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01.0 
PURPOSE
This chapter describes the test method (automated) used for whole blood analysis (Full Blood Count - FBC) using the Sysmex XE-2100 Haematology Analyser.
01.1   
APPLICATION SCOPE

This chapter applies to Botswana-Harvard HIV Reference Laboratory
  01.2
RESPONSIBILITIES
All Haematology laboratory personnel are required to be knowledgeable of this procedure. New employees are trained and assessed for competence before they can handle patient samples. Documentation of training on this procedure can be found in the Personnel Files.

03.3   
PRINCIPLE OF THE TEST
01.3.1 
Clinical Aspects
Knowing the proportions of the different components (neutrophils, lymphocytes, monocytes, red blood cells, basophils, haemoglobin and reticulocytes) of peripheral blood is vital in distinguishing a diseased and normal blood. Full blood count (FBC) as is normally termed is a useful tool in detecting toxicity of some drugs administered to patients. 
01.3.2
System Overview 

XE-2100 performs haematology analyses according to the RF/DC detection method, HydroDynamic Focusing (DC Detection), flow cytometry method (using the semiconductor laser) and SLS-haemoglobin method.

RF/DC Detection Method: This method detects the size of the blood cells by changes in direct-current resistance, and the density of the blood cell interior by changes in radio-frequency resistance. A blood sample is aspirated and measured, diluted to the specified 
ratio, and send to the applicable detector chamber. Inside the chamber is a tint hole called 
an “aperture,” on both sides of which are electrodes. Between the electrodes flow the 
direct current and radio-frequency current. Blood cells suspended in the diluted sample pass through the aperture, changing the direct-current resistance and radio-frequency resistance between the electrodes. The size of the blood cell is detected via changes in the direct-current resistance, and the density of the blood cell interior (size of the nucleus) is detected via changes in the radio0frequency resistance, with such detections coming in the form of electrical pulses. Based on the size of these pulses, a two dimensional distribution (scatter gram) of the blood-cell size and internal density can be drawn.

Hydro Dynamic Focusing (DC Detection): Inside the detector, the sample nozzle is positioned in front of the aperture and in line with the centre. After dilute sample is forced from the sample nozzle into the conical chamber, it is surrounded by front sheath reagent and passes through the aperture centre. After passing through the aperture, the diluted sample is surrounded by back sheath reagent and sent to the catcher tube. This prevents the blood cells in this area from drifting back, and prevents the generation of false platelets pulses.  This method improves blood count accuracy and reproducibility. Since the blood passes through the aperture in a line, it also prevents the generation of abnormal blood call pulses.

Flow Cytometry Method Using Semiconductor Laser: Cytometry is used to analyze physiological and chemical characteristics of cells and other biological particles. Flow cytometry is used to analyze those cells and particles as they are passed through extremely small flows. A blood sample is aspirated and measured, diluted to the specified ratio and stained. The sample is then fed into the flow cell. A semiconductor laser beam is emitted to the blood cells passing through the flow cell. The forward scattered light is received by the photodiode, and the lateral scattered light and lateral fluorescent light are received by the photomultiplier tube. This light is converted into electrical pulses, thus making it possible to obtain blood cell information. 

Forward Scattered light and lateral Scattered Light: When obstacles such as particles exist in the way of light, the light beam scatters from each obstacle in various directions (light scattering). By detecting the scattered light it is possible to obtain information on cell size and material properties.

When laser beam is emitted to blood cell particles, light scattering occurs. The intensity of the light scatter depends on factors such as the particle diameter and viewing angle. Forward scattered light provides information on blood cell size and lateral scattered light provides information on the cell interior (nucleus).

Lateral Florescent light: When light is emitted to fluorescent material, such as stained blood cells, light of longer wavelength than the original light is produced. The intensity 
of the fluorescent light increases as the concentration of the stain becomes higher. By measuring the intensity of the fluorescence emitted, you can obtain information on the
degree of blood staining. Fluorescence light is emitted in all directions; the XE2100 detects the fluorescent light that is emitted sideways. 

