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AUTHOR’'S PREFACE

Turs httle book on Practical Hematology had its omgin
-in notes on hmmatological technique and interpretation
prepared for students taking a one year course for the London
University Diploma in Clinical Pathology. It does not claim
to be a reference book to Laboratory Methods, and in most
instances one technique only for a particular procedure has
been described. Its scope 1s a restricted and arbitrary one,
and I have deliberately omitted subjects which seem to me to
belong to morphology or medicine rather than to laboratory
technique. The methods outhned are, however, those of
which I have had experience, and they are in routine use 1n
the Heematology Laboratory of the Postgraduate Medical
School of London

I think every laboratory worker feels that the burden of
routine mvestigation is often too great and that too much
time and energy are expended on the normal, with the result
that abnormal conditions are not properly nvestigated and
general technical standards are lowered. 1t s clearly desir-
able to make the most effective use of bench space and per-
sonnel, and for this reason I have mcluded some notes and
opmmons on the relative value of heematological 1nvestigations
and the order m which 1t seems to me that they should be
undertaken.

I feel 1t 1s most important that all those concerned m
laboratory work should understand as far as possible what is
the significance of the tests they carry out. T have, therefore,
added notes here and there which are mtended to make
more intelligible some of the procedures described These
notes are perhaps mtended more for technieians than for those
with medical traming. In fact all through I have kept the
needs of techmetans 1n mund, and 1 hope this book will help
to make more interesting the essential work they do.

1 should like to thank Professor J. H. Dible, Dr 1. Domach,
Professor E. J. King, Dr D. L. Mollm, Dr. P, L. Mollison,
Mr. L. H Turnbull, Dr. J. €. White and Dr. I D. P. Wootton
for valuable adviee and criticism, and Mrs M, E. Harvey
for secretarial assistance
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CrrarTER 1

BLOOD SAMPLES FOR CLINICAL
HAMATOLOGY

Collection of blood samples.  Normal values.
Physiological vanation.

COLLECTION OF BLOOD SAMPLES

VEnous blood 15 to be preferred for most hematological
examinations, but peripheral samples can be almost as satis-
factory for some purposes if a free flow of blood 15 obtamed.

Venous Blood

This should be taken from an antecubital vein into a dry
syringe using a relatively wide bore needle, or by means of
a sinular needle to which 2 m of rubber tubing have been
attached (see appendix 5) Ideally, congestion should be
completely avoided, 1n practice a tourmquet is usually
necessary—it can often be loosened once the needle has been
mserted nto the vein. It 1s likely that complete stasis for as
hittle as 80 seconds causes some hemoconcentration (1). The
piston of the symnge should be withdrawn slowly and no
attempt made to withdraw blood faster than the vein is filling.
The blood when withdrawn should be promptly and thorough-
1y, but gently, mixed with the anticoagulant. Hemolysis can
be avoided or mumimized by using clean apparatus, withdraw-
ing the blood slowly, not using fine needles, delivering the blood
gently mto the recever and avoiding frothing during the
withdrawal of the blood and subsequent mmang with the
anticoagulant. N

Blood collected in order to obtamn serum 15 conveniently
delivered into sterile tubes or capped bottles and allowed to
clot undisturbed at room temperature. VWhen the blood has
firmly clotted and the clot has commenced to retract, the
sample should be placed in a refrigerator overnight at 2-5°C.,

BAwATOLOGY 1 s






STORAGE OF BLOOD 3

pathological forms may be simulated. Mistakes may be made
unless this type of change is appreeiated.

Heparin at a concentration of 0.1 mg. to 0.2 mg. per ml.
of blood 1 a good anticoagulant. 1t does not alter corpuscular
size and 18 the best anticoagulant to use if it is important to
avoid hamolysts. Heparimzed blood, however, should not be
used for leucocyte counts for some of the cells may clump
together.

oxalate (crystals of which may he seen m oxalated blood) or bound
to the citrate molecule m an umonized form Hepann inhibits
coagulation n a diffcrent way , 1t 1s thought to have the power of
neutralizing thrombin  Ammomum and potassium oxalates are
posonous and are for laboratory use only Sodtum eitrate and
heparin can be used to render blood incoagulable before transfusion.

Storage of Blood before Estimations are Performed
Certain changes take place when blood 15 allowed to stand
tn viro; these can be minumzed by keepmg the samples
in the refrigerator at a temperature of 2-5°C  The red
corpuscles start to swell, the corpuscular volume tends to
increase, osmotic fragility and prothrombin time slowly
ase and the sed tation rate d < the leucocytes
gradually autolyse {2) H: lobin remains h d for
days. These changes, liowever, take place slowly, and for
most purposes blood may be safely allowed to stand overmght
n a refnigeratar if precantions against freezing are taken A
rule should be made. however, to count leucoeytes as soon as
possible arid perform sedtmentation rates within six hours of
collection  The advisability of making films at once has
already been mentioned. The mnportance of effective muxing
of blood after collection, particularly 1f 1t has been stored and
15 cold and viscous, cannot be over-emphasized. The tube if
cold should first be allowed to warm up to room temperature,
then mixed by rotation and tilting for at least two munutes.
This difficulty of mixing stored blood ts « strong pownt wm
favour of performing blood counts withont delay.




2 COLLECTION OF BLOOD SAMPLES

so that there may be time for retraction to be complete and
little likelihood of the growth of baeteria. If the clot when
firmly formed shows no sign of retraction, it may be gently
detached from the walls of the container hy means of a
platinum wire or a scaled drawn out Pasteur pipette. If it is
roughly treated, hemolysis is eertain to follow. When serum
is required without delay, clotting and retraction may be
hastened by placing the sample in an mcubator or water bath
at 37°C., or by defibrinating the sample. Defibrination 1
simply performed by placing the blood m a receiver such as a
conical flask contaimng a central glass rod on to which small
pieces of plass capillary have been fused (see appendix 3).
The blood 15 whisked around the central rod by gentle rota-
tion of the flask and clotting 1s usually complete within five
minutes. The fibrin collects upon the central rod. When this
has happened, the defibrmated blood may be centnfuged, and
serum obtamned quickly and n relatively large volumes.
Blood defibnnated 1n this way should not undergo any
appreciable degree of hamolysis

Anticoagulants

The ammonium and potassuum oralate mirture of Heller
and Paul has been recommended by Wintrobe and 15 widely
used. .\t a concentration of 2 mg. of the nuved salts (six parts
of ammonium oxalate to four parts of potassium oxafate) to
1 ml. of blood, the corpuscular volume 1 unaltered and httle
hmoly s1s caused. Such blood may be used for hamatoenit and
hemoglohin estimation, and for red cell and leucocyte
connting, and the plasma for the (stimation of ilirubin and
prothrombin time.  Films are satisfuctory of made without
delay. If the blood is allowed to stand before hlms are made,
defintte changes take place i the morphology of the cor-
puseles. The red cells start to crenate, but more important
arc the changes in the leucoeytes  Within an hour abnor-
malities become obvious and are progressive. The eytoplasm
of the granulocytes becomes vacuolated and ingested oxalate
erystals may be seen, and the nucler tend to become pyknotie
The nuclei of lymphiocytes and monocytes undergo hizarre
changes 1 shape: lobation or budding takes place and



PERIPHERAL AND VENOUS BLOOD DIFFERENCES 5

Differences between Peripheral (‘‘Capillary") and
Venous Blood

It is not quite clear whether the packed cell volume
(hematocrit), red cell count and hemoglobin content of
venous blood and peripheral blood arc the same, even if the

HEAT
i
A T —=————— rpuL
BREAK
B ::}=4L§-:———‘_

O

T

Q

m

=

Fic 1 Maxive Grass Capirary PRICKERS

latter 15 freely flowing. Although the results of Price-Jones,
Vaughan and Goddard (9) did not reveal any certam differ-
ences 1 normal adults, this may not be always true. Strauss



4 COLLECTION OF BLOOD SAMPLES

Peripheral (‘‘Capillary’’) Blood. This is best obtained
from the ear of an adult or from the heel of an infant. As
already mentioned a free flow of blood is essential, and only
the very gentlest squeczing is permissible ; ideally large drops
of blood should exude slowly but spontaneously. If it is
necessary to squeeze firmly in order to obtain blood, the
results arc generally unreliable. If the poor flow is due to the
part being cold or eyanosed, abnormally high figures for red cell
counts and hemoglobin and for leucocyte counts are usually
obtained.

The ear is preferable to the finger; 1t 1s less sensitive,
and gencrally bleeds well. If cold, the lobe must be rubbed
with lint until warm. It s then pricked to a depth of 2-3 mm.
with a needle (Hagedorn) or glass capiliary prreker.* Wipe off
the first few drops and eollect the sample when the blood 18
flowing spontancously, usually m about half a minute. There
seems to be little risk of mtroducing organisms nto the ear
1f a stenle needle or glass capillary 1s used. The practice of
pricking successive patients with the sanie needie 15 to be
deprecated, even if the needle 1s placed n spirtt between each
puncture. The risk of transmutting “serum Jaundice™ m this
way cannot altogether be neglected. If the needle 1s repeatedly
“flamed,” 1t soon becomes blunt  For these reasons it s
recommendcd that a scparate glass capillary pricker he used
for cach patient. Thesc are made from wide glass capiliaries
parhally pulled out (see Fig. 1),

With a little practice, 1t 1s possible to break them so that the
cut end 1 smooth and vertieal. The pricker 1s placed aganst
the most dependent part of the lobe of the ear which 1s then
punctured to a depth of 2-3 mm. hy gentle rotation of the
pricker.

Heel Blood. Sstisfactory samples can be obtamned by 'a
deep puncture, but only if the heel 1s really warm—it may be

necessary to bathe it m hot water

T P SN T S A
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PHYSIOLOGICAL VARIATION 7

additional references are listed later when the relevant
technical methods are considered. An attempt has been
made to maintain a moderate perspective in respect of
‘““normal ranges,” particularly where large diserepancies exist
between the findings of different authors, The figures given
are believed to cover at least 95 per cent of healthy subjects.
Statistically speaking, a value at the edge of a supposed
normal range is naturally more hkely to be abnormal than
normal.

PHYSIOLOGICAL VARIATIONS IN BLOOD VALUES

Physiological Variation in Hzaemoglobin, Hwematocrit
and Red Cell Counts (4, 5)

It is well known that there 1s considerable variation in the
red cell count and hemoglobin at different periods of life.
At birth the hemoglobin content of the blood is higher than
at any period subsequently {see Table I), After the immediate
post-natal period the haemoglobin level falls fairly steeply to a
mimmum of about 11 g. at about the 5th o 18th month, but
there 15 considerable variation from child to child, The red
cell count falls less steeply and the corpuscles become hypo-’
chromic. Both hemoglobin and red cell count then gradually
11se to almost the adult level by the time puberty is reached ;
thereafter the levels in women tend to be sigmficantly lower
than those of men.

The values found m the mmmediate post-natal period vary

Probably 1t 15 the cessation of pulsations of the cord as well as the
uterme contractions which cause the blood contammed n the
placenta to re-enter the infant’s eirculation.

In addition * ** - -
to be transier
difficult to ass N
ably will raise the levels of both red cells and hamoglobin,
presumably largely due to a redistribution of cells within the
carenlation andjor loss of plasma, ncreases amountig to 0 §



[ NORMAL VALUES IN HEMATOLOGY

and Burchenal (18) in a survey of 80 patients under treat-
ment for pernicious anmrmia found that their red cell
counts and hemoglobin levels averaged 5 per cent higher n
“capillary”™ than i venous blood, a difference which was
statistically sygnificant. In infants, too, similar differences
probably exist (11), at least m the nconatal period.

It is likely that frecly flowing blood obtamed by skin
puncture 15 more nearly arteriolar i composition rather
than capillary. Indeed, the hematoerit value, red cell count
and hemoglobn content of true eapillary blood 15 probably
significantly less than that of venous blood [Gibson et al. (3)].
The platelet count appears to be higher m venous hlood, but
the leucocyte levels are probably identical if counted m freely
flonmg peripheral blood—if the car 15 cold, the leucocyte
count may he rased above the vewous level. The osmotie
fragility of venous blood 1 significantly greater than that of
peripheral blood, due probably to the reduced oxygen tension
m the venous sample,

Satisfactory blood films can be made from venous biood.
As already mentioned they must be made without delay, for
the leucoeytes will undergo degenerative changres on standing.
Often 1t 15 more satisfactors to make films separately from an
car prich.

NORMAL VALUES 1IN H.EMATOLOGY

1t 1s extremely difficult to state the limuts of normality in
respeet of blood findmgs . the observed ranges are consider-
able, and age and sex deternune mmportant differences,  In
addition, varniation n techmque may explun differences
between some olwervers’ higures . partienlarly s this true of
counting piatefets and of (stimating coagulation time

The hnuts of health atself are sl dedined, and the normal and
abpormal undoubtedly overlap, for mstanec, a valuc well
within the rccogmized “normal range”™ may bo defimtely
pathelogical 1 o particular subjeet. e a total leucocy te
count of 10,000 per cmm. 1s abmormal for o man whoe
count usually mnges between $000 and 6000 per ..

The data ;:vncn m Table I comes fromyanous sourees (§-9).
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additional references are hsted later when the relevant
technical methods are considered. An attempt has been
made to maintain a moderate perspective in respect of
“normal ranges,” particularly where large discrepancies exist
between the findings of different authors, The figures given
are believed to cover at least 95 per cent of healthy subjects.
Statistically speaking, a value at the edge of a supposed
normal range 1s naturally more hkely to be abnormal than
normal.

THYSIOLOGICAL VARIATIONS IN BLOOD VALUES

Physiological Variation in Heemoglobin, Heematocrit
and Red Cell Counts (4, 5)

Tt 1s well known that there 15 considerable variation m the
red cell count and hemoglobin at different periods of life.
At birth the heemoglobin content of the blood 15 higher than
at any period subsequently (see Table I). After the immediate
post-natal period the hemoglobin level falls fairly steeply to a
menimum of about 11 g, at about the 5th {o 18th month, but
there 1s considerable variation from child to child. The red
cell count falls less steeply and the corpuseles become hypo-
chromic. Both hemoglobin and red cell count then gradually
rise to almost the adult level by the time puberty 1s reached ;
thereafter the levels m women tend to be sigmificantly lower
than those of men,

The values found i the mnmediate post-natal period vary

Probably 1t 1 the cessation of pulsations of the cord as well as the
uterine contractions which cause the blood contamed n the
placenta to re-enter the mfant’s cireulation.

In addition to the permanent effects of age and sex, there seem
to be transtent fluctuations the sigmficance of which 15 often
difficult to assess. Muscular activity, 1f at all severe, unquestion-
ably will rase the levels of both red cells and hamoglobin,
presumably largely due to a redistribution of cells within the
cireulation andfor loss of plasma; increases amountmg to 0.5



VARIATIONS IN BLOOD VALUES

Table I—NOF
Variatior

Red blood cells
Men . . . . ..
Women .
Infants at bxrlh (cord blnod)
Children, 1 year ..
Children, 10 years . . .

Heamoglobin
Men e e e e
Women .
Infants at hlrﬂl ((‘ord blood)
Cinldren, 1 year .
Children, 10 years . .

Pached cell volume
Men - . .
Women
Infants at bmh (cord blood)
Cluldren, 1 year
Children, 10 years . . .

Mean corpuscular volume (M C.V.)
Adults . ., N

4.5-6.5 millions per c.mm.
3.9-5.6 " "
4.0-5.6% ” ”
4.5 (average) ,, »
4.7 (average) ,, "

13.5~18.0g. per 100 ml.
11.5g-16.4g »
14.0g-19.0g* .,
11.2g (average) ,,
12.9 g. (average) ,,

11-629*
859, (average)
87.5% (average)

76-06 c.p1.

JMean corpuscular hamoglobn (M.C.H )

Adults . . R
Mean corpuscula globin ¢ (M C L. conc.)

Adults . . . 82-189,
Mean corpuscular diameter (dry films)

Adults - . 06T Ty
Retrevlocytes

Adults 02 e,

Infants at hlrt)l .

* Unpublished ohwervations



VARIATIONS IN BLOOD I 'ALUES

MAL VALUES .
wn Health -

Leucocytes (90% subjects)
Adults . . . . .

4000-10,000 per c.mm
Buth . . . . .

- . 10,000-25,000
13Ar . . . e e e 6000-18,000 .
Chuldhood (47 years) . . G000-15,000 ,,
Childhood (8-12 years) . .

