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I. PURPOSE

The microscopic evaluation of blood smears.  

II. 
PRINCIPLE


The microscopic examination of the blood film can provide more useful and important information for the evaluation of hemato​logic problems than can any other single test.  Astute deductions regarding the concentration of leukocytes, erythrocytes, and platelets can also be made from the Differential smear, thus guarding against any possible inherent errors in the electronic enumeration of those cells.



The presence of certain types of pathologic erythrocytes in the peripheral blood of a patient often furnishes valuable clues in the differential diagnosis of anemias. Consequently, the assess​ment of red blood cell abnormalities has become an essential component of the examination of peripheral blood smears.

III.
SPECIMEN AND WORKSHEET SPECIFICATIONS
A. Collection Tubes:
1. Becton Dickinson (B‑D) #367861 purple‑top tube containing 7.2 mg EDTA (K2).  Approximate draw 4 ml.




2.
Becton Dickinson (B‑D) #365974 Microtainer, purple top, containing EDTA (K2).  Approximate draw 250‑500 microliters, capillary collection.



B.
Specimen Handling:
1. Mixing





Assure that all specimens are well mixed before sampling. Check for visible clots. Mix specimens by hand, inverting at least 10 times.




2.
Stability





a.
Differential smears should be made from a purple‑top tube within 3 hours of collection.





b.
Capillary blood specimens for Differential smears should be removed from the Microtainer tube within 4 hours of collection.



C.
Patient Preparation:



None required.



D.
Cerner Worksheet:



AEMC Manual Diff (EMCP)



MREP Manual Diff (EMC_EP)

IV.
REAGENTS



EMCP- Refer to procedure HEM30-016, HEM50-004.01 for staining protocol.



EMC-EP- Refer to procedure HEM30-014 for Hematek Slide Stainer staining protocol. .


V.
EQUIPMENT AND MATERIALS
A. Equipment:



1.
Blood mixer




2.
Microscope, oil immersion objective




3.
Cell enumerator




4.
Slide storage boxes



5. 
Specimen storage racks 




6.
Wescor Aerospray Hematology Pro Slide Stainer/ Cytocentrifuge 


B.
Materials:



1.
Frosted end glass microscope slides



2.
Applicator sticks or Diff Safe Blood Dispenser




3.
Immersion oil




4.
Gauze squares



5.
Alcohol wipes




6.
Lens cleaner




7.
Pencil 




8.
Lens paper 

VI.
PROCEDURE DIRECTIONS


A.
Preparation of Smear:



1.
Thoroughly mix the EDTA (whole blood or Microtainer) specimen.





a.
Using applicator sticks, check specimen for clotting.

1) Obtain two clean glass slides, one a spreader slide.

2) Hold two applicator sticks together and dip them into the tube of well‑mixed blood.

b. Using Diff Safe device

1) Hold tube in upright position and insert device into stopper of tube.

2) Invert tube and position Diff Safe on slide and gently press down.




2.
Carefully place a small drop of blood in the middle of the slide, approximately 1 cm from the end.





NOTE:  As soon as the drop of blood has been placed on the glass slide, there should be no delay in making the smear. Any delay whatsoever will result in abnormal distribution of the white cells, with many of the larger white cells accumulating at the thin edge of the smear. Rouleaux and platelet clumping may also result from the delay.




3.
Place the slide on a flat surface with the drop of blood on the right.




4.
With the thumb and index finger of the left hand, hold the two left edges of the slide. With the right hand, hold the spreader slide with the thumb on the edge of one side and the other four fingers on the edge of the other side. Place the end of the spreader slide slightly in front of the drop of blood on the other slide. There should be an approximate 25° angle between the two slides.




5.
Draw the spreader slide back toward the drop of blood. As soon as the spreader slide comes in contact with the drop of blood, the blood will begin to spread to the edges of the spreader slide. (If this does not occur, wiggle the spreader slide a little, being careful that no blood gets in front of the slide.)




6.
Keeping the spreader slide at a 25° angle and the edge of the spreader slide firmly against the horizontal slide, push the spreader slide rapidly over the entire length of the slide.




NOTE: Variations in the blood film thickness may be made by changing the size of the blood drop, the angle of the spreader, and the speed of spreading.



