(diepoxybutane or mitomycin C), but it should be 

noted that about 10% of patients do not show sensi­

tivity to clastogenic agents [33]. Sometimes results 

are abnormal on skin fibroblasts although normal on 

lymphocytes. A more economical screening test is 

measurement of serum alpha‐fetoprotein; it is elevated 

in the majority of patients and is not elevated in other 

bone marrow failure syndromes [350]. Demonstration 

of a block in G2 on cell cycle analysis is also a sensi­

tive diagnostic test. Haemoglobin F may be increased in 

Fanconi anaemia. Diagnosis of dyskeratosis congenita 

can be facilitated by demonstration of shortened telom­

eres in peripheral blood lymphocytes, by a polymerase 

chain reaction (PCR), flow cytometry or Southern blot­

ting. DNA analysis can be used for confirmation in both 

syndromes.

Acquired aplastic anaemia
Aplastic anaemia may be: (i) a dose‐related effect of 

irradiation or certain drugs or chemicals (e.g. chemo­

therapeutic agents or benzene); (ii) an idiosyncratic 

reaction to a drug (e.g. chloramphenicol or sulphona­

mides and related drugs including anti‐thyroid drugs); 

or (iii) possibly the result of infection by certain viruses, 

possibly non‐A, non‐B, non‐C hepatitis and certainly, 

in patients with defective immunity, the Epstein–Barr 

virus. In many cases the cause cannot be ascertained 

so that the condition is classified as idiopathic. Aplastic 

anaemia may lead to death from infection or haemor­

rhage. In patients who survive, e.g. following immuno­

suppressive treatment, PNH, MDS and AML may subse­

quently emerge.
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Blood film and count

There is pancytopenia with a markedly reduced reticu­

locyte count. Red cells are normochromic and either 

normocytic or macrocytic. Poikilocytosis is sometimes 

marked. The neutrophils may show heavy granulation. 

Platelet size is normal on the blood film and MPV is not 

increased. In contrast to pancytopenia resulting from 

bone marrow infiltration, circulating granulocyte pre­

cursors and nucleated red blood cells are absent.

Differential diagnosis

The differential diagnosis included inherited causes of 

aplastic anaemia (particularly when there is a late onset 

and other constitutional abnormalities are minor or 

absent), an aplastic presentation of acute lymphoblastic 

leukaemia, hypoplastic AML and MDS, HIV infection 

and other causes of pancytopenia.

Further tests

Bone marrow aspiration and a trephine biopsy are 

required for diagnosis. Cytogenetic analysis is indicated, 

although the detection of an abnormal clone does not 

necessarily indicate that there will be rapid progression 

to MDS or AML. Young patients, e.g. under the age of 

35 years, should be tested for Fanconi anaemia, even 

in the absence of evident constitutional abnormalities. 

This is particularly important if stem cell transplanta­

tion is being considered. Detection of a minor PNH clone 

by peripheral blood flow cytometry is possible in more 

than 60% of patients and is predictive or response to 

immunosuppressive treatment and better failure‐free 

survival [351].

Inherited pure red cell aplasia
Diamond–Blackfan anaemia is a haemopoietic stem cell 

disorder of which the earliest manifestation is pure red 

cell aplasia. Later, neutropenia and thrombocytopenia 

may also develop. Inheritance is usually autosomal 

dominant but in some families is autosomal recessive. 

The condition results from mutation or deletion of one 

of a considerable number of genes encoding riboso­

mal proteins, among which the most often implicated 

are RPS19, RPS26 and RPL11. Phenotypic expression 

of mutations is variable. In addition to red cell apla­

sia, there are some individuals in affected families in 

whom a mutated gene has no apparent effect; in others 

it causes only macrocytosis, an elevated red cell adeno­

sine deaminase activity or both. Intrauterine anaemia 

severe enough to cause hydrops fetalis has been 

reported [352]. About 40% of patients have associated 

congenital abnormalities [353]. The incidence of AML 

is increased [33].

The prevalence is 5–7/100 000 live births [353].

Blood film and count

Initially there is anaemia and macrocytosis with a low 

reticulocyte count. The neutrophil count is normal 

or slightly reduced. The platelet count is normal or 

increased. With disease progression, there may be neu­

tropenia or thrombocytopenia progressing to pancyto­

penia.

Differential diagnosis

The differential diagnosis includes transient erythro­

blastopenia of childhood and persistent parvovirus B19 

infection.

Further tests

Serum soluble transferrin receptor is greatly reduced in 

all types of pure red cell aplasia. Erythrocyte adenosine 

deaminase activity is increased in 40–80% of patients 

with Diamond–Blackfan syndrome whereas it is nor­

mal in transient erythroblastopenia of childhood [353]; 

among patients with inherited bone marrow failure 

syndromes, its specificity is 95% [354]. Haemoglobin F 

may be increased. Bone marrow examination usually 

shows reduction of proerythroblasts and marked reduc­

tion of later erythroblasts. In a minority of patients, 

proerythroblast numbers are normal. Cells of other lin­

eages are initially normal. In transient erythroblastope­

nia, the haemoglobin A1C may be elevated, as a result 

of the increased mean age of the red cells, whereas in 

Diamond–Blackfan syndrome the haemoglobin A1c 

would be expected to be normal as the decline in eryth­

ropoiesis has been very gradual [355]. The diagnosis can 

be confirmed by DNA analysis in approaching 90% of 

patients [356].

Acquired pure red cell aplasia
Acquired pure red cell aplasia may be transient or per­

sistent. Transient pure red cell aplasia is often caused 

by parvovirus B19 infection and, unless the patient has, 

coincidentally, a shortened red cell life span, is so brief 

that it often goes undiagnosed. More prolonged pure 

red cell aplasia occurs in transient erythroblastopenia of 

childhood, which results, in some cases, from human 
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herpesvirus 6 infection. Chronic pure red cell aplasia 

may result from persistent parvovirus B19 infection 

in patients with impaired immunity, e.g. in HIV infec­

tion or following immunosuppressive therapy. Red cell 

aplasia may be immunological in origin, as when it is 

associated with thymoma, autoimmune disease, large 

granular lymphocyte leukaemia or CLL. A significant 

proportion of cases represent the most prominent mani­

festation of MDS.

Blood film and count

There is a macrocytic or normocytic anaemia with 

marked reticulocytopenia. Depending on the aetiology, 

there may be dysplastic features in cells of other lin­

eages or an increase in large granular lymphocytes. In 

those with an underlying haemolytic anaemia there 

may be spherocytes or elliptocytes. Transient erythro­

blastopenia of childhood is associated with a normal 

MCV, with a neutrophil count of less than 1 × 109/l in 

up to a fifth of patients and with thrombocytopenia in 

about 5% [357].

Differential diagnosis

The differential diagnosis includes other causes of a nor­

mocytic or macrocytic anaemia.

Further tests

Bone marrow examination is diagnostic. Depending on 

the clinical context, other indicated tests may include 

serological tests for herpesvirus 6 and parvovirus B19, 

tests for parvovirus DNA, screening for autoantibodies, 

chest radiology, immunophenotypic analysis of lym­

phocytes or cytogenetic analysis.

Polycythaemia

Polycythaemia refers to an increased RBC, Hb and Hct/

PCV. It may be relative, resulting from a decreased 

plasma volume, or absolute, caused by an increase in 

the total volume of red cells in the circulation.

Relative polycythaemia
Relative or apparent or pseudo‐polycythaemia may be 

the result of acute plasma loss, as in burns and dehy­

dration. The explanation will be readily apparent from 

the clinical history and no further diagnostic tests are 

required. Relative polycythaemia also occurs as a chronic 

condition, which is sometimes attributable to cigarette 

smoking but is usually unexplained. The blood film 

appears ‘packed’ but is otherwise normal. The blood film 

cannot be distinguished from that in idiopathic erythro­

cytosis (see below), the distinction being made by radio‐

isotopic estimations of total plasma volume and total red 

cell volume (traditionally referred to as ‘red cell mass’). 

Measurement of the Hb is not reliable in distinguishing 

a true from a relative polycythaemia. Even Hbs of over 

200 g/l may be observed in relative polycythaemia [358].

True polycythaemia
True polycythaemia refers to an increase in the total 

volume of circulating red cells (‘red cell mass’) above 

that which is predicted for the individual’s height and 

weight. The total plasma volume is often increased but 

may be normal or decreased. True polycythaemia may 

result from: (i) chronic hypoxia such as that caused by 

living at altitude, cyanotic heart disease and chronic 

hypoxic lung disease; (ii) increased secretion of eryth­

ropoietin as from renal cysts and tumours or other 

tumours; (iii) idiopathic erythrocytosis (an unexplained 

condition); or (iv) polycythaemia vera. All these con­

ditions cause a high RBC, Hb and Hct/PCV and the 

blood film appears ‘packed’. With the exception of poly­

cythaemia vera (see below), the blood film and count 

are usually otherwise normal.

Polycythaemia vera
Polycythaemia vera (PV), previously often known as 

polycythaemia rubra vera (PRV) and sometimes as pri­

mary proliferative polycythaemia, is a myeloproliferative 

neoplasm (MPN) in which there is increased production 

of red cells and sometimes also of granulocytes and 

platelets. It is largely a disease of the middle‐aged and 

elderly, although occasional cases are seen in younger 

adults and very rare cases in children. Common clini­

cal features are those resulting from the hyperviscos­

ity of the polycythaemic blood, such as cerebrovascular 

accidents and peripheral gangrene, and those indicative 

of an MPN, such as hepatomegaly, splenomegaly and 

pruritus. Presentation can also be with splanchnic vein 

thrombosis or Budd–Chiari syndrome, with the MPN 

being occult. A high platelet count with normal Hb and 

Hct can represent occult or prepolycythaemic PV.

PV may eventually enter a ‘burnt‐out’ phase or may 

be complicated by the development of post‐polycythae­

mic myelofibrosis or AML.
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Blood film and count

The peripheral blood film in polycythaemia of any aeti­

ology shows a ‘packed film’ appearance since the viscosity 

of the blood means that the film of blood is not spread 

as thinly as normal (Fig. 8.91). The WBC, neutrophil and 

basophil counts are increased in the majority of cases. A 

WBC greater than 15 × 109/l correlates with an increased 

risk of thrombosis [359] and a white cell count greater 

than 13 × 109/l with worse overall survival [360]. Mono­

cyte and eosinophil counts are much less often increased. 

The platelet count is elevated in about two‐thirds of cases 

and platelet size is increased. There may be small numbers 

of circulating nucleated red blood cells or granulocyte pre­

cursors. Red cells can be normocytic and normochromic 

or, if hyperplastic erythropoiesis has led to exhaustion of 

iron stores, they can be hypochromic and microcytic. If 

complicating iron deficiency occurs there can be anaemia 

(Fig. 8.92), but the underlying polycythaemia is revealed if 

the patient is given iron. Less often PV is masked by com­

plicating vitamin B12 or folate deficiency.

The FBC usually shows an elevated RBC, Hb and Hct 

and normal or reduced MCV and MCH. However, early 

in the disease course the RBC, Hb and Hct may be nor­

mal despite the total red cell volume being increased 

[361]. The platelet count may be increased, sometimes 

in the absence of an increased Hb. The MPV is raised in 

relation to the platelet count. In PV complicated by iron 

deficiency, the red cell indices are very similar to those 

of thalassaemia trait, but the MCHC is reduced and the 

RDW is increased.

Fig. 8.91  A ‘packed film’ consequent on 
post‐transplant polycythaemia. The Hb was 
200 g/l and the Hct 0.59. The MCV was 
increased to 114 fl as a result of azathio­
prine therapy.

Fig. 8.92  The blood film of a patient with 
polycythaemia vera complicated by iron 
deficiency, showing anaemia and thrombo­
cytosis and some hypochromic and micro­
cytic cells. There was an increased basophil 
count and there is one basophil in the field. 
FBC (Coulter S Plus IV) was: WBC 6.7 × 
109/1, RBC 4.38 × 1012/1, Hb 106 g/l, Hct 
0.33 l/l, MCV 75 fl, MCH 24.2 pg, MCHC 
323 g/l, RDW 24.9%, platelet count 1056 
× 109/1.
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Differential diagnosis

The differential diagnosis includes other causes of poly­

cythaemia (see Table 6.1). In particular, it is necessary to 

distinguish PV from essential erythrocytosis. This term 

means that there is unexplained polycythaemia with­

out clinical or laboratory features diagnostic of an MPN; 

some but not all of these patients are now found to have 

molecular evidence of PV so that this diagnosis is now 

less often made.

Neutrophilia, an increased basophil count, thrombo­

cytosis, giant platelets and an elevated MPV favour a 

diagnosis of PV. An increased basophilia count is par­

ticularly useful in the differential diagnosis since it is not 

seen in secondary polycythaemia.

Further tests

Polycythaemia should be confirmed by obtaining a repeat 

blood specimen, with minimal stasis, before proceeding to 

further investigations. The plasma erythropoietin concen­

tration should be measured; it is often decreased whereas it 

is more likely to be normal in relative polycythaemia. A low 

serum erythropoietin has a high specificity but only mod­

erate sensitivity [362], being normal in 20% of patients at 

presentation in one series [361]. However, it should also 

be noted that 30–50% of patients with essential throm­

bocythaemia (ET) show a reduced erythropoietin concen­

tration [362,363] and this test therefore cannot be used 

to distinguish between these two conditions; a low level 

can also be seen in idiopathic erythrocytosis [364]. Deter­

mination of total red cell and plasma volume by radio‐iso­

topic dilution studies excludes relative polycythaemia, but 

this is no longer a first‐line test. The World Health Organi­

zation (WHO) 2008 classification of MPN suggests that 

measurement of the red cell mass is unnecessary if the Hb 

is greater than 185 g/l in a man or greater than 165 g/dl 

in a woman [365], although in one comparison of true 

and relative polycythaemia, the Hb exceeded these levels 

in 14% of men with relative polycythaemia and in 35% 

of women [358]. A lower Hb concentration (> 170 and 

> 150 g/l for men and women respectively) is accepted if 

there has been a documented rise of 20 g/l [365]. It has 

similarly been suggested that a red cell mass is not necess­

ary if Hct exceed 0.52, but otherwise should be performed 

if the Hct is greater than 0.45 in a woman or greater than 

0.48 in a man [366]. The British Committee for Standards 

in Haematology guidelines suggest that confirmation of 

polycythaemia is not required if the Hct is greater than 0.60 

in a man or greater than 0.56 in a woman [364]. When the 

diagnosis is suspected but the Hb and Hct do not meet diag­

nostic criteria, a bone marrow aspirate and trephine biopsy 

provide an alternative to red cell mass and plasma vol­

ume determination for confirmation of the diagnosis. The 

trephine biopsy both confirms the diagnosis of an MPN 

and, since megakaryocyte morphology differs, permits a 

distinction between ET and the prepolycythaemic phase 

of PV; it should be supplemented by cytogenetic analysis 

(since a clonal chromosomal abnormality is confirmatory 

of a haematological neoplasm). Molecular analysis for the 

JAK2 V617F mutation should be performed on periph­

eral blood. This mutation is found in the great majority of 

patients with PV and in a quarter to a third of patients it is 

homozygous. Its detection confirms that there is an MPN 

but does not distinguish PV from ET. If JAK2 V617F is not 

detected, a JAK2 exon 12 mutation should be sought. The 

serum ferritin is often low. Serum vitamin B12 is often ele­

vated as a result of an increase of B12‐binding proteins in 

the plasma. Growth of erythropoietin‐independent eryth­

roid colonies from peripheral blood or bone marrow sug­

gests PV, although a significant proportion of cases of idio­

pathic erythrocytosis also show this phenomenon; this test 

is not widely used, but a simplified method could make 

it more widely applicable [367]. The neutrophil alkaline 

phosphatase (NAP) score is often increased and is much 

less likely to be increased in secondary polycythaemia; this 

test is not, however, of diagnostic importance if molecular 

analysis is available.

Secondary polycythaemia
A diagnosis of secondary polycythaemia can often be 

made by consideration of the blood count and film in 

the light of the clinical features. If it is not clear whether 

the patient has a secondary polycythaemia or PV, inves­

tigations as above are indicated. Some patients with sec­

ondary polycythaemia have neutrophilia or thrombocy­

tosis, but an increased basophil count (confirmed on a 

blood film) and giant platelets are strongly suggestive of 

PV. A raised serum erythropoietin has a high specificity 

but is observed in around 50% of patients; occasional 

patients even have a reduced concentration [362].

Other tests

Arterial blood gas measurements should be performed 

to identify pulmonary causes of secondary polycythae­

mia. Ultrasound or computed tomography examination 

of the abdomen is indicated to detect relevant renal 

lesions.
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Relative polycythaemia
This condition is generally asymptomatic, the diagnosis 

being made incidentally.

Blood film and count

The RBC, Hb and Hct are increased. The white cell count 

and platelet count are normal. The blood film may 

appear ‘packed’, as a result of increased blood viscosity. 

Otherwise it is normal.

Differential diagnosis

The differential diagnosis is true polycythaemia and, 

particularly, essential erythrocytosis.

Further tests

Distinction from true polycythaemia is made by studies 

of total red cell and plasma volume. Bone marrow aspir­

ation and trephine biopsy show no abnormality [368], 

although these tests are not necessary if blood volume 

studies are available. No JAK2 mutation is detected. The 

serum erythropoietin concentration is usually normal 

but is occasionally low [362,368].

Disorders of platelets

Thrombocytopenia
Congenital and neonatal thrombocytopenias
Congenital thrombocytopenia may be inherited or due 

to a pathological process, e.g. infection or exposure to 

an antibody or a toxic substance, occurring during intra‐

uterine life. It may be caused by failure of production 

or increased consumption or destruction of platelets. 

Neonatal thrombocytopenia can result from intrauter­

ine or neonatal events [369].

Congenital thrombocytopenia may be an isolated 

abnormality or may be associated with abnormali­

ties of granulopoiesis or erythropoiesis, with consti­

tutional abnormalities or with immune deficiency. 

In congenital amegakaryocytic thrombocytopenia 

resulting from a mutation in the MPL gene (the 

thrombopoietin receptor), there is slow progression 

to pancytopenia [370]. The rare syndrome of amega­

karyocytic thrombocytopenia with radio‐ulnar syn­

ostosis, resulting from HOXA11 mutation, can show 

progression to hypoplastic anaemia or pancytopenia 

[371,372]. Patients with Fanconi anaemia and dys­

keratosis congenita can also present with isolated 

thrombocytopenia, only later showing progression 

to pancytopenia. Wiskott–Aldrich syndrome, an X‐

linked syndrome resulting from mutation in the 

WAS gene, is characterised by thrombocytopenia, 

eczema, immune deficiency and sometimes neutro­

penia; female heterozygotes are sometimes affected. 

Wiskott–Aldrich syndrome may be complicated by 

severe refractory thrombocytopenia (platelet count 

10 × 109/l or less), probably immune in nature; when 

this occurs early in life it is prognostically adverse and 

an indication for transplantation [232]. Constitutional 

syndromes and other inherited causes of thrombo­

cytopenia are summarised in Tables 8.11–8.13 and 

causes of neonatal thrombocytopenia in Table 8.14. 

Other congenital thrombocytopenias have been 

described in single families or small numbers of 

Table 8.11  Inherited and other constitutional abnormalities leading to thrombocytopenia with small platelets [373–377].

Defect Inheritance Platelet functional defect Associated abnormalities References

Wiskott–Aldrich syndrome Sex‐linked recessive 

(WAS gene at 

Xp11.23)*

Yes (reduced dense granules 

and reduced expression of 

GpIIb/IIIa and IV)

Eczema and defective cell‐

mediated immunity

[374,375]

X‐linked thrombocytopenia 

including intermittent X‐linked 

thrombocytopenia with small 

platelets

Sex‐linked recessive 

(WAS gene at  

Xp11. 23)

Yes (reduced dense granules 

and reduced expression of 

GpIIb/IIIa and IV)

Isolated thrombocytopenia 

(although there is a mutation 

in the same gene as causes 

Wiskott–Aldrich syndrome)

[375,376]

Autosomal dominant 

thrombocytopenia with  

micro‐thrombocytes

AD Normal function [377]

*Occasional cases occur in females, either because of extreme Lyonisation or because of failure of the mechanism that usually ensures that in 
heterozygotes there is preferential proliferation/survival of cells expressing the paternal wild type WAS [374]

AD, autosomal dominant
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Table 8.12  Inherited and other constitutional abnormalities leading to thrombocytopenia with normal sized platelets [373,378–392].

Defect Inheritance Platelet functional defect Associated abnormalities References

Fanconi anaemia AR Progression to pancytopenia; 

reduced stature, abnormal 

digits and other dysmorphic 

features
Thrombocytopenia with 

absent radii

AR due to coinheritance of a 

noncoding polymorphism 

and a null allele of RBM8A 

at 1q21.1, rarely AD

 

Absent radii, sometimes other 

congenital abnormalities, 

thrombocytopenia improves 

with age; occasional cases 

have developed acute 

leukaemia

[378]

Amegakaryocytic 

thrombocytopenia

AR, mutation in MPL gene 

(encoding thrombopoietin 

receptor) at 1p34.2

Slow progression to 

pancytopenia due to aplastic 

anaemia; propensity to MDS 

and AML

[371,372,379, 

380,381]

Amegakaryocytic 

thrombocytopenia 

with radio‐ulnar 

synostosis

AD, HOXA11 gene at 7p15.2 Radio‐ulnar fusion (synostosis); 

progression to pancytopenia 

due to aplastic anaemia, 

possible sensorineural deafness

[371,372,380]

Autosomal dominant 

thrombocytopenia

AD, MASTL (previously 

FLJ14813 ) gene at 10p12.1

[382]

Autosomal dominant 

thrombocytopenia 

with palely staining 

platelets

AD, ANKRD26 at 10p12.1 No consistent defect observed; 

glycoprotein Ia and α granules 

may be reduced

There may be lecucocytosis and a 

high Hb; propensity to develop 

AML; WBC often increased

[383,384,385]

Familial platelet 

disorder with a 

propensity to 

develop AML

AD, RUNX1 at 21q22.12, 

either haploinsufficiency 

or dominant negative 

mutation

Very abnormal platelet function, 

storage pool defect and greatly 

reduced aggregation with all 

agents

Propensity to develop AML [386]

Quebec platelet 

disorder (previously 

known as factor V 

Quebec)

AD, gain of function mutation 

in PLAU at 10q22.2, 

encoding urokinase 

plasminogen activator

Abnormal epinephrine‐induced 

aggregation, delayed bleeding; 

falsely normal on Lumi 

aggregometry

[387]

Dysmegakaryopoietic 

thrombocytopenia

AR Normal or increased numbers of 

small dysmorphic megakaryocytes

[388]

Mild autosomal 

dominant 

thrombocytopenia

AD, mutation of CYCS 

at 7p15.3 encoding 

mitochondrial cytochrome c

Premature release of platelets 

in marrow space instead of in 

sinusoids

None [389]

Autosomal dominant 

thrombocytopenia 

with platelet 

anisocytosis

AD, activating mutation of 

ITGB3 gene, encoding 

platelet glycoprotein IIIa, at 

17q21.32

Reduced aggregation with ADP and 

collagen, normal agglutination 

with ristocetin

[390]

Mild thrombocytopenia 

in heterozygotes in a 

Micronesian family

AD, mutation or deletion of 

THPO at 3q27.1

Aplastic anaemia in homozygotes [391]

Paris‐Trousseau 

thrombocytopenia

A contiguous gene syndrome 

due to microdeletion of 

11q23‐24; deletion of FLI1 

at 11q24.3 is responsible 

for thrombocytopenia

Platelets have abnormally large 

α granules and sometimes 

deficiency of dense granules, 

platelet count improves over time

Features of Jacobsen syndrome: 

psychomotor retardation, facial 

dysmorphism and cardiac 

defects

[379,381,392]

ACTN1‐related 

thrombocytopenia

AD, mutation in ACTN1 at 

14q24

[385]

AD, autosomal dominant; ADP, adenosine diphosphate; AML, acute myeloid leukaemia; AR, autosomal recessive; Hb, haeomglobin concentration; 
MDS, myelodysplastic syndrome/s; WBC, white blood cell count.
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Table 8.13  Inherited and other constitutional abnormalities leading to thrombocytopenia with large platelets [172,343,344,378, 
379,381,393–414].

Defect Inheritance Platelet functional defect Associated abnormalities References

Bernard–Soulier syndrome AR, homozygosity or 

compound heterozygosity 

for mutations in the GP1BA 

gene (17p13.2), GP1BB 

gene (22q11.21) or GP9 

gene (3q21.3)

Abnormal glycoprotein 

Ib/IX/V complex with 

marked defect in von 

Willebrand factor‐

dependent and ristocetin‐

induced aggregation

Nil

Monoallelic Bernard–

Soulier syndrome;  

large platelets 

with or without 

thrombocytopenia

AD, dominant negative 

mutations in the GP1BA 

gene (17p13.2) or GP1BB 

gene (22q11.21)

Usually normal; ristocetin‐

induced aggregation 

sometimes reduced

Nil [381,385, 

393,394]

DiGeorge and 

velocardiofacial 

syndrome

AD, a contiguous gene 

syndrome due to 

microdeletion; loss of 

GP1BB gene at 22q11.21

Carriers of Bernard–Soulier 

syndrome with large 

platelets and reduced 

ristocetin aggregation; 

Bernard–Soulier 

syndrome occurs when 

there is mutation in the 

other GP1BB allele

Cardiac, parathyroid and 

thymus abnormalities, 

cognitive impairment 

in velocardiofacial 

syndrome, also 

facial dysmorphism; 

autoimmune cytopenias

[381,395]

Macrothrombocytopenia 

due to ITGB3 mutation

AD, activating mutation of 

ITGB3 gene, encoding 

platelet glycoprotein IIIa, at 

17q21.32

Normal [396]

Macrothrombocytopenia 

due to ITGA2B 

mutation∗

AD, activating mutation of 

ITGA2B gene, encoding 

platelet glycoprotein IIb, at 

17q21.31

Reduced aggregation with 

ADP and collagen

[397]

Mediterranean 

stomatocytosis/ 

macrothrombocytopenia 

(phytosterolaemia)

AR, mutation in ABCG5 at 

2p21 or ABCG8 gene at 

2p21

Abnormal with ristocetin; 

variable abnormalities 

with other agonists

Short stature, 

hyperphytosterolaemia, 

variable 

hypercholesterolaemia

[172]

Grey platelet syndrome AR, mutation in NBEAL2 at 

3p21.31; heterozygotes 

have large platelets and 

reduced α granules

α granule defect with 

hypogranular platelets 

and mild functional 

defect; combined α 
 and δ granule  

deficiency

Severely hypogranular 

neutrophils in some 

families [398]; 

myelofibrosis and 

splenomegaly

[398]

GFI1B‐related 

thrombocytopenia

AD due to mutation of GFI1B 

at 9q34.13 (two families)

α granule defect Anisopoikilocytosis in one 

family

[385]

White platelet syndrome AD α granule defect, prominent 

Golgi complexes, 

defective aggregation 

with epinephrine and 

adenosine diphosphate

[399]

Arthrogryphosis, renal 

dysfunction and 

cholestasis (ARC) 

syndrome

AR, VPS33B at 15q26.1 or 

VIPAR at 14q24.3

Normal platelet count or 

mild thrombocytopenia, 

large pale platelets, 

decreased α granule 

proteins

Joint contractures, renal 

tubular acidosis, 

cholestasis
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Defect Inheritance Platelet functional defect Associated abnormalities References

York platelet syndrome Unknown Thrombocytopenia and 

mitochondrial myopathy, 

variable lack of α and δ 

granules, giant electron‐

dense organelles in 

platelets

[400]

Medich giant platelet 

syndrome

Unknown Large agranular platelets 

with distinctive 

ultrastructure

MYH9‐related disease: 

May–Hegglin anomaly

AD, MYH9 (non‐muscle 

myosin heavy chain 9 gene) 

at 22q12.3

Reduced glycoprotein Ib/

IX/V complex

Neutrophil inclusions [401,402]

MYH9‐related disease: 

Fechtner syndrome

AD, MYH9 at 22q12.3 Glycoprotein Ib/IX/V may be 

reduced

Neutrophil inclusions, 

Alport‐like syndrome – 

nephritis, sensorineural 

deafness, cataracts

[378,403,404]

MYH9‐related disease: 

Epstein syndrome

AD, MYH9 at 22q12.3 Glycoprotein Ib/IX/V may be 

reduced

Alport‐like syndrome – 

nephritis, sensorineural 

deafness, cataracts – but 

no neutrophil inclusions

[378,404]

MYH9‐related disease: 

Sebastian syndrome

AD, MYH9 at 22q12.3 Reduced glycoprotein Ib/

IX/V complex

Neutrophil inclusions [401,403,404]

Homozygous Pelger–Huët 

anomaly

AD, LBR gene at 1q42.12 Lack of lobulation in 

granulocytes and 

monocytes; developmental 

delay, epilepsy, skeletal 

abnormalities in some 

families

[405]

X‐linked 

thrombocytopenia, with 

abnormal erythropoiesis 

(occasionally a mild 

syndrome in female 

heterozygotes)

X‐linked, mutation in GATA1 

at Xp11.23

Grey platelets – reduced 

α granules, abnormal 

glycoproteins Ibβ and 

IX, abnormal ristocetin‐

induced aggregation, 

may have severe 

functional defect

Macrocytosis, 

dyserythropoiesis or 

dyserythropoietic anaemia 

in some families, β 

thalassaemia in some 

families, occasionally 

congenital erythropoietic 

porphyria

[343,344,379, 

406,407]

Thrombocytopenia with 

neutropenia

Unknown but presumably 

inherited

Reduced glycoprotein Ib Neutropenia with reduced 

sialyl‐Lewis X on 

neutrophils

[408]

Thrombocytopenia with 

large platelets in West 

Bengal, Bangladesh, 

Bhutan and Nepal (Harris 

platelet syndrome)

Unknown Normal [409]

Giant platelets with mitral 

valve insufficiency

Unknown Reduced glycoproteins 

Ia, Ic and IIa, reduced 

aggregation with ADP 

and epinephrine

Mitral insufficiency [410]

(continued)
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Table 8.13  (continued)

Defect Inheritance Platelet functional defect Associated abnormalities References

Giant platelets 

with ineffective 

thrombopoiesis

AD Increased platelet 

glycoprotein Ib and IIb/IIIa

Nil [411]

Platelet‐type von 

Willebrand disease

AD, GP1BA (encoding GpIbα) 

at 17p13.2

Increased aggregation with 

ristocetin

Type IIB von Willebrand 

disease (including 

‘Montreal platelet 

syndrome’)

AD, gain of function mutation 

of VWF at 12p13.31

Spontaneous platelet 

aggregation of resting or 

stirred platelets

Rarely platelet aggregates 

are present in the 

circulation

[412]

Macrothrombocytopenia 

due to TUBB1 mutation

AD, TUBB1 at 20q13.32 β1 tubulin 50% of normal 

levels

[413]

Macrothrombocytes, 

with or without 

thrombocytopenia

X‐linked dominant, FLNA at 

Xq28

Impaired interaction of von 

Willebrand factor with 

platelet glycoproteins

Isolated platelet defect 

or associated with 

periventricular nodular 

heterotopia

[414]

∗It is probable that homozygosity causes a syndrome resembling Glanzmann thrombasthenia
AD, autosomal dominant; ADP, adenosine diphosphate; AR autosomal recessive

Table 8.14  Causes of neonatal thrombocytopenia (most common causes are bold) (modified from reference 369)

Onset within first 72 hours of life Onset after 72 hours of life

Chronic fetal hypoxia

Perinatal asphyxia

Perinatal bacterial infection

Alloimmune thrombocytopenia

Maternal autoimmune thrombocytopenia

Congenital infection (toxoplasmosis, cytomegalovirus, HIV, rubella)

Thrombosis of aorta or renal vein

Congenital leukaemia

Kasabach–Merritt syndrome

Inherited metabolic disorders

Inherited thrombocytopenia (thrombocytopenia with absent radius, 

congenital amegakaryocytic thrombocytopenia)

Neonatal sepsis

Necrotising enterocolitis

Congenital infection

Maternal autoimmune thrombocytopenia

Kasabach–Merritt syndrome

Inherited metabolic disorders

Inherited thrombocytopenia (thrombocytopenia with absent radius, 

congenital amegakaryocytic thrombocytopenia)

HIV, human immunodeficiency virus

families, e.g. autosomal dominant macrothrombo­

cytopenia without any bleeding tendency and with 

reduced glycosylation of platelet glycoprotein IV, 

enhanced aggregation with ADP, epinephrine and col­

lagen, and ristocetin‐induced platelet agglutination at 

lower than normal ristocetin concentration [415] and 

autosomal dominant macrothrombocytopenia with 

reduced aggregation with adrenaline and arachidonic 

acid, platelet expression of glycophorin, and late onset 

hearing loss [416]. Intermittent thrombocytopenia 

has also been described in patients with severe con­

genital neutropenia resulting from a mutation in the 

G6PC3 gene [417]. It should be noted that the Ber­

nard–Soulier syndrome is a severe bleeding disorder 

with giant platelets and abnormal platelet function as 

well as marked thrombocytopenia, whereas heterozy­

gosity for certain dominant negative Bernard–Soulier 

mutations leads to a milder form of the syndrome. 