4500-13,500 »

Differential leucocyte count

Adults Polymorphs.  40-75%  2500-7500 per c.mm.
Lymphocytes  20-30° 1500-3500  ,, ,,
. Monacytes. 2109, 200-800 o s
Eosmopluls. 1-6%, 200400 ,, ,,
Basophils 19 15-100 . ..
Platelets 150,000-350,000 per conm

Bleeding Time (Duke's method) 1-5 min.
Coagulation Time (Lee and White's method, 87°C ) 4-10 mn

Osmotuc fragitity
1. Dacie and
Vaughan's method 0 26-0 849 NaCl “complete” hxmolysis
0 81-0 40% NaCl 50%, " (MCF.)
0 42-0.16% NaCl “Tnitral™

2 Modified method

of Parpart etal 0 30% NaCl 97-100% hemolysis
0 85% NaCl 90-99% -
0 40% NaCl  50-90°%, M
0 45°% Na(l 5-80°;, s
0 50% NaCl  0-5% -
0 559 NaCl ml

S g !

edimentation rate (Wintrube and Landsherg)
Men Mean 3.7 mm in one hour <
ange (95%) 0-9 mm

Women Mean 26 mm one "hour

ange (95 ly"n

of Dr P L Molhson
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Table J~NOR
Variafion

Red blood cells
Men . o . L 4.5-6.5 millions per e.mm.
Women . 8.8-3.6 " ”
Tnfants at birth (cord blood) 4.D-5.6% “ "
Children, I year 4.3 {average} ,, "
Children, Y0 years . . ., 4 7 (average} ,, "
Hermpglobin
Men . . Ao+« IB.5p-18.0p periooml
Women . 11.50.-16 4p. ”
Infants at bmh (cord blood) 4.0g.-10.08%
Children, 1 year . . . 11.2g {average} ,,
Children, 10 years .- < 12 9p (avernge}y ,,
Pached celf volunie
Men . . . . . . 4054
Won 36-47%
Xn(‘anh nt bmh (cord blnnd) 44-529%
Children, 1 year . 839, (average}
Chuldren, 10 years . . 87.5% (average)

AMean corpuscutar volyme (M CV.)
Adults e e+ e+ . TE-98cp

Mean rorpuscular hmmoglabm MO

Adults . . . . .. 2182 g
Aean corpuseular hemoglobin concentration (M.C.H. cone)

Adults . ., . .. 82.38%
Mean evrpuscular diameter {dry films)

Adults . . . 66T T
Reficulorytes

Adults . 0225,

Infants at birth . 2-60,%

* Unpublished observations



)

5)
{6)

m
(8)

(L]
0

LITERATURE ON NORMAL VALUES 11
REFERENCES

Iumpton, London

Wivrrose, M M (1930). “En"lhr\x‘\te i man * Mediane, 9, 193

Garrey, W. I, and Dry. R (1935) “Vanatione in white cell
mte t DL N e qE

ETTRRTIUpn.}

o Lab chin Med , 27, 9%7



10 VARIATIONS IN BLOGOD VALUES

mitlion red cells per c.mm, or 1 5 g. hemoglobin may be observed.
Tt1s not so clear whether emotional actwvity or “random” exercise
significantly raves the red eell count or hemoglobin above the
basal level observed with the subject at rest; the effects may be
small enough to be submerged m the technical errors of estimation,
Duirnal vanation of considerable degree has, however, been

claimed by vanous authors; for justance, MeCarthy and Van
b - -~ ‘ A T moglobin
the same
« rantlom

t.

Physiological Variation in the Total Leucocyte Count
(6.7, 8)

The effect of age 15 indicated m the table, m general, ligher
levels are observed m childhood.  Lymphocytes are the
predomnant cells from the second week of life until the fifth
to seventh year, when they give way to the polymorphs. The
count is not affected by sex. People differ considerably in
teucoeyte levels, but tend to mamtam a relatively constant
preture despite wregular oscillation during which it is elaimed
vanation up to 50 per cent of the total count may oecur  The
minymun count 15 found m the morning with the subjeet at
rest . the maximum th the afternoon  “Random actnvity”
may shghtly rawse the count, severe exercise may canse rises
up to 80,000 per c.mm, chiefly due, 1t 1s thonght, to hberation
mto the blood stream of polvmorphs formerly sequestrated
m shut-down eapillaries

4 {actor contnibuting to the apparent normal varrabtlity mleuco-
evie counts 15 the use of “eapillary’ blood. Leucoeyvtes scem to
hecome sequestrated in the cupitlanies of the skan, partiulardy 1if the
part s cold and this teads to the counts being bygher us periplieral
than n venous samples, Ifence the vory great ymportance of
warming the part punctured and the necesuty for a free flow of
blood
Lymphioeytes from lympbatic channels may sometimes also
enter the peripheral blood during exererse Aglrcnahn acts 1 the
same way as does exerase by increasing the eirculatory rate, and
emotion may possibly eause an neremse w the same way. The
effect of the mgestion of food s uncertain, a “digestive Teucocy -

tos1s shif remains unproven,
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little pressure will cause the appearance of Newton’s refrac-
tion rings. The cover-slp should be of such a size that when
placed correctly on the counting chamber the central ruled

RO,
: i
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Fic 2 An ELECTmcALLY Dmvex Macmve ror  Mixine
SusFENsIONS OF BLoop CEtrs (designed by Mr R E. Dava

area or areas should lie m the centre of the rectangle to be
filled with the ccll suspension

The type of counting chamber used and the arrangement of

the rulings 15 largely a matter of taste and availability The

visibility of the rulings 1s as important as the accuracy of calibra-
tion

Count the cells using a 1/6th 1n. objective and a x 6 or x10
eycpiece (the latter preferably). It 1s important to count as



CiarTER 2

BASIC HAMATOLOGICAL TECHNIQUES I

The total red cell count. The reticulocyte count,

Estimation of hwmoglobin.  Determination of

packed cell volume (hematocrit value) Diagnosis
of “anemra,”

THE TOTAL RED CELL COUNT

A CONSIDERABLE proportion of a technician’s time js taken
up in performing red cell counts. It 1s important that both
the blood counter and the climeian who asks for the count to
be made have a clear 1dea of the limitations of the method
as usually carrred out. The following technique is
recommended —

Make a 1:200 (or 1-250} dilution in formol-citrate solution
by delivering by means of a “hzmoglobin’ pipette 0.02 ml.
of bleod mto + {or 5) ml of dluting fhad contaned mn a
80x10 mm tube. The blood-diluent suspension should be
ruxed for at least two minutes by tilting after corking through
an angle of about 120° combined with rotation, thus allowing
the atr bubble to mix the suspension ; alternatively the cell
suspension may be mixed in a mechameal mixer (Fig. 2).
The counting chamber, with 1ts cover ship already 1n position,
should be filled without delay. This 1s simply accomplished
with the aid of a Pasteur pipette. Care should be taken that
the counting chamber 1s filled 1n one action and that no fluid
flows into the surrounding moat. The chamber should be left
undisturbed for at least three minutes for the cells to settle,
but not much longer than thus, for drying at the edges of the
preparation may initiate disturbing currents which cause
movements of the cells after they have scttled. Itisimportant
that the cover-slip should be of a special thick glass and
perfectly flat, so that when laid on the counting chamber a

12



NORMAL RANGE OF RED CELL COUNT 15

label and handle. Miung is difficult to accomplish and filling
the counting chamber with the pipette so that the exact
amount of fluid is delivered, 1s an art difficult to master,
0.02 ml pipettes of “hemoglobin type” are relatively mnexpen-
sive and easy to calibrate. By the use of 4 ml. of diluting
fluid n a corked tube, a suspension easy to label and handle
1s obtamed, and a perfect filing of the counting chamber
readily accomplished 1f a fine Pasteur pipette 15 employed.
The accuracy of 0.02ml pipettes may be cheched, after carefully
cleaning them, by filing them to the mark with clean mercury,

expelling the mercury and weighing it ¢ 03 ml of mercury weighs
680 mg., 0 02 ml. of mereury weighs 272 mg

Normal Range

Men . 4.5-6 3 nulhons per e.mm.
Women ' 9-5 6 - -
Children. Birth (cord bleod) 4.0-5 6 . "
lyear . . . 4 5 (average) ,, ”
10 years 4 7 (average) ., "

THE ERROR OF THE RED CELL (OUNT

An accurate red cell count 1s difficult to accomplish, The
errors assoclated with the count are of two mam kinds;
those due to naccurate apparatus or indifferent techmque
(techmeal errors) and that due to the distmbution of the
suspension of red cells in the counting chamber {the inherent
error or the ‘“field error” of Magath, Berkson and Hurn
(1)]  The former errors can be mimmzed by a careful
techmque, the latter error can only be overcome by counting
large numbers of cells.

The distribution of red cells in the counting chamber 1
of an irregular (random) pattern, even mn a perfectly mixed
sample. The pattern of distribution, however, conforms to a
defintte type Experiment has shown that varation between
the numbers of red cells which settle mn areas similar 1n size
conforms closely* to a mathematical distribution (Poisson

* Actual determunation of the distribution of red cells has shown 4 systen-
atic but_relatively ummportant deviation from the theoretical expected
Poisson distribution  In practice =0 92y i, tnstead of /g, (1,
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many cells as possible, for the accuracy of the count 15 -
creased thereby (see below); 500 cells should be considered the
absolute minimum, Using a Burker chamber, count the cells in
three (or si¥) of the 3 x 1/20 mm. narrow rectangles, including
the cells which touch the top and nght hand margms. With
a Neubauer chamber, count the cells i four or cight horizontal
or vertieal rectangles of 1 5 1/26 mm. (80 or 160 small squares)
or in 5 or 10 groups of 16 small squares ; mclude the cells
which touch the top and night hand margins and omit from
the count those which touch the lower and left hand margms
of the squares,

Calculation (1:200 dilution). Burker chamber. No. of
ceils 1n 3% (8x1/20) mm. narrow rectangles, 1/16 mm. n
depth (9/200 ¢ mm 1n volume) =N

. Red cell count n mullions per c.mm,
9,
=N x"—g—g » 200 (dilntion)
=N x 1410,

Neubauer chamber No. of cells 1n 4 x (1 x1/20) mm. rect-
angles, 1/10 mm. m depth (/200 c.mm. n volume) =N

. 200
Red cell count =N « 5 %200 (dilution)

= N #10,000 m muhons per c.mm.

Red Cell Diluting Flnid. 1 per cent formahn mn 3 per
cent sodmm aitrate.  This diluting flmd 15 very satisfactory.
1t 15 simple to make up, keeps well, does not need to be
stenlized, does not cause agglutination of the corpuscles and
well maintams therr discodal form  The cells are well
preserved and counts may be performed several hours after
the dilution has been set up.

Notes on Apparatus

Bulb diluting pipettes are not recommended ; they ace
expensive, difficult to ealibrate and easily brokens they use
unnecessanly small volumes of blood and are diffienlt to
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label and handle. Mixing is difficult to accomplish and filling
the counting chamber with the pipette so that ‘the exact |
amount of fluid is delivered, 1s an art difficult to master,
©.02 ml. pipettes of “hemoglobin type” are relatively mexpen-
sive and easy to eahibrate. By the use of 4 ml. of diluting
fluid 1n a corked tube, a suspension easy to label and handle
15 obtamed, and a perfect filing of the counting chamber
readily accomphished if a fine Pasteur pipette 1s employed.
The accuracy of 0.02 ml pipettes may be checked, after carefully
cleaning them, by Alling them to the mark with clean mereury,

expelling the mereury and weighing 1t 0.03 ml of mercury weighs
680 mg., 0.02 ml, of mercury weighs 272 my

Normal Range

Men 4 5-6 3 millions per ¢ mm
Women . P 3.9-5.6 " "
Children  Birth (cord blood) 4 0-5.6 - -

1 year 4.5 {average) ,. ”

10 years . + 7 (average) ,, .

THE ERROR OF THE RED (CELL (OUNT

An accurate red cell count 1s difficult to accomphsh. The
errors assoclated with the count are of two mam kinds,
those due to maccurate apparatus or indifferent techmque
(technical errors) and that due to the distribution of the
suspension of red cells m the counting chamber [the mherent
error or the “field error” of Magath, Berkson and Hurn
(1)}. The former errors can be munimized by a careful
technique; the latter error can only be overcome by counting
large numbers of cells. :

The distribution of red cells in the counting chamber 1s
of an irregular (random) pattern, even n a perfectly mixed
sample. The pattern of distribution, howeer, conforms to a
definite type. Expenment has shown that variation between
the numbers of red cells which settle in areas sumlar m size
conforms closely* to a mathematical distbution (Poisson
- Actual :l‘:!l:r:;;xahon of the distribution of red cells has shown a system.

unimportant deviation from the theoretical expected
Powsson distribution  In practice o=0 92/p, instead of v/ (1, 4)p
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series) and that the standard error (o) of the distribution of
the number of cells in areas of equal size is given by vm,
where m is the mean number of cells in the areas concerned.
That is to say that if the red cell suspenston was such that the
mean number of cells in an area (say 80 small squares in a
counting chamber) was 100, then if 1t were posstble to count
the number of cells i each of 100 similar areas, 1 95 areas the
number of cells encountered would probably range between
80 and 120 [100 4:20(2 X +/100) =100 £20]; in the remaining
five areas the counts would be outside the 80-120 range.

Clearly this random distribution has a very important
bearing on the accuracy of blood counts, for no amount of
mixing will mintmize the mnherent variation in numbers
between area and area.

If this simple calculation 15 apphed to a concrete example, some
1dea of the effect of this random distribution ean be obtained.
Let us pretend that a blood with a true count of 5,000,000 red
cells per ¢ mm 1s counted 1n a 1:200 dilution, The mean number of
ecells (m] N - . R ot
be 500,
totals lit
squares
practice Assuming that the standard error of the number of cells
1n an area of 80 small squares 1s 1/500=22 (approx.}, then m 19
out of 20 arcas (95 per cent) the number of cells encountered
would range between 50042 x232=456 to 544 These figures
represent a blood count ranging between .56 to 5 41 mulltons
per emm with chance determiming the actual number of cells
present within the area selected for the count This very great
range 1n possible results dependent upon the random distribution
of the red cells 1s. however. not quite so serious as 1t might appear
to be at first sight, for whilst the number of cells encountered n
one out of every 20 areas will be outside the range given above, 1n
two-thirds of the areas the number of cells present will fall between
the mean and + tts standard error (40), 1e between the range
478 and 522,

The ratio % 1s the coefficient of varation (v) and this
expressed as a percentage gives a convenent way of express-
ing the inherent error of blood counts. In the example given

o 22 ’s
=— =" =4.4 per cent, and the range £2V involves

above V. =500
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an error of +8.8 per cent or +440,000 cells out of a total of
5,000,000.

The inherent error in blood counting can be reduced in only
one way ; by counting mare cells. This may be done in one
of two ways; by counting more cclls 1n one preparation or
by making successive counts. The following calculations
(Table 11} demonstrate that the cocfficient of vamation (V)
of the count varies in theory m proportion to the square root
of the number of cells counted, i.e. if four times the number of
cells are counted the coeflicient of variation is halved. For
example, if the imaginary (ideal} figures given m Table IT
are studied, 1t will be seen that 19 out of 20 counts of the cells
in 80 small squares will Lie witin the wide range of 5.12-6.08
millions per ¢ mm.; 1f the cells in 320 small squares are,
however, counted the range will be considerably narrower,
5.86-5.84 nulthons per c.mm. (¢f. Table ITT).

Table 1Y
No of No of Icalated blood Coefie
Sott | ot Jommmal gy g, | Gttt | copens
S | b | S T R e
80 560 24 512-608 3 12-6 08 4.3
160 1120 33 1054-1186 3 275 93 29
320 2240 47 2146-2334 3 36-5 84 2.1
610 4450 67 43461614 3 43-3 76 15

Table showing how the inherent ertat of ted cell counting may he reduced by
counting larger numbers of red cells

The method of making serial counts and taking the mean
has been widely (perhaps unconsciously) used as a meens of
reducing the error of the red cell count. If a sufficient series
1s done, the truth 15 ltkely to reveal itself, not only will the
mherent error be reduced by the counting of a large number of
cells, but there 1s a chance that errors m technigue will 1n
time cancel each other out The following daily counts
performed on a normal subject 1llustrate the sort of answer
which will be obtained (Table IIT).

The faults m techmque winch contribute to the technical
error of red cell counting are many  They iclude bad

HEwATOLOGY 2



o0 000'3 Soyeun0idds 10 Hununod
oy w0 posEd wqunod 10 soumaguuds 38, ganosss U s ut 3020 34 P (appyunnoadds 123 ot g 4T B
2 oa jo 2020 Tousou w30 oyt uu A oy oL D wuna £op Y 1 o 2USOA Y PR e S wos
{rouugst PUT st 23 10 s a4t e poonposd st T gad uonits 20 ol ¢ g s S s P
Yo saquintt o o BUTUSY O pa st 104 poanpat 432933 ot ey WO g 4L, s PO 2

pue 221302110 gl1 o Tuet pasds R
Ty A 30859595 & spumaadsd) e Y aton 239% s M TonEnos B S iy SUUNS g opadid ey Py
putn o 2 G pousTd® 5 poold (aanduad Satmoy-Aosd o Aupirau © 40 ouasoad 81002 pooiaL SR st ML

¢ 9 ws 108 €9 ¢ ek € 1% 8 w'e w0'e PRy cye g 08 g fuw 5308 1S Junod

el c&n:éiawutc D

)

—

:
¥018 Y16 flaéd Wes LU 0T 8015 680

e 05T 861% LT amnbs
e 07 9 panano?
oo por WL

\\\\\

168 8c'S w's LAY 86 ¥ «@w's 6 9 [\

s 3 I Junod
w .etn:éc:?utc 2

o 08 w paune?
s P o108

Ae

I

m alavl



ERROR OF RED CELL COUNT 19

sampling of the blood due to an inadequate flow from a skin
puncture, to prolonged use of a tourniquet or to meflicient
muxture of venous blood which has sedimented after collection;
inaccurate pipetting and the use of badly calibrated pipettes
or counting chambers; inadequate muxing of the red cell
suspension; a bad filling of the counting chamber and careless
counting of cells within the chamber.

were carrying out some serral blood counts using the same sus-
penstons. The figures of one of them were, nevertheless, noted to be
less than those of the other, the difference in six_successive
counts was 1n the same dnrectlon, the counts of observer B
averaging 6 per cent less than those of observer 4 The two ob-
servers then counted 1n succession the cells m the same 320
small squares of a single filing of a eounting chamber, observer
B counted 1976 cells and observer A 2086, a difference of about
5 per cent  The actual number of cells in 4 outer I mm x1/20 mm.
rectangles (80 small squates) of the Neubauer chamber where the
discrepancies seemed the greatest was then determuned, usmg
X10 eyepieces and laboriously and slowly counting cell after cell
-—the two observers were then m agreement
The results are 1llustrated by the following figures —

Observer A Observer B “True” value
134

1385
120 108 12
156 128 143
124 119 142
Totals (80 small sq\larcs) 535 162 540
The d the foll g day, with much
better results (there was no attempt to count 3000 cells)!
Observer 4 Observer B “True” value
2 24
145 136 145
125 126 126
140 150 43
Totals (80 small squares) 538 519 538
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of
ady

ter
it is difficult to mamntam the necessary degree of conrentration
S e T A AL A v e

15 & lngh one. In fact, with counts of 3 rmllion red eells per c.mm.,
and over, 1t is probably wise to merease the dilution of the blood
to 1:400  With the Neubauer chamber 1t 15 eastest to count
accurately within the centre 1 mm., square area of small squares.