  
7.
Allow slide to air dry.




8.
Using a pencil, write the patient's accession number, date and patient's first and last name, and the scan to be performed on the frosted end of slide.

B. Staining the Slide:



EMCP- Refer to procedure HEM30-016 for Wescor Aerospray Hematology Pro staining protocol.



EMCP- Refer to procedure and HEM50-004.01 for SP10 staining protocol.



EMC-EP- Refer to procedure HEM30-014 for Hematek Slide Stainer staining protocol. 


C.
Determination of Need to Enumerate:



1.
The automated five‑part differential generated by the Sysmex XN -3000 at EMCP or Sysmex XS 1000i at EMC-EP will replace the manual differential as the routine assay for any specimen that meets both of the following criteria:






WBC = >2,000 ‑ <25,000/mm3






Five‑part (EMC_EP)/ Six Part (EMCP) instrument diff within limits below:
	CELL
	LOW
	HIGH

	GRAN
	NO RANGE
	NO RANGE

	MONO
	NO RANGE
	> 20%

	EO
	NO RANGE
	> 20%

	LYMPH
	NO RANGE
	> 55%

	BASO
	NO RANGE
	> 4%

	IMM GRAN
	NO RANGE
	>5%


a. 2. 
Blood smears are to be scanned when:

b. Platelets ≤ 50,000 and ≥ 900,000 (once per 24 hours; unless change > 35%)

c. RDW ≥ 25.0 (every 72 hours)

d. NRBC Flags (every 72 hours) AND NRBC > 5 (once per 24 hours) 

e.  Note: If previous result has a corrected count within 24 hours, every specimen is checked.

f. RBC Fragments Flags (once per 24 hours) 
g. Platelet Flags (once per 24 hours)

h. Immature cell and/or Left Shift flags (once per 24 hours)

 Note: If any blast, metamyelocyte, myelocyte, or promyelocytes are observed, a manual diff must be performed. In the event the orderable is a CBC, order manual differential. 




3.
A manual differential is to be performed when:

a. Children less than 12 years of age 

b. WBC ≤ 2 or ≥ 25 (every 72 hours; unless change > 35%)

c. Monocytes ≥ 20 (once every 24 hours)
d. Eosinophils ≥ 20 (once every 24 hours)
e. Basophils ≥ 4 (once every 24 hours)
f. Lymphocytes ≥ 55 (once every 24 hours)
g. Blast flags 



4.
Physicians will maintain the right to request a manual differential even if it is not indicated by the above protocol, after review of the automated five‑part values.



5.
Evaluating Sysmex XN-3000 or Symex XS1000i CBC w/Diff /CBC




a.
The comment flags H and L have been entered in the Sysmexs for the WBC and Diff parameters.  Examine the data terminal screen and printout for these flags.





b.
The acceptable criteria for releasing the 5‑part diff are posted by the Sysmex bench. Recheck each specimen ordered for "Diff" against these criteria.




6.
Nursery Specimens






Slides must be prepared to perform a manual differential on all children <12 years of age.  
a. Scan the slide for nucleated RBC's, giant platelets, and megakaryocytes.
b. If NRBCs are present and have failure flags, then count the number per 100 white cells. There is no need to differentiate the cells to get the number of NRBC/100 WBC.
c. Correct the WBC as needed.



7.
Platelet Counts





Smears are made and evaluated for a "platelet count" when outside of acceptable automated range.
a. ≤50,000 (1x per 24 hour)

b. ≥900,000 (1x per 24 hour)
  




All critical values will need a slide review (SR) first time noted or if flags indicate that an automated count is not acceptable.


 8.
 WBC 1000 ‑ 2000





An attempt should be made to make a smear long enough and thick enough to allow enumeration of 100 white cells, while still providing adequate feather edge and area to access RBC morphology. If circumstances make the 100 cell differential impossible to perform, a 50‑cell differential may be substituted.



9. 
 WBC <1000



IF WHITE COUNT IS LESS THAN 1000 AND FEW CELLS ARE VISABLE ON THE 



BLOOD SMEAR, FOOTNOTE “COUNT10,” NOTING TEN CELLS COUNTED. 
D. 
Physician Request for Smear:

If a physician requests 
a smear to be prepared on a patient, the quality of stain is to be examined before the smear is released to the physician by the differential bench technologist. 



