University of California, Davis Health System
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Hematology
DxH 600/800 and Workcell Operation
Technical Procedure #1521.t


PURPOSE
The Beckman Coulter UniCel DxH 800 Coulter Cellular Analysis System and Slidemaker Stainer (SMS) are quantitative, automated hematology analyzers for in vitro diagnostic use in clinical laboratories.  Three DxH 800s and a SMS can be attached to form a DxH Workcell (2401).  The DxH 600 does not have the attached Slidemaker Stainer (SMS).  The UniCel DxH System provides automated complete blood counts, reticulocyte counts, and leukocyte differentials.  The Slidemaker Stainer makes and stains blood smears according to predetermined criteria.  Integrated algorithms and user-defined criteria allow pass through of samples meeting these benchmarks.
The following table provides an overview of Standard Operating Procedures involved in operation of the UniCell DxH System:

	SOP
	Title

	1522.t
	DxH 600 800 Results Interpretation and Rechecks

	1524.t
	DxH 600 800 Calibration

	1525.t
	DxH 600 800 Automated Body Fluids

	1526.t
	DxH 600 800 Peripheral Stem Cells and Bone Marrow Harvest

	1503.t
	Beckman Coulter Remisol Middleware


PRINCIPLE

The Coulter Principle counts and sizes cells by detecting and measuring changes in electrical resistance when a cell in a conductive liquid (diluent) passes through a small aperture.
Each cell suspended in diluent acts as an insulator.  As each cell goes through the aperture, it momentarily increases the resistance of the electrical path between two submerged electrodes, one located on each side of the aperture.  This causes an electrical pulse that can be counted and sized.  While the number of pulses indicates cell count, the size of the electrical pulse is proportional to the cell volume.  The WBCs, RBCs, and PLTs are counted using this method.
Differentials, reticulocytes and NRBCs are counted in a flow cell using VSCn technology.  The combination of low-frequency current, high-frequency current and light-scattering technology provided abundant cell-by-cell information that is translated by the SPM into data plots.  All Diff, NRBC, and Retic analysis occurs in the VCSn module.  The VCSn module includes the Air Mix and Temperature Control AMTC and the Multi-Transducer Module MTM.  The flow cell is housed in the MTM.  Cells pass through a sensing zone one cell at a time and a diode laser illuminates the cells.  The cells both scatter and absorb a portion of the incident light.  Sensors collect the scattered light of interest.  An additional sensor measures the amount of light removed due to scatter and absorption.  This is called Axial Light Loss.
Differential data is plotted on 2 dimensional dataplots showing the five main WBC populations. Two dataplots are shown.  5PD1 has volume on the Y axis; Rotated Light Scatter RLSn is on the X axis.  5PD2 shows volume on the Y axis and Opacity OP on the X axis.

The NRBC dataplots show NRBCs and WBCs.  On dataplot NRBC1 Rotated Low Angle Light Scatter RLALS is on the Y axis and Axial Light Loss on the X axis.  Dataplot NRBC2 has the Rotated upper Medium Angle Light Scatter RUMALS on the Y axis and the Axial Light Loss on the X axis.
The Reticulocyte dataplots show mature red cells and Reticulocytes.  On dataplot RETIC1 cell volume V is on the Y axis and Linear Light Scatter LLSn on the X axis.  On dataplot RETIC2 Volume is on the Y axis and Opacity OP on the X axis.

Three dimensional dataplots classify cells by density, light scatter, and opacity.  Surface plots show the same populations as the 2D dataplots, with the addition of density in the Z direction.