The summation effect of the techmieal and mherent components
of the errors of red cell counting as performed n a chmeal labora-
tory has been conadered by Magath, Berkson and Hurn (1, 2).
Thev caleulated the standard deviation embracing errors of
sampling, pipetting and 1 the caltbration of the counting chamber
as well ag the inherent error duce to the random distribution of the
red cells to be 385,000 per comm. m a 5,0 mithon red cell count
counted tn 80 small squares at a dilution of 1-200, with a cocfherent
of vamation of 7 7 per cent {the cocflicient of vanation due to the
wherent error 1 4 4 per cent) Derg (3) n a detatled exposition
aceepts the ealeulations of Magath, Berkson and Hurn (1. 2) and
mves the standard deviation as 890,000 cells and coeflicient of
vanation as 7.8 per cent under “normal condstions of caretul
counting * These figures mean that m repeated estimations on
blood contammg 5 0 million red cells per ¢ mm  two-thards of
carctully performed counts would range between t 61 and 5 39
mthions per emm  ( { o) and that 93 per cent of the observed
figures would lte between + 22 and 3 78 millions per e.mm
{ ! 26}, an enormous tange ' The coeflicient of yvauation 1s -
creased 1 lower counts 1f the cells i 80 small squares only arc
counted. At the 3 millions level 1t 158 3 per cent and at 2 mllions
per c.mm % 0 per cent

Clearlv the errors of blood connting are very considerable.
That due to the random distribution of the cells m the
counting chamher can be reduced by counting the eells m a
larger area, as alrcady mentioned (see Tuble 1), but
ordinary laboratory practice there 1s rarely tume to count
carcfully the cells m more than 160 small squares, about
1000 cells 1 a normal count. The practice of nmkmg{ counts
m duplicate 15 a good one, hut does not neeessanly iterease

accuracy s always possible that the <econd count v 1l he
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further from the truth than the first, due to the random
istribution of cells, and the error thereby increased.

As Ponder (4a) points out, the figures of Magath, Berkson
and Tlurn (1, 2) and Berg (8) 1llustrate the errors of red cell
counting at their worst, and show the futility of basmng
results on counting the cells m 80 small squares only (usually
500 cells ot less). Ponder (4a) correetly pomts out that if a
suffictent number of cells 1 carefully counted and standard-
1zed pipettes and chambers are used, the crror 15 small (not
more than +3 per cent), which is not worse than that of
many other laboratory estimations ! In the hands of a good,
unhurried techniclan, usmg good apparatus, the technical
errors of red cell counting can be almost abolished

A recent additional study of the errors of heematological
methods has been made by Biggs and MaeMillan (5, 6). Their
results agree substantially with those of Berkson, Magath and
Hurn (2} and with those of Berg (3). They pomt out the
mmportance of personal bias in the performance of counts, and
that knowledge of what the result shonld be leads to m-
accuracy, e g. five counts made on five samples of blood will
more closely correspond 1f the blood counter knows that the
five samples are part of a single large sample. In perforrung
a count on a smgle fillmy of a counting chamber, there 15
often an te y to the differences
1n the cell counts from successive areas ., thus the number of
cells i the first area counted may determuue to some extent
the final result Another cause of error 1 due to selection of
counting areas. There 1s a tendency to seleet areas whose cell
content seems to fit in with a preconceived idea as to what the
result should he Undoubtedly, the best red cell counts are
made by an unhurried, honest, methodical worker who has no
knowledge of what the result should be e should always
count the cells in the same areas i the counting chamber,

Another source of error in blood counts has been demonstrated
by Hynes (7), this 15 an uneven distribution of cells within the
counting chamber, depending upon the momentum given to
the cells as the chamber ts filled  XDis results were obtamed in the
«course of letteocy te counts, but probably the same prineiples apply
to the distribution of red cells i the counting chamber — He
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recommends, thercfore, that the centre of the cover-slip should
exactly overlie the ruled aren where the counts are performed.

Attemnpts have been made to count red cells and measure
thew volume by turbimetric (opacimetric) methods, The difficulty
liere 18 that vanation i corpuscular size and shape and hemo-
globin content and probably unknown factors have an important
effect which can only be partially compensated for, cven if the
haemoglobin concentration and corpuseular size and vamation are
aceurately known beforeband (8) It has been caleulated that
there 15 about a 1:10 chance that turbimetne metheds will show
a difference of more than = 500,000 per conm. between red cell
counts (of true value 5,000,000 per cam.) where in fact no
differences exist (4b).

THE RETICULOCYTE COUNT

Retienlocytes are considered to he juvemle red cells; they
contain within the cell membranes a proportion of the baso-
pinbe matemal, probably mbonucleoprotein, which was
present in larger amounts m the cytoplasm of the nucleated
precursots {rom which they were derived. Tins basopinhe
matenal has the property of rencting with certain dyes such
as brilhiant cresyl blue and forming a blue precmpitate in the
form of granules or a filamentous network. This reaction only
takes place m unfived preparations, if the blood is allowed
1o dry and s afterwards fixed with methyl aleohol the baso-
philic material uppears as a diffuse basoptulia when stained
with basophibe dyes and the film as a whole will exhitnt
“polychromasia ¥ The most inmature reticulocytes are those
with the largest amount of precyptable materal, n the least
tmmature only a few dots or short strands ure scen. Ripening
with complete lass of hasopluhe material probably oceurs 1
the blood stream sfter delivery from the marrow and takes
several days—the exact time 15 uncertam.

Reticuloes tes have been classificd by Nizet (9} according to the
amaunt of * T P Vees T Ve —egmmends that they
be countcd There 15 certanly
sometimes cell 15 or 1s not a
reticudoey te, even in the best preporations, Particularly 15 thys
true after splenectomy, for granuiar basopluhe stippling of a
different type 1s then encountcred (persisting probably throughout
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the life of the red cell and of a different significance). This post-

pl y stippling [the granules have been rcferred to as
“Pappenheimer bodies™ (10)] also shows up when cresy! blue is
used to stam for reticulocytes ; the basophilic matenal 15 usually
1n the form of single or rarely multiple dots which stain a blacker
shade of blue than does the fitamentous material of the reticulocy te,
Qccastonally in hremolytic anamia after splenectomy, “Pappen-
heimer bodies” may be present in the majonty of the corpuscles

In chinical hematology, the enumeration of the reticulocytes
1s one of the most important observations that can be made ;
the result expressed either as a proportion of the total red
cells or in absolute numbers per ¢.mm. is n general & valuable
ndication of the activity of the bone marrow.

A Technique for the Reticulocyte Count

Many methods have been proposed; the following tech-
mgue gives rehable results

The diluting fluid used 1s prepared as follows ~—

0.4 g brilliant cresyl blue 1s dissolved in 100 ml, eitrate-
saline solution (1 part 3 per cent sodium citrate to 4 parts
0.85 per cent sodium chloride).

Approxmmately 1 ml. volumes of the freshly filtered staimng
solution are delivered nto 80 X 10 mm. tubes One to two drops
of blood are added to a tube and mixed with the diluent.
The tubes are corked and allowed to stand for 15-30 rinutes
at 37°C., then centrifuged for two minutes at about 1000
rev. per minute. The supernatant 1s removed by pipette
leaving a volume of fluid not greater than twice the volume of
the button of cells. The cells and supernatant are well mixed
and thin films made on chemueally clean shdes

Retrculocytes are fragile cells and tend to break up when
spread suspended 1n saline  This tendeney can be mmimized
1f a drop or two of compatible plasma or serum 1s added to
the deposit, and the cells suspended m this before films are
made

The number of reticulocytes per 1000 red cells may be counted
n the unfised films or after fixing the vitally stamned films in
methyl alcohol for three munutes and then staiming m 0.1
per cent aqueous methylene blue for 1-2 minutes, followed by
a rapd ninse 1 distilled water (pH 6.8). Alternatively, the
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films may be counterstained as for blood films with Leishman’s
stain or Jenner-Giemsa after fixation in methyl aleohol.

An area of film should be chosen for the count where the
cells are unbroken and undistorted and where the staimng is
good, A common fault is to make the film too thinly ; the
cells should, however, not overlap, It 1s uscful to have an
eyepiece containmg an adjustable square diaphragm within it,
or, at least, a paper or cardboard diaphragm in the centre of
wineh a small square with sides 2-4 mm, m length has been
cut.

IT the reticulocyte count is fow (<5 per cent) and the ilm
evenly spread, 1t 15 best to count the total number of cells 1,
say, 10 or 20 field arcas of 20-30 cells cach, work out an aver-
age, sy, 25 cells, and then enumerate the reticuloeytes in each
of 50-200 suceessive fields. In this way the number of reticulo-
cutes amongst 2000 or more cells may be rapidly counted.
With higher counts 1t 15 more satisfactory to count the total
reticulocytes m each of a series of successive fields until
sufficient cells have been mspected (sec Table IV),

Haldane {11) has shown that 1f amongst a population of cells &
total of abnormal eells (in this case the reticulocytes) s counted
during the course of examning a large number (N) of normal cells,

/1 —
the standard error can be derived from the formula a—:p‘ H
1~
when p 15 the proportion of abhormal cells and m the number of

the abnormal (mmonty) cells counted  Thus to get a standard

error of 10 per cent the number of abnormal cells to be counted

varies from 102 when the proportion (p) 1> small, e.g. 0 01 (1 per

cent), to 72 when the proportion 1s lngh. e g. 0 3 (30 per cent)

Appreciation of this fact allows a considerable saving of time,
72

¢ g theory 1t 1s not neeessary to survey more than 240 (55~ 100}

cells to obtmin a standard ervor of 10 per ccnt where 30 per cent
of the cells are abnormal Converselv where there are only I per
cent of abnormals 1t may be necessary to survey as many as

[
10,100 ("—TI-XIOU) eclis m order to obtam a standard error of the
same dimensions, Fortunately, however, m chmeal work such
aceuracy 15 unnecessary, and with fow connts a standard ertor of

20 per cent or even more 15 of little chinseal sigmficance.
The fignres quoted abave are obtmned m the following way - f
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the desired standard error of the proportion of retreuloeytes 1s 10

LB o Vi-p ol Vi-p, L _1-p
pcrcent,thenc—-m 16~ m_z,arw o T To0 w2
whence m—2=100(1—p). When p=0.01, m=101, when
p=0.03, m=97; when p=0.3, m=72, and so on. For practical

that must be wnspected to give appronmately the same degree
of accuracy of the reticulocyte count-at different reticulocyte
percentages  The figures have been caleulated from the above
formulze

Table IV
Desired Percentage of teticulocvtes
degree of
ceuracy
(standard LN 2% 5% 104, 25, 30°,
arran) 493
| 209, o325 | ye2s
10°; 10,100 | 3900 200 100 100
59, 40,100 | 19,600 | 7600 | 8000 | 1600 100
Takla nupmt n o tha tan 1wt T

2 T : LR »
[ B

P ' .
2ep
between P2« o, eg if P was 5 pec cent, then Pt20=52 per cent

At least 473 cells would hve to be counted to obtain tlus degree of accuracy

In practice, the error of reticulocyte counting 1s even greater
than 15 inherent 1n a hinomeal distnibution (5)  The other factors
which contribute to 1ts inaccuracy are technical ones, the success
or otherwise of the stainng, the spreading of the film, the visual
acuity and patience of the observer, all hemng of the highest
miportance

ESTIMATION OF HEMOGLOBIN

The large number of methods which have heen suggested
for the estimation of hxmoglobm 1s evidence of the real
ifficulty of this most mmportant estimation. This difficulty
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has centred around the preparation, permanence and calibra-
tion of the standard used for comparison with the blood under
test.  Although it is not possible to prepare a permanent
standard of oxyhmmoglobin, solutions of certain derivatives
such as alkaline hematin and cyanhematin keep relatively
well and have been quite widely used n techniques in which
the hxmoglobin sample to be tested 15 converted into the
same derivative. The use of acid or carbon monoxide to
convert the hemoglobin to acid hmmatin or carboxy-
hwemoglobin has in the past been very popular, although as
generally employed neither of these procedures has much to
commend it.

In the following scetion five y lures will be di
and therr merits and disadvantages mdicated. Haldane's
(carboxyhamoglobin) method and the Sahlt's (acid heematin)
method are meluded for lnstorical reasons rather than beeause
they are recommended. The other methods described are the
alkahne hamatin and cyanhematin, requiring the use of a
photoelectric colonmeter, and an oxyhemoglobin method
employing a visual reading photometer [M.IL.C. grey-wedge
photometer (12)]. There 1s little to choose between these
three methods in respect of their accuracy; the alkaline
hrematin procedure Is possibly the least accurate of the three.

The hrmoglobin content of a solution may be estimated for
standard or reference purposes by one or all of several methods ;
by measurement of its colour, 1ts power of combming with oxygen
or carbon monoxide, or by 1ts ron content  The clinieal methods
now to be described are all colour matching methods, which
measure at the same tine with varying efficiency any proportion
of mert g (met} ot or sulpl lobin} which
may be present  Ideally perhaps, as a functional estimatton of
hemoglobin, measurement of oxvgen capaeity should be carried
out, but this is hardly practicable i chmeal practice. It gives
results at least 2 per cent lower than the other methods {16)—a
small proportion of wert pigment 15 probably always present.
Estimation of wron content 1s an accurate tcchm?uc but agan
lmpmctw:\\)lc for elinical purposes. Estimations based on 1ron
content are generally taken as authentic, but here, too, iron bound
to inactive pigment 1s included  Iron content is converted into
hemoglobin content by assumung the following relationship,
100 g. hamoglebin=0 331 g iron.
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Normal Range
Men . . . . 18.5-18.0 g. per 100 ml blood
Women . . . 11.5-16.4g.
Infaney (cord blood

full term) 14.0-19.0 g.
1 year . 11.2g. average ”» »
10 years . 12.9g.

~

”» ” ”»

Estimation of Hwmemoglobin by the Carboxyhwemeo-
globin Method (Haldane}

Technique. 6 02 ml. of blood are washed into ammontacal
distilled water or N/150 NaOH* previously placed in the
graduated tube up to the 20 mark. Coal gas is passed through
the solution at a moderately brish rate for at least two
minutes by means of a glass capillary pipette. Frothing is
prevented by first dipping the point of the pipette 1n caprylie
aleohol. The carboxyh®moglobm solution is then carefully
matched with the standard The mean 1s taken of the readings
of the last “just too dark” figure with the standard to one
side of the graduated tube and the first “just too hght™
reading with the standard placed on the other side. The
calibrations on the tube give the hemoglobin level as a
pereentage.

Specification of Standurd 100 per cent on the Haldane
colour standard as defined by the British Standards Insti-
tntion corresponds with a hxemoglobin content of 14 3 g. per
100 ml. by ron analysis and an oxygen capacity of 19.8 ml.
per 100 m! (14, 15).

The Haldane method Las been popular in England. Its dis
advantages are that the standard (diluted blood saturated with
carbon monoxide) has an uncertamn life, a supply of coal gas 1s
essenttal, certain types of blood pigment (methemoglobmn and
sulpha moglobin} are reststant to gassing and their presence and
that of excess bilirubin may seriously prevent colour matching,
and that 1t 1s a continuous dilution method Despite these weak-
nesses, the Haldane method m carcfuol hands 1s quick and reasonably
accurate.  [ts possibilities have been critically assessed by
Macfaslane (18)  Excluding ctrors sn the apparatus, a test of 60

* The use of shphtly athaline water as a dilutmg flutd pres ents the turbidity
which often follows passing This 1s probably due to volatile acids such %
sulphiur dioxide 1n the gas causmg a precipitation of globubn,
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observers showed a range of personal vamability (42 xthe co-
eificient of variation) of 2.0 to 13.9 per cent; the average was
4 8 per cent. In 1ts favour are the facts that a B S I, colour
standard has been defined agamnst which standards may be
compared, and that B S.I specifications exist for pipettes and
graduated tubes. It can beused farly nccurately in artificial ight.*

The Acid H@ematin Method

Technique. The graduated tube 1s filled to the 20 inark with
N/10 HCl. 0.02 ml. of blood are washed mto 1t. After five
(or ten) minutes the brown solution is diluted with N/f10
HCl until the colour of the solutton matehes that of the

. standard. The level of hemoglobin 15 directly read as a

percentage or 1in grams from the calibrations on the graduated
tube. The best sunple apparatus has two standards between
which the graduated tube 1s placed. As the standards are
usually of plane glass, a tube square or rectangular mn sectron
1s to be preferred.

Specification of Standard. This varies with the maker and
may be given as anything between 13 and 17 g. per 100 ml.
blood. It should always be checked by other methods.

Although a number of hemoglobmometers using this prineple
have been on the market. this popular method has serious dis-
advantages The standards, wsually of brown glass, vary n therr
supposed hamoglobin equivalent and may fade, they usually
need recahibration by comparison with other methods. The brown
colour of acid hematin takes time to develop to its full intensity
depending upon the temperature and protem and lipoid content ;
and feetal hemoglobin 1s relatively resistant to the acid treatment
Acid hematin 1s, moreover, present m collowdal form n solution,
and this may result i a vistbly turbid solution unless the blood
15 quickly and thoroughly muxed with the acid. However, the
apparatus requred may be as simple as that of the Haldanc
method, and no coal gas 15 needed  Hence. 1t perhaps still has a

N X N "“he development of colom

defimte time At room

. the total colour develops

1 1 minute ; n 5 nmnutes, 88 per cent  After 2 hours the colour
development appears maximal (17 18). In practice, the standard«
are usually calibrated for matching after 5 to 10 minutes,
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The Alkaline Heematin Method

The standard method (19) will be deseribed first, and then
two slightly modified techniques.