SLS-Haemoglobin Method: SULFOLYSER is added to the red blood cells, and haemoglobin is converted into SLS-haemoglobin. Concentration of SLS-haemoglobin is measured as light absorbance, and is calculated by comparison with the absorbance of the diluent measured before the sample was added.

01.3.3  Measurement Principles
The XE-2100 can analyse and output the results for 32 parameters of blood samples.  It utilizes technology of fluorescence flow cytometry to quantitate the standard five part differential, immature granulocytes (metamyelocytes, myelocytes and promyelocytes), nucleated red blood cells (NRBC), reticulocyte count, immature reticulocyte fraction and “optical” fluorescent platelet count. The combination of side scatter (inner complexity of the cell), forward scatter (volume) and fluorescence intensity of nucleated cells gives a concise but precise image of each cell detected in the peripheral blood. A well-defined physical description of the different leucocyte populations (clusters) is obtained.

Abnormal and immature cells, with their larger nuclear volume show much higher fluorescence intensity than normal cells, and are easily distinguishable in the DIFF scattergram.

Measurement of WBC

WBC/BASO channel
RBCs are lysed with the acid haemolytic reagent STROMATOLYSER-FB. This reagent selectively suppresses the degranulation of Basophils, resulting in their separation from other WBC. After this reaction the sample is analyzed by flow cytometry using a semiconductor laser to detect forward and side scattered light information, based on which a WBC/BASO scattergram is obtained. By analyzing this scattergram, WBC and Basophil counts are taken.

WBC 4-part differential
RBCs are lysed with STROMATOLYSER-4DL. At the same time the reagent acts on the WBC membrane to allow dye passage .STROMATOLYSER-4DS ( dying solution) is then added to allow the dye to enter WBC at the damages portion of its membrane and 
stain the DNA and RNA therein. Following this reaction the sample is then analyzed by 
flow cytometry using the s semiconductor laser to detect forward and side scattered light information, based on which a 4-DIFF scattergram is obtained. By analyzing this scattergram, 4-parameter counts (lymphocytes, monocytes, Eosinophils, Neutrophils and Basophils are taken.

 The immature information (IMI) channel of the XE-2100 counts human progenitor cells (HPC). The reagents specifically affect the lipid components of the cell membranes; the membranes of mature cells, with a higher content of lipid are lysed while immature cells retain their membranes. In normal samples no intact cells are seen in the IMI area. The IMI channel is used to discriminate between immature and mature white blood cells. It utilizes the RF/DC detection method.

Measurement of RET and optical measurement of PLT

 Blood is diluted with RET SEARCH (II) to preset concentration. RET SEARCH (II) staining solution is also added to stain WBC DNA and RNA and RET RNA. The sample is then analyzed by flow cytometry using semiconductor laser to detect forward scattering light and side fluorescence information, based on which an RET scattergram is obtained. By analyzing this scattergram, RET counts, RET ratios for individual fluorescence intensity zones (LFR, MFR, HFR), immature reticulocyte fraction (IRF) and PLT-O are determined. 

Platelets are also measured with sheath flow DC detection method. By measuring larger number of platelets this method offers increased accuracy. However, in cases where a large number of RBC fragments or large Platelets are present, accuracy tends to decrease. For such samples, the PLT-o measurement ensures higher accuracy than the DC detection method. XE-2100 presents the platelet counts of high accuracy by adopting the results from either method that seems more accurate judging from the cell distributions and the scattergrams obtained.

Measurement of NRBC 

Nucleated red blood cells (NRBC) occur in very low concentrations; however are found in high concentrations in haemolytic diseases of new born, sickle cell anaemia and thalassaemia major particularly following splenectomy. In NRNC channel the cell membranes of NRBC are lysed with the STROMATOLYZER_NR diluent to expose the nuclei of NRBC, the white cells are slightly perforated to allow quick influx of the dye, but remain intact. Nuclear material is stained with a polymethine based fluorescent dye and cells and nuclei are hydrodynamically focused. Fluorescence intensity and forward 
scatter light intensity of each cell are electronically analyzed. This allows the clear separation of leucocytes and NRBC.