	Parameter
	Method
	Description

	WBC
	Coulter Principle- Impedance
	Measured directly, multiplied by Cal factor

	UWBC
	Coulter Principle- Impedance
	Measured directly, multiplied by Cal factor

	RBC
	Coulter Principle- Impedance
	Measured directly, multiplied by Cal factor

	Hgb
	Photometric Measurement
	525 nm

	Hct
	Calculated
	Hct= (RBC x MCV)/10

	MCV
	Derived from RBC Histogram
	Average volume, multiplied by Cal factor

	MCH
	Calculated
	MCH=(Hgb/RBC) x 10

	MCHC
	Calculated
	MCHC=(Hgb/Hct) x 100

	RDW
	Derived from RBC Histogram
	Size distribution, CV %

	RDW-SD
	Derived from RBC Histogram
	Size, distribution, SD fL

	PLT
	Coulter Principle- Impedance
	Measured directly, multiplied by Cal factor

	MPV
	Derived from Plt Histogram
	Average volume, multiplied by Cal factor

	NE
	VCSn Technology
	%

	LY
	VCSn Technology
	%

	MO
	VCSn Technology
	%

	EO
	VCSn Technology
	%

	BA
	VCSn Technology
	%

	NRBC
	VCSn Technology
	NRBC = # NRBC/ 100 WBC

	NE#
	Calculated
	NE# = (NE/100) x WBC

	LY#
	Calculated
	LY# = (LY/100) x WBC

	MO#
	Calculated
	MO# = (MO/100) x WBC

	EO#
	Calculated
	EO# = (EO/100) x WBC

	BA#
	Calculated
	BA# = (BA/100) x WBC

	NRBC#
	Calculated
	NRBC# = (NRBC/100) x WBC

	RET
	VCSn Technology
	%

	RET#
	Calculated
	RET# = (RET/100) X RBC

	IRF
	Calculated
	Ratio of immature retics to total retics 

	MRV
	Calculated
	Average volume

	TNC
	Coulter Principle- Impedance
	Measured directly, multiplied by Cal factor


SPECIMENS

· Freshly drawn whole blood collected in dipotassium or tripotassium EDTA anticoagulant is the specimen of choice. 

· Tubes must be at least half full and must not contain clots.

· Tubes must not be overfilled.

· CBC and Differential samples are good for 24 hours at room temperature and 48 hours at 2-80C.

· Reticulocytes samples are good for 24 hours at room temperature and 72 hours at      2-80C.

· Manual Differentials samples are good for 8 hours at room temperature.
· The DxH 600/800 uses 165 ul of whole blood.  The DxH Slidemaker Stainer uses 90 ul of whole blood.
REAGENTS and SUPPLIES

	Reagent
	
	Beckman Coulter Part Number
	Open Container Stability

	Coulter Diluent
	10 L
	628017
	60 days

	Coulter Cleaner
	10 L
	628023
	90 days

	Coulter Cell Lyse
	5 L
	628023
	60 days

	DxH Diff Pack
	~2 L
	628020
	60 days

	DxH Retic Pack
	~2 L
	628021
	60 days

	DxH Thermal slides
	20 boxes of 72 slides (10 gross)
	B01276
	NA

	DxH Thermal Ribbon
	cassette
	B11482
	NA

	Cassette Rack A
	20 pack
	B07574
	5 tube, 4 ml BD tubes

	Sedona Stain
	1 gal bottles
	NA
	Mfg expiration date

	Phosphate Buffer
	Volu-Sol buffer envelopes
	NA
	1 month prepared

	Cassette Rack B
	5 pack
	B07575
	5 tube, BD MAPP tubes

	Coulter S-CAL
	1 x 3.3 ml
	628026
	1 hour

	Coulter Lin X
	12 x 3.3 ml
	628029
	1 day

	Latron CP-X
	8 x 4 ml
	628024
	30 days at RT

	Coulter 6C 
	12 x 3.5 ml
	628027
	16 days at 2-80C

	Body Fluid
	12 x 3.5 ml
	628030
	16 days at 2-80C

	Coulter Retic X
	12 x 3.5 ml
	628028
	16 days at 2-80C


SYSTEM DESCRIPTION

The DxH 600 is a stand-alone analyzer. The DxH 2401 Work Cell includes three DxH 800s and one DxH Slidemaker Stainer.  
· DxH 600/800 includes:
· Specimen Processing Module (SPM)
[image: image1.emf]
· Sample Transport Module (STM) loads and unloads samples, transports samples, and mixes samples.  The loading capacity is 20 cassettes holding 5 samples.  