Techniguc. 0.05 ml. blood is added to 4.985 ml. N/16 NaOH,
heated 1n a boiling water bath for five minutes, and then
when cool matched against the alkaline hmatin standard.

Preparation of Standard, 37 5 mg. pure henun* are dis-
solved in 1 litre of N/10 NaOH. This solution 1s equal in
colour to a 1 m 100 dilution of blood contaming 7 4 g.
hemoglobin per 100 ml. (50 per eent haemoglobin)

This method has several advantages over the acid hematin
method. By the substitution of alkali for acul. total pigment
15 d; carboxyt lobin, met! lobin and sulpt
globin give the same proportion of colour 25> does oxyh.emaglobm,
and a true solution 15 obtaned. The plasma protemns and lipoids
have Dittle effect on the development of colour, but may cause
turbicdhty unless blood and alkall are quiekly and thoroughly
mired  The standard alkalme haematin solution can be prepared
from crystalline hemm of known 1ron content and should keep 1ts
colour for at least three months .\ disadvantage of the method 15
that certain forms of hamoglobin are resistant to alkal denatura-
tion, in particular that i foetal or neonatal blood  This 1s overcome
by heating the <olution m a boiling water bath for 5 minutes
Matching can be carrted out 1 a Duboseq colorimeter or i a
photoelectric colorimeter A green filter 15 emploved . bright
speetrum yellow green Iiford No 624, 15 surtable

A Modified Alkaline Hamatin Method—the Acid-
alkali Method

A disadvantage of the alkalme hematin method as
previously described 15 that heating of the solution of hemo-
globin 1s required 1n order to complete the denaturation by
albali  This procedure can be onutted 1f the blood 1s collected
first into acid, and, after standing for 20-80 minutes, sufficient
alkalt 15 added to neutralize the acid and convert the acid
heematin mto alkalne hematin

Techmgque 0 03 ml blood 15 washed into £.0 ml. N/10
HE1 and mmediately well muved with 1. After standing

* Pure crvstalline henun contams 8 57 per cent Fe  Less pure samples of
hagun should e wsed proportionately to ther I'e content
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for 20-30 minutes, 0.95 ml. of N. NaOH is added, and the
tube inverted several times. The test sample can then be
matched with the standard in a photoelectric colorimeter
after standing for not less than two minutes. As in the
previous methad a green filter is employed.

Estimation of Hiemaglobin by the Alkaline Hematin
Method wusing Gibson and Harrison's Artificial
Standard

Recently, an apparently permanent standard for use with
the alkaline heematin procedure has been deseribed {Gibson
and Harrison (20)]  Thus is a muxture of chromium potassium
sulphate and cobaltous sulphate in aqueous solution, and may
be made up in almost any laboratory, Pure and anhydrous
chemucals are requred. Details are gwven m Gibson and
Harrson’s (20§ paper (see also Apy % If. The standard
15 equivatent to 16 O g hemoglobin per 100 ml. (108 per cent}.

Technque. 0 05 mb. blood 1 washed mto and well mixed
with $.95 ml. N/10 NaOH  The test sample {or samples) are
then heated along with a sample of the stundard i a boling
water bath for four manutes, and then cooled quickly i cold
water. Matehing i a photoelectric colonimeter nsing o green
filter should be performed withm 30 wunutes,

It 15 ewsential to heat the standard as desentbed. Only
after heating, whieh alters the monization of the salts 1t
contans, does ity power to alnork green hght approxunate
closely to that of alkalme hamatin - A fresh sample of stan-
dard should he hieated on each oveaston and then discarded.

The Cyanhmmatin Method

Techrigue 0 05 wl bfood 15 washed mfo $ 95 mb
N/10 HCL  The mircture s mverted several times and then
left for at least 30 nunutes sa that the colonr may devddop,
5 ml of 2 per cent sodum eyamde solution are then added
After nuxing by corhmg and mversion the solution may be
matehed m @ colorimeter. It 1 convenent to tise a standard
equivalent ta 50 per cont hamoglobn or 7.4 g per 100 mi

Preparation of Standwd 14 5 mg henun are drsolved m 1
litre 1 per ceut sodmm eyantde  The colour obtomed
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equivalent to a 1:200 dilution of blood contaming 7.4 g.
b, per 100 ml. treated as above.

This techmque (21) has several advantages. All forms of
hxmoglobin are estimated ; the standard gives a colour almost
wdentical with the clear solution obtaned by treatment of blood
with hydrochloric acid followed by sodium cyanide. The standard
is almost permanent, but should be checked at least every two
months. Matching 1s best performed with a photoelectric colori-
meter using a green filter This method 1s probably as accurate
as any of the simple procedures (22), but the use of sodium cyanide
is a disadvantage.

An Oxyhzmoglobin Method employing a Grey-Wedge
Photometer and Green Filter

Technigue. 0.02 ml. blood 1s washed into 4 ml. Nf150
NH,OH. After mixing by inverting several times, the solution
of exyhzmoglobm 1s ready for matching i the photometer.
The density of hght transmmtted by the test solution 1s
matched i an adjacent half field aganst the hght trans-
mitted by the rotating grey wedge. A green filter (bright
spectrum yellow green, Iford, No. 625) 1s employed. The
hazmoglobin content 1s read off as a percentage (Haldane
scale). 100 per cent=14 8 g. Hb

With this instrument, the M.R.C. grey-wedge photometer
[King et al. (12)], hemoglobin 1s estimated as oxyh®mo-
globin, and 1ts power of absorbing green light 15 compared
with a carefully calibrated neutral grey wedge. The mstru-
ment 1s portable and may be used with daylight or artificial
light. In careful hands 1t gives results comparable with the
best clinieal methods (23). No delay 1n reading 1s necessary,
and no complicated mampulations are required.

A possible cause of error 1s the presence of dirt on the walls of
the glass cells or on the glass surfaces anywhere between the hght
source and the evepiece. and which is affecting the two lght
fields unequally If the apparatus appears to be giving anoralous
results, the first thing to do s to clean the glass surfaces thoroughly,
taling 1t partially to picces 1f necessary.
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DETERMINATION OF PACKED CELL VOLUME
(IIZEMATOCRIT VALUE)

CALCULATION OF “ABSOLUTE VALUES” FOR MEAN
CELL VOLUME, HZEMOGLOBIN AND HEMOGLOBIN
CONCENTRATION

Wintrobe's hematoent tubes are now in daily use m most
chinical laboratories  Not only 1s an estimation of packed cell
volume (.C.V.) valuable as a screening test for the detection
of anzmia, but, in conjunction with an estimation of heemo-
globin and an accurate red cell count, it enables figures for
mean cell hemoglobin coneentiation and mean cell volume
to be caleulated, information wluch 1s often of great value
in diagnosing the type of anemia which may be present.

The terms mean cell hemoglobm concentration, mean cell
volume and mean cell hamoglobn are often referred to as
“absolute values,” Their caleulation and use has rendéred
obsolete the vamous mdices, such as the “colour index,”
denived from the comparson of observed data with figures
arhitrarily assumed to be “normal.”

Method of Estimation of Packed Cell Volume

Wintrobe’s tubes, calibrated to 100 mm., are usually
employed for the deternmnation of the packed ccll volume
after centrifuging. These have a capacity of about I ml
Smaller uncalibrated tubes made out of barometer tubing
can be used if less blood 15 available.

Venous blood collected with mimmal constriction 1s ren-
dered 1ncoagulable with dry ammonm oxalate and
potassium oxalate nuxture, 2 mg per ml, or by hepann,
0.1-0.2 mg. per ml  Potassium oxalate alone causes some
shrinkage of the red cells and should not be used  The blood
should be very carefully mixed by repeated mversion until
bright red, and thc hematoent tube then filled at once from the
bottom upwards to the 100 mm. mark by means of n glass
capillary pipette  The tube 15 centnifuged at a speed of
3000 r.p.m. for 80 miutes. The height of the column of the
red cells 15 taken as the packed cell volume (the volume
accupied by the red celis expressed as a pereentage). Abose



CALCULATION OF “ABSOLUTE VALUES” 33

the red cells and not included in the figure for the packed cell
volume may be seen a greyish red layer of leucocytes and a
thin creamy layer of platelets,

Normal Ranges for Packed Cell Volume (hazmatocrit
+alue). Men, 40 to 54 per cent., Women, 3G to 47 per cent.

Calculation of Mean Cell Volume (M.C.V.). If the
packed cell volume and the number of red cells per c.mm.
are known, the mean cell volume can be caleulated.

e.g. if packed cell volume is 45 per cent, in 1 c.mm. of blood
there are 0,45 c.mm. cells.
. if there are 5,000,000 red cells per ¢ mm , they occupy a
volume of 0,45 c.mm,

». volume of 1 cell _0.45c.mm. 0.15X10° e 0.45X10°

(m.c.v.) 5,000,000  5Xx10° 5

=90 c.px.

In practice, divide the packed cell volume as a percentage,
by the red cell count 1n millions per e.mm snd multiply by
10. Express the answer 1n c.p.

1e. (45—5) x10=90 ¢ p.
Calculation of Mean Cell Hemoglobin (M.C.H.). This

can be caleulated if the hemoglobin and red cell count are
known.

eg. if there are 15 g. Hb. per 100 ml. blood, there 1s

15
106 1050 & Hb, per 1 c.mm. blood
1f there are 5,000,000 red cells per c.mm , the mean cell
b lobin 15 15 er cell = 3
100X 1000 X 5,000,000 & PF €% ={gn¢-

=30 micromicrograms (ppg.).

Calculation of Mean Cell Heemoglobin Concentration
(M.C.H. Conc.). This can be calenlated if the hemoglobin
and packed cell volume are known.

M ATOLAGY
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e g. if there are 15 g. Hb. per 100 ml. blood, of packed cell
volume 45 per cent, the haxmoglobin concentration is
15--45 g. per cent=83.3 per cent.

Range of ‘‘Absolute Values.” Normal (24, 25).
Mean cell volume (M.C.V.) 76 to 96 c.p.
Mean cell haemoglobin (M.C.H.) 27 to 32 pug.
Mean cell heemoglobin coneentration (M.C.H. Cone.) 32 to 36
per cent,

In Discase.
In the megalocytic anemas,
M.C.V. mereased up to about 150 c.u. (rarely higher).
M.C.H. increased up to about 50 ppg. (rarely lngher).
M.C.H. Conc normal or diminished

In mierocytic hypochrome anenuas,
MLV, dimmished to 50 c.p. (rarely lower)
M.C.H. dimimshed to 15 gug. {rarely lower).
M.C.H. Conc. diminished to 22 per cent (rarcly lower).

The Accuracy of the Hamatocrit Method. Duplicate
samples centrifuged at the same time will agree within 1-2
per cent, Tt 1s this reproduciality which makes the estima-
tion of packed cell volume so valuable. It 15 worth while to
ensure that the blood 15 well aerated before filling the hama-
toerit tube, as the pached cell volume of senous blood 18
appreelably (0.5-1 per cent) greater than that of aerated
blood which has lost carbon dioxide and-taken up osygen. It
15 not clear whether a speed of 3,000 r.p.m for thirty mmutes
1s the 1deal speed of centmfuging , a constant volume can be
obtained thereby, but “constant volumes’” will be attamed at
speeds both faster and slower than this—the faster the
speed the smaller the volume (26). 3000 r.p m 1, however,
within the capacity ot most laboratory centrifuges and the
results obtained are generally aceepted.

An additionnl factor of importance which m association with the
speed of rotation determines the centrifugal force applicd to the
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blood, is the radius of the circle of rotation The distance from the
spindle of the centnfuge to the bottam of the hemactoerit tube
should be standardized at 15 em, [sce Reeve (27)]

A dangcer attached to the caleulation of “absolute values”
1» that the observer may delude mself into a false sense of
their accuracy, particularly wlen the results arg expressed to
one place of decimals, as 15 sometimes quite unjustifiably
done! The sigmficance and accuracy of “absolute values”
naturally depends upon the accuracy of the estimations from
which they have been derived. Ashas already been mentioned,
the error of the hematocrit method 15 a small one, not more
than 41 per cent, and the same 1s more or less true of hemo-
globin estumation, which i the very best hands has a
munimum error of about +2 per cent. Thus 1t is possible to
obtain a reasonably good estimate of hemoglobin concentra-
tion, Unfortunately, the same cannot be said of the caleulation
of mean cell volume or mean cell heemoglobin  These estima-
tions depend for their accuracy largely on the accuracy of
the red cell count. In this case, although 1t 15 possible to
reduce the error of the count to small proportions, even to as
httle as -2 per cent, tins can only be done by counting
thousands of eells, and this 1s rarcly carried out i practice.
If the count 1s done 1n a “‘routine” manner and perhaps not
more than 500 cells counted, the potential error 15 <o large that
any caleulation of mean cell volume 1s almost worthless. An
example will make this clear The error of a red cell count
comprising a count of 500 cells 1 80 small squares cannot be
tess than +8 8 per cent (see p 16). Thus blood of real red
cell count 5 0 nullions per ¢ mm rught appear to contain
anvthing between 4 56 to 5 44 { 220 hinmuts) malhon red cells
per c.mm. If the packed cell volume of the same blood was
47 per cent, the mean cell volume would appear to be within
the range 103 to 86 x with a 1 1n 20 chance of bemng outside
the range ! Hence the above blood myght or might not seem
to be abnormal. depending on chance seleetron of the counting
areas In fact, repeated observations on the same hlood so as
to gave an average figure or a single count based on several
thousand cells are necessary to determunc without question
slight deviations from the normal,
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DIAGNOSIS OF ANEMIA:
THE USE OF THE RED CELL COUNT

In the foregoing chapter have been deseribed certain of the
busic teehniques of hematology ~including red cell counting,
harmoglobin estimation, estimation of packed cell volume and
the caleulation of “absolute values” The purpose of this
seetion 15 to conwider briefly how the above techniques may
be best applied to the dagnosis of the abnormal.

It should be unnccessary by now to emphasize that a
reliable estimate of a red cell count eannot be obtained
without taking much tume and trouble, and that the larger the
nuntber of cells counted the more accurate the result will be.
The logieal conclusion to be dranwn from this 1s to undestake
as few red cell counts as posaible, and to do them properly
or not at all.

Chueal hrematology can be dnided mto two mam cate-
pories, the diagnosis of the presence or absence of a bload
sbnormality, and the mvestigation of this abnormality after
1t has been detected For the first purpose a red cell count 1s
generally unnecessary 5 1t 16 sufficsent to estimate the hwmo-
wlobm content andjor packed cell volume and inspect a
stained film of the blood, Nothing 15 gamed by the perform-
ance of a perfunctory red cell count  Once the presence of
“anemta’ or the conserse ~an unusually gh hemoglobin,
has been established, then steps can be taken to unestigate
the condition  Venous blood shoutd be obtamed and absohate
values cafeufated. At least 1000 red cells should be counted

No system should be adhered te too ngdly, and 1t 1s fully
adrmatted that there are oceasions w hen reltance on an estunate
of haemoglabm or packed cell 1olume alone will musltead the
observer  In muld pernicions anwnua, for mstance, only an
accurate red cell count can show whether the patient s bang
adequately treated, ¢ . the hemoglobm and packed el
votume may be within the noreat range althaugh the red cell
count 15 4 0 mathons or less  Even i these cases, honever,
& red cell count hadly performed may he worse than useless.
and more information can be gamed by a eareful inspection of
the film,
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It 1s no cxagger:{liun to say that about three-quarters, at
least, of the red cell counts requested by some chnicians are
unnecessary ; if performed, they do not make the diagnosis
any clearer, nor do they help the patient. Not only are “full”
or “‘complete” blood counts asked for when the patient’s
blood is entirely normal, but often red cell counts are requested
when 1t is perfectly clear that the patient is suffering from
acute hemorrhage and a haeemoglobin estimation is all that 1s
necessary. A perfunctory red cell count sometimes even
confuses the issue by revealing a high “colour index.” By
eliminating redundant, useless and of necessity maccurate
1ed cell counting, time can be gamed for carrying out counts
on those patients with blood disorders m whom knowledge
of the red cell count 1s necessary for diagnosis or treatment or
1s of scientific mterest
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CHaPTER 3

BASIC HZAZMATOLOGICAL TECHNIQUES II

The preparation of blood films on shdes  Staining by
Romanowsky dyes. Total and differential leucocyte
counts. The exammation of blood films.

THE PREPARATION OF BLOOD FILMS ON SLIDES

Broob films can be made on shdes or cover glasses. The
latter have the possible single advantage of a better distri-
bution of lencocytes, but i every other respect slides are to
be preferred Unlike cover glasses, slides are not easily broken;
they may be simply labelled, and when large numbers of films
are to be dealt with, shdes are 1n every way much easier to
handle.

Good films may be made mn the following manner, usmg
chemically clean shides wiped free from dust mmmediately
before use. It 15 essential that the shide used as a spreader
should have an absolutely smooth edge and should be narrawer
n breadth than the shde on which the film 15 to be made, so
that the edges of the films may be readily exammed. A small
drop of blood 15 placed n the centre hne of the shde about
1 em, from one end. The spreading shde 15 then placed at an
angle of 80-40° to the shde 1n front of the drop and then
moved back to make contact with 1t, The drop should quickly
spread out along the lime of contact of the spreader with the
slide The moment this oceurs, the film should be spread bya
rapid smooth forward movement of the spreader The drop
of blood should be of such a size that the film 15 about 3 em.
m length  The faster the film 1s spread the more even and
thicker 1t 15 likely to be. A common mstake 1s to make
films too thmn whilst attempting to avoid the opposite. The
1deal thickness 15 such that there 1s some overlap of red cells
throughout much of the film’s length with separation and lack
of distortion towards the tail of the film. The leucocytes

39
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should be easily recognizable throughout the length of the
film.  Details of their distribution in films is discussed 0 a
later seetion (p. 44}, Fig. 8 Js a schematic drawing of a bload
film made on a shide.