01.4   
SPECIMEN 
01.4.1
Specimen Type/Stability/Storage
Some anticoagulants will alter test results due to their effects on haemolysis and blood platelet agglutination. Therefore, use EDTA-2K, 3K or 2Na as the anticoagulant.

Specimens should be stored at room temperature of 18 - 26ºC or in the refrigerator of 2 - 8ºC. If stored in a refrigerator, samples should be returned to room temperature, for approximately 30 minutes, before analysis. Otherwise correct results may not be obtained.
01.4.2
Specimen Rejection Criteria
For specimen rejection criteria, refer to the following SOP:

*
Procedure for Specimen Rejection Criteria 

01.4.3
Specimen Interferences
Some abnormal samples may interfere with automated cell counting methods. The following is a list of possible substances that may interfere with the listed parameters.
*
WBC:
Cold agglutinins, platelet aggregation, nucleated RBCs, cryoglobulins, lyse-resistant RBCs in patients with haemoglobinopathies, severe liver disease or neonates.

*
RBC:
Cold agglutinins, severe micryocytosis, fragmented RBCs, large numbers of giant platelets, in vitro haemolysis.

*
Hgb:
Lipemia, abnormal proteins in blood plasma, severe leukocytes (above 100,000/µl). The effect of abnormal proteins and Lipemia may be removed by plasma replacement or plasma blank procedures.

*
Hct:
Cold agglutinins, leukocytosis (above 100,000/µl), abnormal red cell fragility.

*
PLT:
Pseudothrombocytopenia, platelet aggregation, increased micrcrocytosis, megalocyttic platelets

01.5
SAFETY PRECAUTIONS

For information on safety precautions, refer to the following SOPs:



*
Universal Precautions Policy (Document No.: BHHRL/010POL-)



*
Waste Disposal Policy (Document No.: BHHRL/010POL-)

In addition please take care of the following warning:

*
If the instrument emits abnormal odour or smoke, turn off the power immediately and disconnect the power plug from the wall socket.

*
Do not touch the electrical circuits inside the cover, particularly if your hands are wet. Electrical shock may result.

*
When discarding waste fluid, or disassembling and assembling the related parts, always wear protective clothing, gloves, and eyeglasses to prevent contact with contaminated fluids or parts.

01.6
EQUIPMENT AND APPARATUS

1.
Sysmex XE-2100


For Manual Differential

1. Microscope

2. Microscope Slides

3. Oil Immersion

4. Stains

5. Applicator Stick

01.7
REAGENTS

	Reagent
	Storage Conditions

	CellPack (EPK)
	5 - 30ºC

	CellSheath (ESE)
	5 - 30ºC

	Stromatolyser-FB (FBA)
	5 - 30ºC

	Stromatolyser-4DL (FFD)
	2 - 35ºC

	Stromatolyser-4DS (FFS)
	2 - 35ºC

	Stromatolyser-NR (SNR) (lyse reagent, dye solution)
	2 - 35ºC

	Sulfolyser (SLS)
	1 - 30ºC

	Stromatolyser-IM (SIM)
	5 - 30ºC

	Ret Search (II) (RED) (diluent, dye solution)
	2 - 35ºC

	CellClean (detergent)
	1 - 30ºC


These reagents are supplied ready for use and are stable until the stated expiry date when stored at the recommended storage conditions.

When using reagents be cautious of the following:

· After unpacking, be sure not to allow dust, dirt, or bacteria to come in touch with the reagent.

· Do not use the reagents which are out of expiration date.

· Handle a reagent gently to prevent formation of bubbles.

· Take care not to spill a reagent. If it spills, wipe it off immediately in accordance with BHHRL’s policy.
· Refer to the MSDS provided for each reagent.
01.8 
PROCEDURE
01.8.1  
Instrument Start-Up

Refer to:
 SYSMEX XE-2100 Haematology Automated Analyser Equipment Operation Instructions. Document No.: BHHRL/005TM-01.
01.8.2   
Running Controls

Refer to Section 01.9.1.1 of this procedure.

01.8.3 Running Patient Samples
Refer to:
 SYSMEX XE-2100 Haematology Automated Analyser Equipment Operation Instructions.