The syndromes resulting from mutation in the MHY9 

gene, which encodes the heavy chain of non‐muscle 
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myosin heavy chain 9, differ in associated features 

and in the ultrastructure of any neutrophil inclusions 

[418]. There are other rare congenital syndromes in 

which thrombocytopenia has been described. The 

von Voss‐Cherstvoy or DK‐phocomelia syndrome 

is a syndrome of multiple congenital abnormalities, 

which may have associated thrombocytopenia and is 

often fatal in the perinatal period [419]; bone mar­

row megakaryocytes are reduced. Congenital throm­

bocytopenia has also been associated with agenesis 

of the corpus callosum and distinctive facies [420]. 

Another autosomal dominant syndrome associates 

deformity of the upper limb, hearing loss, exter­

nal ophthalmoplegia and thrombocytopenia [421]. 

Fetal and congenital thrombocytopenia can also be a 

feature of Down syndrome, trisomy 13, trisomy 18, 

Turner syndrome and triploidy [369].

Congenital thrombocytopenia can be immune in ori­

gin and transient, resulting from transplacental passage 

of maternal autoantibodies or alloantibodies (including 

anti‐glycoprotein IV – anti‐CD36). It can be a feature of 

severe Rh haemolytic disease of the fetus and newborn 

[369]. Other congenital abnormalities may indicate 

either an inherited syndrome or exposure to a terato­

genic substance in utero.

The most likely cause of neonatal thrombocytope­

nia varies with whether the onset is within the first 

72 hours of life or later. The great majority of cases 

occurring after 72 hours are due to necrotising entero­

colitis or sepsis [369].

Blood film and count

The blood film should be examined for morphology 

of erythrocytes and leucocytes as well as platelets. 

Platelets may be small, normal in size or large. Small 

platelets are uncommon but are seen in the Wiskott–

Aldrich syndrome (see Fig. 3.157). Platelets of normal 

size are seen when there is bone marrow or megakary­

ocytic hypoplasia. Large platelets are common in vari­

ous inherited causes of thrombocytopenia, e.g. Ber­

nard–Soulier syndrome (Fig. 8.93) and MYH9‐related 

disease including the May–Hegglin anomaly (see Fig. 

3.93) and a number of other more rare conditions. In 

Bernard–Soulier syndrome there is marked thrombo­

cytopenia with giant platelets. In heterozygosity for 

the Bernard Soulier syndrome the platelet count may 

be as low as 40–50 × 109/l but in some individuals is 

normal; all have giant platelets [393]. In most dis­

orders the platelets show normal granulation, but in 

the rare grey platelet syndrome they appear agranu­

lar or hypogranular (Fig. 8.94) and in Paris‐Trousseau 

thrombocytopenia (Jacobsen syndrome) platelets have 

giant granules. In thrombocytopenia associated with a 

GATA1 mutation there are large hypogranular platelets 

[378]. Neutrophils should be examined for abnormal 

inclusions, which are detectable in many cases, but not 

invariably, in a heterogeneous group of disorders that 

are now grouped together as MYH9‐related disease 

(including May–Hegglin anomaly and Fechtner, Sebas­

tian and Epstein syndromes). Inclusions may be spin­

dle‐shaped or irregular [418]. These inclusions result 

Fig. 8.93  The blood film of a patient with 
the Bernard–Soulier syndrome showing 
thrombocytopenia and three giant platelets.
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from abnormal localisation of MYH9 in association 

with ribosomes, [418,422]. Ultrastructurally there 

may be clusters of ribosomes, segments of rough endo­

plasmic reticulum and parallel longitudinal filaments 

or cross‐striated inclusions [418,423]. The neutrophil 

inclusions in MYH9‐related disease may be below the 

level of resolution of the light microscope, although 

they can be demonstrated either by immunofluores­

cence to show the distribution of MYH9 or by ultras­

tructural examination [423]. In another rare congeni­

tal syndrome, the Upshaw–Schulman syndrome, there 

is episodic thrombocytopenia associated with microan­

giopathic haemolytic anaemia; this syndrome, which 

is responsive to plasma infusion, has been shown to 

result from a congenital deficiency of von Willebrand 

factor cleaving protease, ADAMTS13 [424]. Red cells 

should be examined for anisocytosis, poikilocytosis and 

macrocytosis, which may be indicative of a mutation 

in the GATA1 gene affecting both erythropoiesis and 

thrombopoiesis [344]. In babies with Down syndrome, 

the blood film should be examined for features of tran­

sient abnormal myelopoiesis (see Chapter 9), which 

may cause thrombocytopenia. Rarely, in other throm­

bocytopenic babies, the blood film shows features of 

congenital leukaemia.

The platelet count is low, but when a large proportion 

of platelets are very large the count on an automated 

instrument may be an underestimate of the true count. 

In one study the underestimation was greater with 

an impedance counter than with a counter based on 

light scattering [425]. Depending on the aetiology of 

the thrombocytopenia, the MPV may be low, normal 

or high. In MYH9‐related disorders and in Bernard–

Soulier syndrome an MPV of 12.4 fl has been found to 

be a suitable cut‐off point for separating these inherited 

thrombocytopenias from autoimmune thrombocyto­

penic purpura [425]. In inherited thrombocytopenia 

with large platelets, the percentage of reticulated plate­

lets is normal or slightly elevated, whereas in autoim­

mune thrombocytopenic purpura the percentage is 

often considerably increased [426].

Differential diagnosis

The differential diagnosis of congenital thrombocytope­

nia includes all the causes of congenital thrombocyto­

penia listed in Tables 6.27 and 8.11–8.13. A rare cause 

of thrombocytopenia that could be confused with the 

Bernard–Soulier syndrome is pseudo‐Bernard–Soulier 

syndrome resulting from a drug‐induced anti‐platelet 

autoantibody [427].

Further tests

Whether further tests are needed and the choice of 

any further tests depends on the aetiology that is sus­

pected on the basis of the clinical features and blood 

film and count. Useful tests may include study of 

platelet membrane antigens by immunological tech­

niques, testing of the mother’s serum for antibodies 

Fig. 8.94  The blood film of a patient with 
the grey platelet syndrome showing six 
agranular platelets.
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to Kell group antigens or specific antiplatelet anti­

bodies, bone marrow examination, cytogenetic analy­

sis (for the detection of a constitutional abnormal­

ity or a leukaemia‐related clonal abnormality) and 

platelet function studies (e.g. showing aggregation 

only with ristocetin in Bernard–Soulier syndrome). 

Investigation of other family members may be useful. 

Ultrastructural examination of platelets or neutro­

phils is sometimes useful. If fetomaternal alloimmune 

thrombocytopenia is suspected, the tests indicated are 

HPA typing on baby and mother and investigation 

of maternal serum for platelet alloantibodies, most 

often anti‐HPA‐1a and less often anti‐HPA‐5b [428]. 

If Wiskott–Aldrich syndrome is suspected, assessment 

of immunological status is indicated. This diagnosis 

can also be confirmed by genetic analysis or by dem­

onstration of absent or abnormal WAS protein [429]. 

Coagulation factors and Von Willebrand factor mul­

timer distribution require investigation if von Wille­

brand disease or pseudo‐von Willebrand disease is 

suspected. Inclusions may be detected by immunoflu­

orescence for MYH9 protein in patients with MYH9‐

related disorders who lack neutrophil inclusions on 

light microscopy; in these particular patients the 

inclusions do not contain polyadenylated ribonucleic 

acid (RNA) [430].

Autoimmune (‘idiopathic’) thrombocytopenic 
purpura (ITP)
Autoimmune or ‘idiopathic’ thrombocytopenic pur­

pura is an acquired condition in which platelet sur­

vival is reduced by the presence of platelet‐directed 

autoantibodies. Autoimmune thrombocytopenia can 

also occur as one feature of a more generalised auto­

immune disease such as SLE or the rare autoimmune 

lymphoproliferative syndrome associated with Fas 

deficiency [255]. There is an increased incidence in 

diGeorge syndrome. Autoimmune thrombocytopenia 

is a common complication of CLL and a less common 

complication of other lymphoproliferative disorders. 

In one study, 3 of 20 patients with either autoim­

mune thrombocytopenic purpura or Evans syndrome 

were found to have a population of peripheral blood 

lymphocytes with a CLL phenotype, suggesting that 

monoclonal B lymphocytosis as well as CLL can pre­

dispose to ITP [229]. Idiopathic autoimmune throm­

bocytopenic purpura has generally been regarded as 

particularly likely to occur in young women, but in 

one population‐based survey the incidence in adults 

was 1.6/100 000/year overall, was similar in men and 

women and was higher above the age of 60 years 

[431]. In another survey the incidence was estimated 

at 8.1/100 000/year in children and 12.1/100 000/

year in adults [432]. Incidence rose with age and was 

higher in females than males up to the age of 70 years 

[432].

Blood film and count

The blood film shows thrombocytopenia and, unless the 

onset is very acute, increased platelet size (Fig. 8.95). 

Usually other cell lineages are normal, but occasionally 

there is associated AIHA or evidence of an underlying 

causative condition such as CLL, lymphoma or large 

granular lymphocyte leukaemia.

The platelet count is reduced and, unless the onset is 

very acute, the MPV and the platelet distribution width 

(PDW) are increased. The percentage of reticulated 

platelets (see Chapter 2) is often considerably increased. 

Whether this is a useful variable for distinguishing 

increased platelet destruction from a failure of platelet 

production is not clear, since conflicting results have 

been reported [426,433].

Among childhood cases of ITP, less than a fifth develop 

chronic disease [434]. Those with the lowest platelet 

counts are least likely to develop chronic ITP [434].

Fig. 8.95  The blood film of a patient with autoimmune throm­
bocytopenic purpura, post‐splenectomy, showing thrombocy­
topenia, a single giant platelet and Howell–Jolly bodies.
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Differential diagnosis

The differential diagnosis includes thrombocytopenia 

following rubella and other viral infections, drug‐

induced thrombocytopenia and TTP. Cytomegalo­

virus infection, infectious mononucleosis and other 

viral infections can also present with severe throm­

bocytopenia as the major manifestation. Sympto­

matic thrombocytopenia may be the presenting 

feature of HIV infection. Hepatitis C infection is 

common in patients who would otherwise meet the 

diagnostic criteria for ITP, so testing for hepatitis C 

should be done in all patients; hepatitis C‐related 

cases often have cryoglobulinaemia and anticardi­

olipin antibodies [435]. Helicobacter pylori infection 

has also been related to what would otherwise be  

categorised as ITP. Some cases have a rise in the plate­

let count in response to the elimination of helicobac­

ter, but how often this occurs is disputed. It is impor­

tant to exclude congenital thrombocytopenia, which 

has sometimes been misdiagnosed and treated inap­

propriately as ITP.

Further tests

Before any other investigations are performed the 

blood film must be examined to confirm thrombocy­

topenia and, unless the patient has obvious petechiae 

or purpura, the thrombocytopenia must be confirmed 

on a second carefully taken blood specimen. The 

blood film should also be examined for spherocytes, 

red cell fragments, polychromasia, atypical lympho­

cytes, lymphoma cells and cryoglobulin deposits. The 

features of specific types of congenital thrombocyto­

penia should be specifically sought in platelets and 

neutrophils. Other tests that are indicated depend 

on the diagnosis suspected on the basis of the clini­

cal features and the blood film examination. For 

example, if ITP seems the most likely diagnosis no 

further tests are usually required. However, in adults 

a bone marrow examination is considered indicated 

if: (i) there are atypical features; (ii) the patient is 

aged above 60 years; (iii) the patient has relapsed; or 

(iv) splenectomy is required [436]. Similarly, bone 

marrow aspiration is advised in children who (i) have 

atypical features; (ii) relapse; or (iii) require corticos­

teroid therapy [436]. Tests for antinuclear antibodies 

and DNA binding should also be carried out, since 

ITP may be the initial presentation of SLE. The pres­

ence of antiphospholipid antibodies also supports the 

diagnosis of immune‐mediated thrombocytopenia. 

If atypical lymphocytes are detected, a Paul–Bun­

nell screening test for infectious mononucleosis and 

specific serology for Epstein–Barr virus (EBV) and 

CMV may be useful and, if HIV infection appears 

possible, a specific test for HIV infection should 

generally be performed. Serology for chronic hepa­

titis C infection is indicated, particularly in countries 

with a high prevalence of this virus [437], since this 

diagnosis has therapeutic implications. Investigation 

for H. pylori infection should be considered in coun­

tries with a high prevalence of this infection, e.g. Italy 

and Japan; however, it is uncertain to what extent 

this is a worthwhile test since there are conflicting 

reports as to the likelihood of improvement follow­

ing eradication of the bacterium [438,439]. The BCSH 

recommends testing patients who relapse for H. pylori 

[436]. If red cell fragments are present, investigations 

relevant to TTP should be initiated as a matter of 

urgency.

Post‐infection immune thrombocytopenic 
purpura
Immune thrombocytopenic purpura, in many ways 

resembling autoimmune thrombocytopenic purpura, 

can occur following various infections (e.g. rubella) or 

following vaccination, e.g. vaccination for rubella, influ­

enza, measles, hepatitis B, poliomyelitis, mumps and 

triple vaccine for diphtheria, polio and tetanus [440]. 

Post‐infection thrombocytopenia is particularly com­

mon in children.

Thrombotic thrombocytopenic purpura (TTP)
TTP is a systemic disorder, usually resulting from 

autoantibodies to ADAMTS13 (von Willebrand factor 

cleaving protease), in which microthrombi in mul­

tiple organs lead to platelet consumption and renal 

and cerebral manifestations. The thrombocytopenia 

may lead to haemorrhage. A minority of cases follow 

identifiable infections such as Escherichia coli O157:H7 

[441] or Legionnaires’ disease. TTP can occur during 

the course of HIV infection and can relapse following 

interruption of effective antiretroviral therapy [442]. 

Ticlopidine [443] and clopidogrel therapy can cause 

TTP and occasional cases have been linked to abuse 

of cocaine or Ecstasy [444] or to interferon therapy 

[445].
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The incidence has been variously estimated at 1, 

1.7, 3.7 and 3.8/1 000 000/year [314,446]. The clas­

sic pentad of disease features is thrombocytopenia, 

microangiopathic haemolytic anaemia, renal impair­

ment, neurological abnormalities and fever. How­

ever, since urgent treatment by plasma exchange is 

required, it is recommended that a provisional diag­

nosis be made and treatment be started if a patient has 

thrombocytopenia and microangiopathic haemolytic 

anaemia for which there is no other apparent expla­

nation [277].

Blood film and count

The blood film shows the features of a microangiopathic 

haemolytic anaemia (fragments and polychromasia) 

together with thrombocytopenia with platelet anisocy­

tosis. Fragments comprising more than 1% of red cells 

have been found to be strongly suggestive of TTP [447]. 

However, red cell fragments may initially be quite infre­

quent [314] or absent [448] and if there is a strong clini­

cal suspicion of this diagnosis blood films should be kept 

under very regular review and ADAMTS13 should be 

assayed. The RDW, MPV and PDW may be increased. 

The percentage of reticulated platelets is likely to be 

increased. Once treatment has commenced, the platelet 

count is the most important laboratory test for monitor­

ing progress [277].

Differential diagnosis

The differential diagnosis includes other causes of red 

cell fragmentation, particularly those that can also 

cause thrombocytopenia. The possibility of familial TTP 

(atypical haemolytic–uraemic syndrome) should be 

considered.

Further tests

TTP is usually the result of an autoantibody to von 

Willebrand factor cleaving protease (ADAMTS13); 

the definitive test is as assay of ADAMTS13, which 

is found to be less than 10% of normal. Tests for the 

relevant autoantibody can be performed in patients 

with a reduced concentration. A biopsy confirmation 

of capillary thrombi confirms the diagnosis but is not 

generally indicated. HIV testing is important, since 

TTP may be the initial presentation of HIV infection 

and patients require antiretroviral therapy in addition 

to plasma exchange. Particularly in young patients, 

consideration should be given to genetic testing for 

familial atypical haemolytic–uraemic syndrome. LDH 

is often greatly elevated.

Thrombocytosis
Familial thrombocytosis
Familial thrombocytosis is a rare condition, usually 

with an autosomal dominant inheritance. It can result 

from a mutation in the promoter of THPO, the gene that 

encodes thrombopoietin, the mutation leading to an 

aberrantly stable messenger RNA. It can also result from 

a dominant activating mutation in the MPL gene that 

encodes the thrombopoietin receptor [449]. Germline 

JAK2 V617I has also been associated with hereditary 

thrombocytosis [450]. Apparently recessive inheritance 

was reported in one family, but the genetic basis was not 

elucidated [451].

Blood film and count

The platelet count is increased. Platelet size is usually 

normal and cells of other lineages are usually normal. 

One family with autosomal dominant thrombocytosis 

with small platelets has been reported [452]. A pro­

longed leukaemoid reaction in infancy was reported in 

one infant [453].

Differential diagnosis

The differential diagnosis is reactive thrombocytosis and 

essential thrombocythaemia. Familial thrombocytosis 

should be suspected and family studies should be per­

formed when unexplained thrombocytosis is detected 

in a child or young adult.

Further tests

Genetic analysis is indicated, if available, both to con­

firm the diagnosis and to exclude a diagnosis of essential 

thrombocythaemia.

Essential thrombocythaemia
Essential thrombocythaemia is an MPN charac­

terised by increased platelet production. In the 

WHO classification it is defined as a Ph‐negative, 

BCR‐ABL1‐negative condition. Essential thrombo­

cythaemia is predominantly a disease of the middle‐

aged and elderly population, but cases also occur in 

young adults and even in children. Clinical features 

are either caused directly by the thrombocytosis or 

reflect the abnormal proliferation of myeloid cells. 

They include microvascular obstruction, bleeding 
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and, less often, splenomegaly and itch. However, the 

majority of patients are now diagnosed at a presymp­

tomatic stage as a result of the increasing perfor­

mance of blood counts for a variety of reasons. Since 

automated counters now generally in use include a 

platelet count in the FBC, the incidental detection of 

thrombocytosis is not infrequent.

Essential thrombocythaemia progresses, uncom­

monly, to myelofibrosis and less often transforms to 

AML. These stages of the disease may be preceded by 

the development of dysplastic features.

Blood film and count

According to the WHO 2008 classification, the diag­

nosis can be made when the platelet count reaches 

450 × 109/1 and other criteria are met. In many cases 

the count is in excess of 1000 × 109/1. The blood film 

shows increased platelet anisocytosis and usually a sig­

nificant proportion of giant platelets (Fig. 8.96). Some 

of the platelets may be hypogranular. Neutrophilia is 

present in about one third of patients (and correlates 

with a higher risk of thrombosis [454]). The basophil 

count is often elevated, but does not usually exceed 

3%. A basophil count of more than 5% suggests that 

the patient may be Philadelphia positive. Occasional 

NRBC and immature granulocytes may be present. 

There may be features of iron deficiency as a result of 

bleeding. Rarely, there are features of hyposplenism 

following earlier splenic infarction. During the accel­

erated phase of the disease, dysplastic features may be 

present (Fig. 8.97).

Fig. 8.96  The blood film of a patient with 
essential thrombocythaemia showing 
thrombocytosis with platelet anisocytosis 
and giant platelets. There is also red cell 
anisocytosis and poikilocytosis.

Fig. 8.97  The blood film of a patient with essential thrombo­
cythaemia in accelerated phase showing development of dys­
plastic features in granulocytes. Neutrophils are hypogranular 
with nuclei of abnormal shapes. An eosinophil is nonlobated 
and the number of granules is reduced. Thrombocytopenia has 
now supervened.

The platelet count, MPV and PDW are elevated, 

whereas in reactive thrombocytosis the MPV and PDW 

are not usually increased. Splenectomy or hyposplenism 

can, however, cause thrombocytosis with an increased 

MPV and PDW.
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Differential diagnosis

The differential diagnosis includes many of the other 

causes of thrombocytosis (see Table 6.15), particu­

larly those conditions that can cause reactive throm­

bocytosis without clear clinical features suggesting 

the underlying disease, e.g. occult neoplasms and 

connective tissue disorders. In iron deficient patients, 

uncomplicated iron deficiency should be included in 

the differential diagnosis since iron deficiency alone 

can cause a platelet count of 450 × 109/1 or even 

higher. Patients with iron deficiency may also have 

an occult neoplasm, occult haemorrhage or both as a 

cause of thrombocytosis. It can also be difficult to dis­

tinguish iron deficient PV and prepolycythaemic PV 

from ET. Up to 15% of patients with PV present with 

features that mimic ET.

Further tests

A suspicion of ET is an indication for molecular analy­

sis for JAK2 V617F. If this mutation is not found, a 

CALR or MPL mutation should be sought. JAK2 V617F 

is found in about two‐thirds of patients and correlates 

with a higher Hb [455–457] and WBC [454,456], 

more bone marrow erythropoiesis and granulopoie­

sis [454,456], lower serum erythropoietin and serum 

ferritin [456], more frequent microcytosis, a greater 

likelihood of evolving into overt PV [455,456] and, 

for pregnant women, a worse fetal outcome [458]. A 

CALR mutation is found in about a quarter of patients 

[459] and an MPL mutation in 5–10%. Using X‐

linked polymorphism analysis, it previously appeared 

that a significant proportion of patients with essen­

tial thrombocythaemia had polyclonal haemopoie­

sis; with the discovery of the JAK2 V617F mutation, 

monoclonality can be demonstrated in a significant 

proportion of such patients (4 of 8 in one study) 

[460]. Cytogenetic analysis is particularly indicated 

whenever it is not clear that the patient has an MPN 

and if there are atypical disease characteristics – such 

as myelodysplastic features, circulating blast cells or 

a markedly elevated basophil count – which suggest 

either Philadelphia positivity or another unfavour­

able karyotype that would influence management. 

However, with the availability of effective tyrosine 

kinase inhibitor therapy for Ph‐positive conditions, it 

is now important to undertake cytogenetic or mol­

ecular genetic analysis (for the BCR‐ABL1 fusion 

gene) whenever ET is suspected in order to identify 

any Ph‐positive patients and treat them appropriately. 

If t(9;22)(q34;q11.2) or a BCR‐ABL1 fusion gene is 

found, the diagnosis is chronic myelogenous leukae­

mia (CML), even if the WBC is not increased. In the 

absence of tyrosine kinase therapy, cases of so‐called 

Ph‐positive ET, in comparison with true ET, have an 

increased probability of developing MDS, myelofibro­

sis or blastic transformation. Prepolycythaemic and 

occult PV should be distinguished from ET using the 

tests described above. A bone marrow aspirate and 

trephine biopsy provide evidence of an MPN and help 

to distinguish ET from PV and from prefibrotic mye­

lofibrosis. Megakaryocytes are increased in number, 

large, well lobulated and clustered, whereas the 

megakaryocytes in PV are more pleomorphic. Reti­

culin is not increased. It should be noted that iron 

deficiency alone can cause thrombocytosis, marked 

erythroid hyperplasia and quite a marked increase 

in megakaryocytes, so that the diagnosis of essential 

thrombocythaemia should be made with caution in 

iron deficient patients. A low serum erythropoietin 

is seen in as many as a third of patients with ET, so 

does not help in making a distinction from PV [362]. 

Plasma thrombopoietin may be normal or decreased 

but is not elevated. Detection of splenomegaly on 

ultrasonography supports a diagnosis of ET and 

makes reactive thrombocytosis very unlikely [461]. 

Various laboratory tests, such as an elevated plasma 

fibrinogen, elevated C‐reactive protein or an elevated 

ESR, can provide indirect evidence of an occult neo­

plasm or connective tissue disorder and thus support 

a diagnosis of reactive thrombocytosis rather than 

essential thrombocythaemia. The NAP score is low 

in a minority of patients, elevated in some and nor­

mal in the majority; it is not useful in differentiating 

Philadelphia‐positive and Philadelphia‐negative cases 

and is no longer considered a useful test.

Primary myelofibrosis
Primary myelofibrosis, also known as chronic idi­

opathic myelofibrosis and myelofibrosis with myeloid 

metaplasia, is a haematological neoplasm characterised 

by extramedullary haemopoiesis together with bone 

marrow fibrosis that is reactive to the underlying pro­

liferation of myeloid cells. The discovery of the JAK2 

V617F mutation has revealed that PV, ET and primary 

myelofibrosis comprise a cluster of closely related con­

ditions that are distinct from other MPN. Myelofibrosis 
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following either PV or ET is similar to primary myelofi­

brosis. Polycythaemia occasionally develops during the 

clinical course of primary myelofibrosis.

Blood film and count

The blood film is leucoerythroblastic and shows anisocy­

tosis and poikilocytosis, particularly the presence of tear­

drop poikilocytes (Fig. 8.98). There are also short ellip­

tocytes (‘stubby’ elliptocytes) [462]. In the early stages 

of the disease there may be leucocytosis and thrombo­

cytosis. Later in the course there is pancytopenia. Often 

there are some giant platelets, hypogranular platelets and 

occasional circulating micromegakaryocytes or mega­

karyocyte nuclei (Fig. 8.99). In multivariate analysis, the 

severity of the anaemia and the degree of elevation of the 

WBC are of independent prognostic significance [463].

Therapy with cytoreductive agents such as hydroxycar­

bamide leads to macrocytosis, stomatocytosis and reduc­

tion of the WBC and platelet count. Treatment with thalid­

omide may increase the WBC, Hb and platelet count [464].

Differential diagnosis

The differential diagnosis includes other causes of a leuco­

erythroblastic blood film and other causes of pancytopenia 

(see Tables 6.19 and 6.30). In patients with thrombocyto­

sis, the differential diagnosis includes ET and CML.

Further tests

Molecular genetic analysis for JAK2 V617F is indicated. 

This mutation is found in around a half of patients; it is 

much more common in myelofibrosis following PV than 

Fig. 8.99  Blood film in primary myelofibrosis showing a circu­
lating megakaryocyte.

Fig. 8.98  Blood film in primary myelofibro­
sis showing anisocytosis and poikilocytosis 
with prominent teardrop poikilocytes.

in primary myelofibrosis [465]. The prevalence in post‐ET 

myelofibrosis may be intermediate. In cases of primary 

myelofibrosis, there is a correlation between JAK2 V617F 

and a higher Hb. If a JAK2 mutation is not found, a CALR 

or MPL mutation should be sought, being found in about 

a third and in 10–15% of patients respectively. If none of 

these mutations is found, molecular analysis for BCR‐ABL1 

may be informative.

A bone marrow trephine biopsy is required for diag­

nosis and for distinguishing early, prefibrotic or hyper­

cellular phase primary myelofibrosis from ET. Cytoge­

netic analysis can be useful, particularly to exclude the 

presence of the Philadelphia chromosome. A clonal 

cytogenetic abnormality is sometimes demonstrated. 
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few blast cells in the peripheral blood. The lymphocyte 

and eosinophil counts are reduced. A rise in the mono-

cyte count occurs later than the rise in the neutrophil 

count. During recovery, there is a rise in the eosinophil 

count, sometimes to above normal. If infection persists, 

a normocytic normochromic anaemia develops and, if 

the infection becomes chronic, red cells may become 

hypochromic and microcytic. There is an increase in 

rouleaux formation and in background staining. The 

platelet count is often elevated during acute or severe 

chronic infection, but is sometimes reduced. Sometimes 

bacterial infections are associated with pancytopenia as 

a result of haemophagocytosis.

In overwhelming sepsis, particularly in alcoholics and 

neonates, infection can be associated with paradoxi-

cal leucopenia and neutropenia. A left shift and toxic 

changes nevertheless occur. Neutropenia in bacteraemic 

patients is indicative of a worse prognosis [1]. Neutro-

penia in the course of infections that more often cause 

neutrophilia may be the result of increased margination 

of neutrophils, impaired granulopoiesis or migration 

of peripheral blood neutrophils to tissues more rapidly 

than they can be replenished by a bone marrow with 

Acquired disorders primarily involving white cells may 

be either reactive, to a primary usually non‐haemato-

logical disease, or neoplastic. Neoplastic disorders result 

from the clonal proliferation of a haemopoietic stem 

cell, either myeloid, lymphoid or pluripotent, that has 

undergone mutation. Numerical changes in white cells 

are summarised in Chapter 6. Here the typical periph-

eral blood changes in reactive leucocyte disorders are 

described, followed by the characteristic features of hae-

matological neoplasms.

Reactive changes in white cells

Bacterial infection
Acute and chronic bacterial infection
Blood film and count

In an adult, the usual response to a bacterial infec-

tion is a neutrophil leucocytosis with a left shift, toxic 

granulation, Döhle bodies and, when infection is severe, 

cytoplasmic vacuolation (Fig. 9.1). Occasionally, bac-

teria are seen within neutrophils. In severe infections 

there may be myelocytes, promyelocytes and even a 

Chapter 9

Disorders of white cells

Fig. 9.1  Blood film in reactive neutrophilia; 
both cells are band forms showing vacuola-
tion and marked toxic granulation.
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an inadequate reserve capacity. In some studies in 

neonates, an increased proportion of band cells has 

been found more useful than neutrophilia in identify-

ing infected infants. However, others have found an 

increased band count to be no more sensitive in pre-

dicting a positive blood culture than an increase in the 

absolute neutrophil count [2].

Although neutrophilia is the characteristic response to 

bacterial infection, this is not invariable. Certain infec-

tions are characterised by either a normal white blood 

cell count (WBC) or even leucopenia and neutrope-

nia, e.g. typhoid fever, brucellosis and rickettsial infec-

tions. Typhoid fever can also cause anaemia, isolated 

thrombocytopenia, bicytopenia or pancytopenia. Bru-

cellosis occasionally causes isolated thrombocytopenia. 

Lymphocytosis is characteristic of pertussis (whooping 

cough). Infants and young children sometimes also 

respond to other bacterial infections with lymphocytosis 

rather than neutrophilia.

In addition to the elevated WBC, automated instru-

ments may indicate a left shift, the presence of imma-

ture granulocytes or increased peroxidase activity of 

neutrophils.

Differential diagnosis

The differential diagnosis of neutrophil changes sugges-

tive of infection includes other causes of neutrophilia 

(see Chapter 6). Toxic granulation and Döhle bodies are 

not specific for infection, being seen also in pregnancy, 

in inflammatory and autoimmune diseases, following 

administration of cytokines and when there is tissue 

damage or death, e.g. as a result of surgery, trauma or 

infarction. The presence of neutrophil vacuolation is 

more specific for infection, very commonly indicating 

septicaemia [3]. The observation of bacteria within neu-

trophils in a film made without delay may indicate colo-

nisation of an indwelling venous line (if the blood speci-

men is obtained directly from the line), but otherwise is 

specific for bacteraemia. However, this finding is rare. 

Neutrophilia resulting from granulocyte colony‐stimu-

lating factor (G‐CSF) therapy) is associated with dys-

plastic features (Fig 9.2). Neutrophilia as a leukaemoid 

reaction to multiple myeloma is associated with toxic 

granulation (Fig. 9.3).

In the neonatal period, neutrophilia may be caused 

not only by infection but also by hypoxia or stressful 

labour, intrapartum oxytocin administration, maternal 

fever or seizures, neonatal hypoglycaemia and haemo-

lytic disease of the newborn [4] (see Chapter 6). Even 

crying can cause an increase in WBC and the proportion 

of band cells [5].

Further tests

Characteristic peripheral blood features are often pre-

sent in bacterial infection but, since they are neither 

specific nor invariably present, a definitive diagnosis 

Fig.  9.2  Composite image of the blood film 
of a patient with neutrophilia resulting 
from granulocyte colony‐stimulating factor 
(G‐CSF) therapy showing dysplastic fea-
tures, abnormal nuclear shapes (left) and a 
detached nuclear fragment (right).
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necessitates consideration of clinical features and spe-

cific bacteriological tests. In patients with known bacte-

rial infection, the neutrophil count can be used to moni-

tor the progress of the disease.