· Single-Tube Station is another way to sample specimens.  It accepts different sized tubes.  This adapts to both open and closed vial tubes.

· Mix Station is the area where the specimen is mixed by rocking 11 times then aspirated by the aspiration probe.  The samples are rocked four times between aspirations.

· Sample Aspiration Module (SAM) contains the aspiration probe.  The probe is cleaned between each sample. 
· System Manager Computer
· Handheld Bar Code Scanner is a camera that takes a picture of the barcode.  Aim the scanner at the barcode as if taking a picture.  Slowly move the scanner closer to the barcode until it beeps.
· Pneumatic Supply Module (PSM) supplies vacuum and pressure to common services. 
· DxH Slidemaker Stainer SMS includes: 
· Slide making module 
	1. Front cover
	6. Cassette Input Buffer

	2. Beacon
	7. Power Switch

	3. Status Indicators
	8. Single Tube Station

	4. Ejector Door
	9. Cassette Output Buffer

	5. Slide Chute
	10. Input/output (I/O) Drawer
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· Alert Status Icons along top of screen
· System Status indicates the status of the workcell, stand-alone DxH or SMS and the LIS and printer connections

· Worklist

· Daily Checks

· QC

· XB/XM
· Linearity
	WBC
	x103 cells/ul
	0.1-300.00

	RBC
	x106 cells/ul
	0.000-8.00

	HGB
	g/dl
	0.0-23.5

	MCV
	fl
	50.00-150.00

	RDW
	%
	10.00-40.00

	RDW-SD
	fL
	15.00-150.00

	PLT
	x103 cells/ul
	3.0-4600.0

	MPV
	fL
	5.00-25.00

	BF TNC
	cells/ul
	20-89,000

	BF RBC
	cells/ul
	1,000-6,200,000


· Background Limits
	WBC
	x103 cells/ul
	< 0.05

	RBC
	x106 cells/ul
	< 0.005

	HGB
	g/dl
	< 0.10

	PLT
	x103 cells/ul
	< 3.0

	BF TNC
	cells/ul
	< 20

	BF RBC
	cells/ul
	< 1,000


CALIBRATION

For CBC parameters, the DxH analyzer is calibrated with Coulter S-CAL, a commercial calibrator, using the method recommended by the manufacturer.  Refer to separate calibration procedure SOP DxH 600/800 Calibration 1524.t for details.  The differential and reticulocyte measurement devices are set for optimum performance by service personnel and do not require calibration.
QUALITY ASSURANCE
The Quality Assurance program integrates several processes to ensure that the system is operating correctly and reliable results are being generated.  This includes instrument checks, preventive maintenance, commercial controls, and delta check evaluation.

· Daily Checks and Preventive Maintenance for DxH Specimen Processing Module SPM
· Daily Checks are done each day (every 24 hours).  This includes a 30 minute Shutdown, and a startup cycle.  It takes 63 minutes to complete.
· Daily Checks may be scheduled to occur automatically or manually when initiated at the System Manager.
· Module must be offline for shutdown and daily checks.

· Manual Shutdown: Select calendar icon or Menu-QA-Daily Checks.  Select Shutdown from the bottom tool bar, then select instrument.  Select instrument from a drop down menu.  Select Perform Daily Checks After Shutdown.  Default time is 30 minutes.  Select OK to begin.
· Automated Shutdown: Select calendar icon or Menu-QA-Daily Checks. Used with DxH 600 at Cancer Center lab only.  Automated Shutdown is scheduled for 6:00 am every day at the Cancer Center.
· Select Review-View Log if Checks have failed.

· System will display ‘Are you sure you want to acknowledge the Daily Checks Failure?’  Press OK to continue.