E.
Examination of Smear: 
1. Scanning Smear: 

Using 10X objective, scan to include approximately 200 cells looking at 5-7 fields. The fields observed should have a good distribution of leukocytes. Scan for the presence of platelet clumps, WBC abnormalities or inclusions and abnormal erythrocyte distribution patterns. The scanning procedure is used to verify the automated instrument differential count and to document the presence of any abnormalities. 




2. 
Average the number of WBC and estimate the WBC according to the following table.  






No. of WBC/HPF
Estimated WBC    






2 ‑ 4

 
 4000 ‑ 7000







4 ‑ 6

  
7000 ‑ 10,000







6 ‑ 10

10,000 ‑ 13,000







10‑20

13,000 ‑ 18,000


When using a 50 oil lens, multiply the average number of white blood cells in 10 monolayer fields by 3000 to estimate the WBC count.




3.
Check the WBC performed on the Sysmex XN -3000 or Sysmex 1000i against the estimated count. If there is a discrepancy, recheck the slide identification, the Sysmex value, and remake the slide.




4.
Enumeration of white cells





a.
Place a drop of immersion oil on the slide and carefully change to the oil immersion objective (100X or 50X).  





b.
Count each white cell seen, beginning in the thin area of the feathered edge and gradually moving the mechanical stage from left to right, down one vertical field, then right to left, down an adjacent vertical portion of the blood, and so on so that no field is counted twice.


F.
Assessing RBC Morphology:



1.
General Procedure





a.
Review all Sysmex XN -3000 (EMCP) / Sysmex 1000i (EMC-EP) data.





b.
Select a suitable oil immersion field (OIF) for examination:






Ideal oil immersion field (1000x) should include between 200 and 225 well‑separated erythrocytes and a small lymphocyte for size reference (8 ‑ 9 u in diameter). 





c.
If abnormal RBCs are seen:

1) Estimate percentage of each type of abnormal cell by analyzing groups of four adjacent erythrocytes.  (If in several four‑cell groups, one of four erythrocytes is a target cell, the estimate is 25% target cells, if two of the four is a target cell than the estimate is 50% target cells, etc).





d.
Compare percentage of each abnormal cell listed in the "abnormal morphology" chart below with the normal reference values. Report only those cells falling outside of normal range according to the following:






   0‑2%   

1+  
slight







   3‑9% 
 
2+  
moderate







  10‑25%  
3+  
moderate to marked







  Over 25%  
4+  
marked


e.
Quantitate or indicate if occasional morphology is below a 1+ by selecting See Footnote under the drop down for designated cell type and typing NOTED in the comment section. 



2.
Assessing poikilocytosis





The degree of poikilocytosis is determined as 1+ to 4+ based on the number of different abnormal cell types seen according to the following:






1+ one abnormal cell type






2+ two abnormal cell types






3+ three abnormal cell types






4+ four or more abnormal cell types






ABNORMAL RBC MORPHOLOGY ‑‑ REPORT AS 1+ TO 4+






                                    Synonym                                       Normal  







                                       Or                                                 Reference 







                                    Definition                                        Values  

Acanthocytes
          Spiculated RBC's
                     0 ‑ 1%

Agglutination




Absent


Auer Rods



    Absent 

Basophilic
          Coarse or fine purple
                 
 0 ‑ 1%


     Stippling
                granules

Dohle Bodies



 Absent


Howell‑Jolly Body       Round, nuclear fragments
             Absent

Hypersegmentation


 Absent

Hypochromia
         >1/3 central pallor
                     0 ‑ 3%


Ovalocyte
         Elliptocyte
                     0 ‑ 3%


Macrocyte
         >9 microns
                    Absent

Pappenheimer bodies   Deposits of iron
                    Absent

Pelger- Huet 



Absent

Polychromasia
         Pink‑gray to pink‑blue
                    0 ‑ 1%


Microcyte
         <6 microns
                    0 ‑ 3%

Macrocyte



 0 - 3%


Rouleaux
         "Stacks of coins"
                    Absent


Schistocyte
         RBC fragments ‑ includes helmets    0 ‑ 1%

Sickle cell
         Drepanocyte, crescent
                   Absent

Smudge cell



Absent

Spherocyte
         Minimal central pallor
                   Absent


Stomatocyte
         Oval or rectangular central               0 ‑ 3%



         Pallor ‑ "mouth cell" 