Tuberculosis
The haematological manifestations of tuberculosis are 

protean, although some of the abnormalities attributed 

to tuberculosis in the past are likely to have been caused 

by the coexistence of tuberculosis and a disease such as 

hairy cell leukaemia or primary myelofibrosis.

Blood film and count

Pulmonary tuberculosis causes a normocytic normo-

chromic anaemia with increased rouleaux formation 

and an increased erythrocyte sedimentation rate (ESR). 

When the disease is severe, leucocytosis and neutro-

philia are common [6]. Lymphocytosis is present in 

about one quarter of patients and lymphopenia in one 

fifth. Although monocytosis has been regarded as char-

acteristic of tuberculosis, it is present in only about one 

quarter of patients while about one half have mono-

cytopenia. Thrombocytosis is common. Automated 

blood counts show a low haemoglobin concentration 

(Hb), normal or reduced mean cell volume (MCV) and 

increased red cell distribution width (RDW).

Patients with miliary tuberculosis [7] are usually 

anaemic. In contrast to acute pulmonary tuberculosis, 

leucocytosis is uncommon and leucopenia is common. 

Monocytosis occurs in about one quarter of patients. 

Lymphopenia is usual. A minority of patients have 

pancytopenia (which is sometimes the result of hae-

mophagocytosis).

Differential diagnosis

The haematological manifestations of tuberculosis are 

so variable that many infective, inflammatory and neo-

plastic conditions enter into the differential diagnoses.

Further tests

Bone marrow aspiration and trephine biopsy can be 

useful in the diagnosis of miliary tuberculosis. However, 

blood cultures are also often positive so that bone mar-

row examination can be avoided.

Viral infections
Infectious mononucleosis
Infectious mononucleosis is an acute clinicopathologi-

cal syndrome resulting from primary infection by the 

Epstein–Barr virus (EBV). In developed countries it 

is predominantly a disease of adolescents and young 

adults, occurring in one quarter to three‐quarters of 

those suffering a primary EBV infection. It is rare in 

underdeveloped countries, where primary EBV infec-

tion usually occurs in childhood. Common clinical fea-

tures are fever, pharyngitis, lymphadenopathy (hence 

Fig. 9.3  Blood film of a patient with multiple 
myeloma (note increased rouleaux forma-
tion) and a neutrophilic leukaemoid reac-
tion. There is one macropolycyte and all the 
neutrophils show toxic granulation.
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the common designation ‘glandular fever’), spleno-

megaly and hepatitis. Haematologically, the disease is 

characterised by ‘atypical mononuclear cells’ or ‘atypi-

cal lymphocytes’, which are mainly activated T lympho-

cytes produced as part of the immunological response to 

EBV‐infected B lymphocytes.

Blood film and count

There is often lymphocytosis and leucocytosis as a result 

of the presence of atypical lymphocytes, representing 

mainly activated cytotoxic T cells. Suggested criteria 

alerting laboratory staff to the possibility of infectious 

mononucleosis are lymphocytes comprising at least 50% 

of peripheral blood leucocytes and atypical lymphocytes 

comprising at least 10% of circulating lymphocytes [8]; 

in one study the former observation had a sensitiv-

ity of 66% and the latter a sensitivity of 75% for het-

erophile‐positive disease among patients with suspected 

infectious mononucleosis [9]. Some patients are throm-

bocytopenic and a minority are anaemic. Atypical lym-

phocytes are highly pleomorphic (Figs 9.4 & 9.5). Many 

are large, with diameters up to 15–30 μm, and have 

abundant strongly basophilic cytoplasm. Some have 

large central nucleoli and resemble immunoblasts (i.e. 

they have the same cytological features as lymphocytes 

stimulated in vitro by mitogens); others resemble the 

blasts of acute lymphoblastic leukaemia (ALL). Nuclei 

can be round, oval, reniform, lobulated or, occasionally, 

Fig. 9.4  Blood film in infectious mononucle-
osis showing atypical lymphocytes (atypical 
mononuclear cells): (a) pleomorphic cells, 
with plentiful cytoplasm – the largest cell has 
moderately basophilic vacuolated cytoplasm 
and a lobulated nucleus containing a nucleo-
lus; and (b) a normal small lymphocyte and 
an atypical lymphocyte with voluminous 
cytoplasm and scalloped edges.

(a)

(b)
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Fig.  9.5  Composite image of blood film in 
infectious mononucleosis showing two atyp-
ical lymphocytes, one of which is vacuolated 
(top left); atypical large granular lymphocyte 
(top right); smear cell and cloverleaf cell 
(bottom left); and apoptotic lymphocyte and 
atypical lymphocyte (bottom right).

clover‐leafed. In one study 15% of patients had clover-

leaf nuclei, an observation of low sensitivity but high 

specificity in patients with suspected infectious mono-

nucleosis [9]. In the same study 30% of patients had 

smear cells, also a highly specific observation in this 

group of patients [9]. The chromatin pattern may be dif-

fuse or partly condensed. The cytoplasm may be vacu-

olated, foamy or (occasionally) granulated, and moder-

ately or strongly basophilic. Cytoplasmic basophilia may 

be generalised or confined to the cytoplasmic margins. 

When the atypical cells have contact with other cells 

the cytoplasmic margins sometimes appear scalloped. 

It should, however, be noted that both ‘scalloping’ and 

peripheral cytoplasmic basophilia can also be features of 

lymphoma cells. Some cells have a hand‐mirror confor-

mation. Binucleate cells and mitotic figures may be seen. 

Apoptotic cells may be present, infectious mononucleo-

sis being the most common cause of apoptosis in circu-

lating lymphocytes [10]. Large granular lymphocytes 

may be increased and there may be some plasmacytoid 

lymphocytes and plasma cells. In some patients sequen-

tial changes are observed with initially large granular 

lymphocytes (activated CD8‐positive T cells that are not 

EBV‐specific) and subsequently pleomorphic atypical 

lymphocytes (EBV‐specific) [11]. The abnormal cells can 

have cytochemical abnormalities such as block‐positivity 

on a periodic acid–Schiff (PAS) stain – usually a feature 

of ALL – and tartrate‐resistant acid phosphatase (TRAP) 

activity – usually a feature of hairy cell leukaemia. How-

ever, cytochemistry is not recommended in the diagno-

sis of infectious mononucleosis.

Changes in other cell lines are quite common, 

although they tend to be overshadowed by the abnor-

malities in the lymphocytes. In one series, 10% of 

patients had neutrophil counts of less than 1 × 109/1 

[12]. Occasionally, neutropenia is very severe [13]. 

Neutrophilia can also occur. Neutrophils sometimes 

show toxic granulation, left shift and Döhle bodies; 

despite these changes, the neutrophil alkaline phos-

phatase (NAP) score is usually reduced. Reduction of 

the eosinophil count is usual; during recovery there is 

eosinophilia. Thrombocytopenia is not uncommon, the 

platelet count being less than 150 × 109/1 in about one 

third of patients. Severe thrombocytopenia that some-

times occurs is likely to be due to immune destruction 

of platelets. Haemolytic anaemia due to a cold anti-

body can occur and the blood film then shows red cell 

agglutination, some spherocytes and, later, the devel-

opment of polychromasia. A larger number of patients 

show some red cell agglutination without overt hae-

molysis. Subjects with hereditary spherocytosis appear 

to be particularly prone to haemolysis during infectious 

mononucleosis. Some patients develop severe cytope-

nias consequent on virus‐triggered haemophagocyto-

sis. Aplastic anaemia is a rare complication, developing 

1–6 weeks after presentation.
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Not all patients with primary infection by EBV have 

the clinicopathological features of infectious mono-

nucleosis. Young children have a greater degree of 

lymphocytosis and a lower percentage of atypical lym-

phocytes than older children, but the absolute count 

of atypical lymphocytes is similar in children under 

and over 4 years of age [14]. In older patients the 

degree of lymphocytosis and the percentage of atypi-

cal lymphocytes may be less than is usually observed 

in adolescents and young adults [15]. Rare patients 

with infectious mononucleosis have severe lympho-

penia [16]. This is associated with severe disease and 

a worse prognosis.

Automated counters usually ‘flag’ the presence of 

suspected blast cells, atypical (or ‘variant’) lymphocytes 

or both. Depending on the instrument, there may be 

an increase in ‘monocytes’, ‘mononuclear cells’ or large 

unstained (i.e. peroxidase‐negative) cells (LUC) or a fac-

titious increase in ‘basophils’. In one study of patients 

with a clinical suspicion of infectious mononucleosis 

who had, or did not have, a positive test for a hetero-

phile antibody, a Coulter STKS instrument blast flag had 

a sensitivity of 41% for heterophile‐positive disease, 

while an atypical lymphocyte flag had a sensitivity of 

72%. For a Sysmex NE‐8000, sensitivities were 43% 

and 16% respectively [9].

Differential diagnosis

The differential diagnosis of infectious mononucleosis 

includes other causes of atypical lymphocytes (Table 9.1) 

and, to a lesser extent, ALL and non‐Hodgkin lymphoma.

Further tests

The finding of a blood film suggestive of infectious 

mononucleosis is an indication to test for a heterophile 

antibody that agglutinates sheep or horse red cells and 

differs from heterophile antibodies in other conditions 

in that it is adsorbed by ox red cells but not by guinea pig 

kidney. Rapid commercially available slide tests for het-

erophile antibodies are sensitive and very convenient, 

with a false‐positive rate of 1–2%. At presentation, 60% 

of patients with infectious mononucleosis have a posi-

tive heterophile antibody test and up to 90% become 

positive if closely followed. In adolescents and adults, 

‘heterophile‐negative infectious mononucleosis’ most 

often represents either cytomegalovirus (CMV) or EBV 

infection. In one series of patients, 70% of cases repre-

sented CMV infection and 16% EBV infection [30]. In 

another series, the percentages of patients with immu-

noglobulin (Ig) M antibodies to various viruses were 

40% for EBV, 39% for CMV and 25% for human her-

pesvirus 6 [31], some patients having IgM antibodies 

to more than one virus; 3% of patients had toxoplas-

mosis. Well below one half of infants with primary EBV 

infection have heterophile antibodies [14], so that in 

this age group EBV infection is the commonest cause of 

heterophile‐negative infectious mononucleosis. Specific 

Table 9.1  Some causes of atypical lymphocytes.

Viral infections

Infectious mononucleosis (Epstein‐Barr virus infection), 

cytomegalovirus infection,∗ infectious hepatitis (hepatitis A 

infection),∗ measles (rubeola), German measles (rubella), echovirus 

infection, adenovirus infection,∗ chicken pox (varicella) and herpes 

zoster, herpes simplex infection, human herpesvirus 6 infection∗ 

[17], influenza, mumps, lymphocytic meningitis (lymphocytic 

choriomeningitis virus infection), human immunodeficiency 

virus (HIV) infection, human T‐cell lymphotropic virus 1 (HTLV‐1) 

infection, hantavirus pulmonary syndrome [18]

Bacterial infections

Brucellosis, tuberculosis, typhoid fever [19], syphilis, rickettsial 

infections∗ including tick typhus (Rickettsia conorii), scrub typhus 

(Rickettsia tsutsugamushi), murine typhus (Rickettsia typhi) 

[20,21], ehrlichia infections (including Sennetsu fever (Japan) and 

ehrlichiosis (USA)) [22], Mycoplasma pneumoniae infection

Protozoan infections

Toxoplasmosis,∗ malaria, babesiosis

Immunisations

Serum sickness (rarely)

Hypersensitivity to drugs∗

Hypersensitivity to para‐aminosalicylic acid, sulfasalazine, sodium 

phenytoin, mesantoin, dapsone, phenothiazines, streptokinase [23]

Angioimmunoblastic lymphadenopathy/angioimmunoblastic 

T‐cell lymphoma [24]

Systemic lupus erythematosus [25]

Sarcoidosis [26]

Graft‐versus‐host disease

Graft rejection

Hodgkin lymphoma

Kawasaki syndrome [27]

Familial haemophagocytic lymphohistiocytosis [28]

Transient idiopathic proliferation of monoclonal atypical 

lymphocytes [29]

∗ Conditions that can be associated with sufficiently large numbers of 

atypical lymphocytes to be confused with infectious mononucleosis
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serological tests for IgM antibodies to EBV and CMV 

can clarify the diagnosis in heterophile‐antibody nega-

tive cases. Serological tests for toxoplasmosis are also 

indicated and, in high‐risk groups, testing for human 

immunodeficiency virus (HIV) should be considered 

(see below).

HIV infection and AIDS
HIV infection causes an acute illness at the time of sero-

conversion followed by a phase of latent infection before 

the manifestations of chronic infection appear. Chronic 

infection is associated with development of the acquired 

immune deficiency syndrome (AIDS). A transient 

expansion of CD8‐positive large granular lymphocytes 

may occur as chronic HIV infection becomes clinically 

evident. Less often there is a persistent increase in large 

granular lymphocytes associated with a syndrome that 

clinically resembles Sjögren syndrome, with lymphoid 

infiltration of salivary glands, lungs and kidneys [32].

Blood film and count

The acute illness can resemble infectious mononucleosis 

both clinically and haematologically, but in general the 

number of atypical lymphocytes (Fig. 9.6) is considerably 

less. Following recovery from the acute phase, the 

infected person is clinically and haematologically nor-

mal, often for many years. Isolated thrombocytopenia, 

resulting from immune destruction of platelets, can 

occur during this period of clinically latent infection.

Chronic infection is associated with a progressive 

decline in the number of CD4‐positive lymphocytes 

and, usually, a decline in the total lymphocyte count. 

Reactive lymphocytosis consequent on an increase in 

CD8‐positive lymphocytes (including CD8‐positive 

CD57‐positive large granular lymphocytes [32,33]) can 

initially mask the progressive decline in CD4‐positive 

lymphocytes. The declining CD4‐positive lympho-

cyte count is associated with a progressive decline in 

immune function, which eventually leads to opportun-

istic infection or neoplasia. The development of certain 

specified infective or neoplastic conditions defines the 

patient as suffering from AIDS. Haematological features 

then include both the effects of HIV infection and the 

effects of intercurrent infections. HIV infection itself 

causes a normocytic normochromic anaemia, throm-

bocytopenia and neutropenia with dysplastic neutro-

phils; one relatively specific neutrophil abnormality is 

the presence of detached nuclear fragments [34]. Dys-

plastic forms can include hypogranular and pseudo‐

Pelger neutrophils and neutrophils with large nuclei 

of abnormal shape (Fig. 9.7). Thrombotic thrombocy-

topenic purpura (TTP) may occur as a complication of 

HIV infection and the blood film then shows thrombo-

cytopenia and red cell fragmentation. Recurrent infec-

tions contribute to the development of anaemia and 

are associated with increased rouleaux formation and 

increased background staining. Minor reactive changes 

in lymphocytes are common and may include clover-

leaf forms. Bacterial infection can also be associated 

with toxic changes in neutrophils. Viral and mycobacte-

rial infections can be associated with severe pancytope-

nia resulting from virus‐associated haemophagocytosis. 

In the final stages of the disease there is a progressive 

pancytopenia.

Patients with HIV infection are also prone to iatro-

genic haematological complications including macrocy-

tosis and pancytopenia caused by zidovudine therapy, 

neutropenia caused by ganciclovir and oxidant‐induced 

haemolytic anaemia caused by dapsone.

In patients with chronic HIV infection, the automated 

count with Siemens H.1 and Advia series counters can 

show increased peroxidase activity of neutrophils and a 

reduction of nuclear density seen as a reduced lobular-

ity index. Both these features are indicative of dysplastic 

granulopoiesis. There can also be an increase in LUC.
Fig. 9.6  Peripheral blood film showing an atypical lymphocyte 
during acute human immunodeficiency virus (HIV) infection.
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Fig.  9.7  Composite image of the peripheral 
blood film of an HIV‐infected patient show-
ing HIV‐related neutrophil dysplasia.

Differential diagnosis

Depending on the stage of the disease and the specific 

haematological features, the differential diagnosis can 

include infectious mononucleosis and other viral infec-

tions, autoimmune (‘idiopathic’) thrombocytopenic 

purpura (ITP) and TTP. It is important to think of the 

possibility of HIV infection and consider performing spe-

cific serological tests in patients who present with these 

haematological features. An expansion of large granu-

lar lymphocytes can be confused with large granular 

lymphocyte leukaemia, particularly as up to a quarter 

of patients have evidence of a clonal expansion on T‐

cell receptor analysis [32]; the immunophenotype of the 

cells is CD8‐positive, CD11a‐positive, CD11c‐positive 

and CD57‐positive with strong expression of HLA‐DR 

and negative reactions for CD16 and CD56. HIV infec-

tion is part of the differential diagnosis of chronic red cell 

aplasia, since immune deficiency can lead to failure to 

eliminate parvovirus B19 so that virus‐induced red cell 

aplasia is chronic rather than transient. Late in the dis-

ease, confusion with myelodysplastic syndromes (MDS) 

and other causes of bone marrow failure can occur.

Further tests

Diagnosis is customarily by serological detection of 

antibodies to HIV. If there is chronic red cell aplasia 

in an HIV‐positive patient, serological tests for parvo-

virus should be supplemented by tests for parvovirus 

deoxyribonucleic acid (DNA), since there may be a fail-

ure of specific antibody production.

Other viral infections
Viral infections may be acute or chronic. They cause a 

variety of effects on blood cells.

Blood film and count

Acute viral infections are associated with transient hae-

matological abnormalities, most often lymphocytosis 

with reactive changes in lymphocytes. Large granular 

lymphocytes may be increased. With some viruses these 

changes can be sufficiently severe to simulate infectious 

mononucleosis (see Table 9.1). Other acute viral infec-

tions are associated with neutrophilia (see Table 6.4). 

The eosinophil count is reduced during acute infection 

and rises during recovery. Thrombocytopenia, as a result 

of platelet consumption, can occur during active viral 

infection. In the case of the viral haemorrhagic fevers, 

disseminated intravascular coagulation can cause severe 

thrombocytopenia. During recovery from some viral 

infections, e.g. rubella, there may be thrombocytope-

nia consequent on interaction of immune complexes 

with platelets. Acute haemolysis caused by the Don-

ath–Landsteiner (anti‐P) antibody can follow viral infec-

tions, e.g. measles, and acute haemolysis consequent on 

a cold agglutinin (anti‐I or anti‐i) can occur during other 

viral infections. Parvovirus infection in normal subjects 
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causes acute, transient red cell aplasia associated with a 

slight fall in Hb and the disappearance of reticulocytes, 

and therefore a lack of polychromasia. In some patients 

there is associated neutropenia or thrombocytopenia. In 

patients with a shortened red cell lifespan, more severe 

but transient anaemia occurs. Some viruses, particularly 

herpesviruses, trigger a haemophagocytic syndrome, 

leading to pancytopenia. Infection by the Sin Nombre 

hantavirus has been observed to be associated with 

thrombocytopenia early in the illness, with severe car-

diopulmonary malfunction being predicted by a con-

stellation of five peripheral blood features – thrombo-

cytopenia, the presence of myelocytes, lack of marked 

toxic granulation (even if there was marked neutro-

philia), increased haematocrit (attributable to a capil-

lary leak syndrome) and the presence of more than 10% 

immunoblast‐like cells (of T lineage) or plasma cells [35].

The effects of chronic viral infection vary with the virus. 

There may be an increase of large granular lymphocytes. In 

chronic infection with human T‐cell lymphotropic virus 1 

(HTLV‐1), there may be lymphocytosis with occasional 

atypical lymphocytes, including some with cloverleaf 

nuclei (Fig. 9.8). Immunologically incompetent subjects, 

not only those with HIV infection but also those with 

congenital or iatrogenic immunosuppression, can develop 

chronic parvovirus infection with resultant chronic red 

cell aplasia. An apparent viral hepatitis (non‐A, non‐B, 

non‐C) [36] can be followed by aplastic anaemia. Patients 

with chronic infection by any of the hepatitis viruses can 

develop haematological abnormalities resulting from 

chronic liver disease and hypersplenism and those with 

hepatitis C infection can develop cryoglobulinaemia.

Differential diagnosis

The differential diagnosis of the haematological effects 

of viral infection is complex, since the abnormalities 

caused are very variable. The differential diagnoses 

include the various conditions that can cause lympho-

cytosis, atypical lymphocytes and thrombocytopenia.

Further tests

Tests for heterophile antibodies and serological tests for 

specific viruses should be performed when clinically 

appropriate.

Persistent polyclonal B‐cell lymphocytosis
Persistent polyclonal B‐cell lymphocytosis is a rare con-

dition occurring mainly in women and mainly in ciga-

rette smokers. There is an association with the HLA‐DR7 

tissue type. Familial cases have been reported, both in 

several sets of siblings and in a parent and a child. An 

association with EBV infection has also been suspected. 

A minority of patients have hepatomegaly, splenomegaly 

or lymphadenopathy, but most have only non‐specific 

clinical features, such as fatigue. Occasional patients 

have massive splenomegaly [37]. There is an association 

with chromosomal instability and acquired chromosomal 

abnormalities, particularly i(3q), trisomy 3 and dup(3)

(q26q29) [38,39], which, remarkably, are present in both 

kappa‐expressing and lambda‐expressing lymphocytes 

and therefore cannot be taken as indicative of clonality.

Blood film and count
The abnormal lymphocytes include both large lympho-

cytes with increased cytoplasmic basophilia, resem-

bling those seen in viral infections, and bilobed and 

binucleated lymphocytes [40] (Fig. 9.9). The latter are 

strongly suggestive of this particular disorder. Some 

cells have nucleoli and among these there may also be 

some resembling prolymphocytes. Rarely the cells show 

ethylenediaminetetra‐acetic acid (EDTA)‐dependent 

agglutination [41]. The diagnosis can be made in patients 

without an absolute lymphocytosis if cytological and 

other features are typical. Such cases constituted 20% 

of patients in one series [42].

Fig. 9.8  Blood film of a healthy carrier of the human T‐cell lym-
photropic virus I (HTLV‐1 virus) showing a lymphocyte with a 
flower‐shaped nucleus.
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Fig. 9.9  Blood film of a patient with persistent polyclonal B‐cell 
lymphocytosis showing lobulated lymphocytes.

Differential diagnosis
The differential diagnosis includes reactive lymphocyto-

sis and non‐Hodgkin lymphoma.

Further tests
Immunophenotyping is indicated to exclude a mono-

clonal proliferation of lymphocytes. The cells usu-

ally express IgM and IgD together with pan‐B mark-

ers (such as CD19 and CD24), CD11c, CD21, CD25, 

CD27, CD95 and CD148 [43,44]. The proportion of B 

cells expressing CD5 and CD23 is lower than in nor-

mal controls, FMC7 is higher, and CD10 and CD38 are 

not usually expressed [43]. The abnormal cells appear 

to represent an expanded population of memory B cells 

[43], possibly analogous to marginal zone B cells [44]. 

Although the κ:λ ratio may be abnormal, the atypical 

population includes both κ‐expressing and λ‐expressing 

cells. The polymerase chain reaction (PCR) shows that 

single or multiple BCL2‐ IGH rearrangements are often 

present. There is often a polyclonal increase in IgM. In 

addition to i(3q) (leading to amplification of the ATR 

gene), del(6q), +8 and del(11q) have been observed 

[42]. There may be nodular or intrasinusoidal bone 

marrow infiltration [45].

Reactive eosinophilia
Reactive eosinophilia is common in a wide variety of 

allergic and parasitic conditions (see Chapter 6). Less 

often it represents a reaction to a neoplasm, e.g. carci-

noma or sarcoma

Blood film and count
Eosinophilia varies from mild to marked. Eosinophils 

may be cytologically normal or show a greater or lesser 

degree of degranulation or vacuolation (Fig. 9.10). The 

blood film may also show lymphoma cells, blast cells 

or atypical lymphocytes. In reactive eosinophilia that 

occurs as a response to ALL, the leukaemic blasts may 

be very infrequent in the peripheral blood and the 

eosinophils very numerous.

Fig.  9.10  Blood film of a patient with 
B‐lineage acute lymphoblastic leukaemia 
and reactive eosinophilia. There is a leukae-
mic lymphoblast in the centre. Many of the 
eosinophils are hypogranular and some have 
trilobed nuclei.
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When eosinophils are degranulated, automated 

instruments may fail to recognise them.

Differential diagnosis
The differential diagnosis includes eosinophilic leukae-

mia, T‐cell mediated hypereosinophilia and the idio-

pathic hypereosinophilic syndrome. The latter diagnosis 

requires that no evidence of an underlying cause can be 

found (see below).

Further tests
The most important initial step in investigating unex-

plained hypereosinophilia is a full history including a 

travel and drug history followed by a physical examina-

tion. These procedures may provide clues indicating the 

direction of further investigation. If parasitic infection 

appears likely, a considerable range of investigations 

may be necessary, the precise choice of test depending 

on the travel history and on any relevant features in 

the medical history or found on physical examination. 

Investigations that may be useful in patients with eosin-

ophilia are shown in Table 9.2.

T‐cell mediated hypereosinophilia
A proportion of patients with hypereosinophilia, often 

with cutaneous manifestations of the disease, are found 

to have eosinophilia that is mediated by cytokines (e.g. 

interleukin (IL) 5) secreted by immunophenotypically 

aberrant T cells.

Blood film and count
There are no specific peripheral blood features. The 

lymphocyte count is usually normal and, if it is ele-

vated, eosinophilia secondary to T‐cell non‐Hodgkin 

lymphoma should be suspected.

Differential diagnosis
The differential diagnosis is the same as for reactive 

eosinophilia.

Further tests
Immunophenotyping shows a population of T cells 

with an aberrant phenotype, e.g. with failure to express 

CD3, with expression of CD3 but not CD4 or CD8, or 

with over‐ or under‐expression of other T‐cell associ-

ated antigens. Use of a panel of antibodies to variable 

domains of the T‐cell receptor can provide evidence 

of clonality and clonal rearrangements of T‐cell recep-

tor genes can be demonstrated in about half of these 

patients. Cytogenetic abnormalities, e.g. 6q– or 10p–, 

can occur as secondary events. Serum immunoglobulin 

E concentration is usually increased and there may be 

polyclonal hyperimmunoglobulinaemia.

Idiopathic hypereosinophilic syndrome
The term idiopathic hypereosinophilic syndrome (HES) 

is used to describe a heterogeneous group of conditions 

characterised by persistent unexplained eosinophilia 

and tissue damage (e.g. involving the heart and nervous 

system) attributable to the release of eosinophil gran-

ule contents. The condition is much more common in 

males. Cases are arbitrarily classified as idiopathic HES 

when the eosinophil count is in excess of 1.5 × 109/1, 

when unexplained eosinophilia persists for at least 

6 months and when there is associated tissue damage 

[47]. Some cases appear to be attributable to an abnor-

mality of T lymphocytes, with eosinophilia provoked 

by lymphokines such as IL2, IL3, IL5 and IL15 [48–50] 

(see above). If the T lymphocytes can be shown to be 

clonal, the eosinophilia may be reactive to an overt or 

occult T‐cell lymphoma, but if T cells are non‐clonal, 

Table 9.2  Investigations that may be useful in unexplained 
eosinophilia.

If parasitic infection is suspected [46]

Examination of stools for ova, cysts and parasites

Examination of urine for Schistosoma haematobium

Rectal biopsy for Schistosoma mansoni

Serology – antibody tests for strongyloidiasis, toxocariasis, 

schistosomiasis, filariasis and a variety of other parasites – or 

antigen tests for cysticercosis, filariasis or a variety of other 

parasites (depending on the travel history)

Examination of the blood for microfilariae

Duodenal aspiration

Assay of immunoglobulin E concentration

Chest radiology

Biopsy of skin or muscle

If neoplasia is suspected

Chest radiology

Computed tomography (CT) scan or other imaging of chest and 

abdomen

Bone marrow aspirate, trephine biopsy, cytogenetic analysis and 

molecular analysis (can be done on peripheral blood) for the 

FIP1L1‐PDGFRA fusion gene

Biopsy of lymph node or other tissue

Immunophenotyping of peripheral blood lymphocytes or of any 

abnormal cell population in blood or bone marrow

T‐cell receptor gene analysis to establish clonality of T lymphocytes
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Fig.  9.11  Blood film of a patient with the idiopathic hypere-
osinophilic syndrome (HES); the three eosinophils show vari-
ous degrees of degranulation.

classification as ‘idiopathic’ remains appropriate. It is 

likely that certain other cases represent a myeloprolif-

erative neoplasm with predominant eosinophilic differ-

entiation, i.e. eosinophilic leukaemia, but if there is no 

proof of this, classification as ‘idiopathic’ is appropriate.

Blood film and count
The haematological features of idiopathic HES are cur-

rently ill‐defined as previous series of patients included 

many who would now be recognised as having eosino-

philic leukaemia. The description that follows should 

therefore be regarded as provisional.

There is a moderate or marked eosinophilia. Eosino-

phils often show marked degranulation and vacuola-

tion, even including completely agranular eosinophils 

(Fig. 9.11). Granules are often smaller than normal. 

Eosinophil nuclei may be hyperlobated, hypolobated or 

ring‐shaped. Other haematological features can include 

anaemia, anisocytosis, poikilocytosis (including tear-

drop poikilocytes), a leucoerythroblastic blood film, 

basophilia, thrombocytopenia, thrombocytosis, neutro-

philia and the presence of neutrophils with heavy, rather 

basophilic granules (see Fig. 3.71). The latter abnormal-

ity may be so marked that the abnormal neutrophils 

are confused with basophils. A true increase in baso-

phils can also occur [47]. The number of degranulated 

eosinophils is of prognostic significance. If they exceed  

1 × 109/1 it is likely that cardiac damage is already 

present or will occur [51].

Differential diagnosis
Idiopathic HES is a diagnosis of exclusion. The diagnosis 

should not be made without excluding the presence of a 

FIP1L1‐PDGFRA fusion gene, since many cases of what 

was previously classed as idiopathic HES are now know 

to represent eosinophilic leukaemia as a result of this 

fusion gene.

Many of the characteristic features are not specific. 

Tissue damage from the release of eosinophil granule 

contents can also occur both in reactive eosinophilia 

(see above) and in eosinophilic leukaemia. Degranula-

tion and vacuolation of eosinophils can also be marked 

both in eosinophil leukaemia and in severe reactive 

eosinophilia. Peripheral blood features indistinguishable 

from idiopathic HES can occur in some patients who are 

subsequently found to have systemic mastocytosis [52], 

ALL or lymphoma. Making a distinction between idi-

opathic HES and chronic eosinophilic leukaemia (see 

below) at the onset of the disease can be difficult or 

even impossible.

Further tests
The patient should be appropriately investigated by 

history, physical examination and laboratory tests for 

known causes of eosinophilia. If no cause is identified, 

immunophenotypic analysis of peripheral blood lym-

phocytes should be performed to identify any popu-

lation of lymphocytes expressing aberrant markers 

[49,50]. If an abnormal population is identified, T‐cell 

receptor gene analysis should be performed to seek evi-

dence that the abnormal population is clonal [49]. Bone 

marrow aspiration, a trephine biopsy and cytogenetic 

analysis are also indicated, since detection of increased 

blast cells or a clonal cytogenetic abnormality permits 

the diagnosis of eosinophilic leukaemia. Systemic mas-

tocytosis or a lymphoma may also be diagnosed on the 

bone marrow aspirate or trephine biopsy sections.

Although cases without evidence of an abnormal 

T‐cell clone or specific features that identify them as 

‘leukaemia’ are best classified as idiopathic HES, some 

such patients subsequently show transformation of 

their disease to acute myeloid leukaemia (AML), pro-

viding evidence that the condition was neoplastic from 

the beginning. In others, an overt lymphoprolifera-

tive disorder subsequently becomes apparent. In some 
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patients death occurs from the early or late effects of 

tissue damage without the true nature of the condition 

having become apparent.

Leukaemoid reactions
A leukaemoid reaction is a haematological abnormal-

ity that simulates leukaemia and thus may be con-

fused with it, but that is, in fact, reactive to some other 

disease. In a leukaemoid reaction the abnormalities 

reverse when the underlying condition is corrected. In 

many of the early reports of leukaemoid reactions, the 

patient did not recover from the primary disease and 

correction of the haematological abnormality did not 

occur. In such cases, it is difficult to be sure that the 

patient did not have leukaemia coexisting with some 

other disease. This is so in many of the early reports 

of an apparent leukaemoid reaction with tuberculo-

sis. Transient abnormal myelopoiesis in neonates with 

Down syndrome (see below) should not be described as 

a leukaemoid reaction. It is a neoplastic condition and 

is more correctly regarded as a spontaneously remitting 

leukaemia [53]. Leukaemoid reactions may be myeloid 

or lymphoid.