· Repeat Daily Checks, must pass to continue processing samples.
· Weekly Preventive Maintenance, power off the SPM for all weekly maintenance.
· Clean BSV-Blood Sampling Valve:  Remove transport shield and lift front cover.  Dampen lint-free tissue with DIH2O and wipe outside of BSV.  Wipe tray under BSV.  Shut cover and place transport shield on.  
· Clean AMTC-Air Mix Temperature Control Module:   Remove transport shield.  Dampen lint-free applicator stick with DIH2O.  Carefully wipe debris away from ports on AMTC.  Avoid getting debris in the holes at the top of the AMTC during this procedure.  Place transport shield on.  
· Clean Pneumatic Supply Module Fan Filter: Unscrew the communications cable for the PSM.  Remove filter retaining plate with fingers or tools from PSM.  Remove filter.  Wash in soap and water and dry completely, or vacuum.  Replace filter, retaining plate, and communications cable.  
· Power on Computer
· As Needed Maintenance: See IFU or DxH Help for instructions.

· Preventative Maintenance for Slide Maker Stainer SMS
· Daily Checks are done each day (every 24 hours).  This includes a 30 minute shut down, and a startup cycle.
· Shutdown can be initiated manually or automatically.  Daily Checks may be scheduled to occur automatically or manually when initiated at the System Manager.

· Manual Daily Checks SMS.  Select the System Status icon.  Click on the Details Status button.  Select Menu-QA-Daily Checks.
· System will display ‘You have requested to perform Daily Checks.’  Select OK.  The Daily Checks must pass or be reviewed in order to run specimens.
· Select Review-View Log if Checks have failed.
· System will display ‘Are you sure you want to acknowledge the Daily Checks Failure?’  Press OK to continue.

· Repeat Daily Checks, must pass to continue processing samples.
· Stainer must be changed and cleaned each day. SMS must be Offline.
· Change water each day.  Fill half full with tap water for optimum quality. 

· Select Menu- Dx Tools- Slidestainer Tab-Release SAM- Fluidics (radio button) - Drain or fill baths. Select Start.  Select Finish when done.
· Stain quality is continually evaluated.  Change or clean accordingly. 

· Stain protocols used are Sedona for peripheral smears and body fluid slides, and Bone Marrow for bone marrows.

· To switch protocols select SMS from System Status.  Double click on icon.  Select SMS configuration- Stain Protocols
· Check the desired protocol and click Set To Active Protocol

· Place SMS Online to continue working.
· Monthly SMS:  Place SMS Offline. 
· Drain all baths.  
· Place pickup tubes #2 and #4 into Methanol cleaning bottles.  Fill baths #2 and #3 with Methanol.  Sit for 15 minutes.  Drain baths
· Remove pickup tubes from Methanol cleaning bottles and turn upside-down.  Hold tubes and fill baths #2 and #3 with air for less than 2 minutes and press Cancel.  
· Place pickup tubes back into supplies #2 and #4.  Select the Finish icon from the Local Navigation Bar.  
· Clean baths.  Clean probes with Methanol.  
· Place SMS Online to continue working.
· Commercial Controls:

· Two levels of Coulter 6C and Retic-X controls are run every 8 hour shift.
· Coulter Latron CP-X Control.  Store at ambient temperature. Open vial stability 30 days.  Mix by inversion 8 times.  Avoid foaming.  Run in cassette presentation once each 24 hour day.
· Coulter 6-C Cell Control Level 1, 2, and 3.  Store at 2-80C.  Open vial stability 16 days.  Mix by hand using 8x8x8 method 2 times.  Run in cassette presentation each 8 hour shift.
· Coulter Retic-X Cell Control Level 1, 2, and 3.  Store at 2-80C.  Open vial stability 16 days.  Mix by hand using 8x8x8 method 1time.  Run in cassette presentation each 8 hour shift.
· Coulter Body Fluid Cell Control Level 1, 2, and 3.  Store at 2-80C.  Open vial stability 16 days.  Mix controls by hand using 8x8x8 method 2 times.  Run in single tube presentation each 8 hour shift. Run level 1, Level 2, and then Level 3.  BF controls must be run in order.
· Latron CP-X, 6C, and Retic X controls are run using Cassette Presentation.  Place cassettes with barcodes facing out in the Input Buffer and pull forward to trigger sensors (green lights).  All controls must be reviewed and initialed by CLS in the System Manager QC-comment section.
· Place instrument online to run QC samples.
· Work cells will run QC on analyzer 1 then 2 then 3 with no intervention.
· Place hand mixed Latron X, 6C, and Retic X in Cassette Type A.  Barcodes must be visible. Load onto input buffer.  The controls will be processed and run on all analyzers.