Target cell
         Liptocyte ‑ central stained area         0 ‑ 1%


Teardrop
         Dacrocyte
                    0 ‑ 3%

Toxic granulation




Absent


Toxic vacuoles 




Absent
ABNORMAL RBC MORPHOLOGY ‑‑ REPORT PRESENCE



              Synonym                                       Normal  



                     or                                            Reference 


                                        Definition                                       Values   

Blister cell
              Vacuolated RBC
                        Absent


Cabot ring
                Thread‑like ring filaments
                Absent


Crenated RBC
               Echinocyte
                        0 ‑ 9%


Folded RBC
               Clarn cell
                        Absent


Hemoglobin crystal           CC or SC
                        Absent


G.
Estimation of Platelets:



1.
Count number of platelets per average thin oil immersion field (where RBC's are just touching).

2. Average number of platelets in 10 fields.
3. Multiply by 10,000.






                                    ENTER (from dropdown)                              
   
     





0 ‑ 50,000 . . . . . . . . .   markedly decreased
   
   




51,000 ‑ 139,000. . . . . decreased
      
   
   





140,000 ‑ 400,000 . . . . normal
   

   
   





401,000 – 600,000 . . .. increased
   
  




601,000 and above . . ..markedly increased  
   
  
4. Enter platelet estimation.

5. The presence of microcytes or schistocytes may result in a falsely elevated platelet count and a falsely decreased RBC. The platelet count must be confirmed by reviewing blood smear.  
 
VII.
CALCULATIONS
A. Manual Correction of Nucleated RBCs (when necessary, e.g. analyzer gives a failure flag))

NOTE:  The Sysmex XN -3000 will normally calculate the WBC and correct for nRBCs, the SYSMEX 1000I does not correct for nRBCs.



1.
 When the number of nucleated red cells exceeds 5, the WBC must be corrected as follows:





      Corrected leukocyte count =






            uncorrected WBC X 100                         






      100 + number of nucleated RBC's per 100 cell differential





     Example:  WBC = 14,000/cumm







20 NRBC counted







14,000 X 100 = 11,700/cumm






  
  100 + 20
  NOTE:  To obtain uncorrected WBC from the XN-3000 analyzer print LAB report.
2.
Result specimen in ARE.  Enter the result, and the comment WNRBC (WBC corrected for nRBC), then enter the actual number of nRBCs that were observed in 100 cell count.  
2. Manual NRBC Calculation vs Automated Corrected WBC Correlations from the XN -3000 are performed semi-annually to ensure instrument WBC correction is acceptable. Results are documented on HEM50-002 Form A. 

XIII.
QUALITY ASSURANCE



A.
Criteria for Pathology Review of Blood Smears:



1 
Specific request by physician




2.
Any blasts where no previous review was required (first time hospital admission) Immature cells >30% when noted for the first time.
3. Atypical lymph’s >10%
4. Left shift presenting abnormal granulocytes



5.
Abnormal or immature monos and/or lymphocytes



6.
Body fluid with abnormal or malignant, non-hematic cells, or immature cells.
7. Abnormal RBC or platelet morphology
8. Parasites and or malaria
9. If technologist is unsure of any cell or morphology a review should be done by another staff member prior to submitting for Pathologist review.
B. Correlation of Manual Differential with Sysmex XN -3000 (EMCP) /SYSMEX 1000I (EMC-EP):
Differential auto vs. manual: After counting the Manual Differential, assure that the values obtained match those of the Sysmex XN -3000 (EMCP) /SYSMEX 1000I (EMC-EP) 5‑population diff within ± 5% (when there are no immature or atypical cells).  Remake and recount the Differential.

If identification of the smear and tube are confirmed, and results are still out of tolerance accept and enter the manual diff. The auto‑diff will automatically be cancelled.


IX.
PROCEDURE NOTES



A.
Sources of Error in Slide Preparation:



1.
Dirty or greasy slides.




2.
Excessive pressure of the spreader slide will cause margination of the leukocytes along the edges and at the end of the smear and may break fragile cells.