01.8.4

Performing WBC Differential
Peripheral Blood Smear

If the machine does not produce WBC differential or when in doubt of some parameters, WBC Differential Count is performed.

You will need a capillary tube, 1x3 inch glass slides one with a frosted end and the other non-frosted, a pencil or a diamond pen gloves and whole blood in EDTA tube.

1. Place a clean 3 x 1 inch glass slide on a flat surface (stationary slide), one with a frosted end.

2. Mix the blood well. With a capillary tube, transfer a drop of blood approximately 2 to 3 mm in diameter to the stationary slide about ¼- inch from the end of the frosted on the same side as the writing hand.

3. Hold the end of the stationary slide opposite the blood drop with the non-writing hand.

4. Position a spreader (non-frosted) slide at a 25 to 30 degree angle to the stationary slide and bring it back into the drop of blood.

5. Allow the blood to spread along the back of the spreader slide.

6. Immediately push the spreader slide forward with a smooth and rapid stroke, maintaining the same angle and exerting very little pressure. The blood will be pulled behind the spreader.

7. If the angle of the spreader slide is proper, the speed of the stroke is moderately fast, and the size of the drop of blood is as specified, the blood should feather into nothing somewhere between one-half and three-quarters of the way along the stationary slide.

8. Label the slide at the frosted end with the Patient identification number and date, using a pencil or a diamond pen.

9. Air-dry the blood rapidly but thoroughly (several minutes) before staining. You can do this manually or with a cool air blower.

10. Stain the smear using a Hema-Tek stainer                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               MAY-GRUNWALD GIEMSA STAIN / MANUAL STAINING

-flood smear with may-grunwald stain



-allow to satin for 5 minutes



-flush and replace the stain with 10% freshly prepared Giemsa stain



-leave for 10 minutes



-wash the smear with tap water



- allow the smear to air dry

11. Perform smear analysis and report the results accordingly.

01.9 QUALITY CONTROL

E-check (the control used on the Sysmex XE-2100 Haematology Analyser) is an XE-diff control, manufactured by STRECK LABORATORIES for SYSMEX and intended for use in Haemocytometry to monitor daily accuracy and precision of cell analysers and manual analytical procedures. These controls contain Human RBC, mammalian WBC and platelets. All the cells are suspended in a plasma like fluid. XE-Diff control is manufactured in such a way that it simulates whole blood. When used on automated cell analysers, the following haemacytometric values may be obtained: tWBC; %NE, %LY, %MO, %ES, %BAS, RBC, HGB, Haematocrit, MCV, MCH,MCHC,PLT and all other values directly derived from those listed. 
01.9.1 
Internal Quality Control

Control samples are analyzed by the X bar​​​​​ or the L-J control programs, and the data is stored in the quality control file. At least two levels of controls should be run before analyzing the patient samples. X bar program analyzes the control twice in succession and the average data is used. L-J program on the other hand, uses the results from one analysis as one control data. In this lab we use the L-J program.

01.9.1.1 Running Controls
1. Bring the controls to room temperature before analysis.
2. Run the controls as per the procedure on Sysmex XE-2100 Operation Instructions.
3. Review the control runs. If all the parameters fall within the manufacturer’s recommended ranges, then proceed with patient samples. Otherwise execute the necessary corrective action for out-of-range parameters until all the parameters fall within the acceptable range. 

01.9.1.2 Internal Control – Blinded Samples
During each run, one sample is run every 20 sample using sampler mode. The sample is given the ID that starts with “C” then followed by two digits for day, two digits for month and two digits for year, “M” or an  “A” for morning and afternoon depending on the time of the day the test is done, e.g.  If sample is run on morning of November 3, 2003, it’s ID should appear like; C031103M. The results are filed and reviewed every week by the haematology technologist and BHHRL Quality Manager to monitor trends and any deviations.

01.9.2.3 Inter-Laboratory Comparison

Once a week, about 5 samples are run with XE-2100 at BHHRL and PMH laboratory using Coulter Max by the same technologist. The results are filed and reviewed every month by the Haematology technologist and BHHRL Quality manager.
01.9.2 
External Quality Control

The Botswana-Harvard HIV Reference Laboratory is participating in the CAP Proficiency Testing Program for this assay, which is performed three times in a year. The laboratory’s performance in this program is reviewed by the Quality Manager and the personnel running the test every time results are received from CAP and corrective measures implemented where necessary, for purposes of continuous improvement.