· When QC has been evaluated and is in control then patient samples can be run. 

· BF controls.  All controls must be reviewed and initialed by CLS.
· BF controls are run using Single Tube Presentation.  Select Single Tube Presentation (hand with tube icon).  Select analyzer from dropdown menu. Hold tube with barcode facing analyzer.  Barcode will be read and sample information will populate the Single Tube menu.  Cradle will come out of analyzer.  Place capped tube in cradle.  Cradle with sample will be ejected when finished.

·  Run Level1, Level 2 and Level 3 in order.
· DxH 2401 work cell with an out of control module, the problem module can be put offline.  Patient samples will not run on that module.  The module can be put into QC only.  Patient samples will not run on that module.
· Latron CP-X QC OUT conditions- icon is red.  An audible alarm will sound (slow clap).  To silence alarm select the alarm icon in upper right corner of the screen.
· Check control for contamination and volume.  

· Rerun control to ensure problem not statistical outlier.  If in control, done.  If out of control proceed to next step.
· Flush the Flowcell Menu-Diagnostics-Dx Tools
· Select VCSn from tabs.  Select Flush Flowcell in Fluidics Box.  Select Start from bottom tool bar.  Select Both Upper and Lower.  Flush will begin.  Select Finish when complete.

· Note that all Diagnostic functions have extensive descriptions on the screen.
· Rerun control.  If in control, stop.  If out of control for Latron CP-X only, and 6C and Retic X controls are in control, may run CBC and Retics but no differentials on analyzer.
· 6C and/or Retic X and/or BF QC OUT conditions- icon is red.  An audible alarm will sound (slow clap).  To silence alarm select the alarm icon in upper right corner of the screen.
· Select lot.  Select OK
· Rerun control to ensure problem not statistical outlier.  If in control, stop.  If out of control proceed.

· Run new vial of control to ensure material not contaminated.  If in control, done.  If out of control proceed to next step.

· Trouble shoot analyzer.  If unable to fix, notify supervisor and/or place service call to Beckman Coulter.  DO NOT run any patient samples until QC is all in control!  Place instrument offline or in QC only mode.
· QC Only mode will not allow any patient samples to be run on analyzer while the others in the workcell can actively run patient samples.  Place analyzer Offline

· Select system status- double click icon- select QC Only from bottom tool bar- Check box- OK.  Uncheck box when analyzer is ready to run patient samples.
· To view Control files
· Select Menu-QA-QC or control icon

· Review control values and graphs.  Select control.  Select instrument from drop down menu.  The QC tree will be displayed.  Choose control, click OK.  
· Data view will have numerical values displayed with most recent results on the right hand side of screen.
· Document any out of control results using Comment icon

· Initial in Comments

· XB and XM: XB continuously monitors instrument performance utilizing patient samples.  It is based on the theory that in a given population, the red cell indices tend to remain stable and any variance from established target values indicates either a shift in patient population or an instrument malfunction.

· XB analysis is used as needed in troubleshooting and calibrating.

· XB analysis is not used at the Cancer Center lab due to the low statistical number of samples tested.
· Reproducibility and Carryover are performed as needed for troubleshooting purposes.
· Inter-Instrument Control

· Select a patient with enough volume to run four times.  Label with appropriate QC label.  Run the sample on each analyzer including the Cancer Center analyzer.  Results are evaluated daily.

· Samples are set up once using Patient Control QC set up.  Select Menu-QC-More Options-New Pt Control.  Set no target ranges.
· Proficiency Testing 

· PT samples are to be handled in the same manner patient samples are handled.