A Note on Labelling Blood Films. A recommended
method is to write the name of the patient and the date
peneid (lead) on the film iself. It will not be removed by
the staiming. A paper label may be affixed to the shde later

LYMPHOCYTES POLYMORPHS
\ ++

HEaDd—| Mmooy | lotAr

. /0<

.- ? X
FiLM 7 FILM
TOO THICK  IDEAL  TOO THIN
THICKNESS

Tic 8 Scmroatic Brawive or » Broon Finst Maoe 0% A 1105

The fim has been spread from feft to nght A0 indication w gnen of
the way the leycocytes ate distrbuted (see tenty

THE STAINING OF BLOOD FILMS

Romanowshy stams are almost universally employed for
stamnmg blood flms, and very beautiful pietures may br
obtamed. For the best results films should be stamed as soon
as they have dried in the air, and w any case should not be
left for mere than a fow hours without fnation I films are
left unfined for a day or more, 1t wiil be found that the back-
ground of dried plasma stains a blush tint. This s diflienlt
to remove without spoding the stammg of the blood cells
As the intenaty of staming 1s affected by any varnation w
the thsckness of o film, 1t 1s not easy ta obtam uniform staming
throughout a filin's length

The remarkable property that the Ronunowsky dyes have
of making subtle distinetions @ shade of staimng o of
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stamning granules differentially depends upon the presence of
derivatives in the stain of the interaction of methylene blue
and eosm, the original Romanowsky combivation. Of
particular importance is “methylene blue azure” which stains
the “azurophil” granules of leucocytes and the nuclei of
malanal parasites a reddish colour (1). In Giemsa’s stam
methylene blue azure is deliberately added to the methylene
blue—eosin mixture, Jenner's stan is the simplest of the
Romanowsky dyes and Giemsa the most complex. Leishman’s
stain, which occupies an intermediate position, has been
widely used n the routine stasmung of blood films.

All these stains are sensitive to H 1on concentration, a pH
to the alkaline side of neutrahty accentuating the methylene
blue component at the expense of the eosin, and vice versa.
A pH of 6 8 is recommended for general use, but to some
extent this depends on personal taste. A umform pH is,
however, desirable To achreve this, 2 ml. of a M/5 KH,PO -
NaOH buffer solution may be added to each 100 ml of the
distilled water used in diluting the stams and washing the
films

The mechamsm by which certain components of a cell s struc-
, ture stan with particular dyes and other components fail to do so.
although stammng with different dyes. depends upon complex
differences . chemucal structure and affimties. In the case of
Romanowsky dyes, 1t 15 the presence of the acidie groupings of the
nucleic acads and proterns of the cell nuelel and primitive ey to-
plasm which determmes their staiming by the basic dye methy-
lene blue, and conversely 1t 1s the presence of basie groupings on
the hlemoglobin molecule which results in 1ts athnity for aeidie
dyes and ity staimng by tosin. A few further details concerming
this complex subject are given in Chap 5 when Unna Pappenheim,
Feulgen and sudan black staiming are considered , 1n the case of
sudan black, 1t 1» probably a question of differential solubility
rather than ch 1 affinity or b which determines
the presence or absence of stammng

STAINING METHODS
Leishman's Stain. Use air-dned films  Flood the shde
with Leishman’s stain and leave for two minutes. Add double
the volume of distilled water and leave for five to seven
minutes  Rock shde gently to ard mixing, Wash with a
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running stream of buffered water untif the filn has a pinkish
tinge (half to two minutes). Wipe the back of the slide clean.
Shake off excess water and allow to dry in an upright position.

Jenner-Giemsa or May-Griinwald-Giemsa Com-
bination. Use fresh air-dried films. Immerse in a yar of
absolute methyl aleohol. Fix for two to five minutes, Transfer
the shde to a jar containing May-Grunwal®’s stain dduted with
two parts of buffered distalled water (pH 6.8) smd leave for
three to five rmautes. Transfer the shde without washing to
Grernsa’s stamn diuted with sune parts of buffered distilled
water and leave for seven to ten minutes. Dilferentiate m
buffered dishilled water for about five minutes, controlling the
result wnder the mucroscope : wipe the back of slide and
allow to dry n an upright posttion.

This techmaue 15 designed for staamng o number of hihns
at the same time  Single shides may be stawned by flooding the
shde with fixative or stamnmg solution,

A relatrvely prolonged fixation, two to five munutes, 15
required for good stamung ; particularly 15 this so m stainmng
staears of bote marrow {see p. 76).

When dry, the stamed films should be covered with a cover
glass. A neutral mountang medium 35 desirable if the shdes
are to be kept  Gurr's medwm 15 useful and myseible with
xilol  For a temporary mount, cedar waod ol may be used.

The coverglass should be sullictently large to overlie the whole
ilm, 1ncluding both the edges and the tml  If 2 neutral mounting
medmm v used the stmmng should be preserved for st femst five
years  Although i » probable that stammed filtns keep best un-
mounted, there are obgectrons to this course; it s almast im-
passtble to heep the shides free from dust and i the absence of a
coverglass the ohserver i tempted to examme the film solely with
the ot} mmersion ehpiineg a practice wheh » 1o be deprecated
{see nlwo p 81}

Formulxe of Phosphate Buffers which may be added

to the Distilled Water used in Diluting and Differen.

tiating Remanowsky Stains

M/3 KIL,PO, =50 mi. N 5 NaOH  17.8ml pil 6.6
50 ml. 21 omb 6.7

s
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Mj5s KH,PO,=50 ml.  N/5 NaOH 23.7 ml pH 6.8
30 mi 26.5 ml. 6.9
50 ml. 20.6 ml 7.0

THE LEUCOCYTE COUNT

The Total Leucocyte Count

Make a 1:20 dilution of blood by addmng ¢.05 ml. hlood to
0.95 ml. diluting fluid 1n 2 75 x§ mm. tube. Mix for at least
two minutes by tiltmg and rotation. Fill the counting chamber
by means of a fine Pasteur pipette and allow the cells to settle.
Use the 1/6th in. objectrve and the ¥ 6 eyeprece or the 2/3rd
1n. objective and the x10 eyeprece. Count at least 100 cells in
as many 1 square mm. arcas (1/10 c.mm. 1n volume) as may
be necessary—the ruled area 1n the Neubauer chamber
consists of mme of these areas,

Calculation. N cells counted m 1/10 e mm ; leucocyte
count per e.mm, =N X 10 x 20 {dilution) =N x 200.

Diluting Fluid. 2 per cent acetic acid coloured with
brilliant green or gentan violet.

Normal Range (90 per cent of subjects)

Adults 4000-10,000 per c.mm,
Birth . 10,000-25,000 "
1 year . 6000-18,000 »
Childhood (+ to 7 years) . 6000-15,000 "

{8 to 12 vears} +500-138,500

‘The Error of the Total Leucocyte Count

The factors causing errors 1n counting leucocy tes are the same
as In red cell counting and 1t 15 desirable therefore, to count as
mam cells ay passible; 100 cells 15 4 reasonable and practical
figure, The standard error () ot a 100 cell count 15 approximately
V100=10 and the cocflicient of varation 1v thus 10 per cent,
95 per cent of counts of mean value 100 would thus he within the
range 100+ 20=80~12¢ Tran«lated inte actual results, this means
that 93 per o e 5000
cells per c 1 lerg (2)
allowing for 2chmeal
erfors), give * counts
based on 100 cells The techrieal component of error can, however.
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be reduced to almost neghgible proportions by using ealibrated
apparates and avowhing “white cell prpettes” whick arc often so
dfficult to mampulate.

Fortunately, error in leucocyte countmg is not nearly so
important as the ervor m red ¢ell counting ; even an error as Ingh
as 20 per cent does not matter much—the difference betiween
3000 and 6000 eells per c,mm, 15 of hitle practical sigmficance,
and perhaps less than that due to *‘physalogieal” Yariation
With Ingh counts the esror may be reduced by countwg more celbs
without the expenditure of extra time. ¥f 300 cell« are counted,

eSS
the coeflicient of varstion 1 reduced to 5§ per cent (‘ 400 5 100y
100

The observations of Hiuney (2) on the unequal distnbution of
leuencytes m the counting chamber brought about by the momen-
tum of hiling has already been referred to  If the centre of the
coverglass overbies the ruled area withm which the eells are
conuted, this error 1< neghgible

The Differential Leucocyte Count

The making of blood fiims has already been deserbed (p. 39),
aud the present discussion 1 concerned solely with the
techmgue of performung differential leucoeyte counts on
blood films made on slides, the most usual method, For the
purposes of 4 differential jeucocyte count, the films must not
be too tha and the tal af the film should be «mooth, 1e. the
titms should be spread quckly. The thickness of the films
should be such that there 1s some overlap of the red celly
dimmrshing to sepatation near the tail, but 1 should not be
0 thuck that the leneoeytes m the body of the film are badly
shrunken If filmy sTe made too thinly, the magority of the
teucoces tes, perhaps 30 per eent, may be aggregated at the
cdges and m the tath; and even m the best films there will
be an mereased number of eclls m these areas  Moreover, »
qualtative wregulanty m distnbution s the rule;  poly-
morphs and monocy tes preponderate nt the margms and tail,
and lympboeytes 1 the nuddle of the film (Frg 3). This.
perhaps, depends upon differences m stichiness, size and
specxﬁc gravity between the different elasses of cells.

Various systens of performung the chfferential count have
Leen advoeated  The probles ss to os ercome the differences
i distriimtion of the vanuus elasses of eefls which are always
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present to a greater or less extent. No system of counting will
compensate for the gross irregularities in distribution which
occur in badly made films. In films spread slowly by means
of an irregularly-edged spreader, the majority of the poly-
morphs will be carried to the tail of the film. There they will
be seen in clumps and trails and many will be broken up and
unrecognizable. It 1s almost a waste of time to attempt a
differential count on such a filns and, if this 15 attempted,
futile to count only the cells in the centre of the film, where
‘lymphocytes perhaps predominate, and to neglect altogether
the tail, where lie the polymorphs. If the film has been well
made and many leucocytes are present in the body of the
film and there 1s no great accumulation at the tail, the
following technique of counting can then be recommended :

oo PO

~—>> DIRECTION OF
SPREADING
Fio 4 Sciewanic Drawing ILLUSTRATING THE LONGITUDINAL

\lE’moD ©oF Pznrumu\u DIFFERENTIAL LELCOC\T:: CoL'\"rs

leticocytes 1 one or more strps such as A-Ap, and B-B, must be
wnspected and classified

count the cells i a strip running the whole length of the film
using the 1/6th or 1/12th lens, avoiding the lateral edges;
count from the head of the film to the tail, and if less than 200
cells have been encountered m a single narrow strip, count
one or more additional strips until at least 200 cells have been
counted. Each longitudinal strip represents the blood drawn
out from a small «egment of the onginal drop of blood when
1t has spread out between shde and spreader (see Fig. 1};
hence there 15 every reason to suppose that if all the cells are
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he reduend to shmost negligble proportions by using calibrated
apparatis and avowdite “adate eoll prpettes” Sluch are often s
ditbienit to mampmlate,

Fortunntely, crrar o lucoryte counting s not pearly so
unportant as the error 1n red eell counting ;. even an error n lugh
as 20 pee cent does not matter muchi—the difference between
3000 and 6000 celly por e 1e of Witle practieal siguiticance,
nud perbps tess than that due to “phy wologead” yanation
With tugh counts the error iay be reduced by eounting more cefls
without the expenditure of extra tume. £ 400 cofls are connted,

the coeflicient of sanntraon s reduced to 5 per cent (‘ ﬂ’xwﬂ)
400

The obsersatwms of Hypes (2} on the uncqual distribution of
feueney tex m the counting chamber brought about by the momen-
tuma of fillmg has alreadh been refesred to IF the eentre of the
coverglass overhies the raled arew within slieh the eells are
conated, this error i neghmible

The Differential Lencocyte Count

T'he mahsng of blood films has already been desertbed (p 893,
aud the present dscwssion o concerned solely with the
teehmaque of performing differential lencoeyte counts on
blood films made on shdes, the most usual method. For the
prarposes of o differentral fencoeyte count, the films must not
be too tinn and the tad of the filn shonld be amooth, re. the
films should be spread quickly, The thichness of the films
should be such that there i some overlap of the red cells
dunimishing te separation sens the ta, but 1t should not be
o thuck that the leucoeytes w the bady of the film ave badly
shrunken  If films are made too thinly, the majouty of the
leucoeytes, perhaps 30 per cent, mav be aggregated at the
edges nnd m the tatl, and esen m the best films there will
Bie an nercased number of cefls m these areas  Moreover, a
quahtative wregularity i distnibuton 1 the rule, poly-
morphs and monoey tes preponderate at the margins and tal,
and lymphocytes w the nuddle of the film (Fig. 8). ‘This,
perhaps, depend> upon differences m stickmess, size and
speefic gravity hetween the different classes of cells

Various systems of perfornung the differential count have
been advoeated, The problem s to overcome the differences
m distribution of the 1anous classes of eells which are alway
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Table V (c)

2 2121, :
N 3 i . E -
Tl 2| Es £
my o200 [ 14 | 0] 0| 57 74 | 12 |43
12a.( 200 [ 138 § 3 { 1 68.5 [ 60 3 lars
BA | 20 | 115 | 2| 0| 385 | 11 12 |43
13A.| 200 [ 181 | 2§ 3 | 68 57 7 |82
1A | 200 | 120 [ 2 01605 | 72 7 |39.5
6A. [ 200 | 122 | 2 | 0 | 62 68 8 |38
A [ 200 § 1312 | 0o | 4 [ 615 [ 7 6 | 385
18A ] 200 [ 17 | 8 | 2 | 61.5 | &1 17 |80
198 | 200 [ 125 | 2 | o | 625 | 64 s |ars
208 | 200 | 125 [ 2 | 0 | 625 | 72 1 |375
Total 2000 Mean (¢)=62 29, Mean==37 8%

=3 8
SIA| 200 | 14 i 0 T2 4z | 16 |28
224 | 200 | 130 [ 1 | 2 | 66.5 | 32 | 15 [335
“Total 400 Mean 69 3¢, 30 7°,

counted 1n such a strip, the differential totals will be represen-
tative of the true differential count This techmique
admuttedly does not allow for the preponderance of poly-
morphs and monoeytes at the edges of the film, but this
preponderance 1s slight 1 a well made film and m practice
makes little difference to the result

The above techmque 15 very easy to carry out, with high
counts (19,000-30,000 per c.mm) a short film (2-8 em.) 15
desirable. In patients with very lugh counts (as in leukeemia)
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Table V (a)
F 4
P N &
- 32 i
he 3t H 3
£t i iF
bt el
b 0 71 °on
2 Rl ar a4
&+ 0 % 45
3 100 65 35
3 100 (5 a1
e, e T ey
3. 1o 6g a3
8 100 ke e
9 300 78 27
10 W 63 a3
Potal 000 Mean (ap 67", Mean 33°,
Table V (b)
K
~ o oE 2 . X H .
EH H sl
it 3| E z 7
11 186 13 @ 42 ag % {38
12 137 2 3 T 61 3 jus 5
13 200 3 1 65 3 o7 16 {37
1 22 3 [ AT 86 0 203
15 25 b ] (5. 87 11 32
6 180 E 1 h B 81 W oA
17 163 ks T 67 2 il 9 fa328
18 120 B 2 8t 6 a1 T 38 4
10 224 a4 i (S 86 1t fs03
20 360 8 o 1 o8 4 91 4+ {816
TFotal 2810 Mean {hy 67 1Y, Mean 32 9°,
o—3 2
ETN a7 | 2 2 ) K 37 3% ( P
22 308 288 3 3 T$.3 81 21 {259
Total 815 Mean 78 ¢, Mean 26 6%,
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40 per cent to 60 per cent polymorphs, if 100 cells are counted
With 500 cells counted the range would be reduced to 4.4 per
cent, eg. $5.6 per cent to 51.4 per cent polymorphs. With

N L ™7 less, and below

standard devia-
e e

because i}ley can only be applied to well spread films. It 1s waste
of time to subject to statistical analysis results obtained from a
badly spread film.

Normal Range of Differential Leucocyte Counts in
Adults

Polymorphs . . 40-75% 2500-7500 per c.mm
Lymphocytes . . 20-45% 1500-3500 ,,
Monocytes . . 2-10% 200-800  ,,
Eosinophils . . . 1-6% 200-400* ,, ,,
Basophils . . . 19% 15-100 ,,

THE DIAGNOSIS OF BLOOD DISEASES BY
EXAMINATION OF BLOOD FILMS

This 1s largely a matter of cxperience; but the observer
15 greatly helped by a good techmque. It 1s impossible to
over-emphasize the importance of making good films of the
correct thickness and of staming thcm well. A defimte
techmque of exarmnation should be followed. First, the films
should be looked at under a low magnification. An 1dea of
the type of film, good or bad, will be learnt thereby, and of the
number, distribution and stammng of the leucocytes, n this
way also an area of even distribution where the red cells are
not distorted can usually be found cven i the worst films.

* The recent demonstration of & relationshup hetween the eosinophil count
and the activity of the adrenal cortex (7), has underlined the mmpostance of

method
The blood
e blue and
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the technique has to be nbandoned, and the cells counted in
any well spread aren where the eell types are ensy to identify.

Other systems of counting, such as the “hatticment” conat (4).
seem to he mare elaborate and have na ndvantage  In the “hattle-
ment” count, the vells 1 three horizontal cdpe fields are fint
counted, then those m two vertical fickds, then in two horizontal
fields, and then 1 tno vertical ficlds back ta the edge once more,
and so an—three edge fields slternate with fise internal fields,
This seems to waght the count too Inghly 1n respect of edge fidkds,
for in n film of 2 em width there may be 50 or o ficlds across
the width of the shde, when the §” ohjective ts employed.