3.
Excessive delay in spreading the blood may result in clotting.

B. Sources of Error in Staining:
1. If the stain is excessively blue, this may be due to:





a.
too thick a smear





b.
insufficient washing





c.
too prolonged staining time





d.
excessive alkalinity of the stain, buffer, or water
2. If the whole stain is too red, this is due to excess acidity of the stain, buffer, or water.
3. If the nuclei, erythrocytes, and eosinophilic granules are pale, this is due to:
a. excess washing

b. under staining
4. If there is scum or precipitated stain between the cells, this is due to:
a. unclean slides

b. faulty washing – failure to float off the scum

c. permitting dust to settle on smear



C.
Decreased White Cell Counts:



1.
Counts between 0/cumm and 2000/cumm





An attempt should be made to make a smear long enough and thick enough to allow enumeration of 100 white cells, while still providing an adequate feather edge and area to access RBC morphology.  If other circumstances make the 100 cell Differential impossible to perform, a 50 cell Differential may be substituted.

2.
Counts above 2000/cumm





A 100‑cell Differential must be performed on all white cell counts above 2000/cumm.



D.
Blood Film Artifacts:



The following types of artifacts are a common cause of confusion and interpretation of the blood film.




1.
Crenation





The erythrocytic artifact can be recognized by the fact that the RBC's are round or oval with regularly scalloped margins. Crenation tends to involve nearly all the cells in a given field and is often present on one part of the slide, but absent on another.




2.
Refractile artifacts





This RBC artifact is usually the result of improper fixation of the blood film, most often due to contamination of Wright's stain with water. Cells have highly refractile inclusions, often irregular in outline, and centrally located within the cell.



3.
Smudge cell





The smudge cell is not a cell at all, but rather represents the nuclear remnant of a leukocyte, probably a lymphocyte. Although considered to be characteristic of CLL, smudge cells are seen with lymphocytosis from whatever cause.
4. Basket cells





Basket cells are similar to smudge cells in that they also consist of nuclear remnants, presumably of granulocytic origin. The chromatin pattern of the basket cell is net‑like in contrast to the structureless chromatin pattern of the smudge cell.  



E.
Endothelial and Epithelial Cells:



Occasionally blood films may show cells derived from vascular endothelium or the cutaneous epithelium as a result of contamination when the blood specimen is obtained. Because of their large size (20‑30 micra in diameter), these cells are most often found at the feather edge of the film. They are readily recognized by virtue of their complete foreignness to all other elements of the blood film. They are often surrounded by adherent platelets, apparently due to the release of ADP.

A. Retention of smears:
                      Blood films are retained for at least one week for referral and review before discarding. Significantly abnormal films may be retained indefinitely for teaching purposes.

X.
EXPECTED VALUES


A.
Normal Leukocyte Differential – Adults:



Band cells


3 ‑ 11%




Segmented Neutrophils
36 ‑ 66%




Lymphocytes


24 ‑ 44%




Monocytes


2 ‑ 8%




Eosinophils


1 ‑ 3%




Basophils



0 ‑ 1%



B.
Interpretation of Results:



1.
Shift to the left (perform scan) 




a.
regenerative shift to the left ‑‑ characteristic blood picture






1)
leukocytosis






2)
moderate increase in band neutrophils ‑‑ not more than 50%






3)
presence of a few metamyelocytes and an occasional myelocyte






4)
minimal toxic alterations in neutrophils ‑‑ usually only toxic granulation seen






5)
indication of:







a)
hyperactivity of normal bone marrow







b)
adequate response of bone marrow to stimulus ‑‑ infection, hemorrhage, hemolysis







c)
excellent prognosis for patient




b.
degenerative shift to the left






1)
leukopenia or a normal leukocyte count






2)
marked increase in band neutrophils






3)
metamyelocytes and myelocytes usually absent






4)
profound toxic alterations in majority of neutrophils






5)
indication of:

a) toxic injury to bone marrow

b) inadequate response to infection

c) usually a stormy course for the patient if not death (prognosis poor in overwhelming infections)




2.
Conditions Giving Rise to Leukocytosis





a.
"normal" increases in leukocytes





1)
Physiological causes







a)
exposure to cold, wind, bath, heat







b)
exercise







c)
exposure to sun or ultra‑violet radiation






d)
afternoon tide, believed due to mobilization of cells already matured, as there is no "shift to the left" in "normal" increases






 2)
Reaction to stimulus




     
 b.
Conditions associated with Neutrophilia.