SAMPLE ANALYSIS - SPM
Analyzer must be Online to run samples. Ensure the SPM is set up for appropriate tests. Samples can be run using Cassette Presentation or Single-Tube presentation.

· Cassette Presentation is used for automation.  Cassettes are placed in the input buffer.  The SPM automatically begins to cycle the cassettes.   Work cell will load balance cassette racks and make and stain slides as needed.
· BD 4.0 ml vacutainer EDTA samples are placed into 5 tube Cassette Rack A.  Barcodes must be visible.

· BD MAP microtainer EDTA tubes are placed into 5 tube Cassette Rack B.  Barcodes must be visible.  MAP microtainer tubes must be checked for clots before analyzing.
· Single-Tube Presentation is used for Body Fluids, dilutions, etc.  DO NOT run any MAP microtainer samples in Single-Tube Presentation.  They MUST be run using cassette presentation.  The left hand side or the cradle is for capped tubes, the right hand side is for uncapped bullet tubes only.
· Select the Single Tube Presentation icon (hand holding tube).  Select analyzer from drop down menu.
· Place well mixed sample on the bar code reader platform of the Single Tube Presentation Station.  Read the bar code or enter Specimen Identifier and press enter.
· Place sample tube into the Single Tube Station.  The station will retract into the instrument and begin analysis.  When analysis is complete, the sample tube will move out of the instrument.  Remove and select Exit Single-Tube Presentation.
· Reviewing Patient Results

· Select Menu-Patient Results or Patient Results icon (tube) on the Alert Status Icon bar.  All results will be in Released tab
· Specimen ID Search Select icon (magnifying glass).  Search by Specimen ID, Tube position ID, Patient ID, Last Name, or First Name.
SAMPLE ANALYSIS- SLIDEMAKER STAINER

· Single Tube Presentation.  Select the Single Tube Presentation.  Enter or scan sample ID.  Press Enter.  Place tube in correct cradle position.  Select the Exit button when the sampling is complete and the tube is retracted.
· Cassette Presentation.  Place instrument Online.  Load specimens into a cassette.  Place cassettes into the input buffer and slide the cassette forward until the green light is on.

· Removing or Loading Slide Baskets: Go to System Status.  Select DxH Slidemaker Stainer.  Select Details Status.  Select Basket Management.  This screen gives an overview of the Slidemaker Stainer.
· Remove or load baskets

· Indicator lights

· Blinking Green-basket is ready to be removed

· Steady Green-basket is ready to be stained

· Blinking Red-basked to in error state

· Blinking blue-basket is loaded for staining only

· Stain only slides

· Load basket, pull out I/O drawer, place slide in any position from 1 to 6. Press the number where the basket is placed.  Push drawer in.  Staining will begin.

· Making Slides and Not staining slides
· Select Make Slide on Default Test Order.  Or add or edit test from the Worklist Pending tab or load samples for the processing of downloaded Test Orders from the LIS.

· Enable or Disable Stainer

· Select System Status icon.  Select Details Status.  Select Module-Disable Stainer.  Select OK to enable or disable the Stainer.

· Enable or Disable Slidemaker

· Select System Status icon.  Select Details Status.  Select Module-Disable Maker.  Select OK to enable or disable the Stainer
REFERENCE VALUES
	ADULT NORMAL VALUES (UCDHS)