01.10 

VALIDATION OF RESULTS

01.10.1  
Quality Control Data 

After analysis the “OK” and “CANCEL” of the function will appear. When you select “OK” the analysis data is displayed to the IPU. When you select “CANCELL”, data is not transmitted to IPU and the operation ends. If the message “CHECK CONTROL CHART” appears in the action message column, the analyzed data has exceeded the control limit. IF the message “REANALYZE CONTROL” appears, the analyzed data is more than three times the limit. The “+” and “-” signs in the Flag column indicate which parameters are outside the control limits and which are above or below the limits. When the analyzed data is more than 3 times the limit, “+” and “-”will be highlighted.

01.10.2 
Patients Result

The results are automatically printed. Check if all the tests have been performed and check for error messages and for tests with no results. Generally RBC count is 3 times the haemoglobin and the haemoglobin is three times the Haematocrit. 

 If the machine does not produce WBC differential or when in doubt of some parameters, make a peripheral blood smear, stain and perform WBC Differential Count.
Review the results, initial and date before passing them to be checked and authorised (initialled and dated) for release by an authorised laboratory personnel.
For electronic results, authorised laboratory personnel will validate and accept them online before they are released into the LIMS.

01.11
MAINTENANCE AND TROUBLESHOOTING
Refer to procedure on Sysmex XE-2100 Maintenance and Troubleshooting Procedure.
In cases where there is technical problem with the analyser and therefore cannot be used, the SYSMEX SF-3000 is used as the back-up, following procedure no. BHHRL/005TM-01.

01.12 REFERENCES
Stiene-Martin E.A., Lotspeich-Steininger C.A. and Koepe, J. A. 1998. Clinical Haematology. 2nd Edition. Lippincott. New York.

Sysmex XE-2100 Operation Manual (February 1999 revision)

Sysmex XE-2100 IPU – Operator’s Manual (June 1999 revision)

01.13 CO-APPLICABLE QUALITY MANAGEMENT DOCUMENTS

Sysmex XE-2100 Maintenance Log Sheet

Haematology (Using Sysmex XE-2100) Reagent Information Log Sheet

Sysmex XE-2100 Maintenance And Troubleshooting Procedure
Sysmex XE-2100 Haematology Automated Analyser Equipment Operation Instructions
APPENDIX I
HAEMATOLOGY ADULT NORMAL RANGES
INSTRUMENT USED: SYSMEX XE 2100
	PARAMETER
	REFERENCE RANGE

	Red Blood Cell Count (RBC)


      Men

      Women
	4.5 – 5.5 x 1012/l

3.8 – 4.8 x 1012/l

	Haemoglobin (Hb)

       Men

       Women
	13 – 17 g/dl

12 – 15 g/dl

	Haematocrit (HCT)

       Men

       Women
	40 – 50 %

36 – 45 %

	Mean Cell Volume (MCV)

       Men

       Women
	83 – 99 fl

83 – 99 fl

	Mean Cell Haemoglobin (MCH)

       Men

       Women
	27 – 32 pg

27 – 32 pg

	Mean Cell Haemoglobin Concentration (MCHC)

       Men

       Women
	32 – 34 g/dl

32 – 34 g/dl

	Red Cell Distribution Width (RDW) 
	11.6 – 14.0 %

	White Blood Cell Count (WBC)
	4-10 x 109/l

	Differential White Cell Count (Diff)

       Neutrophils

       Lymphocytes

       Monocytes

       Eosinophils

       Basophils
	40 – 80 % (2 - 7 x 109/l)

20 – 40 % (1 – 3 x 109/l)

2- 10 % (0.2 – 1.0 x 109/l)

1 – 6 % (0.02 – 0.5 x 109/l)

< 1- 2 % (0.02 – 0.1 109/l)

	Platelet Count
	150 – 400 x 109/l
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