5077/

DISTR. : LIMITED

WORLD HEALTH ORGANIZATION DISTR. * LIMITEE
ORGANISATION MONDIALE DE LA SANTE WHO/LAB/88. 3
ENGLISH ONLY
RECOMMENDED METHODE FOR THE VISUAL DETERMINATION
OF WHITE CELL AND PLATELET COUNTS
Prepared on behalf of the World Health Organization I
by
The Expert Panel in Cytometryl of the
International, Commictee for Standardization in Haematology
GONTENTS
Page 1
1. INTRCDUCTION ., ... A 2
2, SAMPLING OF BLOOD | . i ottt st a s s sat st asanacassenssnssssscssassssensssstosnssssena 2
3. DITUTION OF BLOOD | . . .. ot s oo st e e s e s e s e e e e o e e et b a b e e e e e 2
T T - = 8 - - 2
3.2 Dluring fluids ................. ey 3
3.3 Dilution procedure 3
4.  COUNTING CHAMBER ................ : \1 3
5 TECHNIQUE OF HAEMOCYTOMETRY 6
5.1 Preparation of haemocytometers, X 6
5.2 Counting precedure ........... Stk pé ]
5.2.1 White cell COUt ................ e 6
5.2.2 Platelet coumtbt ... ittt i e e e e i e e e e e e e e 6
6. CALCULATION L.y ..t i e o ettt s et ea b annns e &
I R - - 3 I S 6
6.2 Calculation of white cell count ... . ittt ittt it it et e e e 6
6.3 Calculation of platelet counb ... ..ttt it it ai e aa s 6
7. STATISTICAL EVALUATION OF OBTAINED RESULT ... ... ...ttt ieen i tianacnananas 7
7.1 White call SOt ...ttt tnnnranssaaaanaeessiannrereeesnnnneeseenas 7
7.2 Plateler eouUNT ... ... .t ennrranarnnrranan s ar e 7
2 0 8
! MEMBERS: J.M. England (Chairman), R.M. Rowan (Secretary), M. Bins, B.5. Bull,
W.H. Coulter, W. Groner, A.R. Jones, J.A. Koepke, 5.M. Lewis, N.K. Shinton, R. Thom,
0.W. wvan Assendelft, R.L. Verwilghen.
This document is not issued to the general public, and all rights Ce dogument n'ast pas desting & &tre distribud au grand public et tous
arg rtexprved by the World Health Orgenization (WHQ), The les droits y aftérants sont réservés par {'Organisation mendiale de 1a
document may not be reviewed, abstracted, quoted, reproduced or Santé (OMS), U ne peut dire comments, résumd, ¢itd, reproduit ou
translatad, in part or in whola, without the prior written permission traduit, partiollement ou en totalitd, sans une avtorisation préalabla
of WHO., Nu part of this document may be stored in & ratrievat derite de 'OMS, Aucune partie ne doit 8tre chargée dans un systéme de
system or transmitted in any ferm or Ly any means - lactronic, recherche documentaire ou diffusée sous quelque forme oy per gualgua
meghantical ar other - without the prior written permission o moven que eg foit - dlegtronique, mécaniqua, ou autre . Sans une
WHO. autarisation préalebie écrite de |'OMS.
The views expressed in documents by namad authors are solely the Les opinions éxprimées dans {es documents per des suteurs citfs
rasponsibility of those authors, nommement n'engagent que lesdits auteurs,




WHO/LAB/BE.3
page 2

1. INTRODUCTION

Counting of blood elements is an important aspect of diagnestic haematology. In
many instances electronic particle ceunters are used for this purpese, but in smaller
laboratories and, especially in developing countries, visual counting may be the only
available technlque for white cells and platelets. This technique may be used as a
back-up and for weekend and night duties, even when an electronic counter is used
routinely. Visual counting of red cells is not recommended because the combined errors
in dilution and enumeration are too great.

Haemoglobin measurement and haematocrit detefmination are dome easily and
sufficiently reliably by the recommended methods. Together they provide sufficient
information of the diagnosis of anaemia and pelychythaemia. Red eell indices ¢omputed
From an inaccurate visual red cell count are worthless for the reliable diagnesis of
different forms of anaemia.

2. SAMPLING OF BLOOD

Although the blood sample may be taken from a freely bleeding eapillary puncture
(Finger or ear-lobe in adults; heel in young infants) a venous specimen is preferred.

Capillary punctures must be deep enough to allew bleod to flow freely. If pressure
has to be exerted to obtain a sufficient volume of blood from the punc¢ture, an error will
be introduced because of dilution of the blood with tissue fluid. A venous specimen may
be collected inte any solid anticoagulant; 'e.g. K.EDTA, 1.3 mg/ml of bleed. Before
gampling from a venous specimen thefblqadvshopld.%e gently mixed either by tipping the
tube end-over at least 20 times or left on a mechaniecal mixing device for 2-3 minutes.