	PARAMETER
	MALE
	FEMALE

	WBC (X 103/mm3)
	4.5-11.0
	Same

	RBC (X 106/mm3)
	4.5 - 5.9
	4.0-5.2

	HGB (gm/dL)
	14 - 18
	12 -16

	HCT (%)
	40 - 52
	34 - 46

	MCV (fl.)
	80 - 100
	same

	MCH (ug)
	27 - 33
	same

	MCHC (%)
	32 - 36
	same

	RDW (%)
	11.9 - 14.7
	same

	PLT (X 103/mm3)
	130 - 400
	same

	Neutrophil #
	1.8 – 7.7
	same

	Lymphocyte #
	1.0 – 4.8
	same

	Monocyte #
	0.1 – 0.8
	same

	Eosinophil #
	0 – 0.5
	same

	Basophil #
	0 – 0.2
	same


	RED BLOOD CELL VALUES AT VARIOUS AGES:  MEAN AND LOWER LIMIT OF NORMAL (-2 SD)*



	
	HGB
(g/dL)
	HCT
(%)
	RBC
(M/uL)
	MCV
(fL)
	MCH
(pg)
	MCHC
(%)

	Age
	Mean
	-2sd
	Mean
	-2sd
	Mean
	-2sd
	Mean
	-2sd
	Mean
	-2sd
	Mean
	-2sd

	Birth (Cord Blood)
	16.5
	13.5
	51
	42
	4.7
	3.9
	108
	98
	34
	31
	33
	30

	1 to 3 days
	18.5
	14.5
	56
	45
	5.3
	4.0
	108
	95
	34
	31
	33
	29

	1 week
	17.5
	13.5
	54
	42
	5.1
	3.9
	107
	88
	34
	28
	33
	28

	2 weeks
	16.5
	12.5
	51
	39
	4.9
	3.6
	105
	86
	34
	28
	33
	28

	
	
	
	
	
	
	
	
	
	
	
	
	

	1 month
	14.0
	10.0
	43
	31
	4.2
	3.0
	104
	85
	34
	28
	33
	29

	2 months
	11.5
	9.0
	35
	28
	3.8
	2.7
	96
	77
	30
	26
	33
	29

	3 to 6 months
	11.5
	9.5
	35
	29
	3.8
	3.1
	91
	74
	30
	25
	33
	30

	
	
	
	
	
	
	
	
	
	
	
	
	

	0.5 to 2 years
	12.0
	10.5
	36
	33
	4.5
	3.7
	78
	70
	27
	23
	33
	30

	2 to 6 years
	12.5
	11.5
	37
	34
	4.6
	3.9
	81
	75
	27
	24
	34
	31

	6 to 12 years
	13.5
	11.5
	40
	35
	4.6
	4.0
	86
	77
	29
	25
	34
	31

	
	
	
	
	
	
	
	
	
	
	
	
	

	12 to 18 years
	
	
	
	
	
	
	
	
	
	
	
	

	Female
	14.0
	12.0
	41
	36
	4.6
	4.1
	90
	78
	30
	25
	34
	31

	Male
	14.5
	13.0
	43
	37
	4.9
	4.5
	88
	78
	30
	25
	34
	31

	
	
	
	
	
	
	
	
	
	
	
	
	

	18 to 49 years
	
	
	
	
	
	
	
	
	
	
	
	

	Female
	14.0
	12.0
	41
	36
	4.6
	4.0
	90
	80
	33
	26
	34
	31

	Male
	15.5
	13.5
	47
	41
	5.2
	4.5
	90
	80
	30
	26
	34
	31


This data has been compiled from several sources.  Emphasis is given to recent studies employing electronic counters and to the selection of populations that are likely to exclude individuals with iron deficiency.  The mean +2 SD can be expected to include 95 percent of the observations in a normal population.  (From Dallman, PR:  In Pediatrics, 16th ed., Rudolph A (ed), New York, Appleton-Century-Crofts, 1977, p. 1111.)

	NORMAL LEUKOCYTE COUNTS

	
	Total WBCs
	Neutrophils
	Lymphocytes
	Monocytes
	Eosinophils

	Age
	Mean
	Range
	Mean
	Range
	%
	Mean
	Range
	%
	Mean
	Range
	Mean
	Range

	Birth
	18.1
	9.0-30.0
	11.0
	6.0-26.0
	61
	5.5
	2.0-11.0
	31
	1.1
	6
	0.4
	2

	12 Hours
	22.8
	13.0-38.0
	15.5
	6.0-28.0
	68
	5.5
	2.0-11.0
	24
	1.2
	5
	0.5
	2

	24 hours
	18.9
	9.4-34.0
	11.5
	5.0-21.0
	61
	5.8
	2.0-11.5
	31
	1.1
	6
	0.5
	2

	
	