In Tuble V are given details of an cxperiment whick
demonstrates the relinbility of the lonmtudinal strip method
of perfornung dillerential counts, The blood was from a
normal subjeet. The sesults are compared with a differential
performed on o “thick film” (sce p. 163) of the sarue blood. s
1t 15 difficult to separate lymphocytes from monocytes in
thiek film preparations, they were classed together for the
purposes of thns experimient. Table V illustrates that the
counts based on longitudinal strps gave approsumately
the same result as the counts based on the tiiek film. The
Table also gives an idea of the varmtion which -may be
expected between the counts on different strps if 200-300
cells are counted. It also demonstrates the increased nurbers
of lencocytes (and increased percentage of polymorpbs)
present at the margms of the films, and that counts per-
formed on the head and body of the film give significantly
lower polymorph totals than are obtaned when complete
(head to tan} strips are counted, 1 ¢. polymorphs are present
0 higher proportion at the tail,

The vanation between the counts made on different strips from
the same fim, as recorded 1n Table V, iHustrates that the observed
drfferential count depends not only on artifictal chifferences

. N - N o n “mndam"

* counting a

e 1d practical
studies (3. 6) have shown that with a true polymorph connt of
50 per cent the range { :20) within which 83 per cent of the counts
wall fadl, 3f 200 cells arc counted, 1s of the arder of - 7 percent, e
33 per cont to 57 per cent pohvmorphs, and 4 10 per cent, eg.
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Having selected a suitable ficld, the 1/6th objective should
be used next. A much better appreciation of variation in red
cell size, shape and staining can be obtnined with this
objective than with the oil immersion lens. ‘Lhe latter m
combination with the x 6 eyepicce should be reserved for the
final cxamination of unmusual cell and for looking at fine
details such as basophilic punctation of the red cells, cte.

Although the hiematolomst should not be asked to make a
diagnosis from a blood il without any knowledge of the
hemoglobin, tatal ved ecll or leucaeyte counts, cte., films are
often presented and a diagnosis asked for. It i here that
experience helps, but this is no substitute for a good technique
of wn.  The diagn of the type of anemin or
abnormaltty present asually depends upon a comprehension
of the whole preture which the fiim presents, and the red
cells, Jeucoeytes and platelets should, therefore, all be
systematteaily exanuned. Two examples will illusteate this—
the differential diggnosis between Jeuhxnua and glandular
fever depends not only on differences in the leucocytes, but
also on the almost mvarable presepce of anwmia, with red
cell changes and thromboceytopenta, w leukrmia; m acute
heemolytic anxmia, a  leuhmmord preture may  suggest
Jeukrernia, but spherocytosis and polychromasia affceting the
red cells, if apprectated, will lenad to the carrect diagnosis. \n
eyepieee fitted with a2 mucrometer seale and cahbrated for
use with the ol immersion lens should be kept on the obscrver’s
beneh , 1t ts of the greatest use, .An mmpression of micro-
evtosts or megalocytosts may be quickly confirmed or refuted
by measurtng the diameters of selected cells

REFERENCES
(1) Bsner, & R (1942) *‘ome aspects of cytological techrque, mn
Cytology and cell physiology *  Fdited Geollrey Bonrne — Oxford
Unnersity Press, p 10

(@) P YN SIATRL WOlan fat s vabe o nek et (4 andintunnostabin ¥
@) . R
{4 "

[



THE PRICE-JONES TECIINIQUE 38

supposed, but the results obtained thereby are of less
diagnostie importance* Nevertheless, it should not be for-
gotten that the focusing of attention on the variation in cell
diameters in health and disease has, as has Wintrobe’s
advocacy of the measurement of mean cell volume, con-
“tributed considerably to the understanding and classification
of the anzmias,

For clinical purposes the measurement of as many as 500
cells is superfluous, althouglh this enables smooth diameter
distribution curves to be obtained as a rule. The accuracy of
the estimation of mean cell diameter 15 hardly affected by
increasing the number of cells counted from 100 to 500;
the standard deviation will, however, be reduced by counting
the larger number of cells.

There exist at least two other possible methods for the
measurement of red cell diameters in addition to Price-Jones’
onginal techmque and later vamants of 1t; these are
measurements by means of a nucrometer scale introduced mto
the microscope eyepiece and the use of the diffraction (halo-
metnic) method, based on an entirely different principle.
Bref descriptions of all three techmques are given below.

The Price-Jones Technique

The basic principle of this technique was the ndividual
outlming with a sharp pencil of the mmages of red cells
projected on to a white sereen at a magnfication of 1000
times. Usually 500 cells were outlined, and the outlines were
measured later by means of a nullimetre rule.

The following are brief details of the techmque A well spread
film 15 essential, the cclls measured must lie free from each other
and be free from distortion  In order that the cells be clearly scen,



Cusrrin 4
MEASUREMENT OF RED CELL DIAMETERS

Nowsarry, even in health, there is a readily appreciable
varigtion in dhameter between a population of red eclls. 1t
15 fargely owmyg to the work of Price-Jones (1) that this
normal vanation has been placed upon a guantitative basis.
e showed that of the diameters of o large number of red cefls
were measured and the cells grouped together v classes
according to their diameter, the frequeney distnibution crrve
of dameters was of the “normal” type. Priec-Jones applicd
statistical methods to Ins data and worked out the himits of
normal varation in great detatd; he also demonstrated that
characteristic destations from the normal were encountered
wovarous ty pes of anemta. This work exeated great interest
and at one tune the drawmy of a Price-Jones eurve was
deemied an almost essential step i the imsestigation of any
abseure ease of anemi - although the lihowr expended
cantrthyted nothug to the understanding of the ease and
merely placed on paper what was to be seen by inspeetion of @
stosnesd il !

The measurenient of red cell drameters m dreed films o~
undoubtediv 2 ghly artificial method . not only do cells
shrink on drymg, their diamcters being 8- 16 per cent less when
dry, eompared with ther diameters wr plasma (2a), bt thor
appatent diameters will vary appreetably m different parts of
2 tikm, qud very careful selecton of an area of ilm where the
cells are nerther distosted in shape por shrunben s required
before measurenments «houlkd he undertaken  Moreover, m
an anmia such as severe pericious amema 1t s extremel
diffienlt if not unposable te measure accurately the many
abnormally shaped porkttocytes which are likely to be present

In fact, not ouby does there seem liitle doubt that the
taborious Price-Jones method of detailed measurcruent of red
cells in dried Sy 15 I acenrate than was at one time

a2
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supposed, but the results obtamned thereby are of less
dragnostic importance.* Nevertheless, it should not be for-
gotten that the focusing of attention on the variation in ccll
diameters in health and disease has, as has Wmtrobe’s
advocacy of the measurement of mean cefl volume, con-
tributed considerably to the understanding and classification
of the anemias.

For clinical purposes the measurement of as many as 500
cells is superfluous, although this enables smooth diameter
distribution curves to be obtamned as a rule. The accuracy of
the estimation of mean cell dinmeter 1s hardly affected by
increasing the number of cells counted from 100 to 500;
the standnrd deviation will, however, be reduced by counting
the larger number of cells,

There exist at least two other poswble methods for the
measurement of red cell diameters in addition to Price-Jones’
original technique and later varants of 1t; these are
measurements by means of a micrometer scale introduced into
the mucroscope eyepiece and the use of the diffraction (halo-
metric) method, based on an entirely different principle.
Brief descriptions of all threc techmques are given below.

The Price-Jones Technique

The basic prneiple of this technique was the ndividual
outhmng with a sharp pencil of the images of red cells
pro]cctcd on to a white screen af a magnification of 1000
times. Usually 500 cclls were outhined, and the outlmes were
measured later by means of a mullimetre rule
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the fitm shoutd be ddeeply stawned with cosit after fixatian 9
methyl aleohal. 1t 1» convenient to place the microscope hon-
sontally nnd by means of a prism attached to the vy eplece oF by
means of a plane suirrar {3), s0 arrange 3t that the image ©
progected downwards on o 8 piece of winte paper. strong
tource af hght 15 essential, and u davhened room 35 aehy antageous.
The west step 1s to sdpist ghe magnification to syou0, In ordes
to cffect ths, place on the suovenble stage @ meranietc? seale
dnaded wto 17100 mm and using the fower power ohgectives
adjust the focus of the aueroncope vo that the micrometer seale 1S
projected and Toeused sharply onte the prece of paper and 1 in the
centre of the Hickd, Change to the oil immersion objetine, andd ther
SUpermpose o to the nusge of the mierusneter seale & paper scale
drvrded into sttmetres Readjust the dastance of the papel from
the privm or plane nurros il ithe projected smage of 3/100 mi
exnctly correnponils to 10 mm of the paper scale This gves 2
magfication of <ioa0: 10 mm. of the smage 15 then cqual to
104 Replace the ~tage pueronreler by the <tnined Dlood Alm
andd binng the pmage of the eells mto sharp focus on the papen
Seleet n portton of the film where the prn)cntcd mages o

colls are well separated, nnd not distarted.  Use the ;
1/6" objectn e 1o find stch an avea before cpliysng the e
tens. Outhue 500 ctlly with a shatp pen(ﬂ——-\\\thout setection, bub
omttmg cells at the periphers of the ficlds wineh are not 18
<harp focus.

Whes the trawing hes heen «ompleted m perhaps one hour.
remot< the paper on which the outhnes hase boen made from the
table, and ueng 2 glnes puthmetre wcale which can be closely
apphed to the outlimed celly mensure the greatest and smallest
diameters of each el to 03 v the mean of these two measures
ments 15 aceepted av the diameter smeqsurement wn fernis of p
Wnite the calentated ameter nathin the dranmg of cach cell, as
soon as it has been measart 3

eg S5 mas 7 0mm may T 0N

mm =7 & mm i —6 S TIm =0 51m
72/ g meann =6 & g meass —8 73 p

\Whert 500 celb Bave hoen measured  grouy the daeters m
intervals of © 25 p The totabs (frequences) of cach el mterval
raay be plotted on squared paper a5 2 distrbuting epmye
gx‘mlpcd frequendy dstrsbution

YVarious modttications of Price-Jones’ technigue have been
n order 1o save tune and to axand the errors miro-

proposed §
first outhung the cells and then mecastring the

duced by
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outlines. It is possible to measure directly the images of
the projected cells with a glass or celluloid rule and to write the
mean of tho measurements at right angles direetly on to the
cells’ images on the paper. In this way the diameters of 500
cells may be measured and scored witlin an hour. At 2000
diameters a measurement of 15 mm. corresponds to 7.5 p.
Alternatnvely, a ccll’'s diameter may be measured by seecing
which fits the closest of a serics of black rings of dilferent
sizes drawn on to the paper on which the images of the cells
are projected (5). Another modification is that of Hynes and
Martin (6) who, using the microscope 1n a vertieal position,
project the film on to a ground glass screen at a magnification
of X2000. The diameters of the cells’ 1mages are measured
by means of a celluloid protractor on which circles of a range
of diameters are drawn.

Statistical Method for dealing with Measurements of
Red Cell Diameters {after Price-Jones (1)]

The accompanying table 1s based on Price-Jones’ procedure
and shows how 1t is possible to calculate the arithmetic mean
(M), the standard deviation (o) and the coeflictent of vanation
(V) of the drameters of the red cells of a sample of blood

Arithmetic Mean The class intervals are tabulated m column 1
and the cors ding fr of di m column 2 In
order to obtain from the varable diameters the anthmetic mean
for 'tl\e sample of blood, the figures for the drameters m cqlumnﬁl
ot N co umn 2,

ves the

R . ferably
one near the mddle of the range (i the particular case given in
the table, 6 75 1) ; then mark off 1 column 3 the deviations or
distances 1 class ntervals from this arbitrary mean; multiply
columns 2 and 8,1¢ the frequencies corresponding to the devia-
thl’l\, and ad N N - N " "

468 values le
15 +418—46: . "
the differen )
~—50/500=—0.11n } g umts The true mean s thus6 75 p—0,1
(4 5)=6.75 0 025 =6 T2 4

Standard Deviation ' The standard deviation (o) 1s the measure
™ of the scatter or disperston of the diameters, their range 1n
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Table VI
Statistical Method for Dealing with Measurements of Ked Celt
Diameters
{After Price~Jones (1)}
: * Devistion * :
Sul pont of pution fuc
: Y e | ariatrary weand  Teoduet Product
(s teraale exquencios @ Tanrbatina parice s
35 10 e S 230
5.75 18 ~4 T2 288
60 42 - 126 478
4 23 k3 -2 140 280
6.5 80 -t RO a1
.75 83 o -8
arbitrary -
mean=Aj
7o 82 +1 8t 2
k] a3l +2 e 104
T3 ki +3 w9 207
7.73 20 +1 &0 220
L] 1t +5 33 s
4 428 2334

M o= 6750 02p

. B2
a1 (M -A) e Vegini00
- B 55100
4 T~0 01 4p g =
=8 T (1 =8 0%,
a2 17 (32
=0 5k J

The patrent whose red - .
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size, and the way in which the numerical frequencies of the
different diameters are arranged. The scatter about the mean
implies diameters less (—) and diameters greater {4-) than the
mean diameter. In order to obtain some quantity that shall vary
with the general dispersion, it is necessary to average the devia-
tions by a process that treats them as if they were all of the same
<ign, and squaring is the simplest process for this purpose,

Column 5 gives values for the squared deviations (column 3
multiplied by eolumn 4). Addition of these products gives 2354,
which divided by 500=4.71. The difference between the mean
(M) and the arbitrary mean (A )15—0.1. The square of this value
15 0.01. This subtracted from 4.71 gives 4.70 as o?; o (the
standard deviation) is thus 2 17 in } x units or 0.54 p.

Coefficient of Variation. The coefficient of vartation (V) measures
the degree of scatter of the distribution in relation to the mean
value of the thing varying Tt is the standard deviation (o)

- ),
expressed as a percentage of the mean (V =av‘1[()l } and forms a

measure of s ariabihity which is independent of the umt in which the

measurements have been made.

0.54 % 100
6.72
The diameter distnbution curve based on the above data 1s

llustrated 1n Frg. 3

In the ple given V'

=8.0 per cent.

Normal Ranges (Dry films) Price-Jones (1).
Mean cell diameter (M.C.D.) 6.7 p t0 7.7 g (Mean 7.2 p)
Coefficient of vamation (V) 5.3 to 7.3% (Mean 6.3°,)
Standard deviation (o) 0.85 pto 0.56 p

Measurement of Red Cell Diameters by the Diffraction
Method

The diffraction method for measurning the size of small
objects was first applied to the measurinent of the diameters
of red blood cells by Pijper iz 1919.4.The principle of the
method 15 that when a parallel beam of polychromatic light
1s passed through a film of relatively opaque red cells the
light 1s diffracted by each individual red ccll, the degree of
diffraction varving with the cell diameter. The individual ~
spectra appear to the human eye as a concentric compound
spectrum surrounding the source of light; they may be
resolved as an 1mage on a screen by meams of a convex lens.
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Each diffraction pattern consists of a bnght centre,
surrounded by an orange ring, and then the spectral colours in
their natural sequence from violet to red. Qutside the red
ring fainter green and red cireles may be seen,

The size of the concentric spectral rings varies inversely
with the diameters of the red cclls and directly with the
distance of the film from the light source. In macroeytic
amemias the spectrd! eircles are smaller than normal and in

Na.
QF
CEuy

{00

B8O

£

DIAMETERS N a1

ki § Rep (e1n Diawerer DisTrimvrion (vaves (Pree
Juves CURVES)
Owmmemi) 13 8 curve constrycted from the biood of a unid case of
farnafial haumaty i wnem (echolure Jaundice)—sce note added to
tegend to Table VI @ == @ and gh==c=zc=gf are cunies dravh
from blood fram two typreal cases of famtinal hemolyhie anemiy
‘The churactenstic mieroey tosss 15 well demmonstruted  The than hines
wdicate the matmeen aud nuamum oorm it curves {data from
Prsce-Jones (1) ]

wieroeytic anemuas they are Inrger. The distauce between the
vwolet and red ercles ghes an expression of the degree of
anisoeytosts

As the spectral rings are produced by the blending of rings
of different sizes depending upon the varying diameters of the
red cells, the smaller the degree of amsoeytosts the narrower
and cleater are the bands . conversely i the tase of a blood
showing muth yariation m vell size the speetral pattern is
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much lIess clear. Nevertheless, measurement of cell diameter

by the diffraction method has been widely used in clinical

hematology, and though the method 1s hardly precise, with

sutable appatus it is not more maccurate than the measure- .
ment of tlie images of projected red cells. It has the great

advantage of being extremely quick. A well spread {ilm is

required, and n the area examned the red cells should be

undistorted and just not overlapping  If the film 15 too thinly

made, the spectra are weak mntensity. It is best to examine

an unstamed film,

The theory and the use of the method of
the diameters of the red blood cells 15 considered at length by
Ponder (2b), and the difficulty of obtarming exact measurements
stressed  The use of h tic hight 1s ded. By
converting the dise-like red cells mto spheres by means of a
sphermng agent such as distearyl lecithin, Ponder has estimated
mean ccll volume by means of the diffraction techmque. The
vesults apree closely with those obtamed by the hmmatocnt
method.