Myeloid leukaemoid reactions

Leukaemoid reactions rarely simulate chronic mye-

logenous leukaemia (CML), since the characteristic 

spectrum of changes (see below) is virtually never 

seen in reactive conditions. The differences are sum-

marised in Table 9.3. The myeloid leukaemias that 

are most likely to be simulated by a leukaemoid reac-

tion are AML, atypical Philadelphia‐negative chronic 

myeloid leukaemia (aCML), chronic myelomonocytic 

leukaemia (CMML), juvenile myelomonocytic leu-

kaemia (JMML), neutrophilic leukaemia and eosino-

philic leukaemia. Causes of myeloid leukaemoid reac-

tions (Fig. 9.12) include any strong stimulus to bone 

marrow activity such as severe bacterial infection 

(particularly if complicated by megaloblastic anae-

mia, alcohol‐induced bone marrow damage or prior 

agranulocytosis), tuberculosis, certain viral infec-

tions, haemorrhage and carcinoma or other malig-

nant disease (with or without bone marrow metasta-

ses). Leukaemoid reactions in carcinoma may precede 

other manifestations of the carcinoma, sometimes by 

a number of years [54]. Myeloid leukaemoid reactions 

have been recognised in ALL [55]. The diagnosis of 

Table 9.3  Some features that may be useful in distinguishing chronic myelogenous leukaemia (CML) from reactive neutrophilia.

Feature Reactive neutrophilia CML

WBC Rarely > 60 × 109/l Usually 20–500 × 109/l or even higher

Left shift May be moderate or marked; if slight in relation 

to neutrophilia supports reactive neutrophilia

Proportional to WBC; may be marked

White cell morphology Toxic granulation, neutrophil vacuolation and 

Döhle bodies may be present

Toxic changes not present

Absolute eosinophil count Usually reduced Usually elevated; eosinophil myelocytes may be 

present

Absolute basophil count Usually reduced Almost invariably elevated: basophil myelocytes 

may be present

Absolute monocyte count May be elevated Usually moderately elevated, but not in 

proportion to the increase in the neutrophil count

Erythropoiesis Anaemia may be present; usually normocytic 

and normochromic, but if hypochromic and 

microcytic supports a reactive neutrophilia; 

rouleaux may be present

Anaemia may be present; normocytic and 

normochromic

Platelet count Thrombocytosis or thrombocytopenia can occur; 

if there is reactive thrombocytosis the platelets 

are usually small

The platelet count is usually normal or high; giant 

platelets may be present; platelets are large, even 

in the presence of thrombocytosis; circulating 

megakaryocytes may be present

NAP score Usually elevated Almost always reduced

NAP, neutrophil alkaline phosphatase; WBC, white blood cell count
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Fig. 9.12  Blood film of a patient with a leu-
kaemoid reaction resulting from severe 
post‐operative sepsis due to a Gram‐negative 
organism. WBC was 92 × 109/1 with a 
neutrophil count of 74 × 109/1 and a mono-
cyte count of 16 × 109/1; the film shows a 
band form, a macropolycyte and monocytes 
with increased cytoplasmic basophilia.

such reactions in AML is more problematical, often 

requiring cytogenetic and molecular genetic studies; 

the administration of growth factors or of high‐dose 

chemotherapy can lead to pseudo‐relapse, with circu-

lating immature but non‐leukaemic cells, but growth 

factors can also lead to the appearance of leukaemic 

cells in the blood. Leukaemoid reactions in neonates 

may result from congenital syphilis [56] and in infants 

may be consequent on the syndrome of thrombocy-

topenia with absent radii, particularly if complicated 

by haemorrhage [57]. Although it has been considered 

that there is an association between multiple myeloma, 

and other plasma cell neoplasms, and neutrophilic leu-

kaemia, it appears more likely that the neutrophilia in 

these patients usually represents a leukaemoid reac-

tion [58,59], mediated by G‐CSF secreted by the mye-

loma cells [60]; however, in one such patient AML 

developed only one and a half years after presenta-

tion [61] (rather too short an interval for an alkylating  

agent‐related leukaemia) and the exact nature of this 

condition is not always certain. Ectopic G‐CSF secretion 

by other tumours can cause a neutrophilic leukaemoid 

reaction similar to that seen in multiple myeloma; this 

has been observed in sarcomas and in carcinomas of 

the lung, thyroid, stomach, gall bladder and urinary 

bladder [60,62,63]. A leukaemoid reaction can result 

from administration of growth factors such as G‐CSF, 

granulocyte-macrophage colony‐stimulating factor 

(GM‐CSF) and IL3. If the clinical history is not known 

to the laboratory staff, CMML, aCML or eosinophilic 

leukaemia may be suspected. Cases may have up to 

30% circulating myeloblasts so can also simulate AML 

[64]. Various infections in children can lead to a leu-

kaemoid reaction that simulates JMML. These include 

histoplasmosis, toxoplasmosis, mycobacterial infection 

[65] and infection by Mycoplasma pneumoniae [66], EBV 

[67], CMV [68], human herpesvirus 6 [69] and par-

vovirus B19 [70]. The blood film in osteopetrosis may 

simulate JMML [71] (Fig. 9.13).

Useful features in making the distinction between 

leukaemia and a leukaemoid reaction include toxic 

changes, such as toxic granulation and vacuolation, a 

preponderance of more mature cells (in a leukaemoid 

reaction) and hypogranular neutrophils and the pres-

ence of a disproportionate number of myeloblasts (in 

many leukaemias). A low NAP score is strongly in favour 

of a diagnosis of leukaemia since it is almost invariably 

raised in leukaemoid reactions. If Auer rods are seen in 

blast cells, a confident diagnosis of leukaemia or MDS 

can be made.

If clinical and haematological features do not permit 

the distinction between leukaemia and a leukaemoid 

reaction, then bone marrow aspiration with cytogenetic 

analysis and microscopy and culture for Mycobacterium 

tuberculosis is indicated.

‘Pseudo‐relapse’ resulting from growth factor admin-

istration can be distinguished from relapse of leukae-

mia by cytogenetic or molecular genetic analysis, which 

shows that a leukaemia‐associated abnormality is no 

longer present.
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Lymphoid leukaemoid reactions
The blood film of whooping cough (Fig. 9.14) and of 

infectious lymphocytosis may simulate chronic lym-

phocytic leukaemia (CLL) but, since the clinical fea-

tures and the age range of the two diseases are totally 

different, no problem occurs in practice. CLL has also 

been misdiagnosed in patients with post‐splenec-

tomy lymphocytosis. Knowledge of the high levels 

that the lymphocyte count can reach post‐splenec-

tomy and careful examination of the peripheral blood 

film for post‐splenectomy features will avoid this 

problem. Post‐splenectomy lymphocytosis can also 

simulate large granular lymphocyte leukaemia, since 

the dominant cell can be a large granular lymphocyte 

(Fig. 9.15). Considerable numbers of large granular 

lymphocytes have also been reported in association 

with rituximab‐induced autoimmune neutropenia 

[72]. Persistent polyclonal B‐cell lymphocytosis can 

also be confused with CLL or non‐Hodgkin lymphoma, 

occasionally even leading to inappropriate chemother-

apy. Knowledge of this syndrome and detection of the 

characteristic cytological features (see above) allow a 

Fig.  9.13  Blood film of a child with a leu-
kaemoid reaction as a result of early onset 
osteopetrosis, showing a blast cell a nucle-
ated red blood cell and a neutrophil.

Fig. 9.14  Blood film of a child with whoop-
ing cough showing a cleft lymphocyte, a 
lymphocyte of normal morphology and a 
smear cell.
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distinction to be made. Hyper‐reactive malarial sple-

nomegaly can be associated with lymphocytosis with 

numerous villous lymphocytes and can thus simulate 

splenic lymphoma with villous lymphocytes (SLVL) 

[73]; however, immunophenotyping is essential to 

be certain that the patient does not in fact have SLVL, 

since this lymphoma occurs in the same geographical 

area and may represent a neoplasm arising, as a result 

of chronic antigenic stimulation, in a patient with prior 

hyper‐reactive malarial splenomegaly. A peripheral 

blood picture resembling Sézary cell leukaemia has 

been observed as part of a drug reaction [74]. Circu-

lating plasma cells sufficient to simulate plasma cell 

leukaemia have been reported in a patient with bone 

marrow aplasia preceding ALL [75].

ALL can be simulated by infectious mononucleosis and 

other viral infections that cause atypical lymphocytes to 

appear in the blood, by reactions to stress in children and 

by mycoplasma infection [66], tuberculosis and congeni-

tal syphilis. Lymphocytosis with immature lymphoid cells 

of T lineage has been described in acute HTLV‐1 infection 

[76] and in ehrlichiosis [77]. When there is diagnostic 

uncertainty, immunophenotyping is required. However, 

it should be noted that phenotypically abnormal lym-

phoid cells can appear in the blood during lymphoid leu-

kaemoid reactions, e.g. CD10‐positive B‐cell precursors 

or T cells co‐expressing CD4 and CD8 [66].

Severe congenital neutropenia
Severe congenital neutropenia occurs either spo-

radically (most often) or as an autosomal dominant 

or, rarely, autosomal recessive or X‐linked recessive 

inherited condition. In some patients it is the result of 

heterozygosity for a mutation in the ELANE gene at 

19p13.3, encoding neutrophil elastase. Other causative 

mutations are shown in Table 6.22. Clinical presenta-

tion is with frequent severe bacterial infections in young 

infants, sometimes starting in the early neonatal period 

with infection of the umbilicus.

Blood film and count
Apart from changes related to infection, any neutrophils 

present are cytologically normal. There may be mild 

anaemia and thrombocytosis, both likely to be the result 

of infection. Monocytes and eosinophils are sometimes 

increased.

Differential diagnosis
The differential diagnosis includes other inherited and 

acquired causes of neutropenia in infants and children, 

particularly autoimmune neutropenia, cyclical neutro-

penia and Pearson syndrome (see Table 6.22).

Further tests
Bone marrow examination usually shows an apparent 

arrest of myelopoiesis at the promyelocyte stage. The 

diagnosis can be confirmed by DNA analysis.

Cyclical neutropenia
Cyclical neutropenia occurs as an autosomal domi-

nant inherited condition or sporadically, usually in 

children under 1 year of age. This condition is the 

Fig.  9.15  Blood film following splenectomy 
for hereditary spherocytosis. The white 
blood cell count (WBC) was 29.3 × 109/1 
and the lymphocyte count 24 × 109/1. The 
lymphocytes were predominantly large 
granular lymphocytes. By courtesy of  
Dr J. Houghton, Salford.
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result of heterozygosity for a mutation in the ELANE 

gene. As a result of abnormal regulation of hae-

mopoietic stem cells, the neutrophil count cycles with 

a periodicity of about 21 days, leading to recurrent 

infective episodes.

Blood film and count
Apart from changes related to infection, neutrophils 

are cytologically normal. The reticulocyte and platelet 

count may also cycle and sometimes also the eosino-

phils and lymphocytes [78]. The monocyte count may 

cycle in opposite phase to the neutrophil count.

Differential diagnosis
The differential diagnosis includes other inherited and 

acquired causes of neutropenia in infants and children.

Further tests
Bone marrow examination shows cyclical changes, 

from an apparent arrest of myelopoiesis at the pro-

myelocyte stage, preceding the neutropenia, to appar-

ently normal maturation as the neutrophil count is 

rising. Diagnosis requires serial counts, three per 

week over a period of a month, and molecular genetic 

analysis.

Haematological neoplasms
Haematological neoplasms should be diagnosed and 

classified according to the World Health Organization 

(WHO) classification of tumours of haematopoietic and 

lymphoid tissues [79].

Acute myeloid leukaemia
AML is a disease resulting from proliferation of a clone 

of myeloid stem cells that show defective or absent 

maturation. Disease manifestations are those resulting 

from cell proliferation, such as hepatomegaly and sple-

nomegaly, and those resulting from replacement of nor-

mal bone marrow, such as anaemia and bleeding. The 

neoplastic clone is usually derived from a multipotent 

myeloid stem cell, but in some cases it may be derived 

either from a lineage‐committed progenitor or a pluri-

potent lymphoid–myeloid stem cell.

AML is further classified on the basis of peripheral 

blood and bone marrow features. For several decades 

the most generally accepted classification of AML was 

the French–American–British (FAB) classification 

[80–84], but this has now been largely replaced by the 

WHO classification [79,85]. Because application of the 

WHO classification requires knowledge of cytogenetic 

and molecular genetic abnormalities, there is necess-

arily some delay in making a definitive diagnosis. A 

preliminary morphological diagnosis based on the 

FAB classification therefore remains appropriate. The 

FAB classification also remains important in parts of 

the world where cytogenetic and molecular genetic 

analysis are not available. The most important dif-

ference between these two classifications is that in the 

FAB classification the bone marrow blast cell percent-

age must be at least 30% for a diagnosis of AML to be 

made, whereas in the WHO classification the defining 

criterion is a bone marrow or peripheral blood blast 

cell count (including promonocytes) of at least 20% 

(unless one of certain specified cytogenetic abnormali-

ties is present). These classifications are summarised 

in Tables 9.4 and 9.5. Different FAB subtypes of acute 

leukaemia are illustrated in Figs 9.16–9.25 and various 

WHO categories in Figs 9.26–9.37. It should be noted 

that the WHO classification is hierarchical with cases 

first being assigned to the category of therapy‐related 

AML, if appropriate, and then to other categories, in 

the order shown in Table 9.5.

Blood film and count
The majority of patients have leukaemic blast cells 

in the peripheral blood. These may be myeloblasts, 

monoblasts, megakaryoblasts, early erythroblasts or 

a mixed population. There may be some maturing 

cells. In some patients an abnormal promyelocyte 

is the dominant cell. Most patients are neutropenic, 

but in some types of AML there is maturation of the 

leukaemic clone with resultant neutrophilia or, less 

often, eosinophilia. Rarely, there is an increase in 

basophils. Most patients have a normocytic normo-

chromic anaemia or, if there has been preceding MDS 

(see below), a macrocytic anaemia. Most patients are 

thrombocytopenic, but in a minority there is a nor-

mal platelet count or even thrombocytosis. Peripheral 

blood cells may show dysplastic features similar to 

those of MDS. In a minority of patients, there is cyto-

penia, usually pancytopenia, without any circulating 

immature cells.

Automated instruments flag suspected blast cells 

and may show that neutrophils have aberrant char-

acteristics.



Table 9.4  The French–American–British (FAB) classification of AML [80–84]).

M1 (AML without maturation) 

Blasts ≥ 90% of NEC; ≥ 3% of blasts positive for peroxidase or SBB; 

monocytic component ≤ 10% of NEC; granulocytic component ≤ 10% 

of NEC

M2 (AML with granulocytic maturation)

Blasts 30–89% of NEC; granulocytic component > 10% of NEC; 

monocytic component < 20% of NEC

M3 and M3 variant

Characteristic morphology

M4 (Acute myelomonocytic leukaemia)

Blasts ≥ 30% of NEC; granulocytic component (including myeloblasts) 

≥ 20% of NEC

M5 (acute monocytic/monoblastic leukaemia)

M5a (without maturation or acute monoblastic leukaemia)

Monocytic component ≥ 80% of NEC; monoblasts

≥ 80% of monocytic component

M5b (with maturation or acute monocytic leukaemia)

Monocytic component ≥ 80% of NEC; monoblasts

< 80% of monocytic component

M6 (erythroleukaemia)

Erythroblasts ≥ 50%; blasts ≥ 30% of NEC

M7 (megakaryoblastic leukaemia)

Blasts demonstrated to be megakaryoblasts, for example by 

ultrastructural cytochemistry showing the presence of platelet 

peroxidase or by immunological cell marker studies showing the 

presence of platelet antigens

M0 (AML with minimal evidence of myeloid differentiation)

Peroxidase and SBB positive in < 3% of blasts but blasts

demonstrated to be myeloid by immunophenotyping

AND

EITHER

BM monocytic component ≥ 20% 

of NEC and PB monocyte count  

≥ 5 x 109/l

OR

BM monocytic component ≥ 20% 

of NEC and lysozyme elevated

OR

BM monocytic component  

≥ 20% of NEC and cytochemical 

confirmation of monocyte 

component in BM†

OR

BM resembling M2 but PB 

monocyte count ≥ 5 x 109/l and 

lysozyme elevated∗

OR

BM resembling M2 but PB 

monocyte count ≥ 5 x 109/l and 

cytochemical demonstration of 

monocytic component in BM

BM, bone marrow; NEC, non‐erythroid cells; PB, peripheral blood; SBB, Sudan black B.
∗ Lysozyme in serum or urine elevated threefold compared with normal.
† Positive for naphthol AS acetate esterase activity, with activity being inhibited by fluoride.

Table 9.5  The 2008 World Health Organization (WHO) classification of acute myeloid leukaemia (AML) [85].

AML and myelodysplastic syndromes, therapy‐related
AML with recurrent cytogenetic/genetic abnormalities
  AML with t(8;21)(q22;q22); RUNX1‐RUNX1T1
  AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB‐MYH11
  Acute promyelocytic leukaemia with t(15;17)(q22;q12); PML‐RARA
  AML with t(9;11)(p22;q23); MLLT3‐MLL (MLLT3‐KMT2A)
  AML with t(6;9)(p23;q34); DEK‐NUP214
AML with inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1‐EVI1 (RPN1‐MECOM)
AML (megakaryoblastic) with t(1;22)(p13;q13); RBM15‐MKL1
AML with mutated NPM1
AML with mutated CEBPA
AML with myelodysplasia‐related changes
  With prior myelodysplastic or myelodysplastic/myeloproliferative neoplasm
  With myelodysplastic syndrome‐related cytogenetic abnormality
  With multilineage dysplasia∗

AML not otherwise categorised
  AML with minimal differentiation
  AML without maturation
  AML with maturation
  Acute myelomonocytic leukaemia
  Acute monoblastic and monocytic leukaemia
  Acute erythroid leukaemia
  Acute megakaryocytic leukaemia
  Acute basophilic leukaemia
  Acute panmyelosis with myelofibrosis

∗ Defined as dysplastic features in more than 50% of cells in two or more cell lines

433
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Fig.  9.16  Blood film in acute myeloid leu-
kaemia (AML) without maturation (French–
American–British (FAB) type M1). The 
blast cells have a fine chromatin pattern; 
they resemble lymphoblasts in having small 
nucleoli and a high nucleocytoplasmic ratio; 
in this patient only occasional blast cells had 
fine azurophilic granules but myeloperoxi-
dase (MPO), Sudan black B (SBB) and chlo-
roacetate esterase (CAE) were positive in a 
high percentage of cells.

Fig. 9.17  Blood film in acute myeloid leukae-
mia with maturation (FAB type M2) show-
ing leukaemic cells that are maturing beyond 
the blast stage. Both cells are promyelocytes, 
one with a nucleus of abnormal shape. Dif-
ferentiation in M2 AML can be neutrophilic, 
eosinophilic, basophilic or any combination 
of these.

Fig.  9.18  Blood films of two patients with 
acute hypergranular promyelocytic leukae-
mia (FAB type M3) showing: (a) hypergran-
ular promyelocytes, one of which has a giant 
granule. Continued p.405(a)
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Fig.  9.19  Blood film in the hypogranular/
microgranular variant of acute promye-
locytic leukaemia (FAB type M3 variant) 
showing cells with characteristic bilobed 
nuclei; only occasional cells have granules 
visible by light microscopy, but despite this 
there was strong cytoplasmic positivity with 
SBB, MPO and CAE.

Fig. 9.20  Blood film of a patient with acute 
myelomonocytic leukaemia (FAB type M4) 
showing one myeloblast and two mono-
blasts; the monoblasts are large cells with 
lobulated nuclei, a fine lacy chromatin 
pattern, several nucleoli per nucleus and 
voluminous finely granulated cytoplasm, 
whereas the myeloblast is smaller with a 
higher nucleocytoplasmic ratio. In M4 AML 
the granulocytic differentiation may be 
neutrophilic, eosinophilic (see Fig. 9.21) or 
basophilic.

Fig. 9.18  Continued (b) a promyelocyte with 
few granules but stacks of Auer rods. (b)
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Fig.  9.21  Blood film in acute myelomono-
cytic leukaemia with eosinophilia (often des-
ignated ‘M4 Eo’, although this is not a FAB 
category) showing a myeloblast, a monocyte 
and an eosinophil myelocyte in which some 
granules have basophilic staining character-
istics. By courtesy of the late Dr David Swir-
sky.

Fig. 9.22  Blood film in acute monoblastic leukaemia (FAB type 
M5a) showing a monoblast with a non‐lobulated nucleus and 
a vesicular nucleolus. Monoblasts are usually strongly positive 
for non‐specific esterase reactions, such as α‐naphthyl acetate 
esterase (ANAE), and may have a few MPO and SBB‐positive 
granules.

Fig. 9.23  Blood film in acute monocytic leukaemia (FAB type 
M5b) showing one promonocyte and one monocyte; the 
promonocyte has moderately basophilic cytoplasm, which is 
granulated and vacuolated; promonocytes are positive with 
SBB and for MPO and non‐specific esterase.

Differential diagnosis
The differential diagnosis is mainly ALL, transformation of 

CML and other myeloproliferative neoplasms, MDS and 

other causes of bone marrow failure such as aplastic anae-

mia. Occasionally, it is necessary to distinguish between 

acute leukaemia and a leukaemoid reaction (see above).

Further tests
When AML is suspected, a bone marrow aspiration is 

indicated for cytological assessment and cytogenetic 

analysis. Immunophenotyping is indicated unless 

there is clear evidence of myeloid differentiation, in 

order to distinguish AML with minimal evidence of 
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Fig. 9.24  Blood film in acute erythroleukae-
mia (FAB type M6) showing a circulating 
nucleated red blood cell (NRBC), which is 
megaloblastic.

Fig. 9.25  Blood film in acute megakaryoblastic leukaemia (FAB 
type M7) showing a neutrophil and two blast cells; the blasts 
have no cytological features that permit their identification as 
megakaryoblasts, but they expressed platelet‐associated anti-
gens detectable on immunophenotyping; the giant hypogranu-
lar platelet adjacent to the neutrophil is the only clue that this 
leukaemia may be of megakaryocyte lineage.

differentiation and acute megakaryoblastic leukaemia 

from ALL. Immunophenotyping is also essential for 

the diagnosis of mixed phenotype acute leukaemia. 

Depending on local practice, immunophenotyping 

may be performed in all patients so that results can 

be applied in follow‐up for minimal residual disease. 

Cytochemical evaluation to confirm granulocytic or 

monocytic differentiation is used much less often 

since immunophenotyping became widely employed, 

but should not be neglected in circumstances when 

immunophenotyping is not readily available. The 

most useful reactions are myeloperoxidase (MPO) or 

Fig.  9.26  Blood film from a patient with the World Health 
Organization (WHO) category, AML with t(8;21)(q22;q22); 
RUNX1‐RUNX1T1 showing two blast cells, one with a typical 
long Auer rod in the cavity of the nucleus.
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Fig. 9.27  Composite image of the blood film of a patient with 
the WHO category, AML with inv(16)(p13.1q22); CBFB‐
MYH11; note monocytic differentiation, a hypolobated eosino-
phil and an eosinophil precursor with purple proeosinophilic 
granules (see also Fig. 9.21).

Fig.  9.28  Blood film in the WHO category, 
AML with t(15;17)(q22;q12); PML‐RARA, 
which is equivalent to the FAB M3 category 
(see also Figs. 9.18 and 9.19). The case illus-
trated shows the hyperbasophilic variant of 
acute promyelocytic leukaemia. The intense 
cytoplasmic basophilia and the cytoplasmic 
blebs suggest possible acute megakaryoblas-
tic leukaemia, but note that one of the leu-
kaemic cells is hypergranular.

the bone marrow is hypocellular or a poor aspirate 

is obtained because of fibrosis. Selective molecular 

genetic analysis is indicated to detect good prognosis 

genetic abnormalities (CEBPA bi‐allelic mutation and 

mutated NPM1 mutation in the absence of FLT3 muta-

tion) and to detect poor prognosis genetic abnormali-

ties that need to be considered in planning treat-

ment (e.g. BCR‐ABL1 fusion). If cytogenetic analysis 

fails, either fluorescence in situ hybridisation (FISH) 

or molecular analysis is needed to detect RUNX1‐

RUNX1T1, PML‐RARA and MYH11‐CBFB. The accu-

rate diagnosis of acute promyelocytic leukaemia is 

required urgently since specific treatment (all‐trans‐

retinoic acid) is needed. This is often possible on the 

basis of cytology but, if there is any doubt, FISH or 

analysis of the distribution of PML protein within the 

nucleus is needed [84].

Acute basophilic leukaemia

Acute basophilic leukaemia is a rare type of AML that is 

recognised as a specific BCR‐ABL1‐negative category in 

the WHO classification.

Blood film and count

There may be blast cells and mature basophils or 

blast cells alone. Some cases can be recognised 

cytologically because of characteristic basophil gran-

ules (see Fig.  9.34). Others need ultrastructural 

examination.

Sudan black B (SBB), to confirm granulocyte dif-

ferentiation, and a ‘non‐specific’ esterase reaction, 

such as α‐naphthyl acetate esterase (ANAE), to con-

firm monocytic differentiation. A positive chloroac-

etate esterase (CAE) reaction confirms neutrophilic 

differentiation and can be combined with ANAE, as 

a combined esterase stain, for the easy identifica-

tion of acute myelomonocytic (FAB M4) leukaemia. 

Trephine biopsy is of use in some patients in whom 
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Fig.  9.29  Blood film in the WHO category, 
AML with t(9;11)(p22;q23); MLLT3‐MLL 
(MLLT3‐KMT2A) showing five monoblasts 
and one promonocyte. The FAB category was 
M5a.

Fig.  9.30  Blood film in the WHO category, 
AML (megakaryoblastic) with t(1;22)
(p13;q13); RBM15‐MKL1, showing one 
megakaryoblast. The FAB category was M7. 
Cytoplasmic blebs, as shown in this cell, 
are often seen in acute megakaryoblastic 
leukaemia.

Fig. 9.31  Blood film in the WHO category, AML with 
mutated NPM1 showing cup‐shaped blast cells. By 
courtesy of Dr Mike Leach, Glasgow.
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Fig.  9.32  Blood film in the WHO category, 
AML with myelodysplasia‐related changes. 
There are two dysplastic neutrophils; both 
are macropolycytes, one having a single 
nucleus and the other having two Pelger 
nuclei. This case qualified for this category 
both because of a previous myelodysplastic 
syndrome (MDS) and because of myelodys-
plastic changes in more than 50% of cells of 
granulocyte lineage.

Fig. 9.34  Blood film from a patient with the WHO category of 
acute myeloid leukaemia, not otherwise specified, acute baso-
philic leukaemia. By courtesy of Robyn Wells, Brisbane.

Fig.  9.33  Blood film from a patient with sickle cell anaemia 
who developed AML assigned to the WHO category, AML with 
myelodysplasia‐related changes. In addition to target cells and 
a boat‐shaped cell, reflecting the sickle cell anaemia, there are 
two erythroblasts and a myeloblast. One of the erythroblasts has 
defective haemoglobinisation and hypochromic microcytes were 
present. An iron stain confirmed the presence of ring sideroblasts.

Differential diagnosis

The differential diagnosis includes other AML in 

which blast cells have large granules with basophilic 

staining characteristics, particularly mast cell leu-

kaemia and to a lesser extent acute hypergranular 

promyelocytic leukaemia. The granules in the latter 

condition are often reddish‐purple rather than being 

deep purple.

Other tests

Most cases are MPO and SBB negative and Auer rods 

are absent [86]. CD13 and CD33 are positive and baso-

phil markers, CD9 and CD25, may be positive [86].

Mast cell leukaemia
Mast cell leukaemia is a rare disease, which may 

occur de novo or as a complication of systemic masto-

cytosis. In the 2008 WHO classification, it is categorised 

with other neoplasms of mast cell lineage [79]. A mast 

cell leukaemia or mixed mast cell/basophil leukaemia 

can also occur as a terminal phase of CML [87].
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Fig.  9.35  Blood film from a patient with 
the WHO category of acute myeloid leu-
kaemia, not otherwise specified, acute pan-
myelosis with myelofibrosis, showing large 
hypogranular platelets and a dysplastic gran-
ulocyte of uncertain lineage. The peripheral 
blood features of this category of AML are 
non‐specific, the diagnosis resting on the 
bone marrow findings.

Fig. 9.36  Blood film showing the WHO cat-
egory, transient abnormal myelopoiesis of 
Down syndrome. There are three micro-
megakaryocytes, a promyelocyte, a number 
of erythroblasts and several giant platelets.

Blood film and count

Normal mast cells have a small oval nucleus that 

is not obscured by the purple granules that pack 

the cytoplasm (see Fig. 3.154). In mast cell leukae-

mia (Fig.  9.38), some neoplastic cells may resemble 

normal mast cells, while others have larger nuclei 

or nuclei that are bilobed or multilobed. Granules 

vary in colour from red to dark purple and may or 

may not obscure the nucleus. They may fuse into 

homogeneous masses. Less mature cells may have 

scanty granules and a nucleus that is oval or kidney‐

shaped with nucleoli [88,89].

Differential diagnosis

The differential diagnosis includes other leukaemias with 

hypergranular neoplastic cells, specifically hypergranu-

lar promyelocytic leukaemia and basophilic leukaemia. 
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microscopy, which shows basophils to have granules 

that are either of a uniform consistency or finely 

particulate, whereas mast cell granules are heteroge-

neous and contain whorled, scrolled, lamellate and 

crystalline structures. Serum tryptase is expected to 

be elevated, but it can also be elevated in other types 

of AML.

Transient abnormal myelopoiesis of  
Down syndrome
Transient abnormal myelopoiesis (TAM) of Down syn-

drome occurs during intrauterine life and in neonates. 

Table 9.6  Some cytochemical tests and immunophenotypic markers that are useful in distinguishing between basophils, mast cells 
and hypergranular promyelocytes.

Cell type Basophiloblast Basophil Mast cell

Hypergranular 

promyelocyte

Myeloperoxidase − − or +∗ − +++
Sudan black B − − or + − or + +++
Chloroacetate esterase − −† +++ +++
Toluidine blue (metachromatic 

staining)

 

− or +
 

+++
 

+++
 

−
 

Usual immunophenotypic markers CD123, CD203c, CD11b, usually 

CD9, CD25 variable, CD117–

CD25, CD68, CD117, 

mast cell tryptase

Myeloperoxidase, 

CD117 variable

∗ positive in basophil promyelocytes to metamyelocytes

† positive in basophil promyelocytes to metamyelocytes and may be positive in leukaemic basophils [90]

–, negative; +, weakly positive; +++, strongly positive

Fig. 9.37  Blood film in the WHO AML category of blastic plas-
macytoid dendritic cell neoplasm showing two neoplastic cells, 
one with small cytoplasmic vacuoles. Bone marrow cells of this 
patient showed characteristic cytoplasmic tails.

Fig. 9.38  Blood film of a patient with acute mast cell leukaemia 
showing two mast cells. By courtesy of Miss Desley Scott and 
Dr Ian Bunce, Brisbane.

The presence of multiple Auer rods suggests a diagnosis 

of acute hypergranular promyelocytic leukaemia.

Further tests

Bone marrow aspiration and cytochemistry (Table 9.6) 

are useful in confirming the diagnosis. Mast cells are 

negative for MPO and positive for CAE [86]. CD13, 

CD33, CD68 and CD117 are usually strongly positive 

and mast cell tryptase is expressed [86]. Mast cells 

can also be distinguished from basophils by electron 
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Cytogenetic and molecular evidence indicate that this 

disorder is actually spontaneously remitting AML, often 

with prominent megakaryocytic differentiation [91,92]. 

Remission occurs within a few weeks but, in a signifi-

cant percentage of affected infants, AML develops, most 

often at 1–2 years of age. TAM is recognised as a specific 

entity in the WHO classification.

Blood film and count

The blood film resembles that of AML but often 

has distinctive features, particularly the presence of 

megakaryoblasts, megakaryocytes, micromegakaryo-

cytes, giant or hypogranular platelets and immature 

erythroid precursors (see Fig. 9.36). The WBC may be 

moderately to greatly elevated with a high percentage 

of blast cells. There may be anaemia and thrombocy-

topenia.

Differential diagnosis

The differential diagnosis of TAM is congenital leukae-

mia of other types.

Further tests

Cytogenetic analysis is indicated in order both to 

confirm Down syndrome by demonstration of the 

constitutional trisomy 21 and to exclude specific  

cytogenetic abnormalities that may be associated with 

other cases of congenital leukaemias, e.g. t(4;11)

(q21;q23). Molecular genetic analysis is indicated since 

a mutation in the GATA1 gene is uniformly present 

[92]. Otherwise there are no laboratory investigations 

that will distinguish TAM from other forms of AML.  