	
	
	
	
	
	
	
	
	
	
	

	1 week
	12.2
	5.0-21.0
	5.5
	1.5-10.0
	45
	5.0
	2.0-17.0
	41
	1.1
	9
	0.5
	4

	2 weeks
	11.4
	5.0-20.0
	4.5
	1.0-9.5
	40
	5.5
	2.0-17.0
	48
	1.0
	9
	0.4
	3

	1 month
	10.8
	5.0-19.5
	3.8
	1.0-9.0
	35
	6.0
	2.5-16.5
	56
	0.7
	7
	0.3
	3

	
	
	
	
	
	
	
	
	
	
	
	
	

	6 months
	11.9
	6.0-17.5
	3.8
	1.0-8.5
	32
	7.3
	4.0-13.5
	61
	0.6
	5
	0.3
	3

	1 year
	11.4
	6.0-17.5
	3.5
	1.5-8.5
	31
	7.0
	4.0-10.5
	61
	0.6
	5
	0.3
	3

	2 years
	10.6
	6.0-17.0
	3.5
	1.5-8.5
	33
	6.3
	3.0-9.5
	59
	0.5
	5
	0.3
	3

	
	
	
	
	
	
	
	
	
	
	
	
	

	4 years
	9.1
	5.5-15.5
	3.8
	1.5-8.5
	42
	4.5
	2.0-8.0
	50
	0.5
	5
	0.3
	3

	6 years
	8.5
	5.0-14.5
	4.3
	1.5-8.0
	51
	3.5
	1.5-7.0
	42
	0.4
	4
	0.2
	2

	8 years
	8.3
	4.5-13.5
	4.4
	1.5-8.0
	53
	3.3
	1.5-6.8
	39
	0.4
	4
	0.2
	2

	
	
	
	
	
	
	
	
	
	
	
	
	

	10 years
	8.1
	4.5-13.5
	4.4
	1.8-8.0
	54
	3.1
	1.5-6.5
	38
	0.4
	4
	0.2
	2

	16 years
	7.8
	4.5-13.0
	4.4
	1.8-8.0
	57
	2.8
	1.2-5.2
	35
	0.4
	5
	0.2
	3

	21 years
	7.4
	4.5-11.0
	4.4
	1.8-7.7
	59
	2.5
	1.0-4.8
	34
	0.3
	4
	0.2
	3


* Numbers of leukocytes are in thousands per mm3, ranges are estimates of 95% confidence limits, and percentages refer to differential counts.  Neutrophils include band cells at all ages and a small number of metamyelocytes and myelocytes in the first few days of life.  (From Dallman, PR: In Pediatrics, 16th ed., Rudolph, A, (ed), New York, Appleton-Century-Crofts, 1977, p 1178)
REFERENCES

· Beckman Coulter UniCel DxH 800 Coulter Cellular Analysis System Instructions For Use July 2015
· Beckman Coulter UniCel DxH 800 Coulter Cellular Analysis System Help July 2015
· Nathan, DG and Oski, FA: Hematology of Infancy and Childhood, 3rd Ed pp 1680 and 1688; WB Saunders 1987

· Dallman, PR: In Pediatrics, 16th ed., Rudolph, A, (ed), New York, Appleton-Century-Crofts, 1977, p 1178
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DxH 600


Number�
Component�
Function�
�
1�
Beacon�
Light that alerts you to conditions requiring attention�
�
2�
Status Lights�
Green, yellow,  and red LED lights indicating status�
�
3�
Input Buffer�
Area for placement of specimen cassettes�
�
4�
Single-Tube Station�
Station where you can process a single specimen�
�
5�
Power Button�
Button  that  lets you power  the SPM ON and OFF�
�
6�
Output Buffer�
Area for removal of cassettes�
�
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