Several types of apparatus have been designed In that of
Pyper (7) the spectral mmage produced by the film to he tested 15
projected on to a screen alongside that of a normal control film
0 that the size of the coloured rings can e compared. In addition,
1t 15 possible to calibrate the sereen by means of a formula (7) or
T o N " ral ring can be

The mean red
ring the rads
€ this techmgue

. . their apparatus
monock atic light 1s ob d by introd g a green filter with
the result that the orange spectral band appears as a black ring
This 15 viewed through an eyepiece into which 1s mserted a micro-
meter scale cahbrated to 0 1 mm In this way the diameter ot
the black ring can be d and the corresponding mean cell
diameter caleulated trom a formula

Another method suggested s that of Emmons (9) In s
apparatus, the eriometer, a central light source surrounded by a
ring of fine holes illuminated from belnd 1s viewed through a
blood film and the distance between the film and the hight source
adjusted until the red spectral ring 1s superrmposed upon the
concentric ring of illuminated holes The apparatus 1s calibrated
so that the mean red cell diameter can be calculated from the
distance between the film and source of light under the above
conditions




60 MEASUREMENT OF RED CELL DIAMETERS

Other tcehmques which may be mentioned, are those of Pryce

Interesting  comparisons hetween the results obtamed by
diffraction methods and by dircet measurement by the Price-
Jones projection technique or by the usc of an cyepiece micro-
meter are given in the papers of Yaden (12} and Pijper (7). Haden
found that Kmmons’ eriometer and Pijper's blood cell tester gave
the best results,

Unquestionably the chifraction method 15 a useful way of
estimating red cell diameters, and the experienced observer
will be able to appreemate not only alteration in mean cell
diameter but also, depending upon the clarity and width of
the spectral bands, the degree of anisoeytosis which may be
present.

It 1s more doubtful whether the information obtamed by use
of diffraction methods is often of decistve use in climeal
hematology. Possibly 1 the follow up of patients with
macroeytic anemias the method may call attention to
persistent macrocytosis. This 15, however, as likely to be
obvious to the experienced eye, aided perhiaps by an eyepiece
micrometer, when the film is viewed down the microscope.
Certainly, the diffraction method of measuring diameters is
no substitute for microscopy, which reveals so much besides ,
1t 15 a useful accessory method, but i clinieal practice it can
be dispensed with

Measurement of Red Cell Diameters with the aid of
an Eyepiece Micrometer

The eyepiece micrometer scale can be usefully employed m
the measurement of cell diameters It has the advantage of
directness and simplieity and can be quickly apphed. Where
a relatively large number of cells are to be measured, 1t Is,
Lowever, simpler and quicker to project them at a magmfica-
tion of X 1000 or %2000 and to measure the 1mages by onc
of the methods previously deseribed

The scale of the eyepiece nucrometer has to be calibrated
snrelation tothe objective, eyepece and tube length employed,
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before it can be used. This may be done using a shde on
which a scale, usually 1 mm. in 0.01 mm. (10 ) intervals, has
heen engraved, or alternatively, the calibrations on a eounting
chamber (the side of a smallest square 15 0.05 mm. in length).

Tt 1s convenient to have a conversion scale kept near the
microscope, e.g. using a 1/12 . objective and X6 eyepicee,

5.0 divisions=6.6 g

3.5 ”
6.0 i
65

The diameters of red cells can be measured to about 0.5 p
without difficulty with the aid of the eyepiece micrometer.
Although rumor degrees of deviation from the normal will not
be detected, the method 1s very useful, and in practice it 1s
possible by measuring a few cells whose diameters are
tepresentative to confirm or refute viswal impressions of
abrormalities in cell size This does not mean that the
observer should search for the largest or smallest cells to
measure ; o few as large as 9 ¢ or as small as 6 p may be found
m normal blood Tt is much more sigmfieant to find an
unusually high proportion of cells of 8 5 p than a few cells
outside these limits  Price-Jones’ (1) ranges m health (£8 o)

give the outside normal hinuits for eells of the dimensions just
referred to
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Other techniques which may be mentioned, are those of Pryce
(10} and Bock {11} in which two sources of light are viewed thraugh
a film and the distance between the film and bght sources adjusted
until the red spectral rings of each halo st touel, Long even

* films are required, and these are diffieult to spread,

Intcresting  comparsons betwcen the results obtamed by
diffraction methods and hy direct measurement by the Price-
Jonew projechion techmaque or by the use of an eyeprece nuero-
meter are given i the papers of Iaden (12) and Pyper (7). Haden
found that Emmon«’ eriometer snd Pigper’s blood eclf tester gave
the best resutts,

Unquestionably the diffraction method is a useful way of

estimating red cell dinmeters, and the eaperienced observer
will be able to appreeiate ot only slteration in mean cell

i hut also, depending upon the clarity and width of
the spectral bands, the degree of anisoeytosis which may be
present.

1t 1s more donbtful whether the information obtamed by use
of diffraction methods iy often of decisive use in chnieal
hematology.  Possibly m the follow up of patients with
macrocytic angemias the method may call attention to
persistent macroeytowss,  This 15, however, as likely to be
obvious to the experienced eye, aided perhaps by an eyepiece
micrometer, when the film 1s viewed down the mieroscope.
Certamiy, the difraction method of measuring diameters 15
no substitute for wicroscopy, which reveals so much besides
it 1s & useful nceessory method, but i cleal practice it can
be dispensed with

Measurement of Red Cell Diameters with the aid of
an Eyepiece Micrometer

The eyepiece nucrometer seale ean be usetully employed m
the measurement of cell diameters. It has the advantage of
direetness and simpliity and ean be quickty applied. Where
a relatnely Jarge number of cefls are to be measured, it 15,
hownever, sunpler and quicker to project them at a magnifica-
tiow af X 1000 01 -~ 2000 and 1o measure the ymages by one
of the methods previously desertbed

The scale of the eyepece mierometer has to be calibrated
mrelation to the objectis e evepieee and tube length employed,
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SUPPLEMENTARY STAINING AND OPTICAL
TECGHNIQUES

Exammation of Imving blood cells.  Supravital
staining and examination by phase contrast. Tests
for sickle cells. The peroxidase reaction. Additional

EXAMINATION OF BLOOD (ELLS SUSPENDED
IN PLASMA

Tur exammation of a drop of blood sealed between a
slide and coverglass 1s a useful procedure and may reveal
mformation of diagnostic importance.

The preparation may be examined m several ways, by
‘ordinary illumination, with or without the addition of dyes
such as Janus green and neutral red (supravital staimng), by
dark ground illunination or with the aid of a phase contrast
condensor Chemically clean shdes and cover-shps should be
used and a thin film made between them If the glass surfaces
are free from dust, the blood should spread out spontaneously
and no pressure should be needed , indeed thus 1s undesirable
The edges of the preparation should be sealed with a melted
nuxture of equal parts of vaseline and paraffin wax.

In an unstamed preparation exammed with ordinary or
dark ground illummation rouleaux formation 15 usually seen
m varymg degree, the abnormal wrregular rouleaux seen n
hzmolytic anemias associated with marked spherocytosis 15
characteristic  Blood parasites such as muerofilanz and
spirochzetes such as Borreha recurrentis may be seen without
difficulty, the presence of small numbers of the latter bemng
revealed by occasional shight agitation of groups of red cells
Sumlarly, sickling of red cells may be revealed (see later) If

03
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muimum. Too high a concentration impairs motility and ulti-
mately kills the cells and stains their nuclei. Where many
t s 1 leukerma, or in bone
~+-~tions may be necessary
of the film of blood will
. " the dyes.
phil granules are staned
yellowish, those of eosinophuls orange red and those of basophils
maroon. Vacuoles may take up the stain; they appear as bright
red spheres of varying size. They may increase in size and number
during observation

Motihity. The neutrophil polymorphs should be actively motite
if the preparation 1s kept at 85° to 89°C. on & warm stage and the
dye concentrations are correct Streaming of their somewhat
refractile granules can be readily seen Normal monocytes may
show just perceptible movement, Other cells usually show no
movement 1n this type of preparation, though motility of lympho-
cytes, ete., can be observed in hanging drop preparations (4)
Light 15 inmmical to motihity ; the mieroscope lamp should thus be
switched off when not required, In the leukemias the primitive
cells asy a rule exhibit httle movement ; in monocytic leukemta,
however, actively motile cells may be seen.

Mitochondria* are seen in their largest numbers in 1mmature
cells; n the loblast they are very 5 and fine and may
be scattered diffusely or m several groups, in myelocyles they
duimumish 1 number as the cells mature, often occupying one or
more sectors of the cell A few may be seen in “young” meta-
myelocytes; they are absent in adult polymorphs, The mto-
chondna of the lymphoblasts are relatively few in number, they
are distinctly larger than those seen 1n myeloblasts and myelocytes
and may be recogmzably rod-like They dimmmush 1in numbers as
the cells mature, but are definitely present and easily seen
mature lymphocytes.

In the monoblast the mitochondria are said to be fine and

m the p yte and adult yte they are
fairly numerous, but vanable 1n size.

Specific Granules * The stainng reactions of the granules of the
polymorphs (yellow). eosinophils (orange red) and basophils
(maroon) have already been mentioned. Rose-coloured fine
granules appear 1n the early types of promyelocytes and increase
m number as the cells mature They are most numerous in the
“type B” of Sabin and may be closely packed 1n a large sector,
m the more adult cells they are graduaily replaced by the yellowish
stamning granules of the adult polymorphs

* Good sllustrations of blood cells stamed supravitally by Janus green and
neutral red are given 1n Whitby and Britton’s book (5)

HEMATOLOG Y 5
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& warm stage is available, the motility of the leucoeytes can
be studied ; usually only the granulocytes show significant
progressive movement. Winthy and Hynes (1) deseribe the
appearances of leucocytes under dark groand Humination ;
eytoplasmic particles sucht as granules and mitochondria can
be readily scen.  Most workers have, however, studied
preparations stained supravitally (2, 8}, and a deseription of
this technique 15 grven belaw,

Supravital Technique

Chemically clean glassware 1s essential.  The following
stmns are required.

{A) A saturated solution of neutral red in absolute ethyl

aleohol.
{B) A saturated solution of Janus green m absolute ethyl
alcohol

Before use add 8 2 mb, of (A) to 5 mi, of absolute ethyl
aleohiol, and dehver 2 x1.5 ml. volumes of the diluted stamn
suto separate test tubes. 1t #s convement to work with at least
two concentrations of Janus green, Therclore, add 0.02 mi.
and 0,05 mi of solution {B) to each of these 1.5 ml. voluwes,

Preparation of Stides. Deliver by pipette <everal drops
of the stam minture on to a clean shide so as to flood 1ts
surface with the dyes, dram off the excess back into the tube
and allow the shide to dry rapadly by waving it over a heated
wire gauze In this way an even deposttion of the dye may be
obtamed. When dry, shdes may be stored unhi required :
they must be protected from dust

Setting up the Specimen. A small drop of freshly drawn
blood, taken directly from a skin puncture, from a vein or
from the marrow easity, w plueed on to one or more prepared
shdes of each dye concentration and covered by a covershp
~0 as to ohtais a moderatel thim film The cdges of the
preparation are sealed with vaseline-parafin wax muxture.®
Stainmy ss slow and may nced twenty to thirty minutes, 1t
15 hastencd by keepng at 37°¢.

Janug green which stams the mitochondria biue s the more
tovie of the dyes, ite concentration, therefore, has to be kept to s

» Equal solumcy of vasehne &nd parallin wax melted togrthers
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minmum Too high a concentration 1mpairs motility and ult-
mately kills the cells and stams their nucler  Where many
immature leucocytes are present, as n leukzmia, or i bone
meemees e oo ' y be necessary

1 of blood will

Neutral red 1s much less toxie; neutrophil granules are staned
yellowish, those of eosimophils orange red and those of basophils
maroon. Vacuoles may take up the stain . they appear as bright
red spheres of varying size  They may increase in size and number
during observation.

Motifity. The neutroptul poly morpts shuukd be actively motile
' the preparation 15 kept at 35 to 39°C on a warm stage and the
dye concentrations are correet Streaming of their somewhat
Tefractile granules can be readily seen  Normal monocytes may
show just perceptible movement Other cells usually show no
Movement 1n this type of preparation, though motility of lympho-
Cites, ete.,, can be observed m hanging drop preparations (i),
Light 15 1mimical to motility , the microscope lamp should thus be
switched off when not required. In the leukrermas the primitive
cells as a rule exhibit little movement , 1n monoeytic leukemia,
however, actively motle eells may be scen. .

JMitochondria* are seen m their largest numbers 1n immature
celly; in the Toblast thev are verv numerous and fine and may
be scattered diffusely or in several groups, i myelocytes they
diminish 10 number as the cells mature, often oceupying one or
more sectors of the cell A few may be seen 1n “young” meta-
myelocytes ; they are absent m adult polymorphs The mito-
chondria of the Iymphoblasts are relatively few i number; they
are distimetly larger than those seen 1n myeloblasts and myelocytes
and may be recognizably rod-hike They dimumsh 1n numbers as
the cells mature, but are definitely present and easily seen in
mature lymphocy tes

n the monoblast the mitochondria are said to be fine and
Buwerous ; 1n the y yte and adult yte they are
fairly numerous, but vamable in size

Specific Granules * The stainng reactions of the granules of the
polymorphs (yellow). eosinophuls (orange red) and basophils
{(marcon) have already been mentioned. Rose-coloured fine
granules appear 1 the early types of promyelocytes and increase
In number as the cells mature. They sre most numerous n the
“type B” of Sabin and may be closely packed in a large sector;
W the more adult cells they are gradually replaced by the yellowish

staming granules of the adult poly morphs.

* Good llustrations of blood eells stamed supravitally by Janus green and
Feutral red are given m Whithy and Britton's book (5)
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Vacuales staming bright red may he scen as sntall spheres i
most adult lympliocytes ; in monocytes they are charactenstically
present in rather large numbers. They vary 1 size and are present
throughout the cytaplasm ; a defimte group (rosette) may he seen
wn the concavity (hof) of the nucleus  Sumilar vacuoles are seen in
promonoryies and monoblasts.

Erythroblasts, Both fine mitochondna and red vacuoles may be
seen tn develomang red cells, They domunish in number as the cells
mature and the nucler nnd pyknosis.  Mitechondna are not
seen in the adult red cell 3 an secasional red vacuole may, however,
be encountered, )

The use of the phase contrast condenser has opened up new
posmibilities for the examnation of unfixed and hyving tissues,
and the equipment wilt fig doubit be widely used m hcma-
tology when tt becomes more freely avatlable, At the moment
1t 1s too carly to assess its practical implieations, hut already
its use has elearly demonstrated that mitochondna are res-
ponsible for the pale unstaned areas so commoniy seen in the
cytoplasm of prinutive cells, particularly close to the nuclear
membrate (8), and that the apparent nuclear pattern as seen
3n stamed films is to some extent modsfied by the cytoplasmic
structures that overhie tt (7).

1t is clear also that the use of phase contrast condenser wilf
ennble the ahserver to view hving cells and to observe ther
cytoplasmie structures without the necessity and  dis-
advantage of using potentially toxie dyes to cuthine them  In
addition the nuclear chromatn and nucleol of unstamed
cells can be visuahized

VYALUE OF SUPRAVITAL STAINING AND
EXAMINATION BY THE PHASE CONTRAST
TECHNIQUE

These are prinanly resesrch techmques and perhaps are
seldom of much practical importance. In the ease of supra-
vital staning consilerable care 1s nceded to obtain good
results, and both teclamques require experience iz anterpreta-
twn.  However, n addition to enabling observations of
serentific rather than practical importance to be made, use
of these techmiques may help to differentiate the vanous
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types of acute leukemia by providing more information than
can be obtained by Romanowsky or peroxidase staining. It
15 possible that, although i the past this has always been
considered a purely academic problem, the use of folic acid
antagonists in the treatment of leukeemia (8) will increase the
importance of accurate cytological diagnosss.

TESTS FOR SICKLING OF THE RED CELLS

A bref account of tests for sickling of red cells 15 given below,
although the plenomenon 1s rarely seen 1 this country. The
Tecognition of tlns abnormality 15 of great importance m a country
such as the United States 1n which there 1s a large negro population.

The onset of stchling of susecptible cells 15 determined by the
presence within the celis of hamoglobin in a reduced state. The
proportion of reduced hxmoglobin necessary to induce sickling -
varies from ease to case: 1f the phenomenon oceurs at physio-
logical levels of reduced hemoglobin, “sickle cell apemia” may
result A *sickling trat” of no clinieal importance 1s much more
frequently encountered; n these cases sickhing takes place in
titro, buf not wn tive, at concentrations of reduced hzmoglobin

za
the
ng

N .

Daland and Castle (16) reccommend adding a drop of 2 per cent.
aqueous sodtum hisulphite to a drop of blood on a shde, mixing
and sealing a thin film under a covershp Under these errcum-
stances sickling may be seen withma 15 minutes at room tempera-
ture,

ADDITIONAL STAINING METHODS

The Peroxidase Reaction applied to Blood Films

This reaction depends upon the presence of enzymes
(peroxidases) within the cytoplasm of leucocytes of the
granulocyte series and to a lesser extent of monoecytes.
Biood or marrow films are treated with benzidine and liydro-
£en peroxide after hhation, and the henzaidime 1s oxidized by
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the peroxide in the presence of peroxidase.  Sodium nitro-
prusside which forins n blue compound with oxidized
benzidine may be added to the benzidine, but 1s not essential.

Solutions Required: 1. Fizatite,  Absolute cthyl
aleotial nine parts ; neutral formafin (16 per cent formalde-
hyde) one part

2. A saturated aqueous solution of Jenzxidine.

3. A saturated aqueous solution of sodium nitroprusside,
Before use one part of (3) 15 added to 99 parts of (2).

t. A freshly made solution of hydrogen peroaide 10 vols.”
Two drops (0,04 ml.) are added to 10 ml. of distilled water.