In the absence of molecular analysis, this is achieved only 

by being aware of the typical morphological features of 

this disorder and by observing its clinical course.

Acute myeloid leukaemia of Down syndrome
The WHO classification recognises Down syndrome‐

associated AML as a further specific entity. It develops 

mainly in the first three years of life. The child may have 

suffered from TAM in the neonatal period and there can 

also be a myelodysplastic phase preceding acute leukae-

mia. The leukaemia often shows megakaryoblastic dif-

ferentiation, but this is not necessarily so.

Blood film and count

The blood film has no distinctive features, other that 

cytological features of megakaryoblasts in some cases.

Differential diagnosis

The differential diagnosis is with other types of AML.

Further tests

Cytogenetic analysis may show only constitution tri-

somy 21, but sometimes there is an acquired trisomy 8 

or another unbalanced abnormality. Molecular analy-

sis shows a GATA1 mutation; when paired samples are 

available this is found to be the same mutation as was 

present during preceding TAM.

The myelodysplastic syndromes
The MDS are a morphologically heterogeneous group 

of conditions that result from the proliferation of 

a clone of neoplastic haemopoietic cells showing 

abnormalities of proliferation and maturation that 

are less profound than those of AML. Haemopoiesis 

is functionally ineffective and morphologically dys-

plastic. MDS is potentially preleukaemic, although 

some patients die from complications of cytopenia 

without evolution to AML. MDS may arise de novo 

or follow exposure to mutagenic agents such as 

ionising radiation, benzene and anti‐cancer agents, 

including alkylating agents. The FAB classification 

has now been supplanted by the WHO classification. 

This latter classification is hierarchical with cases first 

being assigned, if appropriate, to the group of ther-

apy‐related AML/MDS and then consecutively to the 

category of MDS with isolated del(5q), and then to 

other categories, as shown in Table 9.7. CMML, which 

in the FAB classifications was regarded as MDS, is 

assigned in the WHO classification to a category desig-

nated myelodysplastic/myeloproliferative neoplasms  

(see below).

Blood count and film
The peripheral blood film usually shows features 

suggesting the diagnosis (Figs 9.39–9.42). Most 

patients are anaemic with red cells being normo-

chromic and either normocytic or macrocytic. Aniso-

cytosis and poikilocytosis are usual. In patients with 

sideroblastic erythropoiesis, there is a minor popula-

tion of hypochromic microcytes and Pappenheimer 

bodies are present; the dominant red cell population 

is usually macrocytic. Red cells may also show aniso-

cytosis, poikilocytosis and basophilic stippling. There 

may be mild leucocytosis, leucopenia or a normal 

WBC. By definition, the WBC is less than 13 × 109/l 
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Table 9.7  The WHO classification of the myelodysplastic syndromes (MDS) [93].∗

Disease Peripheral blood findings Bone marrow findings

MDS associated with isolated del(5q) Anaemia, platelet count usually normal or 

elevated, < 1% blasts

Megakaryocytes in normal or increased 

numbers but with hypolobated nuclei, 

< 5% blasts, no Auer rods, 5q– as sole 

cytogenetic abnormality

Refractory cytopenia with unilineage 

dysplasia (RCUD) – mainly refractory 

anaemia, but also refractory 

thrombocytopenia and refractory 

neutropenia

Cytopenia affecting one or two lineages, 

blasts rarely seen and always less than 

1%, monocytes < 1 × 109/l

Dysplasia confined to one lineage, < 5% 

blasts, < 15% ring sideroblasts

Refractory anaemia with ringed 

sideroblasts (RARS)

Anaemia, no blasts, monocytes < 1 × 109/l Dysplasia confined to erythroid lineage,  

< 5% blasts, ≥ 15% ringed sideroblasts

Refractory cytopenia with multilineage 

dysplasia (RCMD)

Cytopenias (bicytopenia or pancytopenia), 

blasts < 1%, no Auer rods, monocytes 

< 1 × 109/l

Dysplasia in ≥ 10% of the cells of two or 

more myeloid cell lineages, < 5% blasts, 

no Auer rods, ring sideroblasts may or 

may not be present

Refractory anaemia with excess blasts‐1 

(RAEB‐1)

Cytopenias, < 5% blasts, no Auer rods,  

< 1 × 109/l monocytes

Unilineage or multilineage dysplasia, 

5–9% blasts, no Auer rods

Refractory anaemia with excess blasts‐2 

(RAEB‐2)

Cytopenias, 5–19% blasts,† Auer rods 

sometimes present,† < 1 × 109/l 

monocytes

Unilineage or multilineage dysplasia, 

10–19% blasts,† Auer rods sometimes 

present

Myelodysplastic syndrome‐unclassified 

(MDS‐U)

May meet criteria for RCUD except for 

pancytopenia‡; may meet criteria for 

RCUD or RCMD except for 1% blasts in 

blood‡; blasts no greater than 1%, no 

Auer rods

Cytopenia with dysplasia being less 

than 10% in all lineages but there is a 

defined cytogenetic abnormality,‡ < 5% 

blasts, no Auer rods

∗ Therapy‐related cases are classified with therapy‐related acute myeloid leukaemia as therapy‐related myeloid neoplasms

† For a case to be categorised as RAEB‐2 there must be either 5% or more peripheral blood blasts or 10% or more bone marrow blasts or Auer rods

‡ One of these three criteria must be met

WHO, World Health Organization

Fig. 9.39  Blood film of a patient with MDS – 
refractory anaemia (FAB classification)/
refractory cytopenia with multilineage dys-
plasia (WHO classification), showing aniso-
cytosis, macrocytosis and one poikilocyte; 
the neutrophil is hypogranular.
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Fig. 9.40  Blood film of a patient with MDS – 
refractory anaemia with ring sideroblasts 
(FAB and WHO classifications), showing one 
target cell and several hypochromic micro-
cytes; the remainder of the erythrocytes are 
normochromic cells, which are either nor-
mocytic or macrocytic; MCV was 103 fl.

or the case is categorised as myelodysplastic/myelo-

proliferative neoplasm (MDS/MPN). There may be 

monocytosis, but by definition the monocyte count 

is less than 1 × 109/l. Neutrophilia is uncommon. An 

increase of eosinophils or basophils is very uncom-

mon. Blast cells may be present and they may contain 

Auer rods. There may be occasional promyelocytes, 

myelocytes or nucleated red blood cells (NRBC).

Neutrophils commonly show dysplastic features, 

particularly hypogranularity (see Fig. 9.42), the 

acquired Pelger–Huët anomaly (see Fig. 3.75) and 

excessive chromatin clumping. Detection of neu-

trophil hypogranularity requires that the blood film 

be correctly stained; a useful check is that at least 

some of the platelets have lilac granules. Neutrophil 

hypogranularity can be recognised in a manner that is 

reproducible between individuals if the criterion used 

is a reduction of granules by at least two‐thirds [94]. 

The platelet count is often reduced but in a minority 

of patients it is increased; by definition the platelet 

count is less than 450 × 109/l or the case is categorised 

as MDS/MPN. Platelets may show dysplastic features 

such as large size and hypogranularity.

Automated instruments may flag blasts cells, show 

neutrophils with aberrant characteristics or show 

abnormal red cell populations. With Siemens Advia 

series instruments, increased normochromic macro-

cytes and increased hypochromic macrocytes unrelated 

to reticulocytosis can also provide evidence of dysplastic 

erythropoiesis. These instruments also demonstrate a 

particular pattern in a red cell cytogram that has been 

found to be predictive of the presence of ring sidero-

blasts (see Fig. 8.35).

Differential diagnosis
The differential diagnosis includes other causes of 

macrocytic anaemia and cytopenia, AML and non‐

neoplastic conditions causing dysplasia such as HIV 

infection, exposure to heavy metals and the direct 

rather than long‐term effects of the administration of 

anti‐cancer drugs.

Fig. 9.41  Blood film of a patient with MDS – refractory anae-
mia (FAB classification)/refractory cytopenia with multilineage 
dysplasia (WHO classification), showing macrocytosis and evi-
dence of dysplasia in the granulocytic and megakaryocyte line-
ages. There is a hypolobated neutrophil and of the four platelets 
present, one is giant and two are severely hypogranular.
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Further tests
Bone marrow aspiration is often necessary for diag-

nosis and is always necessary for further classification 

(see Table 9.7) and for determining prognosis. Either an 

MPO or an SBB stain is useful for the detection of Auer 

rods and a Perls’ stain is essential for identification of 

ring sideroblasts. Trephine biopsy can be useful, particu-

larly if the bone marrow is hypocellular or if a poor aspi-

rate is obtained because of fibrosis. When cytological 

evidence is insufficient for a firm diagnosis, cytogenetic 

analysis or other investigations to establish clonality 

of haemopoietic cells may be essential for diagnosis. 

Cytogenetic analysis is also important for determining 

prognosis and is essential for applying the WHO clas-

sification. It is likewise essential for the recognition of 

cases associated with del(5q); recognition of such cases 

is clinically important because of their responsiveness to 

lenalidomide therapy.

Myeloproliferative and myelodysplastic/
myeloproliferative neoplasms
The WHO classification recognises a group of myelo-

proliferative neoplasms (MPN) and another group 

of MDS/MPN (Table 9.8). Different types of chronic 

myeloid leukaemia are assigned to these two groups 

and, in addition, others are classified separately, 

according to the molecular genetic abnormality. 

The chronic myeloid leukaemias differ from AML in 

that there is effective maturation with production of 

granulocytes.

Myeloproliferative neoplasms
Polycythaemia vera, primary myelofibrosis and essential 

thrombocythaemia have been dealt with in Chapter 8. 

Other MPN will be dealt with in this chapter.

Chronic myelogenous leukaemia

The specific entity, variously referred to as chronic 

granulocytic leukaemia, chronic myelogenous leu-

kaemia and chronic myeloid leukaemia, is associ-

ated with a specific translocation, t(9;22)(q34;q11.2), 

Table 9.8  The 2008 WHO classification of the 
myeloproliferative and myelodysplastic/myeloproliferative 
neoplasms [76]

Myeloproliferative neoplasms

Chronic myelogenous leukaemia, BCR‐ABL1 positive

Chronic neutrophilic leukaemia

Chronic eosinophilic leukaemia, not otherwise specified∗

Primary myelofibrosis

Polycythaemia vera

Essential thrombocythaemia

Mastocytosis

Myeloproliferative neoplasm, unclassifiable

Myelodysplastic/myeloproliferative disorders

Chronic myelomonocytic leukaemia

Atypical chronic myeloid leukaemia

Juvenile myelomonocytic leukaemia

Myelodysplastic/myeloproliferative neoplasm, unclassifiable

∗ Cases with rearrangement of PDGFRA, PDGFRB or FGFR1 are excluded

WHO, World Health Organization

Fig. 9.42  Blood film of a patient with MDS – 
refractory anaemia with excess of blasts 
(FAB and WHO classifications), showing a 
myeloblast and a hypogranular neutrophil; 
the red cells show anisocytosis and poikilo-
cytosis including teardrop cells and stoma-
tocytes.
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Fig.  9.43  A diagrammatic representation of the typical dif-
ferential count in chronic myelogenous leukaemia (CML) 
based on 1500 cell differential counts in 50 patients with 
Philadelphia‐positive CML [85]. BL, blasts; P, promyelocytes; 
MY, myelocytes; ME, metamyelocytes; N, neutrophils; B, 
basophils; E, eosinophils; L, lymphocytes; MO, monocytes.
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giving rise to an abnormal chromosome 22, desig-

nated the Philadelphia (Ph) chromosome, and a spe-

cific fusion gene, BCR‐ABL1. The designation ‘chronic 

myeloid leukaemia’ is widely used for this specific 

entity but the term is not ideal since it is also used as 

a generic term for a wider group of disorders. CML 

occurs at all ages, but incidence increases steadily 

with age. It is characterised clinically by anaemia, 

splenomegaly and hepatomegaly.

Blood film and count

The WBC is elevated, often markedly so. The differ-

ential count (Fig. 9.43) [95] and blood film (Fig. 9.44) 

are very characteristic, with myelocytes and neutro-

phils being the most frequent cells. In patients with 

a very high WBC, the blast cells may be as high as 

15%, but nevertheless blasts remain less frequent 

than promyelocytes; similarly, promyelocytes are 

less frequent than myelocytes. There is an increase 

in the absolute basophil count in almost every case 

and an increase in the absolute eosinophil count in 

more than 90% of cases. Some eosinophils may have 

a proportion of immature granules with basophilic 

staining characteristics. Monocytes are increased, but 

not in proportion to neutrophils. Some NRBC are pre-

sent. Dysplastic features are minor. The platelet count 

is usually normal or increased, but in a minority of 

cases it is decreased. Platelet size is increased. Circu-

lating megakaryocytes, mainly almost bare nuclei, are 

sometimes present.

A minority of patients present with isolated throm-

bocytosis.

Occasional patients with CML have striking cyclical 

changes in WBC with a periodicity of 50–70 days, and 

with the WBC varying from frankly leukaemic levels 

to almost normal. All myeloid cells participate in the 

cycles.

A minority of patients have bone marrow fibrosis at 

presentation and the typical peripheral blood features 

of myelofibrosis are then superimposed on the features 

of CML.

Many patients with CML present with symptoms and 

well‐established disease. However, an increasingly large 

proportion of patients are diagnosed incidentally while 

still asymptomatic. Occasional patients who have devel-

oped the disease while being monitored haematologi-

cally have allowed the early stages of the disease to be 

defined. The first detectable peripheral blood features 

are an increase in the basophil count, thrombocytosis 

and a low NAP score. Following this, the neutrophil 

count and the WBC rise and small numbers of imma-

ture cells appear. With the progressive rise of WBC 

that follows, the percentage of immature cells steadily 

increases.

The natural history of CML is for the disease to ter-

minate in acute transformation, also designated blast 

crisis (see below), often preceded by an accelerated 

phase. Secondary myelofibrosis can also occur. With 

the advent of effective tyrosine kinase inhibitor therapy, 

which leads to sustained remission in most patients, this 

type of disease evolution is less often seen.

Differential diagnosis

The differential diagnosis includes reactive neutrophilia, 

other types of chronic myeloid leukaemia and the early 

stages of polycythaemia vera and essential thrombo-

cythaemia. Features useful in distinguishing CML from 

reactive neutrophilia are shown in Table 9.3 but, in prac-

tice, diagnostic difficulty only arises in early cases of CML.



448      Chapter 9

Further tests

Cytogenetic and molecular analysis are indicated to 

confirm the diagnosis. The great majority of cases of 

CML are associated with t(9;22)(q34;q11.2). A minor-

ity of cases, clinically and haematologically indistin-

guishable, lack the classical microscopically detect-

able translocation, but nevertheless have a BCR‐ABL1 

fusion gene. Molecular analysis is indicated since 

identification of the specific breakpoints leading to 

the fusion gene facilitates later monitoring of minimal 

residual disease. FISH analysis using BCR and ABL1 

probes is also a useful technique, particularly during 

follow‐up.

The NAP score is reduced in more than 90% of cases 

of chronic phase CML, but it is no longer regarded as a 

useful test.

Chronic myelogenous leukaemia in accelerated 
phase and acute transformation
CML chronic phase, which lasts for weeks, months or 

years, can be followed by blast transformation. This is 

sometimes preceded by an accelerated phase. Clinical 

features of such disease evolution are pallor and bruis-

ing, increasing hepatomegaly and splenomegaly, lym-

phadenopathy or, less often, soft tissue tumours, bone 

pain and refractoriness to treatment.

Fig.  9.44  Blood film in Philadelphia‐posi-
tive CML showing: (a) a promyelocyte, 
an eosinophil myelocyte, three basophils 
and a number of neutrophils and band 
forms; and (b) a promyelocyte, several 
myelocytes, neutrophil band forms and 
neutrophils; the presence of a binucleate 
neutrophil is relatively uncommon.

(a)

(b)
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Table 9.9  Some haematological abnormalities that may be detected during the accelerated phase of chronic myelogenous leukaemia.

Red cells and precursors

Anaemia (including that due to red cell aplasia in which reticulocytes are very infrequent or absent), macrocytosis, marked poikilocytosis (may be 

consequent on bone marrow fibrosis), vacuolated erythroblasts (PAS‐positive), hypochromia and microcytosis

White cells and precursors

Refractory leucocytosis, increasing basophil count, disappearance of eosinophilia, increasing monocytosis, acquired Pelger–Huët anomaly of 

neutrophils or eosinophils, hypogranular neutrophils, vacuolated neutrophils, pseudo‐Chédiak–Higashi anomaly (giant granules) of neutrophils 

and precursors, binuclearity and other dysplastic features of neutrophil precursors, increasing blast cell percentage with decreasing percentage 

of more mature cells, Auer rods in blast cells

Platelets and megakaryocytes

Thrombocytopenia, thrombocytosis, micromegakaryocytes, bare megakaryocyte nuclei

General

Pancytopenia (may be resultant on refractory splenomegaly or, rarely, bone marrow necrosis)

PAS, periodic acid–Schiff

Blood film and count

During the accelerated phase there may be anaemia, 

leucocytosis, thrombocytopenia, thrombocytosis, a ris-

ing basophil count, an increasing blast cell percentage 

and the appearance of dysplastic features (Table 9.9 and 

Fig. 9.45). Blast transformation can occur without any 

warning or be preceded by an accelerated phase. Blast 

transformation is lymphoblastic in about one quarter of 

cases and myeloid or mixed lymphoblastic and myeloid 

in the remainder (Table 9.10). Myeloid transformation 

is often megakaryoblastic or mixed myeloblastic/mega-

karyoblastic. A patient who remits from one blast crisis 

(e.g. lymphoblastic) may subsequently suffer a second 

blast crisis with cells of different lineage (e.g. megakar-

yoblastic).

Table 9.10  Types of transformation that can occur in chronic 
myelogenous leukaemia.

Myeloblastic transformation

Lymphoblastic transformation

Megakaryocytic transformation (with micromegakaryocytes and  

  thrombocytosis)

Megakaryoblastic transformation

Erythroblastic transformation [96] and acquired sideroblastic  

  erythropoiesis

Monoblastic transformation [97]

Basophil blast transformation [98]

Mast cell and mixed basophil/mast cell transformation [87]

Eosinophil blast transformation [99]

Hypergranular promyelocytic transformation [100]

Transformations with various mixtures of cell types
Acute myelofibrosis

Fig.  9.45  Composite image of the blood 
film in CML in accelerated phase showing 
increased blast cells and a range of dysplastic 
features. There was associated cytogenetic 
evolution.
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been described with marked dysplastic features [103], 

but in the WHO classification these are excluded [104]. 

The disease may terminate in acute transformation.

Differential diagnosis

The differential diagnosis includes reactive neutrophilia 

(including neutrophilic leukaemoid reaction associated 

with multiple myeloma or monoclonal gammopathy of 

undetermined significance) and other chronic leukae-

mias and myeloproliferative neoplasms.

Further tests

Bone marrow aspiration and cytogenetic analysis are 

indicated. Serum protein electrophoresis should be per-

formed to exclude reactive neutrophilia associated with 

a plasma cell neoplasm. The NAP score is usually high. 

When no clonal cytogenetic abnormality is present, a 

period of observation may be necessary to make the dis-

tinction from reactive neutrophilia.

Chronic eosinophilic leukaemia, not  
otherwise specified
Eosinophilia, which is sometimes very marked, can be 

a feature of AML. There are other cases of leukaemia in 

which the leukaemic cells are almost exclusively mature 

eosinophils or both mature and immature cells of eosin-

ophil lineage, but with there being fewer than 20% bone 

marrow and peripheral blood blast cells. These cases are 

referred to as chronic eosinophilic leukaemia (CEL). The 

prognosis is variable and is related to the percentage of 

blast cells and to the extent of tissue damage consequent 

Differential diagnosis

Patients may present already in blast transformation, 

in which case the differential diagnosis is acute leu-

kaemia. Patients presenting in accelerated phase can 

also simulate aCML or other myeloid neoplasms. In 

patients presenting in chronic phase, the likely diag-

nosis is usually readily evident from the clinical and 

haematological features.

Further tests

Bone marrow aspiration is indicated unless there are 

large numbers of blasts in the peripheral blood. Cytoge-

netic analysis is indicated since cytogenetic evolution 

often precedes or occurs simultaneously with the devel-

opment of acceleration or acute transformation. Immu-

nophenotyping of blast cells may be useful since there is 

more likelihood of a response to treatment in lympho-

blastic transformation.

Chronic neutrophilic leukaemia
Chronic neutrophilic leukaemia is a rare condition 

characterised clinically by anaemia, splenomegaly and 

sometimes hepatomegaly.

Blood film

There is anaemia and a marked neutrophilia with very 

few circulating immature cells (Fig. 9.46). The WBC is 

usually of the order of 40–70 × 109/1. There is no baso-

philia, eosinophilia or monocytosis. Neutrophils may 

have both toxic granulation and Döhle bodies [101]. Ring 

neutrophils are relatively common [102]. Cases have also 

Fig. 9.46  Blood film in chronic neutrophilic 
leukaemia. The neutrophils show ‘toxic’ 
granulation and vacuolation. One giant 
platelet is present. Other neutrophils showed 
Döhle bodies and macropolycytes were pre-
sent.
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on the release of eosinophil granule contents. The 

WHO classification requires that the eosinophil count 

is greater than 1.5 × 109/l and that either blast cells are 

greater than 2% in the blood or greater than 5% in the 

bone marrow or that there is cytogenetic or molecular 

genetic evidence of clonality [105]. Cases with a rear-

rangement of PDGFRA, PDGFRB or FGFR1 are catego-

rised separately [106,107], other cases being designated 

CEL, not otherwise specified [105].

Blood film and count

The blood film (Fig. 9.47) shows mature eosinophils and 

sometimes also blast cells, promyelocytes and eosino-

phil myelocytes. The mature eosinophils often show 

hypogranularity, vacuolation and hypolobation, but 

sometimes they are cytologically normal. Eosinophils and 

eosinophil myelocytes may contain some darkly stain-

ing proeosinophilic granules. In acute eosinophilic leu-

kaemia, the blast cells and, occasionally, maturing cells 

may contain Auer rods, but these are not seen in CEL. 

Anaemia and thrombocytopenia are common. Neutro-

phils may be increased in number and often show heavy 

granulation. The monocyte count may be increased.

Differential diagnosis

The differential diagnosis includes reactive eosinophilia 

(see above), aCML or CMML with eosinophilia, and 

idiopathic HES. Idiopathic HES is only diagnosed if all 

other causes of eosinophilia are excluded after appro-

priate investigation. Reactive eosinophilia that can be 

confused with eosinophilic leukaemia includes that 

which occasionally occurs in ALL (Fig. 9.48) and non‐

Hodgkin lymphoma.

Further tests

Bone marrow aspiration, cytogenetic analysis and 

molecular genetic or FISH analysis for FIP1L1‐PDGFRA 

are indicated. The bone marrow should be specifically 

examined for increased blast cells (either myeloblasts 

or lymphoblasts), lymphoma cells and abnormal mast 

cells. If there is doubt as to the diagnosis, a trephine 

biopsy should also be performed, since the features of 

lymphoma or systemic mastocytosis may be revealed. 

Cytogenetic analysis has shown a variety of clonal chro-

mosomal abnormalities, including trisomy 8, del(20q), 

an isochromosome of 17q and rearrangements involv-

ing the long arm of chromosome 5. It can be useful to 

perform immunophenotyping of peripheral blood lym-

phocytes and T‐cell receptor analysis, to establish T‐cell 

clonality, in patients in whom there is neither evidence 

of an underlying cause of reactive eosinophilia nor con-

clusive morphological or cytogenetic evidence that the 

eosinophilia represents eosinophilic leukaemia. The 

diagnosis of eosinophilic leukaemia is readily estab-

lished in those cases in which there is a significant 

increase in blast cells and other immature cells, dys-

plasia of other lineages, a clonal cytogenetic abnormal-

ity or other evidence of clonality of myeloid cells. The 

presence of soft tissue tumours composed of immature 

myeloid cells also confirms the diagnosis. In cases with 

Fig. 9.47  Blood film in chronic eosinophilic 
leukaemia, not otherwise specified, showing 
a blast cell and two vacuolated and partly 
degranulated eosinophils.
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predominantly mature eosinophils, the diagnosis can 

be difficult to establish. The presence of marked mor-

phological abnormalities confined to eosinophils is not 

useful in diagnosis since such abnormalities can be seen 

also in reactive eosinophilia and in systemic mastocyto-

sis. In some cases, which cannot initially be clearly iden-

tified as eosinophilic leukaemia, subsequent evolution 

of the disease confirms the true nature.

Cases that are found to be BCR‐ABL1‐positive, a rare 

occurrence, are classified as variants of CML and treated 

accordingly.

Mastocytosis
Since the mast cell is derived from a multipotent myeloid 

stem cell, mastocytosis is classified as an MPN. This is usu-

ally an indolent disorder, characterised by systemic symp-

toms resulting from the release of mast cell granule con-

tents. Patients with lymphadenopathy and eosinophilia, 

associated myelodysplastic features or other associated 

myeloid neoplasm involving other lineages have a more 

aggressive course. A minority of patients have urticaria 

pigmentosa, resulting from skin infiltration by mast cells. 

The disease may terminate in transformation to AML, 

which is more often of lineages other than mast cell.

Blood film and count

The blood film and count may show proliferative or 

dysplastic features such as eosinophilia, monocytosis 

and thrombocytosis or anaemia and thrombocytopenia. 

There may be small numbers of circulating mast cells, 

which may be cytologically abnormal (Fig. 9.49).

Differential diagnosis

The differential diagnosis is broad, including other MPN, 

myeloid neoplasms associated with rearrangement of 

PDGFRA, PDGFRB or FGFR1 and MDS. CEL or aCML 

with eosinophilia associated with a FIP1L1‐PDGFRA 

fusion gene is important in the differential diagnosis, 

since this condition is often associated with increased 

bone marrow mast cells and increased serum tryptase.

Further tests

A bone marrow aspirate for cytogenetic and molecu-

lar genetic analysis and a trephine biopsy are required 

for diagnosis. Cytogenetic analysis may show a clonal 

abnormality and molecular genetic analysis shows a KIT 

mutation in the majority of patients. Trephine biopsy 

histology shows infiltration by cytologically abnormal 

mast cells with aberrant expression of CD2 and CD25. 

Serum mast cell tryptase is increased.

Myelodysplastic/myeloproliferative 
neoplasms
Atypical chronic myeloid leukaemia
Atypical CML (aCML) is a disease of adults. The clinical 

features are similar to those of CML.

Blood film and count

Patients are anaemic and have a moderate to marked 

elevation in the WBC. On average, patients with 

aCML present with a lower Hb and a lower WBC than 

patients with CML. Peripheral blood features (Fig. 9.50) 

differ from those of CML in that monocytosis and 

Fig.  9.48  Peripheral blood film of a patient 
with acute lymphoblastic leukaemia (ALL) 
with reactive eosinophilia showing a lymph-
oblast and a partially degranulated hypolob-
ulated eosinophil. It is important in such 
cases to establish the lineage of the blast cells 
by immunophenotyping.
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Fig.  9.49  Blood film in mastocytosis show-
ing a circulating mast cell, which has a larger 
nucleus and is less granular than a normal 
mast cell.

Fig.  9.50  Blood film in atypical BCR‐ABL1‐
negative chronic myeloid leukaemia (aCML) 
showing: (a) a normal neutrophil, a macropo-
lycyte, a monocyte and a somewhat imma-
ture monocyte – there is one large platelet; 
(b) numerous neutrophils, band forms, 
monocytes and hypogranular myelocytes.

(a)

(b)
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thrombocytopenia are more common while basophilia 

and eosinophilia are less common. Granulocyte precur-

sors are present. Dysplastic features are common. In 

comparison with CMML, there are more granulocyte 

precursors in the peripheral blood, monocytes are less 

prominent and dysplasia is more prominent. The WHO 

diagnostic criteria are shown, in comparison with those 

of CMML, in Table 9.11.

Atypical CML may terminate in blast transformation.

Differential diagnosis

The differential diagnosis includes leukaemoid reactions 

and other types of myeloid leukaemia.

Further tests

Bone marrow aspiration and cytogenetic analysis may 

be useful in diagnosis, e.g. for assessing erythropoiesis 

and megakaryopoiesis and to exclude a diagnosis of 

AML. However, generally the peripheral blood features 

are more important than the bone marrow in categoris-

ing the MDS/MPN. The Philadelphia chromosome is not 

detected but other clonal cytogenetic abnormalities may 

be present. The BCR‐ABL1 fusion gene is absent. The 

NAP score is low in the majority of patients but elevated 

in a minority and is not a useful test.

Chronic myelomonocytic leukaemia
CMML is mainly a disease of the elderly, characterised 

by anaemia, hepatosplenomegaly and, occasionally, sig-

nificant tissue infiltration by leukaemic monocytes.

Blood film and count

The blood film (Fig. 9.51) shows monocytosis and 

most patients also have anaemia and neutrophilia. By 

definition, the monocyte count is greater than 1 × 109/1 

(see Table 9.11). The monocytes may be somewhat 

Table 9.11  The 2008 WHO criteria for diagnosing aCML and 
CMML and for distinguishing between them [108,109].

ACML∗ CMML∗

Peripheral blood 

monocytes

Less than 

10% of 

leucocytes

Greater than 1 × 

109/l, almost 

always greater 

than 10% of 

leucocytes

Peripheral blood 

immature granulocytes 

(promyelocytes, 

myelocytes and 

metamyelocytes)

At least 

10% of 

leucocytes

Usually less 

than 10% of 

leucocytes

Dysplasia Granulocytic 

dysplasia

Dysplasia in 

at least one 

myeloid lineage 

or alternative 

supporting criteria 

must be met†

∗ In both conditions t(9;22) and BCR‐ABL1 are absent and peripheral 

blood blast cells plus promonocytes are less than 20%
† If there is not dysplasia in at least one lineage either a clonal cytogenetic 

abnormality must be present or the monocytosis must persist for at least 

3 months and all other causes of monocytosis must be excluded

aCML, atypical chronic myeloid leukaemia; CMML, chronic 

myelomonocytic leukaemia; WHO, World Health Organization

Fig.  9.51  Blood film in chronic myelo-
monocytic leukaemia (CMML) showing a 
hypogranular neutrophil and three abnor-
mal monocytes.
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immature, with cytoplasmic basophilia or nucleoli. 

Granulocyte precursors may be present but they are 

usually less than 5% of white cells, whereas in aCML 

there are significant numbers of immature granulocytes, 

often over 15% and almost always over 5%. Basophilia 

and eosinophilia are quite uncommon. Bone marrow 

blast cells plus promonocytes are less than 20%. Dys-

plastic features in other lineages are often but not invar-

iably present.

CMML may terminate by evolving into AML.

Differential diagnosis

The differential diagnosis includes reactive conditions, 

other chronic myeloid leukaemias, MDS and MPN. 

The response to administration of G‐CSF can simulate 

CMML. A careful distinction between promonocytes 

and immature or atypical monocytes is necessary to 

avoid misclassification as acute monocytic leukaemia.

Further tests

Bone marrow aspiration, trephine biopsy and cytoge-

netic analysis are useful in diagnosis. The Philadelphia 

chromosome and the BCR‐ABL1 fusion gene are not 

detected, but other clonal cytogenetic abnormalities 

may be present.

Juvenile myelomonocytic leukaemia
Children can develop typical Philadelphia‐positive 

CML, although it is rare before adolescence. Children 

below the age of 5 years can also develop a distinctive, 

Philadelphia‐negative condition previously known 

as juvenile CML and now designated juvenile myelo-

monocytic leukaemia. JMML encompasses also the 

childhood monosomy 7 syndrome. Usual clinical fea-

tures are anaemia, splenomegaly, sometimes hepato-

megaly, lymphadenopathy and a rash. JMML is more 

prevalent among children with neurofibromatosis or 

Noonan syndrome.

Blood film and count

The blood count shows anaemia, neutrophilia and 

monocytosis. In comparison with CML, the WBC is 

usually lower and myelocytes are less frequent, while 

monocytosis, thrombocytopenia and circulating NRBC 

are common features. Monocytosis is particularly 

important in diagnosis since it is almost always present. 

Dysplastic features are present (Fig. 9.52). Diagnostic 

criteria proposed by the WHO are shown in Table 9.12. 

A high blast count, large numbers of NRBC and a low 

platelet count are indicative of a worse prognosis [111].