1) Acute infections ‑‑ pyogenic infections caused by streptococci, staphylococci, meningococci, diphtheria






2).
Intoxication







a)
endogenous ‑‑ as in uremia, acidosis toxemias of pregnancy, and hemolytic episodes







b)
exogenous ‑‑ carbon monoxide poisoning, lead poisoning, foreign protein reactions, etc.






3)
acute massive hemorrhage ‑‑ increase is due to bone marrow stimulation






4)
malignant neoplasms (liver neoplasms, tissue breakdown)






5)
other tissue breakdown (pulmonary or coronary infarction)






6)
polycythemia rubra vera (also shows increase in RBC, platelets, and absolute retics)






7)
chronic granulocytic leukemia






8)
certain physiologic processes (newborn, exercises, convulsions, pregnancy)





c.
Conditions associated with Monocytosis.






1)
subacute bacterial endocarditis






2)
brucellosis (undulant fever)






3)
tuberculosis (when getting worse)





4)
rickettseal disease such as Rocky Mountain Spotted Fever






5)
Hodgkins disease (at times)






6)
recovery phase of agranulocytosis






7)
tetrachlorethane poisoning






8)
virus hepatitis (early stages may show 30% monocytes)






9)
monocytic leukemia




d.
Conditions associated with Lymphocytosis






1)
infancy






2)
infections such as whooping cough, mumps, brucellosis, and infectious mononucleosis






3)
child's reaction to infection






4)
convalescence from any infection






5)
tuberculosis (with good resistance)






6)
exophthalmic goiter






7)
chronic infectious lymphocytosis






8)
lymphocytic leukemia





e.
Conditions associated with Eosinophilia.






1)
parasitic infections






2)
skin disorders ‑‑ drug reaction, rashes






3)
pemphigus or dermatitis herpetiformis






4)
allergic disorders






5)
unrelated conditions ‑‑ scarlet fever, CA of bone, during growth, large amounts of liver by mouth, large amounts of x‑ray






6)
congenital eosinophilia





f.
Conditions associated with Basophilia.






1)
chronic bleeding (possibly)






2)
chronic infection (possibly)






3)
chronic granulocytic leukemia





g.
Conditions associated with Plasmacytosis.






1)
German measles, measles, chicken pox






2)
plasmacytic leukemia






3)
multiple myeloma (plasmacytes very rarely in peripheral blood)






4)
tetanus antitoxic (TAT) reaction




3.
Conditions that may give rise to Leukopenia (Neutropenia is the most common condition causing leukopenia)





a.
Result of certain infections.






1)
bacterial ‑‑ typhoid, para‑typhoid, brucellosis, tularemia






2)
virus and rickettseal diseases ‑‑ influenza, German measles, measles, dengue fever, infectious hepatitis, small pox (except at pustular eruption stage)





3)
protozoan infections ‑‑ Kala Azar, Malaria, Relapsing fever when fever remits







a)
Cachexia and debilitated states.







b)
Conditions of unknown cause, i.e., cirrhosis of liver, acute disseminated lupus erythematosus, primary splenic neutropenia.







c)
Certain blood disorders.








i
pernicious anemia (before treatment or in relapse phase)








ii
aplastic anemia








iii
certain diseases involving spleen (Banti's syndrome, Gaucher's disease)








iv
agranulocytosis







d)
physical and chemical agents ‑‑ x‑ray, radiation, P32, nitrogen mustard, sulfa drugs, etc.







e)
anaphylactic shock.







f)
aleukemic leukemia.


XI.
REPORTING OF RESULTS



A.
Manual DIF Keyboard:
1. Leukocyte Differential percentages are entered on Man DIF Worksheet screen. 



2.
Abnormal RBC morphology is entered on the Morphology Section of the Man DIF Worksheet screen.

3. RBC morphology is entered as numbers 1(1+), 2(2+), 3(3+), or 4(4+) where applicable.



4.
Enter platelet estimation and morphology observed.
5. 
Any Differential rechecked for accuracy should have a message appended, SR (slide reviewed to confirm results).

6.
Any differential with pathology review needed should be ordered and reviewed by two technologists prior to submission to a Pathologist. 

XII.
BACK‑UP INSTRUMENTATION AND/OR METHODOLOGY


Back-up staining procedures where applicable.
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