3. DILUTION OF BLOOD : -
o e
3.1 Pipettes o -1_ ;

' . Lo
¥, -

Thoma type pipettes in which blood is,di$§téd in the bulb of the pipette are
obsolete. They are inaccurate and easily ‘ddmaged and they require a direct
mouth-pipetting procedure,

Salhi type capillary pipsttes of 20 ul capacity (see Fig. 1) are recommended for
pipetting the blood, and 0.5 ml bulb pipettes for the diluent. Calibration of the
pipettes is needed (see Appendix) unless they are already certified.

20 ul

Fig. 1 Sahli type pipettes wHer 86209

! See alzo the following related WHO publications: Recommended methods for the
determination of packed cell volume, LAB/80.4 (under revislom); CDC/WHO Laboratory
Manual. Apsemia - Fundamental Diagnostic Haematology, 1983. Published jointly by the
U.$. Department of Health and Human Services, Public Health Service, Centers for Dlsease
Control, Atlanta, Georgia 30333, USA and World Health Organization, Geneva, Switzerland.
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Careful cleaning and derying of pipettes is essential. They should be cleaned daily
in detergent, followed by thorough rinsing with distilled water and drying. It is alse
advisable to clean the pipettes once a week in a suitable c¢leaning agent
{(e.g. HC1 0.1 Molar) followed by thoreugh rinsing with distilled water and drying.

3.2 Diluting fluids

3.2.1 Fox white cell count: a diluent of 2% (20 ml/l distilled water) glacial acetic
aeid lightly coloured with gentian violet iz used to lyse the red cells and stsin the
white cells,

3.2.2 For platelet count: a diluent is required to lyse the red cells. This is 1%
ammonium oxalate (10 g/l distilled water) prepared in small volumes (e.g. 0.5 1) using
clean glassware. The diluent selution should be filrered through a micropore filter
(pore diameter 0.22 um) and kept at 4°C. If the solution has been stored for more than a
week 1t should be re-filtered before use.

3.3 Dilution procedure

A dilution of 1 in 26 is convenient in most cases for white cell and platelet
counts, For samples with markedly increased counts, further dilution will increase
accuracy. The 1 in 26 dilution is made by adding 20 ul of blood to 0.5 ml diluting fluid
in a 75 x 10 mm glass or plastic tube. After tightly sealing the tube with a plastic
stopper, mix by rotation for at least 1 minute for the while cell count and 10 to
15 minutes for the platelet count.

4. COUNTING CHAMBER

This consists of a depressed area of a glass alide which is converted to a
volumetrie chambex when overlald by a coverglass (see Fig. 2, page 4). Incomplete
cleaning, bad pesitioning of the coverglass or bowing of a thin («0.45 mm) coverglass
will result in marked errors in the depth of the chamber. The coverglags should be of
such a size that when placed ecoxxectly on the counting chamber, the central ruled areas
lie in the centre of the rectangle to be filled with the cell suspension.

A large number of counting chambers have been described, e. g, the improved Neubauar,
Thoma, Burker, Turk and Schilling chambers. Only the improved Neubauey chamber is
recommended by ICSH and will be described here (Fig, 3). The ruled area of the improved
Neubauer chamber is 3 x 3 mm giving 9 large squares each of 1 x 1 mm. The depth of the
chamber with the coverslip in peosition is 0.1 mm. Therefore individually each of the
large squares has a volume of 0.1 pl. The four 1 x 1 mm squares in the corners (marked
by 'WBC' in Fig. 3, page §) are avallable for white cell counting. Sufficient 1 x 1 mm
squares should be examined to count at least 100 white cells. Each 1 x 1 mwm square is
subdivided into 16 squares. Cells which touch the edges of these squares are counted
according to the rules illuzscrated in Fig. 4, page 5.

A

The central 1 x 1 mm area consists of 25 groups (0.2 x 0.2 mm) of 16 squares
gseparated by closely ruled triple lines as shown in the enlargement in Fig. 3. For the
platelet count it is normally suffiecient to use the five 0.2 x 0.2 mm groups marked by
'P' in Fig. 3 which are together equivalent to & volume of 0.02 gl with the coverslip in
position. Each of the five groups is zubdivided into 16 squares. Platelets which touch
the edges of these zquares are counted according te the rules illustrated in Fig. 4. If
<200 platelets are counted in the five groups shown then the entire central area should
be counted {(equivalent to a volume of 0.1 ul).
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Fig. 2 Design of counting chamber
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Fig. 3 Improved Neubauer Counting Chamber
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Fig, 4 Counting procedure: cells 1, 2 and 3 are not counted in the
square shown while 4, 5 and 6 are included in the count for the
square shown.
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5. TECHNIQUE OF HAEMOCYTOMETRY

5.1 Preparation of the haggocytometer

It is essential to clean the haemocytemeter with bleach, wash in distilled water and
then allow to dry. To ensure that the correct volume is attained the coverglass is
firmly placed on tep of the chamber so as to produce 3.5 Newton's rings.