The disease may terminate in acute transformation, 

but slow progression and death without transformation 

are more usual.

Differential diagnosis

The differential diagnosis includes reactive conditions 

that can cause monocytosis and dysplasia in infants and 

young children, particularly viral and bacterial infec-

tions. It should be noted that children with Noonan 

syndrome, as well as having an increased incidence 

Fig. 9.52  Blood film in juvenile myelomono-
cytic leukaemia (JMML) showing several 
neutrophils, a blast, a promyelocyte and 
several very dysplastic cells, which may 
be of monocyte lineage. By courtesy of  
Dr O. Oakhill and Dr G.R. Standen, Bristol. 
The patient was a child of 6 months with 
hepatosplenomegaly, WBC 94 × 109/1, Hb 
102 g/l, platelet count 28 × 109/1, NAP score 
10 and haemoglobin F concentration 11%.
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of JMML, can develop a spontaneously remitting condi-

tion that resembles JMML.

Further tests

Bone marrow aspiration, cytogenetic analysis and quan-

tification of haemoglobin F are indicated. Cytogenetic 

analysis is often normal at presentation but monosomy 

7, trisomy 8 or other clonal cytogenetic abnormality 

may be present or may appear during disease evolu-

tion. Molecular analysis is indicated since there is often 

mutation of NRAS, KRAS, PTPN11, ASXL1 or CBL or bi‐

allelic inactivation of NF1. In addition to an increased 

haemoglobin F percentage, there may be other features 

associated with fetal haemopoiesis, specifically low hae-

moglobin A2, low red cell carbonic anhydrase, reduced 

expression of the red cell I antigen and increased expres-

sion of the red cell i antigen. Serum immunoglobulin 

concentration may be increased. The NAP score may be 

high, normal or low, so is not useful.

Myelodysplastic/myeloproliferative 
neoplasm, unclassifiable
This condition has overlapping features between MDS 

and MPN, but does not meet the criteria of the condi-

tions already described above [112]. Included in this 

category is refractory anaemia with ring sideroblasts and 

thrombocytosis.

Blood film and count
The blood film and count may show proliferative fea-

tures such as a WBC of 13 × 109/l or more and a platelet 

count of 450 × 109/l or more. There may be blast cells 

but they are less than 20% of leucocytes. In addition 

there are dysplastic features affecting one or more line-

ages. In patients with refractory anaemia with ring side-

roblasts and thrombocytosis there may be hypochromic 

cells and Pappenheimer bodies (Fig. 9.53).

Differential diagnosis
The differential diagnosis includes MDS, MPN and other 

MDS/MPN.

Fig.  9.53  Blood film is refractory anaemia 
with ring sideroblasts and thrombocytosis 
showing dimorphic red cells and thrombo-
cytosis with large platelets or variable granu-
larity.

Table 9.12  The 2008 WHO criteria for diagnosing juvenile 
myelomonocytic leukaemia (JMML) [110].

1. Monocyte count greater than 1 × 109/l

2. �Blasts plus promonocytes less than 20% in peripheral blood and 

bone marrow

3. No Ph chromosome or BCR‐ABL1 fusion gene

4. Two or more of the following

  Haemoglobin F percentage increased for age

  Immature granulocytes in the peripheral blood

  White cell count greater than 10 × 109/l

  Clonal chromosomal abnormality present

  Myeloid progenitors hypersensitive to GM‐CSF in vitro

GM‐CSF, granulocyte‐monocyte colony‐stimulating factor; Ph, 

Philadelphia chromosome; WHO, World Health Organization
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Fig. 9.54  Blood film in a patient with chronic 
eosinophilic leukaemia associated with a 
FIP1L1‐PDGFRA fusion gene showing eosin-
ophils with varying degrees of degranula-
tion, one of which is non‐lobulated.

Further tests
Tests indicated include a bone marrow aspirate, trephine 

biopsy, cytogenetic analysis and molecular analysis for a 

JAK2, MPL or CALR mutation.

Lymphoid and myeloid neoplasms with 
abnormalities of PDGFRA, PDGFRB or FGFR1
This group of neoplasms is defined by their specific 

molecular abnormalities [107]. Haematological fea-

tures differ. The most common abnormality leading to 

PDGFRA rearrangement is a cryptic interstitial deletion 

leading to a FIP1L1‐PDGFRA fusion gene. This condition 

most often manifests as CEL but can also present with 

a secondary AML or with T‐lymphoblastic lymphoma. 

Cases with rearrangement of PDGFRB, including those 

with t(5;12)(q31∼33;p12) and ETV6‐PDGFRB, usually 

present with a myeloid neoplasm resembling aCML or 

CMML, often with eosinophilia. Cases with FGFR1 rear-

rangement, among which the most common is t(8;13)

(p11;q12) with ZNF198‐FGFR1, can present with CEL, 

AML,T‐lymphoblastic lymphoma or B‐lymphoblastic 

lymphoma.

Blood film and count
Eosinophilia is common but not invariable (Fig. 9.54). 

Other haematological features vary according to the 

specific genes that are involved.

Differential diagnosis
It is important that these conditions are distinguished 

from other MPN and MDS/MPN with similar haemato-

logical features, since cases associated with rearrange-

ment of PDGFRA and PDGFRB are responsive to tyrosine 

kinase inhibitors.

Further tests
Rearrangements of PDGFRB and FGFR1 are detected by 

cytogenetic analysis. However, FIP1L1‐PDGFRA fusion is 

cytogenetically silent, being due to an interstitial dele-

tion, and detection requires FISH or molecular analysis, 

specifically a nested polymerase chain reaction.

Acute lymphoblastic leukaemia
ALL is most common in children under 10 years of age 

but continues throughout childhood, adolescence and 

adult life, with a second rise in incidence in later adult 

life. Clinical features are those due to leukaemic cell 

proliferation, such as bone pain, hepatosplenomegaly 

and lymphadenopathy, and those that are an indirect 

consequence of bone marrow infiltration, such as pal-

lor and bruising. ALL may be of T or B lineage. The 

FAB classification of ALL was based on cytology [80], 

whereas the WHO classification is based on immu-

nophenotyping and, to some extent, on molecular 

genetic analysis and is designated B or T lymphoblastic 
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leukaemia/lymphoma [79]. The FAB group catego-

rised ALL morphologically as Ll, L2 and L3. In L1 ALL 

(Fig. 9.55) the blast cells are small to medium in size and 

are fairly uniform in appearance. Larger cells have dif-

fuse chromatin and sometimes small nucleoli, whereas 

the smaller blasts have no visible nucleolus and show 

some chromatin condensation. Cytoplasm is scanty and 

weakly to moderately basophilic. There may be a few 

cytoplasmic vacuoles. In L2 ALL (Fig. 9.56) the blasts 

are larger and more pleomorphic with more irregular 

nuclei, more prominent nucleoli and more abundant 

cytoplasm. Cytoplasm is weakly to strongly basophilic 

and may contain some vacuoles. L3 ALL (Fig. 9.57) is 

characterised by moderately intense cytoplasmic baso-

philia and variable but usually heavy cytoplasmic vacu-

olation. The FAB classification of ALL is now of little 

consequence except that it is a reminder of the signifi-

cance of cytology. Cases with L1 cytology have a very 

high probability of being ALL, whereas cases with L2 

cytology are sometimes AML without evidence of dif-

ferentiation. Noting L3 morphology alerts the observer 

to the fact that often, but not always, the case represents 

the leukaemic phase of Burkitt lymphoma rather than 

ALL. The WHO classification is shown in Table 9.13.

Fig. 9.55  Blood film in FAB L1 ALL showing 
lymphoblasts and one NRBC. The lympho-
blasts vary in size but are relatively uniform 
in morphology. The smaller blast cells show 
some chromatin condensation, which can be 
a feature of lymphoblasts but not of myelo-
blasts. This case was shown on immunophe-
notyping to be of B lineage.

Fig.  9.56  Blood film in FAB L2 ALL. The 
blast cells are larger and more pleomorphic 
than in LI ALL and in this case have a more 
diffuse chromatin pattern; one of the blasts 
has a hand‐mirror conformation. This case 
was shown on immunophenotyping to be of 
T lineage.
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Fig.  9.57  Blood film in FAB L3 ALL. The 
blast cells are medium sized with strongly 
basophilic vacuolated cytoplasm. This case 
was shown to have a mature B‐cell immu-
nophenotype.

Table 9.13  The 2008 WHO classification of precursor lymphoid 
neoplasms (acute lymphoblastic leukaemia/lymphoma) [79].

B lymphoblastic leukaemia/lymphoma, not otherwise specified

B lymphoblastic lymphoma with recurrent genetic abnormalities

  B lymphoblastic leukaemia/lymphoma with t(9;22)(q34;q11.2); 

    BCR‐ABL1

  B lymphoblastic leukaemia/lymphoma with t(v;11q23); MLL  

    (KMT2A) rearranged

  B lymphoblastic leukaemia/lymphoma with t(12;21)(p13;q22);  

    ETV6‐RUNX1

  B lymphoblastic leukaemia/lymphoma with hyperdiploidy

  B lymphoblastic leukaemia/lymphoma with hypodiploidy

  B lymphoblastic leukaemia/lymphoma with t(5;14)(q31;q32);  

    IL3‐IGH

  B lymphoblastic leukaemia/lymphoma with t(1;19)(q23;p13.3);  

    TCF3‐PBX1

T lymphoblastic leukaemia/lymphoma

WHO, World Health Organization

Blood film and count
Some cases present with anaemia and thrombocytope-

nia without any circulating leukaemic cells. Others have 

variable numbers of lymphoblasts in the peripheral blood, 

with the WBC sometimes being greatly elevated. There 

is usually anaemia, neutropenia and thrombocytope-

nia, but occasionally there are normal numbers of neu-

trophils, platelets or both. Occasional patients have an 

increased platelet count [113]. Reactive eosinophilia is 

present in a minority of patients. The WHO categories of 

ALL do not have any distinctive features, with the excep-

tion of B‐lineage ALL with t(5;14)(q31;q32), when there 

is striking reactive eosinophilia as a result of dysregulation 

of the IL3 gene by proximity to the IGH locus (Fig. 9.58).

Differential diagnosis
The differential diagnosis is mainly AML and reactive 

lymphocytosis.

Some cases of ALL have a few azurophilic granules 

and some cases of AML lack any granules or other light 

microscopy signs of myeloid differentiation, so that 

reliable differentiation of the two conditions requires 

further tests. Typical childhood cases of ALL (FAB L1) 

can usually be distinguished from AML on cytological 

features. There are usually some quite small blast cells, 

barely any bigger than a normal lymphocyte, and these 

cells show some chromatin condensation, whereas the 

blasts of AML are rarely this small and usually have a 

diffuse chromatin pattern. Cases of small cell tumours 

of childhood with circulating neoplastic cells are some-

times confused with ALL. Immunophenotyping may be 

necessary to make the distinction.

In cases of ALL with only small numbers of circulat-

ing blasts, it is sometimes necessary to do further tests, 

e.g. a bone marrow aspiration, to distinguish ALL from 

lymphocytosis with atypical lymphocytes resulting from 

infection.

In cases with no circulating leukaemic cells the differen-

tial diagnosis includes aplastic anaemia and other causes 

of bone marrow failure. Concern is often expressed as to 

whether children with severe thrombocytopenia, consis-

tent with autoimmune thrombocytopenic purpura, are 
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actually suffering from ALL. When there are no atypi-

cal lymphoid cells and no anaemia this is possible, but is 

quite uncommon and unless there are atypical features 

or corticosteroid therapy is to be given, bone marrow 

aspiration is not usually considered necessary.

Further tests
Bone marrow aspiration and immunophenotyping of 

either peripheral blood or bone marrow blast cells are 

essential to confirm the diagnosis of ALL (Table 9.14). 

Cytogenetic analysis to identify prognostically relevant 

subgroups is important for patient management. Molec-

ular analysis is becoming increasingly important, both 

to identify good prognosis cases, in which stem cell 

transplantation in first remission is inappropriate, and 

to identify poor prognosis cases, in which intensive and 

innovative forms of therapy are justified. Cytogenetic 

or molecular analysis is essential to identify Ph‐positive, 

BCR‐ABL1‐positive cases (25–30% of adult patients), 

who require therapy with tyrosine kinase inhibitors.

Chronic lymphoid leukaemias and 
lymphomas
Both chronic lymphoid leukaemias and lymphomas 

are lymphoid neoplasms. By definition, in chronic 

lymphoid leukaemias there are circulating leukaemic 

cells, whereas lymphomas primarily involve lymph 

nodes and other tissues. Lymphomas may, however, 

have a leukaemic phase, either at presentation or with 

disease progression. The term ‘lymphoproliferative 

disorder’ includes both leukaemias and lymphomas. 

Cytology is very useful in the differential diagnosis of 

these disorders [104], but it is not always possible to 

arrive at a definitive diagnosis on the basis of cyto-

logical features alone. Diagnosis should be based on 

clinical features, blood count, cytology and immu-

nophenotype, supplemented when necessary by 

Fig.  9.58  Blood film in ALL associated 
with t(5;14)(q31;q32) showing leukaemic 
lymphoblasts and reactive eosinophilia. The 
eosinophils are cytologically abnormal, one 
having a hyperlobated nucleus and granule 
numbers being reduced.

Table 9.14  Typical immunophenotypic findings in acute 
lymphoblastic leukaemia (expression is on the surface 
membrane unless otherwise specified).

B‐lineage T‐lineage

Expression of CD19, CD22, 

CD24, CD79a∗ and HLA‐DR; 

TdT† and CD45 usually 

expressed; variable expression 

of CD34, CD10, CD20, CD79b 

and cytoplasmic μ chain; 

FMC7 not expressed; surface 

membrane immunoglobulin 

is generally not expressed and 

cases showing expression are 

better classified as non‐Hodgkin 

lymphoma rather than acute 

lymphoblastic leukaemia

Expression of CD7, CD45, 

cytoplasmic CD3 and nuclear 

TdT†; variable expression of 

CD1a, CD2, membrane CD3, 

CD5, CD4, CD8, CD10 (weaker 

than in B‐lineage ALL) and T‐cell 

receptor αβ or γδ; HLA‐DR more 

often not expressed

∗ Monoclonal antibodies in use detect a cytoplasmic epitope
† Terminal deoxynucleotidyl transferase, nuclear expression
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cytogenetic and molecular genetic analysis. In some 

patients, histological examination of the bone mar-

row or lymph nodes is also necessary. Only peripheral 

blood features will be discussed in any detail here. For 

further information on immunophenotype and his-

tology the reader is referred to Tables 9.15 and 9.16  

and references 84 and 114–116.

B‐lineage lymphoproliferative disorders
Chronic lymphocytic leukaemia

CLL is a chronic condition characterised by accumula-

tion of mature small B cells with consequent develop-

ment of lymphadenopathy, hepatomegaly and sple-

nomegaly. In early cases there may be no abnormal 

physical findings and the diagnosis is made incidentally 

Table 9.15  Typical immunophenotypic findings in chronic lymphoid leukaemias and non‐Hodgkin lymphoma of B‐lineage.∗

Condition Immunophenotype

Chronic lymphocytic leukaemia Weak expression of SmIg; 

expression of CD5 and 

CD23; lack of expression or 

weak expression of CD20, 

CD22 and CD79b; CD35 

and FMC7 not expressed; 

CD200 strong

Prolymphocytic leukaemia, 

hairy cell leukaemia and non‐

Hodgkin lymphoma

Prolymphocytic leukaemia Moderate or strong 

expression of SmIg; lack 

of expression of CD23; 

expression of FMC7, CD20, 

CD22, CD35 and CD79b; 

variable expression of CD5 

and CD10

Hairy cell leukaemia SmIg strong, expression of CD11c, 

CD25, CD103 and CD123; CD22 and 

CD200 strongly expressed

Follicular lymphoma CD10 most often expressed in this 

subtype

Mantle cell lymphoma Expression of CD5 and nuclear cyclin 

D1, CD200 weak

Splenic lymphoma with villous 

lymphocytes

CD11c and CD103 sometimes 

expressed

Large cell lymphoma Variable expression of CD5 and CD10

Plasma cell leukaemia Expression of monotypic (κ or λ) cytoplasmic immunoglobulin (but not 

SmIg); expression of CD38 and CD138

∗ All this group of disorders are likely to express surface membrane immunoglobulin (SmIg), CD19 and CD79a (cytoplasmic epitope detected); they 

express CD37 strongly whereas it is expressed weakly by T cells; they express CD40, which is expressed by some myeloid cells but not by T cells; 

terminal deoxynucleotidyl transferase is not expressed.

SmIg, surface membrane immunoglobulin

Table 9.16  Typical immunophenotypic findings in chronic T‐lineage and natural killer (NK)‐lineage lymphoproliferative disorders.

Condition Immunophenotype

T prolymphocytic leukaemia Variable expression of CD2, CD3, 

CD5 and CD7; CD1 and TdT not 

expressed; expression of T‐cell 

receptor αβ or γδ

CD4 and CD7 usually expressed

Sézary syndrome/mycosis fungoides CD4 usually expressed

Adult T‐cell leukaemia/lymphoma CD4 and CD25 usually expressed; HLA‐DR expressed in 

half and CD38 in two‐thirds of patients

Large cell lymphoma

Large granular lymphocyte leukaemia –T‐cell Most often expression of CD2, CD3, CD8, CD57 and  

T‐cell receptor αβ; CD4 and CD16 usually not expressed

Large granular lymphocyte leukaemia –natural 

killer cell

CD3 and T‐cell receptors not 

expressed; CD1a and TdT not 

expressed

Variable expression of CD2 and CD8; CD4 usually not 

expressed; expression of CD11b, CD16, CD56 and 

sometimes CD57; expression of CD158a, CD158b or 

CD158e or failure to express any CD158 epitope

TdT, terminal deoxynucleotidyl transferase
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on a routine blood count. The peripheral blood and 

bone marrow are always involved.

Blood film and count

The WBC and lymphocyte count range from just above 

normal to greatly elevated. The Hb and platelet count 

may be normal or reduced. In the untreated patient, the 

neutrophil count is rarely reduced. The lymphocytes are 

similar in size to normal lymphocytes but are more uni-

form in appearance (Fig. 9.59). The chromatin is usually 

clumped and nucleoli are small and inconspicuous. Cyto-

plasm is scanty and weakly basophilic. In some cases there 

are cytoplasmic crystals (Fig. 9.60), globular inclusions 

[117] or azurophilic granules [118]. Vermiform inclusions 

representing immunoglobulin in dilated cisternae of the 

endoplasmic reticulum have also been described [119]. 

Because CLL cells have increased mechanical fragility, 

there are increased numbers of smear cells. There may 

be a small number of larger cells with prominent nucleoli 

resembling the cells of prolymphocytic leukaemia (PLL). 

If there are more than 10% of prolymphocytes or the 

degree of pleomorphism is greater than usual, the diagno-

sis of CLL of mixed cell type (CLL/PL) is preferred [115]. 

Anaemia is usually normocytic and normochromic. If 

there is complicating autoimmune haemolytic anaemia 

there are spherocytes and polychromasia.

Automated instruments show increased lympho-

cytes with there sometimes also being a flag for atypi-

cal lymphocytes or an increase in large unstained (i.e. 

peroxidase‐negative) cells. There may be pseudobasophilia. 

When there is an associated autoimmune haemolytic 

anaemia, red cell cytograms show the presence of hyper-

chromic erythrocytes (Fig. 9.61).

Differential diagnosis

The differential diagnosis includes other chronic 

lymphoproliferative disorders, particularly follicular 

lymphoma, SLVL/splenic marginal zone lymphoma, 

mantle cell lymphoma and the small cell variant of 

T‐lineage PLL. Benign conditions that can be con-

fused with CLL include post‐splenectomy lymphocy-

tosis and lymphocytosis induced by acute stress. If the 

blood film is examined in isolation without reference 

to the age and clinical features, then whooping cough 

and infectious lymphocytosis can also be confused 

with CLL.

Further tests

The diagnosis should be confirmed by immunopheno-

typing (Table 9.15), which may be supplemented by 

cytogenetic analysis (particularly FISH) and trephine 

biopsy of the bone marrow.

Fig.  9.59  Blood film in chronic lymphocytic leukaemia 
(CLL) showing a neutrophil, two mature lymphocytes and a  
smear cell.

Fig. 9.60  Blood film in CLL showing two lymphocytes, one of 
which contains two crystals. By courtesy of Professor Daniel 
Catovsky, London.



Disorders of white cells      463

Monoclonal B‐cell lymphocytosis
Monoclonal B‐cell lymphocytosis or monoclonal 

lymphocytosis of undetermined significance is an 

asymptomatic condition that is sometimes detected in 

apparently healthy people. The clonal B‐cells may have 

the immunophenotype of CLL or of non‐Hodgkin lym-

phoma, either CD5‐positive or CD5‐negative, includ-

ing cases with the immunophenotype of splenic mar-

ginal zone lymphoma. The probability of this condition 

evolving into an overt lymphoproliferative disorder is 

not yet known, although it is known that in the short 

term the condition may regress, be stable or progress.

Blood film and count

The blood count may be normal or there may be a mild 

increase in the total lymphocyte count. A few smear 

cells may be seen.

Differential diagnosis

The differential diagnosis is with overt lymphoprolifera-

tive disorders. Criteria have been proposed to help make 

this distinction [120].

Further tests

The diagnosis will only be made if immunophenotyping is 

carried out either in individuals with a mild lymphocytosis 

Fig. 9.61  Histograms and red cell cytogram from a patient with CLL complicated by autoimmune haemolytic anaemia. The lympho-
cyte count was 59.26 × 109/l, with a large unstained cells (LUC) count of 3.14 × 109/l. There was a mild pseudobasophilia (‘basophil’ 
count 0.55 × 109/l). 15% of red cells were identified as hyperchromic and there was also an increase of macrocytes, attributable to 
reticulocytosis. By courtesy of Professor Gina Zini, Rome.
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or, as part of a research project, in individuals who are 

apparently haematologically normal. The condition has 

been detected as the result of observation of crystalline 

inclusions in lymphocytes, leading to immunophenotyp-

ing [121]. A paraprotein is sometimes present at a low 

concentration. No further tests are indicated.

B‐lineage prolymphocytic leukaemia
B‐lineage prolymphocytic leukaemia (B‐PLL or PLL) is 

characterised clinically by marked splenomegaly with 

trivial lymphadenopathy. The peripheral blood and 

bone marrow are always involved. There may be anae-

mia and other cytopenias. The disease is more rapidly 

progressive than CLL.

Blood film and count

The WBC is usually greatly elevated. The neoplastic cells 

are larger than those of CLL and often show more vari-

ation in size. They are predominantly round with round 

nuclei and weakly basophilic cytoplasm, which is more 

abundant than in CLL (Fig. 9.62). Many cells, particu-

larly the larger ones, have large and prominent nucleoli. 

There is moderate chromatin condensation, which is 

enhanced around the large nucleolus, giving it a ‘vesic-

ular’ appearance. If blood films are dried too slowly, cell 

shrinkage can lead to artefactual hairy projections and a 

less conspicuous nucleolus [122].

Differential diagnosis

The differential diagnosis includes other chronic lym-

phoproliferative disorders, particularly CLL/PL, mantle 

cell lymphoma and T‐lineage PLL. The best morpho-

logical criterion to separate PLL from CLL/PL is that in 

PLL prolymphocytes are at least 55% of circulating lym-

phoid cells [123]. The possibility of a diagnosis of mantle 

cell lymphoma should be excluded by immunopheno-

typing, including investigation of cyclin D1 expression, 

and by FISH or molecular studies. In T‐lineage PLL, the 

cells are more irregular in shape, more pleomorphic 

and often smaller than in B‐lineage PLL. Occasionally, 

the leukaemic phase of large cell lymphoma resembles 

PLL, but generally the degree of pleomorphism is much 

greater in large cell lymphoma. Plasma cell leukaemia 

can also occasionally be difficult to distinguish, but usu-

ally there are some cells with more evident plasma cell 

features such as an eccentric nucleus and cytoplasmic 

basophilia with a paranuclear Golgi zone.

Further tests

Immunophenotyping (see Table 9.15) supports a pro-

visional diagnosis of PLL and permits a distinction from 

plasma cell leukaemia. Cytogenetic analysis may show 

clonal cytogenetic abnormalities including trisomy 3 

and rearrangements with a 14q32 breakpoint. t(11;14)

(q13;q32) has been described, but such cases are better 

considered as mantle cell lymphoma.

Hairy cell leukaemia
Hairy cell leukaemia is a chronic disorder characterised 

by splenomegaly without lymphadenopathy. Early cases 

may have no abnormal physical findings and diagnosis 

may then be made incidentally because of cytopenia.

Fig. 9.62  Blood film in B‐lineage prolympho-
cytic leukaemia (PLL) showing a neutrophil 
and three prolymphocytes with characteris-
tic vesicular nucleoli.
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Blood film and count

The WBC is usually not elevated and hairy cells 

(Fig. 9.63) are infrequent in the peripheral blood. When 

they are very infrequent, making a buffy coat prepara-

tion can be useful.

There is usually normocytic anaemia and marked 

monocytopenia. In more advanced disease there is 

also neutropenia and thrombocytopenia. Hairy cells 

are larger than normal lymphocytes. They have abun-

dant weakly basophilic cytoplasm with irregular ‘hairy’ 

margins. Occasionally there are cytoplasmic inclu-

sions, which represent the ribosomal‐lamellar com-

plex that has been identified on electron microscopy; 

on light microscopy these inclusions appear as two 

indistinct parallel lines (Fig. 9.64). The nucleus may be 

round, oval, dumbbell‐shaped or bilobed. It has a bland 

appearance with little chromatin condensation and 

sometimes an indistinct nucleolus.

Differential diagnosis

The differential diagnosis includes other lymphoprolif-

erative disorders, particularly the variant form of hairy 

cell leukaemia, and SLVL. Hairy cells do not have the 

prominent nucleolus of the neoplastic cells in the vari-

ant form of hairy cell leukaemia and have more plenti-

ful cytoplasm than the cells of SLVL. Since there may be 

pancytopenia with very infrequent leukaemic cells, hairy 

leukaemia can also be confused with aplastic anaemia. 

The disproportionate reduction of the monocyte count 

is a useful indicator of the correct diagnosis. A condition 

Fig. 9.63  Blood film in hairy cell leukaemia 
showing two hairy cells; both have plentiful 
cytoplasm with irregular margins and in one 
cell fine hair‐like projections are present.

Fig. 9.64  Blood film in hairy cell leukaemia showing a hairy cell 
containing a ribosomal–lamellar complex. These structures are 
more readily observed by ultrastructural examination, but can 
occasionally be identified by light microscopy as two parallel 
basophilic lines. By courtesy of Dr Laura Sainati, Padua, and 
Professor Daniel Catovsky.

similar to hairy cell leukaemia but with a higher WBC 

and a different immunophenotype has been reported 

from Japan [124]. In addition, rare cases of polyclonal 

hairy B lymphocyte proliferation have been reported in 

Japanese people [124].

Further tests

The diagnosis is confirmed by immunophenotyp-

ing [114] (see Table 9.15), TRAP activity and a highly 

characteristic trephine biopsy in which neoplastic cells 

are spaced apart. Molecular genetic analysis shows 
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rearrangement of the BRAF gene. There may be clonal 

cytogenetic abnormalities, but no specific rearrange-

ment has been identified.

Hairy cell leukaemia variant
A variant form of hairy cell leukaemia has been 

described. It has similar clinical features to hairy cell 

leukaemia, but some of the haematological, cytological 

and immunophenotypic features differ and it is better 

regarded as a distinct condition.

Blood film and count

In hairy cell leukaemia variant, the WBC is often ele-

vated and neoplastic cells are numerous. Severe mono-

cytopenia is not a feature. Otherwise haematological 

features are similar to those of hairy cell leukaemia. The 

neoplastic cells have similar cytoplasmic characteristics 

to hairy cells, but have a prominent vesicular nucleolus, 

resembling that of the prolymphocyte (Fig. 9.65).

Differential diagnosis

The differential diagnosis is hairy cell leukaemia and 

SLVL. In SLVL the neoplastic cells have less abundant 

cytoplasm and the nucleolus, if visible, is less prominent 

than in hairy cell leukaemia variant.

Further tests

Immunophenotyping, cytochemistry and a trephine 

biopsy are useful in confirming the diagnosis. The 

immunophenotype of hairy cell variant differs from that 

of hairy cell leukaemia and TRAP activity is generally 

negative. The trephine biopsy usually does not show the 

spaced cells that are almost invariable in hairy cell leu-

kaemia. SLVL has a similar immunophenotype to hairy 

cell leukaemia variant, so that distinction is mainly on 

cytological features.

Splenic lymphoma with villous lymphocytes 
(splenic marginal zone lymphoma)
The clinical features of SLVL are prominent splenomeg-

aly with only minor lymphadenopathy. In the WHO 

classification, SLVL is regarded as a variant of splenic 

marginal zone lymphoma.

Blood film and count

The WBC varies from normal to moderately elevated. The 

blood film (Fig. 9.66) shows variable numbers of mature 

small lymphocytes, which are not as uniform in appear-

ance as those of CLL. The nucleus is round with chroma-

tin clumping and sometimes an inconspicuous nucleolus. 

Cytoplasm is scanty to moderate in amount and weakly 

to moderately basophilic. In cases categorised as SLVL, 

some of the neoplastic cells have irregular or ‘villous’ 

margins, sometimes at one pole of the cell. Other cases of 

splenic marginal zone lymphoma do not have any distin-

guishing features. Some neoplastic cells show plasmacy-

toid differentiation. Some cases show increased rouleaux 

formation, indicating the presence of a paraprotein.

Fig.  9.65  Blood film in the variant form of 
hairy cell leukaemia showing cells with the 
cytoplasmic characteristics of hairy cells but 
with a prominent nucleolus. There is one 
binucleate cell. By courtesy of Professor 
Daniel Catovsky.



Disorders of white cells      467

Differential diagnosis

The differential diagnosis is CLL and the variant form of 

hairy cell leukaemia.

Further tests

The immunophenotype is useful in making the dis-

tinction from CLL (see Table 9.15). Analysis of serum 

immunoglobulins may demonstrate a paraprotein.

Lymphoplasmacytic lymphoma
Lymphoplasmacytic lymphoma, as defined by the 

WHO group, is a lymphoma in which some cells show 

differentiation to plasma cells. This condition has pre-

viously often been referred to as lymphoplasmacytoid 

lymphoma. Lymphoplasmacytic lymphoma is usu-

ally a disease of lymph nodes and sometimes of the 

spleen and other lymphoid organs. A proportion of 

cases have involvement of the peripheral blood and 

bone marrow. There is often secretion of a parapro-

tein, most often but not always IgM. Sometimes the 

paraprotein is a cryoglobulin or shows cold agglutinin 

activity. The term ‘Waldenström macroglobulinaemia’ 

is sometimes used interchangeably with lymphoplas-

macytic lymphoma, but in fact what Waldenström 

described was lymphoplasmacytic lymphoma with a 

marked increase in plasma IgM concentration leading 

to hyperviscosity.

Blood film and count

When the bone marrow is infiltrated, a normocytic nor-

mochromic anaemia is common and other cytopenias 

can also occur. The blood film may show only rouleaux 

and increased background staining, reflecting the pres-

ence of a paraprotein, or there may be circulating lym-

phoma cells (Fig. 9.67). In a minority of cases, there is 

red cell agglutination or cryoglobulin deposition. Cir-

culating lymphoma cells resemble small lymphocytes, 

but show some plasmacytoid features such as cytoplas-

mic basophilia or an eccentric nucleus. Mature plasma 

cells must also be present (in peripheral blood or other 

tissues) to meet the WHO criteria for this diagnosis. 

Sometimes cells have cytoplasmic crystals or globular 

inclusions.

Fig.  9.66  Blood film in splenic lymphoma 
with villous lymphocytes (SLVL).

Fig. 9.67  Blood film in lymphoplasmacytic lymphoma.
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Differential diagnosis

The differential diagnosis includes CLL and SLVL. 

Waldenström macroglobulinaemia (as described by 

Waldenström) and chronic cold haemagglutinin disease 

represent subsets of lymphoplasmacytic lymphoma in 

which the dominant clinical and haematological fea-

tures are caused by hyperviscosity and cold‐induced 

red cell agglutination respectively. In chronic cold hae-

magglutinin disease the lymphoma itself is often very 

low grade and sometimes clinically inapparent. Type I 

and type II cryoglobulinaemia also are lymphoid neo-

plasms in which a paraprotein is either a cryoglobulin 

(type I) or has rheumatoid factor activity, complexing 

with polyclonal immunoglobulin to form a cryoglobu-

lin (type II). Many patients with type II cryoglobulinae-

mia have chronic hepatitis C infection. The neoplastic 

clone may be occult in cryoglobulinaemia, sometimes 

becoming clinically apparent during the course of the 

illness. Diagnosis of these three conditions rests on 

assessment of all disease features rather than just the 

peripheral blood abnormalities.