As soon as the dilution has been prepared, fill the ¢ounting chamber using a Pasteur
pipette or a length of capillary glass tubing (which has been filled with the mixed
suspensions by capillarity). Care should be taken that the counting chamber is
completely filled in one mction and that no fluid flews into the surrounding moat. If
this happens the filling procedure should be repeated using another clean dry chamber.
The charged haemocytometer is placed in a Petri dizh containing a small wad of melat
filter paper or absorbent cotton wool. For white cell counting it 1s left for
9.1 minutes to allow the cells to settle. For platelet counting a longesy period iz
required for settling and the covered dish is left for 30 minutes. In rare instances
platelets may take lenger te settle.

5.2 Counting procedure

The haemocytometer is carefully transferred to the microscope stage after it has
bean confirmed, by checking by means of a spirit-level, that the stage is horizontal.
The preparation iz examined with a 4 mm dry ebjective and a %6 or X10 eyepiece. If
bubbles or debris are seen anywhere in the chamber, the filling procedure should be
repeated with another clean dry chamber. All cells lying on or touching twe of the four
sides (e.g. right and lower) should be counted, while those om the two other sides (e.g.
left and upper) should be left unceunted (Fig. 4},

5.9.1 White cell count: examine sufficient arsas te count at least 100 white cells
(Figs. 3 and 4). For the purpose of the ealculation note the number of white cells
counted and the volume in which they were counted.

5.2.2 Platelef count: platelet counting is improved when a phase contrast microscope is
wsed. Examine sufficient areas to count at least 200 platelets (Figs. 3 and 4). For the
purpeses of the calculation note the number of platelets and the volume in which they
were counted.

6, CALCULATION
6.1 Formula

The same calculation is used for the white cell and platelet counts using the
formula:

No. of ¢ g counted

. . 6
Volume counted (ul) x dilution facter x 10

Count(/1} -

Calculation of white cell gount

e.g. 150 cells in 3 squares each 1 x 1 mm,
i.e. 0.3 ul at 26X dilution

15

5 x 26 = 10% - 13 » 10951
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6.3 Calevlation of platelet count

e.g. 300 cells in 5 squareg each 0.2 x 0.2 mm
i.e. 0.2 x4l at 26X dilutien

300 : 6 o 190 9
0.2 X 26 x 10° = 390 x 10°/1

7. STATISTICAL EVALUATION OF OBTAINED RESULT

The standard deviation (5D) of the count is approximately the square root of the
count and coefficient of variatioen is obtained by _SD 6
. MEAN ¥ Loox,
Ninety-five per cent of the results will lie within + 2 CV of the true value.

7.1 White cell gounts

150 cells counted as in example 6.2 white cell count = 13 x 109/1.

- - _ l2.25 x 100 _
5D = [150 = 12.25 | cv =3 8.2%
WBC x 2 x GV = 2 x 8.2 x (13 x 10%/1) - 2.1 x 10%/1.

100

WBC + (2 x V) = 13.0 +'2.1 x 10%/1 = 10.9 - 15.1 x 10%/1.

7.2 Flatelet count

300 cells counted as in ekample 6.3, platelet count = 390 x 109/1

SD = 300 - 17.3 oV = ll*égﬁalgg - 5.8%
PIT x 2 x GV = 2 x 5.8 % (390 x 109/1) - 45 x 1091,
100

PLT + (2 x GV) = 390 + 45 ~ 345 - 4335 x 109/1.
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APPENDIX
1. CALIBRATION OF VOLUMETRIC PIPETTES

The pipette is filled to the calibration mark with distilled water, which iz then
transferred to 4 pre-weighed beaker in accordance with the normal usage of the pipette.
The beaker {s reweighed. The ambient temperature is noted. The volume of the pipette
(in ml) is calculated by dividing the weight of the water (in g) by one of the following
specific gravities depending on temperatures:

Temperature (*C) Specifie Gravity

18 0.9986
19 0.9984
20 .9982
21 .9980
22 L9978
23 L9976
24 L9973
25 L9971
26 . 9068
27 L9965
28 L9963
29 L2960
30 L9857

OO0 oo oo S

The calibration must be performed in duplicate for each pipette

CALIBRATTON OF MICROPIPETTES

The tip of a tuberculin syringe, the barrel of which has been lubricated with soft
grease, is artached by means of a piece of thick rubber or plastic tubinmg te the base of

the pipette to be calibrated. The unit is clamped vertically on a retert stand. The
plunger of the syringe is withdrawn slightly, and the pipette is submerged in a beaker
containing mercury. The pipetrte is then filled with mereury by further aspiration with
the syringe. When the mercury has reached the calibration mark of the pipette, the
beaker is removed., A weighing bottle, the weight of which has been determined, is held
beneath the pipette, and the measured amount of mercury delivered into this by
manipulation of the syringe. The weight of the bottle plus the mercury is determined and
the weight of the mercury alone is then obtained by subtraction. The ambient temperature
is noted.

The volume of the pipette {in wl) is calculated by dividing the weight of the
mereury (in mg) by one of the following specific gravities depending on temperature:

Temperature (°C) Specific Gravity

18 13.556
19 13.549
20 13.546
21 12.544
22 13.541
23 13.539
24 13.53¢6
25 13,534
26 13,532
27 13.529
28 13, 527
29 13,524
30 13 522

The calibration must be performed for each pipette.