Further tests

Bone marrow aspiration and trephine biopsy, immu-

nophenotyping and investigations for a serum para-

protein and for urinary Bence–Jones protein (free 

monoclonal immunoglobulin light chains) are indi-

cated. The immunophenotype is similar to that of other 

non‐Hodgkin lymphomas, but there may be, in addition, 

cytoplasmic immunoglobulin and expression of CD38.

Follicular lymphoma
Follicular or centroblastic/centrocytic lymphoma is 

mainly a disease of the lymph nodes, although in 

advanced disease the liver and spleen are also involved. 

Circulating neoplastic cells may be present at diagnosis or 

a leukaemic phase may develop with disease progression.

Blood film and count

The WBC varies from normal to greatly elevated. The Hb 

and platelet count may be normal but, in advanced dis-

ease, anaemia and thrombocytopenia can develop. Cir-

culating lymphoma cells may be rare or present in large 

numbers. Lymphoma cells (Fig. 9.68) are often very 

small with scanty, almost inapparent, weakly basophilic 

cytoplasm. Some nuclei show notches or deep narrow 

clefts. These cytological features are particularly typi-

cal of cases with a high WBC. Other cases have larger, 

more pleomorphic cells, some of which have small but 

distinct nucleoli. Again there are notches or clefts in a 

proportion of cells. Smear cells are not a feature. Rarely 

the cells contain crystals [125].

Differential diagnosis

The differential diagnosis includes CLL and other non‐

Hodgkin lymphomas, particularly mantle cell lymphoma.

Further tests

Immunophenotyping is very useful in making the dis-

tinction between follicular lymphoma and CLL. The 

Fig. 9.68  Blood film in follicular lymphoma showing: (a) a neu-
trophil and a cleft lymphocyte; and (b) a cleft lymphocyte.

(a)

(b)
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immunophenotypes of follicular lymphoma and mantle 

cell lymphoma are more similar, but mantle cell lym-

phoma is characteristically CD5‐positive whereas fol-

licular lymphoma is CD5‐negative and is much more 

likely to be CD10‐positive (see Table 9.15). When cyto-

logical features are insufficient to make a diagnosis, 

lymph node biopsy or cytogenetic/molecular genetic 

analysis may be needed.

Mantle cell lymphoma
Mantle cell lymphoma, previously known as diffuse cen-

trocytic lymphoma and lymphoma of intermediate differ-

entiation, is mainly a lymph node disease but the periph-

eral blood is involved in one fifth to one quarter of cases.

Blood film and count

Lymphoma cells vary from small to medium in size 

(Fig. 9.69). Some cases have been confused with CLL 

but, in general, the cells are more pleomorphic. Cells 

are variable in shape and nucleocytoplasmic ratio. Some 

have cleft or irregular nuclei. Chromatin condensation 

is less than in CLL and some cells appear blastic. Some 

cells are nucleolated. In the blastoid variant, most cells 

resemble blast cells.

Differential diagnosis

The differential diagnosis includes other non‐Hodgkin 

lymphomas, CLL and CLL/PL. In the blastoid vari-

ant a differential diagnosis of ALL may also have to be 

considered

Further tests

The immunophenotype is quite distinct from that of 

CLL and shows subtle differences from that of other 

non‐Hodgkin lymphomas (see Table 9.15). In general, 

cytological and immunophenotypic features are not suf-

ficiently distinctive for a definite diagnosis and either 

lymph node histology or cytogenetic/molecular genetic 

analysis is needed for confirmation. This lymphoma is 

characterised by t(11;14)(q13;q32) (detectable by FISH 

analysis), rearrangement of BCL1 and expression of cyc-

lin D1 (detectable immunohistochemically and by flow 

cytometry).

Other B‐lineage lymphomas
Burkitt lymphoma may involve the peripheral blood. In 

endemic Burkitt lymphoma, leukaemia usually occurs 

only in advanced disease. In non‐endemic and AIDS‐

associated Burkitt lymphoma, peripheral blood involve-

ment is much more common. When a leukaemic phase 

occurs, the cells have the cytological features described 

by the FAB group as ‘L3 ALL’.

A leukaemic phase is much less common in B‐lineage 

large cell lymphomas than in the low grade lymphopro-

liferative disorders described above. When it occurs, the 

cells have a diameter about three times that of a red cell 

(Fig 9.70). They are usually pleomorphic with abun-

dant moderately basophilic cytoplasm [126]. Nuclei are 

often lobulated and there may be prominent nucleoli. 

In some cases the cells resemble monoblasts. A case of 

intravascular large B‐cell lymphoma has been reported 

Fig. 9.69  Blood film of a patient with man-
tle cell lymphoma showing a neutrophil and 
three highly pleomorphic lymphocytes. By 
courtesy of Dr Estella Matutes, Barcelona.
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Fig.  9.70  Blood film of a patient with large 
cell lymphoma (centroblastic) showing large 
pleomorphic lymphoma cells with cleft 
nuclei.

in which diagnosis followed observation of clumps of 

lymphoma cells in a blood film [127].

Certain low‐grade lymphomas, e.g. mucosa‐associated 

lymphoid tissue (MALT) type lymphoma and monocytoid 

B‐cell lymphoma, rarely have a leukaemic phase although 

occasional cases have shown peripheral blood dissemina-

tion. In monocytoid B cell lymphoma, the circulating neo-

plastic cells may have voluminous cytoplasm and some-

what irregular nuclei [18].

The haematological features of μ heavy chain disease 

are similar to those of CLL, including the presence of 

smear cells [128].

Multiple myeloma and plasma cell leukaemia
Multiple myeloma and plasma cell leukaemia are dis-

seminated plasma cell neoplasms. Multiple myeloma, 

also known as plasma cell myeloma, is characterised 

by proliferation of abnormal plasma cells (myeloma 

cells) in the bone marrow and, in the great majority of 

patients, secretion of a monoclonal immunoglobulin or 

immunoglobulin light chain, which is referred to as a 

paraprotein. The monoclonal immunoglobulin is detect-

able in the serum. The monoclonal light chain, being of 

low molecular weight, is excreted in the urine, where it 

is referred to as Bence–Jones protein. In multiple mye-

loma there may be some ‘spillover’ of neoplastic cells 

into the peripheral blood.

The term ‘plasma cell leukaemia’ indicates that signifi-

cant numbers of neoplastic plasma cells are circulating 

in the blood. Plasma cell leukaemia may occur de novo 

or as the terminal phase of multiple myeloma. The FAB 

group [115] suggested that this term be restricted to a 

de novo presentation in leukaemic phase, but others, 

including the WHO expert group, have used it more 

generally [129,130]. Plasma cell leukaemia has been 

arbitrarily defined as an absolute plasma cell count of 

more than 2 × 109/1, with the plasma cells also being 

more than 20% of peripheral blood cells [129]. In the 

2008 WHO classification, either of these criteria is con-

sidered sufficient for the diagnosis [130]. Plasma cell 

leukaemia is particularly common in IgD myeloma.

The picture of plasma cell leukaemia can also occur 

transiently when infection occurs in a patient with mul-

tiple myeloma, probably as a result of stimulation of 

plasma cells by IL6 [131].

The most typical clinical features of multiple myeloma 

are anaemia, bone pain, hypercalcaemia and renal failure.

Blood film and count

The blood film in multiple myeloma usually shows nor-

mocytic normochromic anaemia, but sometimes there is 

macrocytosis. In the majority of cases in which there is 

a serum paraprotein there is also increased background 

staining and increased rouleaux formation (Fig. 9.71). 

Cases with Bence–Jones protein but no serum parapro-

tein do not have increased rouleaux or increased back-

ground staining, so the absence of these features does 

not exclude the diagnosis. The WBC and platelet count 

are usually not elevated and may be reduced. There 

may be occasional NRBC and immature granulocytes. 
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Fig.  9.71  Blood film in multiple myeloma showing rouleaux 
formation.

Circulating myeloma cells may be absent, infrequent or 

numerous. Circulating myeloma cells may be cytologi-

cally normal, but often they show abnormalities such 

as nuclear immaturity (a diffuse chromatin pattern and 

a nucleolus), high nucleocytoplasmic ratio, reduction 

of cytoplasmic basophilia and poorly developed Golgi 

zone, mitotic figures, binuclearity and dissociation 

of maturation of the nucleus and the cytoplasm. The 

number of circulating myeloma cells has been found to 

Fig. 9.72  Blood film of a patient with plasma 
cell leukaemia showing two neoplastic 
plasma cells.

be of prognostic significance, with 4% or more plasma 

cells being indicative of a worse prognosis [132].

In plasma cell leukaemia (Fig. 9.72), the neoplastic 

cells may resemble mature plasma cells or, particularly 

in cases with a de novo presentation, may be highly 

abnormal with an immature chromatin pattern, nucle-

oli and minimal features of plasma cell differentiation.

In some patients with multiple myeloma, the para-

protein is a cryoglobulin or has cold agglutinin activity. 

In such cases, precipitated cryoglobulin or red cell 

agglutinates may be noted in blood films.

When paraproteins are cold agglutinins or cryoglobu-

lins they may cause factitious results with automated 

blood cell counters (see Chapter 4).

Differential diagnosis

In patients with circulating myeloma cells the differ-

ential diagnosis is reactive plasmacytosis. Both condi-

tions may have increased rouleaux formation and back-

ground staining. These abnormalities are usually, but 

not always, much more striking in multiple myeloma. 

Neutrophilia, monocytosis, thrombocytosis and reac-

tive changes in neutrophils are often present in patients 

with reactive plasmacytosis, but they are quite uncom-

mon in multiple myeloma. However, rarely, there is a 

neutrophilic leukaemoid reaction in myeloma. Marked 

cytological abnormalities in plasma cells are indicative 

of a neoplastic condition.

The differential diagnosis in cases without circulating 

plasma cells includes other causes of normocytic nor-
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mochromic anaemia, particularly conditions, such as 

AIDS, chronic inflammation and cirrhosis of the liver, 

in which an increased concentration of plasma proteins 

leads to increased rouleaux formation.

When the neoplastic cells are cytologically very atypi-

cal, the differential diagnosis includes prolymphocytic 

leukaemia and non‐Hodgkin lymphoma.

Further tests

The ESR is often markedly elevated in multiple mye-

loma and is often used as a screening test for this condi-

tion. However, it should be noted that, if there is marked 

hyperviscosity, the ESR may be normal and in cases 

without a serum paraprotein the ESR may not show 

much elevation. When multiple myeloma is suspected, 

tests indicated to confirm the diagnosis are bone marrow 

aspiration, a radiological survey or magnetic resonance 

imaging of the skeleton, serum calcium, creatinine and 

uric acid estimation and investigation for serum and uri-

nary paraproteins. Suitable tests include serum protein 

electrophoresis and immunofixation, immunofixation 

of a concentrated urine sample and nephelometry for 

assessment of the ratio of free kappa chain to free lambda 

chains in the serum. The latter technique will detect an 

abnormality in patients with Bence–Jones myeloma 

and in the majority of patients with non‐secretory mye-

loma [133]. Immunophenotyping is not needed unless 

there is any reason to doubt that the plasma cells are 

neoplastic, in which case use of anti‐κ and anti‐λ rea-

gents will give evidence of clonality. Peripheral blood 

immunophenotyping can also be used to identify small 

number of circulating clonal plasma cells, an indicator of 

worse prognosis [134]. Immunophenotyping is also use-

ful when there is doubt as to whether highly abnormal 

circulating cells are neoplastic or when their lineage is 

not apparent. The immunophenotype of the terminally 

differentiated plasma cell differs from that of non‐Hodg-

kin lymphoma cells (see Table 9.15).

T‐lineage lymphoproliferative 
disorders

T‐lineage lymphoproliferative disorders are less com-

mon than B‐lineage disorders. Precise diagnosis requires 

immunophenotyping and, sometimes, cytogenetic anal-

ysis or histological examination of lymph nodes, skin or 

other tissues.

T‐lineage prolymphocytic leukaemia
T‐lineage prolymphocytic leukaemia (T‐PLL) is most 

often a disease of elderly people. Splenomegaly is the 

commonest clinical feature. A rash, indicative of skin 

infiltration, is sometimes present.

Blood count and film
The WBC is moderately to greatly elevated. T‐line-

age prolymphocytes (Fig. 9.73) are smaller and more 

pleomorphic than B‐lineage prolymphocytes. Nuclei 

are irregular or lobulated. Cytoplasm is often scanty 

and may be moderately basophilic. Some cases cells 

have protruding cytoplasmic ‘blebs’. Nucleoli may be 

Fig.  9.73  Blood film of a patient with  
T‐lineage prolymphocytic leukaemia (T‐PLL) 
showing lymphocytes with irregular hyper-
chromatic nuclei, inconspicuous nucleoli 
and scanty moderately basophilic cytoplasm, 
which in one cell is forming blebs. Only one 
of the cells resembles those of B‐lineage PLL, 
being larger with a moderate amount of 
cytoplasm and a more prominent nucleolus.
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inapparent or prominent, but are rarely as large or as 

prominent as in B‐lineage PLL.

Differential diagnosis
The differential diagnosis is mainly CLL and B‐lineage 

PLL.

Further tests
Immunophenotyping is essential to confirm a diagnosis. 

Cells characteristically express CD7, which is usually 

negative in other T‐lineage lymphoproliferative disor-

ders (see Table 9.16).

Cutaneous T‐cell lymphomas
Mycosis fungoides and Sézary syndrome are T‐cell lym-

phomas that characteristically infiltrate the skin. The pres-

ence of circulating lymphoma cells is essential for the diag-

nosis of Sézary syndrome, in which there is widespread 

disease dissemination at diagnosis, whereas in mycosis 

fungoides circulating lymphoma cells are seen only in 

patients with advanced‐stage disease. The cytological fea-

tures do not differ between Sézary syndrome and mycosis 

fungoides, although they differ greatly between cases.

Blood count and film
The blood count may be normal, apart from some-

times showing lymphocytosis. Sometimes there is 

also eosinophilia. Lymphoma cells, known as Sézary 

cells, may be predominantly either small (Fig. 9.74) or 

large (Fig. 9.75) or a case may show a mixture of large 

and small cells. The most characteristic feature of the 

Sézary cell is a convoluted or cerebriform nucleus with  

tightly intertwined nuclear lobes. The cytoplasm is 

weakly basophilic and may contain a ring of vacuoles, 

which has been likened to rosary beads. In the small 

Sézary cell, there is scanty cytoplasm and a compact 

nucleus, the surface of which appears grooved. In large 

Sézary cells, there is more plentiful cytoplasm and a 

larger nucleus with more obvious nuclear lobes. The 

percentage and, particularly, the absolute number of 

circulating Sézary cells are of prognostic significance.

Fig. 9.74  Blood film of a patient with Sézary syndrome showing 
small Sézary cells with hyperchromatic convoluted or cerebri-
form nuclei.

(a)

Fig. 9.75  Blood film of a patient with Sézary syndrome showing 
large Sézary cells. (b)
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Differential diagnosis
The differential diagnosis includes other lymphomas 

and benign dermatological conditions, in which cells 

resembling Sézary cells are sometimes seen [135]. 

‘Sézary cell leukaemia’, in which skin infiltration is 

absent, is now thought to be a variant of T‐PLL.

Further tests
Skin biopsy and immunophenotyping (see Table 9.16) 

are useful in diagnosis. Intra‐epidermal lymphocyte 

accumulations (Pautrier micro‐abscesses) are character-

istic. It is sometimes difficult to recognise small Sézary 

cells by light microscopy. Ultrastructural examination 

can be useful in such cases since the complex nuclear 

form is then readily apparent (see Fig. 7.18). Because 

cells resembling small Sézary cells can be seen in benign 

inflammatory skin conditions, morphology alone is 

sometimes insufficient for diagnosis. In some cases dem-

onstration of a clonal T‐cell population is necessary for 

confirmation.

Adult T‐cell leukaemia/lymphoma
Adult T‐cell leukaemia/lymphoma (ATLL) is a disease 

that develops in a minority of adults who are long‐

term carriers of the HTLV‐1 retrovirus. Such carriers 

mainly live in, or originate from, Japan and the Carib-

bean, but the disease is also found in Taiwan, the Mid-

dle East, Central and West Africa, South America, the 

south‐eastern USA and in Native Americans in North 

America. In the majority of cases the disease manifests 

itself as leukaemia and in a minority as a lymphoma. 

In those who present with leukaemia there is usually 

lymphadenopathy and sometimes hepatomegaly and 

splenomegaly. Skin infiltration and hypercalcaemia are 

common. Patients with ATLL are also prone to oppor-

tunistic infections.

Blood count and film
The WBC is often greatly elevated. Leukaemic cells are 

generally medium sized to large and very pleomorphic. 

Nuclei are often polylobated, their shape resembling a 

flower or a cloverleaf (Fig. 9.76). Some nuclei have con-

densed chromatin while others have a diffuse chromatin 

pattern. Some cells are nucleolated. There is a vari-

able amount of cytoplasm, which may be basophilic. A 

minority of cells can resemble those of Sézary syndrome. 

Some patients have associated eosinophilia. Anaemia 

and thrombocytopenia may be minimal at diagnosis.

Differential diagnosis
The differential diagnosis is cutaneous T‐cell lymphoma 

and other lymphomas of mature T cells. The degree of 

pleomorphism and the presence of at least a minority of 

cells with flower‐shaped nuclei are useful in the differ-

ential diagnosis. The typical acute form of ATLL should 

also be distinguished from smouldering or chronic ATLL, 

which generally lacks organomegaly, cytopenia and bio-

chemical abnormalities. It also needs to be distinguished 

from the carrier state for HTLV‐1 in which there may 

be small numbers of polyclonal atypical lymphocytes in 

Fig. 9.76  Blood film of a patient with adult 
T‐cell leukaemia/lymphoma (ATLL) show-
ing four pleomorphic lymphocytes and a 
smear cell; one of the lymphoma cells has a 
flower‐shaped nucleus and two others have 
convoluted nuclei.
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the peripheral blood, including some lymphocytes with 

polylobated nuclei.

Other tests
Serological tests for HTLV‐1 are indicated (not forget-

ting that a patient who is seropositive for HTLV‐1 may 

develop another type of lymphoma or lymphoid leukae-

mia). Immunophenotyping is also useful in the differen-

tial diagnosis, since CD25 is commonly positive whereas 

it is usually negative in other leukaemias and lympho-

mas of phenotypically mature T cells (see Table 9.16).

Large granular lymphocyte leukaemia
Large granular lymphocyte leukaemia is a heterogene-

ous group of disorders in which the neoplastic cells have 

the cytological features of large granular lymphocytes 

and the immunophenotypic features of either cytotoxic 

T cells or natural killer cells. The clinical course is varia-

ble. Some patients have little organomegaly and a slowly 

progressive disease, but the course may be complicated 

by the effects of cytopenia, most often neutropenia. 

Other patients, particularly those whose cells have the 

phenotype of natural killer cells, have more typical fea-

tures of lymphoma and a more rapid clinical course.

Blood count and film
In most cases the leukaemic cells are cytologically very 

similar to normal large granular lymphocytes (Fig. 9.77) 

with a small nucleus with condensed chromatin, 

Fig. 9.77  Blood film of a patient with large granular lymphocyte 
leukaemia showing two large granular lymphocytes.

plentiful weakly basophilic cytoplasm and prominent 

azurophilic granules in at least some of the cells. Some-

times cells are larger with some nuclear irregularity and 

cytoplasmic basophilia. Sometimes there is neutropenia 

or, less often, anaemia or thrombocytopenia. Cytopenias 

may be profound, being the result of abnormal immune 

responses rather than bone marrow infiltration.

Differential diagnosis
The differential diagnosis is a reactive increase of large 

granular lymphocytes, e.g. that caused by a chronic 

viral infection, occurring post‐splenectomy or associ-

ated with rituximab‐induced autoimmune neutropenia.

Other tests
When the diagnosis is in doubt, immunophenotyping 

and tests to demonstrate clonality can be of use. Cells 

usually express CD2 and CD8 and do not express CD4 

(see Table 9.16). In T‐lineage cases, they express CD3, 

T‐cell receptor antigens and usually CD57. Natural killer 

(NK)‐lineage cases do not express CD3 or T‐cell receptor 

antigens; they may express CD11b, CD16 and CD56 and, 

less often, CD57. A very uniform immunophenotype is 

suggestive of clonality and therefore of neoplasia. Clonal-

ity can be demonstrated in CD3‐positive cases by molec-

ular genetic analysis to demonstrate rearrangement of 

T‐cell receptor genes. In NK, CD3‐negative cases, cytoge-

netic analysis demonstrates an abnormal clone in some 

cases. In a larger group, analysis of CD158a, CD158b and 

CD158e (Killer Inhibitory Receptor) expression provides 

indirect evidence of clonality [136]. Polyclonal NK cells 

express all three antigens (on different cells), whereas 

monoclonal NK cells uniformly express one or none.

Other T‐cell lymphomas
T‐cell lymphomas are less common than B‐cell lympho-

mas and less often have a leukaemic phase.

Blood count and film
Circulating lymphoma cells are often medium sized or 

large and quite pleomorphic (Figs 9.78 and 9.79).

Differential diagnosis
T‐cell lymphomas cannot be reliably distinguished from 

certain B‐cell lymphomas, particularly mantle cell lym-

phoma and B‐lineage large cell lymphomas. Occasion-

ally, they can also be confused with AML, particularly 

acute monoblastic leukaemia.
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Other tests
Immunophenotyping is indicated and confirms the 

diagnosis. Cells express T‐cell markers but the immu-

nophenotype is often aberrant. Molecular analysis 

shows rearrangement of T‐cell receptor genes.

Hodgkin lymphoma

Hodgkin lymphoma (Hodgkin’s disease) is of B‐lymphocyte 

origin. The disease is now divided into two major cat-

egories, nodular lymphocyte‐predominant Hodgkin 

lymphoma and classical Hodgkin lymphoma. The former 

is clearly of B‐cell origin, whereas in the latter the neo-

plastic cells (Reed–Sternberg cells and mononuclear Hodg-

kin cells) are defective B‐cells that fail to express many 

B‐lineage associated surface antigens. Classical Hodgkin 

lymphoma is further divided into nodular sclerosing Hodg-

kin lymphoma, mixed cellularity Hodgkin lymphoma, 

lymphocyte‐depleted Hodgkin lymphoma and lympho-

cyte‐rich classical Hodgkin lymphoma. The usual clinical 

presentation is with lymphadenopathy, with or without 

systemic symptoms.

Blood count and film

Hodgkin lymphoma can cause anaemia, leucocytosis, 

neutrophilia, eosinophilia, lymphopenia and throm-

bocytosis. The anaemia may be normocytic and nor-

mochromic or microcytic and hypochromic, with the 

characteristics of anaemia of chronic disease. There 

may also be increased background staining and increase 

rouleaux formation. When there is bone marrow infil-

tration there may be anaemia, leucopenia or pancyto-

penia. On multivariate analysis, an elevated WBC and 

a reduced lymphocyte count correlate with worse prog-

nosis [137].

Differential diagnosis

The differential diagnosis includes non‐Hodgkin lym-

phoma and a variety of infective and inflammatory 

conditions. There are no specific peripheral blood 

features to point to a diagnosis of Hodgkin lymphoma.

Fig.  9.78  Peripheral blood film of a patient 
with large cell lymphoma of T lineage show-
ing two large lymphoma cells.

Fig. 9.79  Peripheral blood film of a patient with large cell ana-
plastic lymphoma of T lineage showing very large pleomorphic 
lymphoma cells. By courtesy of Dr David Clark, Grantham.
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Other tests

The ESR is increased, serum iron and transferrin con-

centration are reduced and serum ferritin is normal 

or elevated. Diagnosis usually requires a lymph node 

biopsy, although occasionally a bone marrow aspirate 

and trephine biopsy give the diagnosis, particularly in 

patients with immunodeficiency as a result of HIV infec-

tion.
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vitamin E deficiency, 375
warm autoimmune, 359–61, 359, 360
Wilson disease, 373, 374, 375

aplastic, 381–2
blood film, 245, 247–8, 247
causes, 246
of chronic disease, 298–9, 298, 299
congenital dyserythropoietic, 377–80, 377, 378–80
congenital haemolytic, 330–359

cryohydrocytosis, 330–331
familial pseudohyperkalaemia, 345–6
hereditary elliptocytosis, 337–40, 338–40
hereditary pyropoikilocytosis, 340–342, 343
hereditary spherocytosis, 331–7, 332–6
hereditary stomatocytosis, 343–4, 343, 344
hereditary xerocytosis, 344–5, 345
red cell enzyme abnormalities, 347–50, 348, 349
sitosterolaemia, 346–7
South-East Asian ovalocytosis, 342–3, 342
stomatin-deficient cryohydrocytosis, 346

congenital sideroblastic, 299–301, 300, 301
Diamond–Blackfan, 382
dyserythropoietic, 377–80, 377, 378–80
Fanconi, 382, 387
iron deficiency, 295–8, 296, 298
lead poisoning, 301–2, 302
leucoerythroblastic, 247
macrocytic, 323–30

associated with alcoholism and liver disease, 330
associated with myelodysplastic syndrome, 330
megaloblastic, 118, 323–9, 324, 325–9

normocytic normochromic, 246
sickle cell, 91, 312–16, 313–15

anisochromasia, 75, 76, 117
anisocytosis

platelets, 139
red cells, 73

anticoagulants, blood sampling, 5–6
aplastic anaemia, 381–2
arthrogryphosis, renal dysfunction and cholestasis (ARC) 

syndrome, 388
Auer rods, 109–10, 112
autoimmune haemolytic anaemia, 359–62, 359, 360, 362–3
autoimmune thrombocytopenic purpura, 393–4, 393
automated blood cell counters, 29–59

Abbott (Cell-Dyn), 49–52, 49, 50
Beckman–Coulter, 30–38, 30, 32, 33, 34, 36–8
erroneous counts, 186, 187, 188, 198–205, 199, 200–203, 204–5
Horiba ABX, 52, 53
Mindray, 52–3

Page numbers in italics denote Figures; those in bold 

denote Tables.

A
Abbott (Cell-Dyn) blood cell counters, 49–52, 49, 50
abetalipoproteinaemia, 87, 88
acanthocytosis, 86–9, 87, 88, 89
accessory cephalic vein, 2
acid phosphatase, 288, 288
AcT 5diff automated cell counter, 37–8, 38
acute basophilic leukaemia, 438, 440, 440
acute lymphoblastic leukaemia, 457–60, 458–60, 459
acute monoblastic leukaemia, 184
acute myeloid leukaemia, 109, 113, 118, 432–40, 433, 434–42

blood films, 432, 434–42
of Down syndrome, 443
FAB classification, 433
WHO classification, 433

acute promyelocytic leukaemia, 52, 288, 292, 433, 435, 438, 438
adenosine deaminase excess, 355
adenylate kinase deficiency, 355
adult T-cell leukaemia/lymphoma, 474–5, 475
Alder–Reilly anomaly, 110, 111, 124
aldolase deficiency, 354
alloimmune haemolytic anaemias, 365–7
Alport syndrome, 114
amegakaryocytic thrombocytopenia, 387
amniotic fluid cells, 146
anaemia, 245–8, 246, 247

acquired haemolytic, 359–77
autoimmune, 359–62, 359, 360, 362–3
alloimmune, 365–7
bacterial and parasitic infections, 375
cold antibody-induced, 361–2, 362
combined cold/warm autoimmune, 363
diabetes mellitus, 375
drug-induced, 363–4, 364
familial autoimmune/lymphoproliferative syndrome, 366
haemolytic disease of newborn, 364–5, 365
liver disease, 373, 374
march haemoglobinuria, 375–6
neonatal glutathione peroxidase deficiency, 373
non-immune, 366–73, 366–7
oxidant-induced, 371–3, 372, 373
paroxysmal cold haemoglobinuria, 362–3, 363
paroxysmal nocturnal haemoglobinuria, 376, 376
phosphate depletion, 375
renal disease, 373
snake and insect bites, 375, 375
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near-patient testing, 59–60
packed cell volume, 17, 19–21

microhaematocrit, 20, 20, 21
plasma trapping, 20–21
reference method, 21

platelets, 22–3
red cell count, see red cell count
red cell indices, see red cell indices
reticulocytes, 26–9, 26, 27, 27, 28, 28
specimen storage, 60
units and approved abbreviations, 28–9, 29
white cell count, see white cell count

blood film, 7–13, 7–10
automated spreading, 10
blood with high Hct, 10
buffy coat films, 10
ETDA-anticoagulated blood, 7
examination, 15, 67–71, 67–71
fixation, 10–11, 11
healthy subjects

adults, 142
hyposplenism, 143–4, 144
infancy and childhood, 143
neonate, 143, 144
pregnancy, 143

micro-organisms in, 148–68
mounting, 12–13
non-anticoagulated blood, 8
staining, 11–12, 12
storage artefacts, 7, 69–71, 69–71
storage of slides, 13
thick, 10, 11
unstained wet preparations, 10
wedge-spread, 8–10, 9, 10
see also individual conditions

blood sampling, 1–7
anticoagulant and specimen container, 5–6
capillary blood, 4–5, 4
cord blood, 5
effect on haematological variables, 212
fetal blood, 5
guidelines, 6
needle-prick injury, 6–7
peripheral venous blood, 1–4, 2, 3, 4
recommended order, 4
specimen mixing, 7

bone marrow cells, necrotic, 137
Borrelia, 148
Brandalise syndrome, 112
Brugia malayi, 154, 169, 170
buffy coat films, 10
Burkitt lymphoma, 469
butterfly cannula, 2

C
Cabot rings, 96, 97
Candida parapsilosis, 142
capillary blood, 4–5, 4
Capnocytophaga canimorsus, 149
CD59 deficiency, inherited, 347
cephalic vein, 2
Chédiak–Higashi anomaly, 111, 112, 121, 123, 124, 131,  

138
children, see infants and children

Nihon Kohden, 52
principles of operation, 29–30
reticulocyte and platelet counts, 53–9, 54–8, 59
Siemens, 44–9, 45, 47, 48
Sysmex, 38–44, 39–41
automated image analysis, 29
see also individual blood cell counters

B
Babesia divergens, 154, 165
Babesia equi, 154
Babesia microti, 154, 164
babesiosis, 164–5, 164, 165
bacterial infection, 148–50, 148–50

haemolytic anaemia, 375
white cell changes, 416–18, 416–18

bartonellosis, 150
basilic vein, 2
basket cells, 137
basopenia, 251, 251
basophilia, 240–241, 241
basophilic stippling, 95–6, 96
basophils, 122–3, 123

normal range
adults, 217
infants and children, 222
pregnancy, 223

Batten disease, 124–5
Batten–Spielmeyer–Vogt disease, 109, 125
Bayer blood cell counters

erroneous counts
differential white cell count, 199–200, 199,  

200–202
white blood cells, 190

Beckman–Coulter blood cell counters, 30–38, 30, 32, 33, 34, 
36–8
AcT 5diff, 37–8, 38
erroneous white cell count, 190
five-part differential, 31–5, 33, 34
Hematoflow platform, 35, 37
Unicel DxH 800, 35, 36–7

Bernard–Soulier syndrome, 388, 391
bilirubin crystals, 116
B-lineage lymphoproliferative disorders, 461–72

chronic lymphocytic leukaemia, 461–3, 462,  
463

hairy cell leukaemia, 464–6, 465
monoclonal B-cell lymphocytosis, 463–4
prolymphocytic leukaemia, 464, 464

B-lineage prolymphocytic leukaemia, 464, 464
blood count, 17–66

automated blood cell counters, 29–59
automated image analysis, 29
differential white cell count, 23–5, 24, 25

imprecision in, 25, 25
inaccuracy in, 24–5
maldistribution of cells, 24, 24
misidentification of cells, 24–5
unidentifiable cells, 25

errors in, see erroneous blood counts
haemoglobin concentration, 17–19, 18

cyanmethaemoglobin method, 17–19, 18
recommended units, 19

hereditary spherocytosis, 333–5, 333–6
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chronic eosinophilic leukaemia, 451, 457
not otherwise specified, 450–452, 451, 452

chronic lymphocytic leukaemia, 117, 129, 461–3, 462,  
463

chronic lymphocytic leukaemia/lymphoma, 460–463,  
460, 461

chronic myelogenous leukaemia, 446–50, 447–9, 449
chronic myeloid leukaemia, 114

atypical, 452–4, 453, 454
chronic myelomonocytic, 116, 454–5, 454
juvenile myelomonocytic, 455–6, 455, 456
see also chronic myelogenous leukaemia

chronic myelomonocytic leukaemia, 116, 454–5, 454
chronic neutrophilic leukaemia, 450, 450
Churg–Strauss syndrome, 239
cocaine-induced hyperthermia, 107
colchicine toxicity, 111–12
cold agglutinin, 67
cold antibody-induced haemolytic anaemia, 361–2, 362
combined cold/warm autoimmune haemolytic anaemia, 363
combined esterase, 287
congenital dyserythropoietic anaemia, 377–80, 377, 378–80
congenital erythropoietic porphyria, 97
congenital sideroblastic anaemia, 299–301, 300, 301
Coulter blood cell counters, erroneous differential white cell count, 

200–203, 204–5
crenation, 69
cryoglobulin crystals, 70
cryoglobulinaemia, 115, 132
cryohydrocytosis, 346
cutaneous T-cell lymphoma, 473–4, 473
cyanmethaemoglobin method, 17–19, 18
cyclical neutropenia, 431–2
cytochemical techniques, 277–88, 277

diagnosis and classification of leukaemia, 280–288
glucose-6-phosphate dehydrogenase, 280
haemoglobin F-containing cells, 279, 279
haemoglobin H inclusions, 278–9, 278
Heinz bodies, 277–8, 277
Perls reaction for iron, 279–80, 280

cytogenetic analysis, 291–2
cytomegalovirus, 128

D
dacrocytes, 84, 84
diabetes mellitus, 375
Diamond–Blackfan anaemia, 382
differential white cell count, 23–5, 24, 25

imprecision in, 25, 25
inaccuracy in, 24–5
maldistribution of cells, 24, 24
misidentification of cells, 24–5
unidentifiable cells, 25

DiGeorge syndrome, 388
dimorphism, 76, 76
2,3-diphosphoglycerate deficiency, 355
discocytes, 80
disintegrated cells, 136–7, 136
Döhle bodies, 106, 113–14, 113
Dorfman–Chanarin syndrome, 112
Down syndrome, 142

acute myeloid leukaemia, 443
transient abnormal myelopoiesis, 441, 442–3

drug-induced haemolytic anaemia, 363–4, 364

dyserythropoietic anaemia, 377–80, 377, 378–80
acquired, 380–381
congenital, 377–80, 377, 378–80

dysmegakaryopoietic thrombocytopenia, 387

E
echinocytosis, 69, 84–6, 85, 85, 86
ehrlichiosis, 150
elliptocytosis, 82–3, 83

hereditary, 337–40, 338–40
blood film and count, 338–40, 338–40
differential diagnosis, 340
further tests, 340

endothelial cells, 145, 145
enolase deficiency, 339
eosinopenia, 251, 251
eosinophilia, 236–40, 236–40

idiopathic hypereosinophilic syndrome, 426–8, 427
parasitic infections, 237–8
with pulmonary infiltration, 240
reactive, 425–6, 425, 426
T-cell mediated hypereosinophilia, 426

eosinophils, 112–15, 112–15
normal range

adults, 217
infants and children, 222
neonate, 219
pregnancy, 223

epithelial cells, 145, 146
Epstein–Barr virus 127, 241, 242, 257, 381, 394, 418‑9
Epstein syndrome, 114, 389
erroneous blood counts, 186–210

automated blood counts, 186–8
automated differential counts, 198–205, 199, 200–203, 204–5
haemoglobin concentration, 191–4, 191–3
MHC, MCHC, and RDW, 192, 195
platelet count, 195–7, 195, 196, 198
red cells, MCV and haematocrit, 178, 192, 194–5
reticulocyte count, 205–6, 205
sources of error, 187, 188
white cell count, 188–91, 189, 190

erythrocytes, see red cells
Escherichia coli, 152
essential thrombocythaemia, 395–7, 396
evacuated containers, 3

F
familial autoimmune/lymphoproliferative syndrome, 366
familial pseudohyperkalaemia, 345–6
familial thrombocytosis, 395
Fanconi anaemia, 382, 387
fat cells, 146, 146
Fechtner syndrome, 389
fetal blood sampling, 5
fetus

normal ranges, 218–20, 220
thrombocytopenia, 256

fibrin strands, 69
filariasis, 168–9, 169–71
five-part differential automated cell counters, 31–5, 33, 34
fixation of blood films, 10–11, 11
flow cytometry, 288–9, 289, 290–291, 291, 292
fluorescence in situ hybridization, 292
follicular lymphoma, 468–9, 468
fungal infection, 151, 153
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G
G6PD, see glucose-6-phosphate dehydrogenase
ghost cells, 82
giant platelets, 390
glucose phosphate isomerase deficiency, 354, 357
glucose-6-phosphate dehydrogenase, 280

deficiency, 350–352, 350, 351, 356
blood film and count, 350–352, 350, 351
differential diagnosis, 352
further tests, 352

γ-glutamate cysteine synthase deficiency, 356
glutathione peroxidase deficiency, 356, 358
glutathione reductase deficiency, 356
glutathione synthetase deficiency, 356
granulocyte precursors, 133–5, 134, 135

metamyelocytes, 135, 135
myeloblasts, 134
myelocytes, 134, 135
promyelocytes, 134, 134

granulocytes
morphology, 99–123

basophils, 122–3, 123
eosinophils, 119–22, 119–22
neutrophils, 99–118, 99

normal range in adults, 217
grape cells, 127
grey platelet syndrome, 388, 392
Griscelli syndrome, 138

H
haematocrit

errors in, 192
high, 10

haemoflagellates, 165–7, 166, 167
haemoglobin Bart’s hydrops fetalis, 311–12, 311
haemoglobin C disease, 82, 318–19, 319
haemoglobin C trait, 319–20, 320
haemoglobin C/β-thalassaemia, 320, 320
haemoglobin concentration, 17–19, 18, 29

cyanmethaemoglobin method, 17–19, 18
errors in, 191–4, 191–3
normal range

adults, 216
fetus, 220
infants and children, 221
neonate, 218
pregnancy, 223
preterm infants, 223

recommended units, 19
haemoglobin Constant Spring, 95
haemoglobin distribution width, 216
haemoglobin E disease, 320–321, 321
haemoglobin E trait, 321–2, 321
haemoglobin E/β-thalassaemia, 322, 322
haemoglobin F-containing cells, 279, 279
haemoglobin H disease, 309–11, 310, 311
haemoglobin H inclusions, 27

cytochemical techniques, 278–9, 278
haemoglobin S, 317
haemoglobin S-Oman, 95
haemoglobinopathies, 312–23

see also individual conditions
haemoglobin, unstable, 322–3, 323
haemolysis, 377

haemolytic anaemia
acquired, 359–77

alloimmune, 365–7
bacterial and parasitic infections, 375
cold antibody-induced, 361–2, 362
combined cold/warm autoimmune, 363
diabetes mellitus, 375
drug-induced, 363–4, 364
familial autoimmune/lymphoproliferative syndrome,  

366
haemolytic disease of newborn, 364–5, 365
liver disease, 373, 374
march haemoglobinuria, 375–6
neonatal glutathione peroxidase deficiency, 373
non-immune, 366–73, 366–7
oxidant-induced, 371–3, 372, 373
paroxysmal cold haemoglobinuria, 362–3, 363
paroxysmal nocturnal haemoglobinuria, 376, 376
phosphate depletion, 375
renal disease, 373
snake and insect bites, 375, 375
vitamin E deficiency, 375
warm autoimmune, 359–61, 359, 360
Wilson disease, 373, 374, 375

congenital, 330–359
cryohydrocytosis, 346
familial pseudohyperkalaemia, 345–6
hereditary elliptocytosis, 337–40, 338–40
hereditary pyropoikilocytosis, 340–342, 343
hereditary spherocytosis, 331–7, 332–6
hereditary stomatocytosis, 343–4, 343, 344
hereditary xerocytosis, 344–5, 345
red cell enzyme abnormalities, 347–50, 348, 349
South-East Asian ovalocytosis, 342–3, 342
stomatin-deficient cryohydrocytosis, 346

congenital non-spherocytic, 339, 354–9, 354–6, 357,  
358

congenital sitosterolaemia, 346–7
microangiopathic, 90, 366–71, 367–8, 368–71

see also specific types
haemolytic disease of newborn, 364–5, 365
haemolytic–uraemic syndrome, 89, 369
hairy cell leukaemia, 464–6, 465

variant, 466, 466
heel puncture, 4
Heinz bodies, 27, 82, 373

cytochemical techniques, 277–8, 277
Hematoflow platform, 35, 37
hereditary stomatocytosis, 343–4, 343, 344
hereditary xerocytosis, 344–5, 345
Hermansky–Pudlak syndrome, 124, 138
hexokinase deficiency, 354
Histoplasma capsulatum, 153
HIV/AIDS, 422–3, 422, 423
Hodgkin lymphoma, 476–7
Horiba ABX blood cell counter, 49
Howell–Jolly bodies, 27, 91, 94–5, 150
human T-cell lymphotropic virus, 424
hyperchromia, 76
hypercoagulability, 69
hyperlipidaemia, 71
hyperthermia, cocaine-induced, 107
hypochromia, 75–6, 75
hyposplenism, 143–4, 144
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I
idiopathic hypereosinophilic syndrome, 110, 119, 426–8,  

427
immunocytochemistry, 289, 292
immunophenotyping, 288–9, 289, 291, 292

applications, 290–291
infantile pyknocytosis, 88
infants and children

blood film, 143
normal ranges, 220–223, 221–3

basophils, 222
eosinophils, 222
haemoglobin, 221, 223
large unstained cells, 222
lymphocytes, 222
mean cell haemoglobin, 221
mean cell volume, 221
monocytes, 222
neutrophils, 222
packed cell volume, 221
red cell count, 221
white cell count, 222

infectious mononucleosis, 418–22, 419, 420,  
421

insect bites, 375
iron deficiency anaemia, 295–8, 296, 298
irregularly contracted red cells, 81, 82, 83

J
Jordans anomaly, 112, 124
juvenile myelomonocytic leukaemia, 455–6, 455,  

456

K
keratocytes, 89, 90
Klebsiella oxytoca, 151
Kleihauer test, 248
knizocytes, 92

L
lactate dehydrogenase deficiency, 355
large granular lymphocyte leukaemia, 475, 475
large unstained cells

normal range
adults, 217
infants and children, 222

lead poisoning, 301–2, 302
Leishmania donovani, 154, 166, 167, 168
leptocytes, 76
leucocytes, see white cells
leucocytosis, 234–41, 235

basophilia, 240–241, 241
eosinophilia, 236–40, 236–40
neutrophilia, 234, 236, 236

leucoerythroblastic anaemia, 247
leucoerythroblastic blood films, 135–6
leucopenia, 248
leukaemia

acute basophilic, 438, 440, 440
acute lymphoblastic, 457–60, 458–60, 459
acute monoblastic, 184
acute myeloid, 109, 118, 432–40, 433, 434–42

of Down syndrome, 443
adult T-cell leukaemia/lymphoma, 474–5, 475

chronic eosinophilic, 451, 457
not otherwise specified, 450–452, 451, 452

chronic lymphocytic, 117, 129, 461–3, 462, 463
chronic myelogenous, 446–8, 447, 448

accelerated phase, 448–50, 449, 449
chronic myeloid, 114

atypical, 452–4, 453, 454
chronic myelomonocytic, 116, 454–5, 454
chronic neutrophilic, 450, 450
classification and diagnosis, 280–288

acid phosphatase, 88, 288
combined esterase, 287
myeloperoxidase, 282–4, 285
naphthol AS-D chloroacetate esterase, 286, 286,  

287
neutrophil alkaline phosphatase, 281–2, 281, 282,  

283, 284
non-specific esterases, 286–7, 287
periodic acid-Schiff reaction, 273, 287–8, 287
Sudan black B, 272, 284–5, 285

hairy cell, 464–6, 465, 466
juvenile myelomonocytic, 455–6, 455, 456
large granular lymphocyte, 475, 475
mast cell, 440–442, 442, 442
plasma cell, 470–472, 471
prolymphocytic

B-lineage, 464, 464
T-lineage, 472–3, 472

leukaemoid reactions, 428–31
lymphoid, 430–431, 430, 431
myeloid, 428–9, 429, 430

liver disease, 373, 374
Loa loa, 154, 169, 171
lupus erythematosus, 116
lymphocytes, 123–30, 123–30

morphological abnormalities, 124–5, 124,  
125, 126
in lymphoproliferative disorders, 129–30,  

129, 130
reactive changes, 125–8, 126–9

normal range
adults, 217
infants and children, 222
neonate, 219
pregnancy, 209

lymphocytopenia (lymphopenia), 251–2, 252
lymphocytosis, 241–2, 242
lymphoid cells, apoptotic, 129, 129
lymphoid leukaemoid reactions, 430–431, 430,  

431
lymphoid/myeloid neoplasms with abnormalities of PDGFRA, 

PDGFRB or FGFR1, 457
lymphoma

adult T-cell leukaemia/lymphoma, 474–5, 475
Burkitt, 469
cutaneous T-cell, 473–4, 473
follicular, 468–9, 468
Hodgkin, 476–7
lymphoplasmacytic, 467–8, 467
mantle cell, 469, 469
splenic with villous lymphocytes, 466–7, 467
T-cell, 475–6, 476

lymphoplasmacytic lymphoma, 467–8, 467
lymphoproliferative disorders, 129–30, 129, 130
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M
McLeod phenotype, 349
macrocytic anaemias, 323–30

associated with alcoholism and liver disease, 330
associated with myelodysplastic syndrome, 330
megaloblastic anaemia, 323–9, 324, 325–9

macrocytosis, 74–5, 74
causes, 75

macrophages, 132–3, 133
macropolycytes, 116–17, 117
malaria, 114, 115, 132, 140, 152–64, 153, 154–63
malaria parasites, staining for, 12
malignant melanoma, 116
Mansonella ozzardi, 154, 169
Mansonella perstans, 154, 169, 171
mantle cell lymphoma, 469, 469
march haemoglobinuria, 375–6
Maroteaux–Lamy syndrome, 110, 131
mast cell leukaemia, 440–442, 442, 442
mast cells, 136, 136
mastocytosis, 452, 453
May–Hegglin anomaly, 111, 114, 389
mean cell haemoglobin (MCH), 17, 29

errors in, 193, 195
normal range

adults, 216
infants and children, 221

mean cell haemoglobin concentration (MCHC), 17,  
29
errors in, 193, 195
normal range in adults, 216

mean cell volume (MCV), 17, 29
errors in, 192, 193, 194–5
normal range

adults, 216
infants and children, 221
neonate, 218
pregnancy, 223

mean platelet volume (MPV), 29
median cubital vein, 2
Medich giant platelet syndrome, 389
Mediterranean stomatocytosis/macrothrombocytopenia, 93, 138, 

344, 388
megakaryocytes, 140–142, 141, 142
megaloblastic anaemia, 118, 323–9, 324, 325–9

blood film and count, 324–8, 324–8
causes, 324
differential diagnosis, 328–9

micro-organisms in blood films, 148–68
babesiosis, 164–5, 164, 165
bacteria, 148–50, 148–50
filariasis, 168–9, 169–71
fungi, 151, 153
haemoflagellates, 165–7, 166, 167
parasites, 152–65, 154, 156–65
toxoplasmosis, 165

microangiopathic haemolytic anaemia, 90, 366–71, 367–8, 
368–71

microcytosis, 73–4, 73, 73–4
microscopes, setting up and using, 13–15, 14
Miller ocular micrometer, 28, 28
Mindray blood cell counters, 52–3
molecular genetic analysis, 292
monoclonal B-cell lymphocytosis, 463–4

monocyte precursors, 131–2
monocytes, 130–131, 131, 132

normal range
adults, 217
infants and children, 222
neonate, 229
pregnancy, 223

monocytopenia, 251
monocytosis, 242–3, 243
mononuclear cells, 217
Montreal platelet syndrome, 390
morphology of blood cells, 67–185

blood film in healthy subjects, 142–5, 144, 144
megakaryocytes, 140–142, 141, 142
micro-organisms in blood films, 148–68
non-haemopoietic cells, 145–8
platelets, 137–40, 138–40, 138
red cells, 72–98
white cells, 98–123
see also individual conditions

Morquio syndrome, 124
morular cells, 127
Mott cells, 127
multiple myeloma, 67, 68, 470–472, 471
myeloblasts, 134
myelocytes, 134, 135
myelodysplasia, 106
myelodysplastic syndromes, 443–6, 444–6, 444

FAB classification, 444
macrocytic anaemia associated with, 330
WHO classification, 444

myelodysplastic/myeloproliferative neoplasms,  
452–7
unclassifiable, 456–7

myelofibrosis, primary, 397–8, 398
myeloid leukaemoid reactions, 428–9, 429, 430
myeloperoxidase, 282–4, 285
myeloproliferative neoplasms, 446–8, 446, 447, 448

N
naphthol AS-D chloroacetate esterase, 286, 286,  

287
Napoleon hat cells, 95
near-patient testing, 59–60

non-invasive methods, 59–60
needle-prick injury, 6–7
Neisseria meningitidis, 149
neonate

blood film, 143, 144
glutathione peroxidase deficiency, 373
haemolytic disease of newborn, 364–5, 365
normal ranges, 218–20, 218, 219

eosinophils, 219
haemoglobin, 218, 221
lymphocytes, 219
mean cell volume, 218
monocytes, 219
neutrophils, 219
nucleated red blood cells, 219
packed cell volume, 218
red cell count, 218
white cell count, 219

thrombocytopenia, 256
neuroacanthocytosis, 349
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neutropenia, 248–9, 249, 250
acquired disorders, 250
cyclical, 431–2
inherited disorders, 249
severe congenital, 431

neutrophil alkaline phosphatase, 281–2, 281, 282, 283, 284
neutrophilia, 234, 236, 236
neutrophils, 99–118, 99

aggregation, 118, 118, 119
cytoplasmic abnormalities, 107–14, 108

Auer rods, 109–10, 112
Döhle bodies, 113–14, 113
exogenous inclusions, 114–16, 115, 116
increased granulation, 109, 109, 110
reduced granulation, 107, 109
vacuolation, 111–13, 113

fragments, 112
necrobiotic, 117, 118
normal range

adults, 217
infants and children, 222
neonate, 219
pregnancy, 223

nuclear abnormalities
band form and left shift, 99–100, 100, 103
botryoid nucleus, 103
dense chromatin clumping, 103
detached nuclear fragments, 103
drumsticks, 100, 101–2, 102
hypersegmentation, 103
hyposegmentation, 103
lobe count and right shift, 100–101, 101
Pelger–Huët anomaly, 104, 104, 105, 120, 122
ring nuclei, 103, 106
sessile nodules, 102, 102

Niemann–Pick disease, 124
Nihon Kohden blood cell counter, 52–3
non-haemopoietic malignant cells, 146–8, 147, 148
non-Hodgkin lymphoma, 130
non-specific esterases, 286–7, 287
normal ranges, 211–32

adults, 216–18, 216, 217
haematological variables affecting, 212, 214, 215
infants and children, 220–223, 221–3
neonate and fetus, 218–20, 218, 219, 220
pregnancy, 223, 223
reticulocyte count, 225–6, 226

nucleated red blood cells, 69
normal range in neonates, 219

O
Onchocerca volvulus, 154
Oroya fever, 150
ovalocytosis, 82–3, 83

South-East Asian, 342–3, 342
oxidant-induced haemolytic anaemia, 371–3, 372, 373

P
packed cell volume (PCV), 17, 19–21, 29

microhaematocrit, 20, 20, 21
normal range

infants and children, 221
neonate, 218
pregnancy, 223

plasma trapping, 20–21
reference method, 21

pancytopenia, 184, 256–8, 257
blood film, 257–8

Pappenheimer bodies, 27, 96, 96
parasitic infections, 152–65, 154, 156–65

eosinophilia, 237–8
haemolytic anaemia, 375
malaria, 152–64, 153, 154–63

Paris–Trousseau thrombocytopenia, 140, 387
paroxysmal cold haemoglobinuria, 362–3, 363
paroxysmal nocturnal haemoglobinuria, 376, 376
pattern-recognition automated differential counters, 29
Pelger–Huët anomaly, 103, 104, 104, 105, 120, 122, 389
Penicillium marneffei, 142
periodic acid–Schiff reaction, 287–8, 287
Perls reaction for iron, 279–80, 280
persistent polyclonal B-cell lymphocytosis, 424–5, 425
phosphate depletion, 375
phosphofructokinase deficiency, 354
phosphoglycerate deficiency, 355
pincer cells, 94, 94
plasma cells, 130
plasma cell leukaemia, 470–472, 471
plasmacytosis, 243, 243
Plasmodium falciparum, 114, 115, 132, 140, 154, 156–7, 160
Plasmodium knowlesi, 151–2, 154, 162–3
Plasmodium malariae, 154, 156–7, 161
Plasmodium ovale, 154, 156–7, 159
Plasmodium vivax, 154, 156–7, 158–9
platelet count, 22–3, 29

automated, 57–9
errors in, 195–7, 195, 196, 198
normal range, 224–5, 224, 225

pregnancy, 223
plateletcrit, 29
platelet disorders, 386–98

thrombocytopenia, 252–6, 253–6, 386–93, 386–90, 391, 392
thrombocytosis, 243–5, 244, 245

platelets, 137–40, 138–40, 138
abnormal distribution, 137–40, 139, 140
abnormalities of size, 137, 138, 138, 139
aggregation, 68
reticulated, 57–9
satellitism, 140, 140
volume, 29

poikilocytosis, 78–97, 78, 79
see also individual types

polychromasia, 76–8, 77
polycythaemia, 232, 233, 234, 383–6

relative, 383, 386
secondary, 385–6
true, 383
vera, 383, 384

Pompe disease, 124
post-infection immune thrombocytopenic purpura, 394
pregnancy

blood film, 143
normal ranges, 223, 223

promyelocytes, 134, 134
pyrimidine nucleotidase deficiency, 355, 358
pyropoikilocytosis, hereditary, 78, 340–342, 343
pyruvate kinase deficiency, 352–4, 353, 355
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Q
quantitative changes in blood cells, 232–76

anaemia, 245–8, 246, 247
basopenia, 251, 251
eosinopenia, 251, 251
leucocytosis, 234–41, 235
leucopenia, 248
lymphocytopenia (lymphopenia), 251–2, 252
lymphocytosis, 241–2, 242
monocytopenia, 251
monocytosis, 242–3, 243
neutropenia, 248–9, 249, 250
pancytopenia, 256–8, 257
plasmacytosis, 243, 243
polycythaemia, 232, 233, 234
reticulocytopenia, 248, 248
reticulocytosis, 232, 234
thrombocytopenia, 252–6, 253–6
thrombocytosis, 243–5, 244, 245

Quebec platelet disorder, 387

R
reactive eosinophilia, 425–6, 425, 426
red cell aplasia, 382–3
red cell count, 22–3, 29

errors in, 192, 194–5
normal range

adults, 216
infants and children, 221
neonate, 218
pregnancy, 223

red cell disorders, 295–415
anaemia, 245–8, 246, 247

acquired haemolytic, 359–77
aplastic, 381–2
of chronic disease, 298–9, 298, 299
congenital haemolytic, 330–350
congenital sideroblastic, 299–301, 300, 301
dyserythropoietic, 377–80, 377, 378–80
iron deficiency, 295–8, 296, 298
lead poisoning, 301–2, 302
leucoerythroblastic, 247
macrocytic, 323–30

aplasia, 382–3
haemoglobin Bart’s hydrops fetalis, 311–12, 311
haemoglobin H disease, 309–11, 310, 311
haemoglobinopathies, 312–23
polycythaemia, 218, 219, 220, 383–6
α thalassaemia trait, 308–9, 309
β thalassaemia intermedia, 307, 307, 308 
β thalassaemia major, 305–7, 306
β thalassaemia trait, 302–5, 303, 304
see also individual conditions

red cell distribution width
errors in, 193, 195
normal range, adults, 216

red cell enzyme abnormalities, 347–50, 348, 349
congenital non-spherocytic haemolytic anaemia, 354–9, 354–6, 

357, 358
glucose-6-phosphate dehydrogenase deficiency, 350–352, 350, 351
pyruvate kinase deficiency, 352–4, 353

red cell indices, 23
red cell sedimentation rate, 29

red cells
agglutination, 72, 97–8, 98
aplasia, 247
budding, 70
circulating nucleated, 97
crystals, 97, 97
fragmentation, 70, 366–7
inclusions, 94–5
membrane, 332
membrane defects, 347–59, 347
micro-organisms in, 97
morphology, 72–98

see also various types
nucleated, 69
rosetting, 97–8, 98
rouleaux formation, 97–8, 98

Reed–Sternberg cells, 148
renal disease, 373
reticulocyte count, 26–9, 26, 27, 27, 28, 28, 29

automated, 53–5, 54–8, 59
errors in, 205–6, 205
normal range, 225–6, 226

reticulocyte immaturity, 55–7
reticulocyte index, 28
reticulocytopenia, 248, 248
reticulocytosis, 232, 234
Rh deficiency syndrome, 349
rheumatoid arthritis, 119

S
Sanfilippo syndrome, 125
schistocytes, 89–91, 90
Sebastian syndrome, 389
severe congenital neutropenia, 431
Sézary syndrome, 473–4, 473
sickle cells, 93–4, 94, 95
sickle cell anaemia, 312–15, 313–15

blood film and count, 312–14, 313–15
differential diagnosis, 314–15
further tests, 315

sickle cell/haemoglobin C disease, 317–18, 318
sickle cell/β thalassaemia, 316–17, 317
sickle cell trait, 316
sideroblastic anaemia

acquired, 331
congenital, 299–301, 300, 301

Siemens Advia blood cell counters, erroneous counts, 199–200, 
199, 202, 203

Siemens blood cell counters, 44–9, 45, 47, 48
sitosterolaemia, 346–7
slides, storage of, 13
snake bites, 375, 375
South-East Asian ovalocytosis, 342–3, 342
specimen containers, 5–6

evacuated, 3
specimen mixing, 7
spherocytosis, 79–81, 80, 80, 81

hereditary, 331–7, 332–6
blood film and count, 333–5, 333–6
differential diagnosis, 336
further tests, 337

spheroechinocytes, 84, 86
spiculated cells, 84
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splenic lymphoma with villous lymphocytes, 466–7, 467
staining of blood films, 11–12, 12

malaria parasites, 12
stomatin-deficient cryohydrocytosis, 346
stomatocytosis, 92–3, 93

hereditary, 343–4, 343, 344
storage

of slides, 13
of specimens, 60

storage artefacts, 7, 69–71, 69–71
Sudan black B, 284–5, 285
supplementary tests, 277–94

cytochemical techniques, 277–88, 277
cytogenetic analysis, 291–2
fluorescence in situ hybridization, 292
immunophenotyping, 288–9, 289
molecular genetic analysis, 292
ultrastructural examination, 292–3, 293

Sysmex blood cell counters, 38–44, 39–41
erroneous counts, 200–203, 204–5
SE-9000, 38–40, 39
XE-2100, 40–43, 40, 41
XE-2100D, 43
XE-5000, 43–4
XN series, 44
XT-2000i, 44

T
target cells, 91–2, 91, 92
Tay–Sachs disease, 124, 125
T-cell lymphoma, 475–6, 476
T-cell mediated hypereosinophilia, 426
T-lineage lymphoproliferative disorders, 472–7
T-lineage prolymphocytic leukaemia, 472–3, 472
teardrop cells, see dacrocytosis
α thalassaemia trait, 308–9, 309
β thalassaemia intermedia, 307, 307, 308
β thalassaemia major, 305–7, 306
β thalassaemia trait, 302–5, 303, 304

blood film and count, 302–4, 303
differential diagnosis, 304–5
further tests, 305

thick films, 10, 11
thrombocytopenia, 252–6, 253–6, 386–93, 386–90,  

391, 392
amegakaryocytic, 387
autoimmune thrombocytopenic purpura, 393–4, 393
blood film, 255–6
causes, 253–6

fetal, 256
neonatal, 256

congenital, 386–93, 386–90
dysmegakaryopoietic, 387
Paris–Trousseau, 140, 387
post-infection immune thrombocytopenic purpura, 394
thrombotic thrombocytopenic purpura, 394–5
X-linked, 386, 389

thrombocytosis, 243–5, 244, 245
blood film, 244–5

thrombotic thrombocytopenic purpura, 394–5
tourniquet, 2
toxoplasmosis, 165
triose phosphate isomerase deficiency, 355, 357
Tropheryma whipplei, 150

Trypanosoma brucei gambiense, 154, 166–7
Trypanosoma brucei rhodesiense, 154, 166
Trypanosoma cruzi, 154, 166, 167, 167
Trypanosoma evansi, 167
Trypanosoma gambiense, 154, 166–7
Trypanosoma rangeli, 154, 166
Trypanosoma rhodesiense, 154, 166
tuberculosis, white cell changes, 418
tumour cell aggregates, 68

U
ultrastructural examination, 292–3, 293
Unicel DxH 800 automated cell counter, 35, 36–7
unstable haemoglobins, 322–3, 323

V
vein patency, 2
velocardiofacial syndrome, 388
venepuncture, 1–4, 2, 3, 4

evacuated container, 3
needle and syringe, 2, 3

viral infections, white cell disorders, 418–24
vitamin E deficiency, 375
von Willebrand disease, 390

W
warm autoimmune haemolytic anaemia, 359–61, 359, 360
wedge-spread films, 8–10, 9, 10

problems with, 10
Whipple disease, 150
white cell count, 29, 222

differential, 23–5, 24, 25
errors in, 198–205, 199, 200–203, 204–5

errors in, 188–91, 189, 190
normal range

adults, 217
ethnic differences, 217
infants and children, 222
neonate, 219
pregnancy, 223

white cell disorders, 416–81
adult T-cell leukaemia/lymphoma, 454, 474–5, 475
bacterial infection, 416–18, 416–18
B-lineage lymphoproliferative disorders, 461–72

monoclonal B-cell lymphocytosis, 463–4
chronic lymphocytic leukaemia/lymphoma, 460–463, 460, 

461
Hodgkin lymphoma, 476–7
idiopathic hypereosinophilic syndrome, 426–8, 427
leukaemia

acute basophil, 438, 440, 440
acute lymphoblastic, 457–60, 458–60, 459
acute myeloid, 432–40, 433, 434–42
acute myeloid of Down syndrome, 443
chronic eosinophilic, not otherwise specified, 450–452, 451, 

452
chronic lymphocytic, 117, 461–3, 462, 463
chronic myelogenous, 446–50, 447–9, 449
chronic myeloid, atypical, 452–4, 453, 454
chronic myelomonocytic, 116
chronic neutrophilic, 450, 450
hairy cell, 464–6, 465, 466
large granular lymphocyte, 475, 475
mast cell, 440–442, 442, 442
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plasma cell, 470–472, 471
prolymphocytic, 441–3
T-lineage prolymphocytic, 472–3, 472

leukaemoid reactions, 428–31, 428
lymphoid/myeloid neoplasms with abnormalities of PDGFRA, 

PDGFRB or FGFR1, 457
lymphoma, 469–70, 469

cutaneous T-cell, 472–3, 472
follicular, 468–9, 468
lymphoplasmacytic, 467–8, 467
mantle cell, 469, 469
splenic with villous lymphocytes, 466–7, 467
T-cell, 475–6, 476

mastocytosis, 452, 453
multiple myeloma, 67, 68, 470–472, 471
myelodysplastic/myeloproliferative neoplasms, 452–7

unclassifiable, 456–7
myelodysplastic syndromes, 443–6, 444–6, 444
myeloproliferative neoplasms, 446–8, 446, 447, 448
neutropenia

cyclical, 431–2
severe congenital, 431

persistent polyclonal B-cell lymphocytosis, 424–5, 425
reactive eosinophilia, 425–6, 425, 426

splenic lymphoma with villous lymphocytes, 466–7, 467
T-cell mediated hypereosinophilia, 426
T-lineage lymphoproliferative disorders, 472–7
transient abnormal myelopoiesis of Down syndrome, 441, 

442–3
viral infection, 418–24

white cells
morphology, 98–123

see also different types
white platelet syndrome, 388
Wilson disease, 373, 374, 375
Wiskott–Aldrich syndrome, 138, 139, 386
Wuchereria bancrofti, 154, 169, 170

X
X-linked thrombocytopenia, 386, 389

Y
Yersinia pestis, 151
York platelet syndrome, 389

Z
Zieve syndrome, 374
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