Method. Fresh awr-dried films are required. These are
fined for one nunute 1 the formol-aicohol fixative solution,
washed m distilled water and set upright to dry.  Add one
part of the peroxide solution to two parts of the nitro-
prusside-benzidine solution, nux and flood the shide with the
mixture for one nunute. Wash m water and examune under
the microscope If the staimng 1s satisfactory, the granules
1 the polymorphs should be stained o deep blue black. The
preparation may be counterstained with 0.1 per cent aqueous
safranm for one nunute or m didute (1:20) Giemsa for seven to
ten munutes,

The Value of the Peroxidase Reaction

Developmg and adult granufocytes give a posttive stainmng
reaction, but mn the earhest n eloblasts the result is usually
negative  Posiive granules are usually present m small
numbers m promonoeytes and in monocytes. The results
with lymphocytes are umformly negative m both adult and
immature cefls,

‘The peroxidase reaction )s an mteresting phenomenon, but
nat often of much practical value Occaswoually, & posihve
veaction mav help to dntimgush between myeloblasts and
lymphoblasts, but as the niost inumature mycloblasts give a
negative reaction. the test breaks down just when 1t 1s most
needed

Unna-Pappenheim Stain ) .
The Unna-Pappenheimn combination of pyronin with



UNNA-PAPPENHEIM STAIN 69

methyl green can be used to stam both dry or wet-fixed films
of peripheral blood or aspirated bone marrow. Wet-fixed
films give the more satisfactory results. The pyronmn stains
cell components containing mbonucleic acid bright red, e g.
the nueleoli and the eytoplasm of all types of primitive cells
and of mature cells, such as plasma cells, n which the
ribonucleic acid persists  The methy] green stans the chro-
matin greenish black,

The following techmque gives pood results (detals kndly
supplied by Dr. J. C White} The films are placed as soon as
they are made i Susa’s* flud and “wet-fixed” for one hour.
After fixation they are treated with Gram's 1odine solution
(5 min ) followed by 1 per cent sodwm thiosulphate solution
{3 mn,), washed well in running water and finally rmsed in dis-
tilled water, The films are then stained for one hour 1n & solution
of the following composition —

Pyronm (BD L) 03¢
Methy! green 6Ty
Glycerin 20 ml

Absolute ethyl alcohol 2 3 ml
0.5 per cent phenol m distilled water to 100 ml,

The stains are ground 1n the glycerm and aleohel 1 a mortar
and the phenol water added later The solution 1s boiled for 2
minutes, then filtered

After staimng, the shides are rinsed in distilled water and de-
hydrated in tertiary-hutyl aleohol, cleared i <ylol and mounted
n neutral balsam or Gurr’s medium  If differentiation 1s required,
a rapid dipping into absolute ethyl aleohol, in which pyronin 1s
very soluble, suffices Dehydration in the butyl alcohol 1s slow,
but httle stain 1s abstracted,

Ths stamn 15 particularly useful m demonstrating nucleols In
wet-fived well stained films they appear as one or more rounded
or elongated red-staning structures Ilustrations are given in
White’s paper (9)

o - . .

. 4 ml
20 mi
50 mt

1 Tn dry films the nucleol are less well demonstrated by the above technique
In rertan respects wet-frxation has defimte advantages over dry-fixation
Deheate cells and structures are often better preserved, and 1n conjunetion
with ribonuclease the stain can be used as a tustochemucal test  Tn wet-fived
§ilms leucocytes are more globular, 1€ more nearly the shape w hife The red
cells are as a rule badlhy distorted
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Fenlgen’s Stain

The Feulgen reaction 1s generally held to be n speafic
cytochemical test for desoxyribonucleie acid, an important
component of nuclear chromatin, When applied to films of
marrow or peripheral blood, the nucler of the adult cell types
stam most intensely, and the nudlei of the primitive cells
least ntenscly, The nucleoli do not stain. Howell-Jolly
bodies stan by this methed, ie. are Feulgen-positive, and
chiromosomes stain particufarly welf. The stain is thus well
suited to the study of nutoses.

The best stmning results are obtamed after wet-fixation with
Susa’s flud, but satisfactory staming of dry-fixed films can be
achieved. In a well staned preparation the nuclear chromatin is
sharply stained shades of purple. The results of Fenigen staining
are illustrated by Gardikas and Israéls (10).

The follawing techmque based on that of Bauer* gives good
results  Ix films of peripheral blood or marrow m Susa's flwd
for one hour Wash and treat with odine and sodum tho-

m distilled water The exact time of bydrolyws needs to be
determined by experniment ; with films fixed in Susa. § min. seems
to be the optimum. Stan for two hours in Feulgen's reagent
This 15 prepared by dissotving 1 g of basie fuchsin i 200 ml. of
boiling distilled water, then fitering when the solution has cooled
to about 50°C , and when cooled to about 25°C,, adding 20 ml.
N.HCl and 1 g antiydrous sodium bisulphite  Sulphur diode is
evolved and the sofution turns yellow, 1t should be hept 1n a well
stoppered bottle in the dark and not used for at least 24 hours
after preparation  The slides are then washed for 15 mnu, i three
successive Jars of the following sofution 10 ml 30 per cent
aqueous sofution of anky drous sodm bisuiphite, 10 mt N Y,
distilled water to 200 ml  Finally, the slides are well washed
running water for 10 min. rised i distilled water and dipped for
a few scconds 1n a 1 per cent aqueous solution of light green, whiclt
1s used as & counterstain.

The cheratstry of the Feulgen reaction 1s complex and has been
the subject of some controversy  Recent views are gaiven m o
paper by Qverend and sStacey {11}

» See “The Micsotomist Vade-Mecum™ (1937), 10th Ed , p 23961, Churchitt

Jondon
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Staining with Sudan Black '

Sudan black B. has been used by Shechan (12) and later by
Baillf and Kimbrough (13) and others to stamn the granules of
leucocytes, many of which appear to contam lipoid. The results
indicate a close paraltelism between sudanophilia and a positive
peroxidase reaction, and sudan staining may perhaps be used as a
substitute for the enzyme reaction Further details and references
to the hterature are given 1n the above mentioned papers, and by
Rheingold and Wislocks (14).

HEINZ BODIES IN’ RED CELLS

Inclusions withm adult red cells developing as the result
of the action of phenylhydrazine were first fully described
by Hemnz 1n 1890 and arc now generally referred to as “Heinz
bodies.”

Since Hemz's description 1t has been found that many
types of ct 1 luding the sulph des and amhne
dertvatives cause the appearance of Heinz bodies. Their
production 1s often but not invariably associated with the
production of methemoglobm. The chemstry of Heinz
bodies, their derivation and the site of their formation is still
not fully understood . 1t appears that they consist of dena-
tured globin and that they are derived from hmmoglobin.
They are not usually seen 1n reticulocytes.

The whole problem of Hemz body formation has been
recently well reviewed by Webster (15)

Method of Demonstration

Unstained Preparations.  Heinz bodies may be seen as
refractile objects mn dry unstamed films, if the illumination
1s cut down by lowering the microscope condenser. They are
also easily seen by dark ground or phase contrast llumimation.
The size of the particles varies from 1-2 u to half the size of
the corpuscle. One or more may be present 1n a single cell,
They are usually close to the cell membrane, but may move
around withm the cell m a slow Browman movement.

Stawned Preparations. Methyl violet, recommended by
Hemnz mmself, stams the bodies excellently.

Equal volumes of blood and 0.5 per cent methyl violet in
normal saline are mixed together, and after standing for about
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ten mmutes at room temperature, films may be made or the
suspension of corpuscles viewed between shde and cover
glass. The Henz bodies stain an intense purple. They akso
stain with other basic dyes. In the easc of brlhant cresyl
blue they stain less mtensely than with methyl violet. They
may, however, be readily scen in a well stained reticulocyte
preparation.

If permanent preparations are required, the vitally stamed films
should be fixed by exposure to formalin vapour for 5-10 nunutes.
If fined 1n methy! alcohol, the bodies are decolorized. Formahn-
fined films may be counterstamed with @ 1 per cent eosin or 0.1
per cent safranin after washing well i distilled water. Because of
the fixing effect of methyl alcohol, Henz bodies are not seen in
films staned by Romanowsky dyes and their presence may be
missed for this reason

Significance of Heinz Bodies in Clinical Hematology

The presence of Heinz bodies 1s a stgn of chemical poisoning
and they should be lvoked for in any case of hemolytic
anmmia where it 1s possible that a chemeal tovic agent 1s
implicated or where the onigin of the disorder 1s obscure*. In
chemical workers a search for Heinz bodies 15 a simple
ancillary method for controlling exposure to potentiaily
dangerous chemicals.

THE STAINING OF SIDEROCYTES

Siderocytes, or red blood cells contaming granules of ron
which give a positive Prussian blue reaction were described
by Gruneberg {18, 19) mn small numbers i the blood of
normal rat, mouse and human embryos, and n large numbers
m mice with a congemtal anenua. They have smce been
detccted in adult human blood, chuefly after splenectomy,
sornetimes In large numbers. They may be found 1n nucleated
as well as in non-nucleated red cells, but only n the later
normoblasts 1n the cytoplasm of which hemoglobin 15 being
formed Their presence seems to depend on some abnormahty
of hmmoglobin formation, The granules also stam by
Romanowsky dyes. Details are ginen by McFadzean and

b ea
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Davis (20} and Dacie and Doniach (21). They have been
detected m experimentally produced lead poisoming (22).

Method of Staining

Air dried films are fixed with methyl alcohol for two to five
mnutes. YWhen dry, the shdes are flooded with a solution of
1 per cent potassium ferrocyamde in N/10 HCl made by
nixing equal volumes of 2 per cent potassium ferroeyamde*
and Nf53 HCl immediately before use.

After two minutes the shdes are well washed in distilled
water and may then be weakly counterstained with 0.1 per
cent aqueous safranm for a few seconds.

Siderocytes contain one or more (rarely many) mon-
contammng unevenly distributed granules, mn size varying
from about 1 p down to the hmits of visibility.
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ten minutes at room temperature, fitns may be made or the
suspension of corpuscles viened between slide and cover
glass. The Hemz bodies stain an mtense purple. They aho
stain with other basic dyes. In the case of brilliant cresy!
blue thiey stain less intensely than with methyl violet, They
may, however, be readily seen in a well stained reticuloeyte
preparation.

If permanent preparations ave required, the vitally stained fitms
should be fixed by exposure to formahn vapour for 5~10 mnutes.
If fixed in methy! aleakal, the hodics are decolorized. Formalm-
fixed films may be counterstamed with 8.1 per cent eosin or 0 1
. oo Because of

not seen tn
R nee may be
rssed for thes reason,

Significance of Heinz Bodies in Clinical Hematology

The presence of Hemnz bodies 15 a sign of chemical posoning
and they should be locked for m any case of hamolytic
anemia where 1t 1s possible that a chermeal toxie agent 1s
implicated or where the onigin of the disorder 1s obseure®*. In
chemical workers a search for Heinz bodies 1s o simple
ancillary method for controlling exposure to potentally
dangerous chemicals

THE STAINING OF SIDEROCYTES

Stderacytes, or red blood cells contmmng grannles of won
whieh give a posttive Prussian bluc reaction were deseribed
by Gruneberg {18, 19) in small numbers in the blood of
normal rat, mouse and human embryos, and in large numbers
m muce with a congenital anemias  They have since been
deteeted 1w adult human blood. clucfly after splenectomy,
sometimes in large numbers  They may be found in nucleated
as well as i non-nucleated red cells, but only m the later
normoblasts 1n the evtoplasm ot which haemoglobin 1 being
formed Their presence seems tn depend on some abnormality
of hzmoglebm formation. The granules also stain by
Romanonsky dyes, Detasls are given by McFadzean and
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BONE MARROW BIOPSY

Techmques and methods of exammation.  The
normal “myelogram.” The preparation and staining
of histological sections,

Biorsy of bone marrow is an indispensable adjunct to the
study of the diseases of the blood and may be the only way n
which a correct diagnosis can be made (1, 12). The method of
trephining has been largely superseded, but not quute replaced,
by Amnkwn’s techmique of needle biopsy and vanants of 1.
Needle biopsy has m fact many advantages over the trephine
method ; 1t 1y sumple and safe, relatively pamless, can be
repeated many times and even performed on out-patients.
Not only will 1t provide material for making films, but quite
good sections of aspirated marrow fragments may be obtained.
Trephme biopsy has the disadvantages of being a surgical
operation which may be dangerous in the presence of a

ding tendency or severe locytopenta ; 1t can seldom
be repeated. However, 1t 1s capable of giving decisive informa-
tion when methods of aspiration fail, as they may m cases of
myelofibrosis, marrow hypopl or 1ly in leuk
Marrow puncture seems to be safe 1 aimost all eircumstances,
even 1 thrombocytopenic purpura, It should, however,
never be attempted m haemophilia or 1n a ike disorder where
the eoagulation time 1s prolonged

THE TECHNIQUE OF NEEDLE BIOPSY OF THE
MARROW
Sternal Puncture, The usual site for marrow puncture is
the manubrium or the first or second pieces of the body of the
starmn., bk theo; wm ek e ol posshdes stos (e 'ndvery,
The manubrium of the sternum m general seems to give a
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spinous processes 1s particularly convenient, as they hec
wuperficially and the overlying tissues are not highly sensitive.
The needle 1s passed vertically into the spines of the lumbar
or lower thoracic vertebre of the sitting or reclining patient
(3). Rather more pressure is required than for sternal
puncture. An added advantage 1s that the patient cannot see
what is happening and that scveral attempts at puncture and
aspiration can be made in the same anmsthetized area if
necessary.

Iliac Crest Puncture. The ilac crest 1s another site from
which active marrow may be withdrawn (4) The needle 15
passed vertically (1¢ downwards and medially) mto the
cavity of the thum from just posterior to the anterior superior
ihac spine. As with spious process puncture the bone 1s often
appreaiably harder to prerce than is the sternum, and a stout
needle ts required  Although there 15 normally considerable
vanation 1n the compositien of cellular marrow withdrawn
from adyacent or diflcrent sitcs, the general trend and type and
maturity of hemopoiesis and the balance between erythro-
potests and leucoporests 1s similar (5)

In practice 1t 15 a distimet advantage to have a choice of
several sites for marrow puncture, particularly in the case
of a ““dry” puncture or when blood alone 15 withdrawn. In
these cases aspiration at a different srte may yield cellular
marrow or strengthen suspicion of a widespread change such
as fibrosts or aplasia

Bone Marrow Biopsy in Children

In the youngest children from birth to four to five years the
medral aspect of the head of the tibia may be punctured and
active marrow withdrawn. This procedure 1s certanly less
dangerous and lews upsetting to the child than 15 sternal
puncture 1In older children the tinal cortical bone 15 usually
too dense and the marrow within normally less active. Better
~amples are obtained by sternal puneture, but particular care
and experience are requred The dimensions of the marrow
cavities m the sternum and the thickness of the cortical bone
m childhood arc descrihed by Dmvany (6). It 15 Iikely that
hae crest puncture will prove to be a satisfactory substitute,
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lightly better marrow sample than sttes in the body of the
bone, although w the former it may be less easy to be certain
that the needle is in the cavity of the bone, If semal punctures
are bemng performed, a different site should be schected for
cach puncture in order to avoid marrow possibly disorganized
by heemorchage resulting {rom previous punetures.

A special needle 15 used, Tus should be short and stout
with 2 well fitting stilette, and must be provided with an
adjustable guard. The patient les on his back m a semi-
recumbent position and the skin covermg the upper part of
the stermun s cleansed with spmit or odine.  The shin,
subeutancous tissue and pertosteum overlying the site of the
puncture are carefully anwsthetized with novoeeain or
equivalent. The guard on the needle 13 adjusted to shout
t m. from the needle pomt, depending on the thickness of
the subcutaneous tissue, The needle is then pushed by a
boring motion mto the eavity of the bone  The amount of
foree required vartes, but may need to be considerable It is
usually easy to appreciate when the eavity of the bone has
been entered. The stilette 15 then removed and a well fitting
1 or 2 mk syringe uscd to suck up not more than ¢ 2 ml of
marrow contents—bone marrow diluted with a variable
amount of blood  Usuzlly materal may be sueked wto the
syringe without dithiculty : Hy it may be "
to retsert the stilette and push the necdle m a little further
and snck agan. I further attempts at aspirstion prove
unavahing, it s worth while teving the effect of greater \u('t!un \
a 5 or 10 mil syruige may he used for Hus purpoe. Films
Whould be made from the aspirated materal without delay
(vee p. 78). The remamder of the material may then he
delvered into methyl aleohol-formahn hxative and sections
prepared as desertbed by White, Baker and Gnifin {2) The
fitms should be stamed without delav by the May-Granwald-

wemsa techiique, or fined for trve mimutes m absalute methvi
afcoliol of it 1 deseeed to keep thens unstawed for longer than
a few hours.

Spinous Process Puncture. Recently, the spinous pro-
cesses of the vertcbra have been punctured and found m
adults to vield good samples of marron,  Puncture of the
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Quantitative Cell Counts on Aspirated Marrow. A number
of figures for the cell content of aspirated normal marrow have
been given in the literature {8, 9) The vanation is extremely
wide. This 1s hardly surprising, m siew of the uncontrollable
factor of dilution with peripheral blood, and the tendency of the
marrow cells to adhere together mn clumps of varymg size

For the above reasons quanhtative cell counts seem hardly
worth carrymg out. The degree of cellularity can be assessed
within broad himits as increased, normal or reduced by mspection
of a stained film, and for practical purposes this seems all that 15
necessary.

Qualitative Cell Counts on Aspirated Marrow; the
“*Myelogram”’

Most workers perform differential counts on marrow films
and by presenting the data in the form of a myelogram express
the ncidence of the various cell types as percentages. Such
figures are unfortunately not as accurate as they might appear
to be It must not be forgotten that smears made from
aspirated material mclude cells from peripheral blood as well
as from the marrow, and that the varymy dilution with blood
myolves an error for which no compensation 1s possible In
addition, the more fixed and prinutive cells, and large cells
such as megakaryocytes, tend to resist aspiration and remain
m the marrow Those which are aspirated tend to be most
rregularly distributed, most are carned to the tail of the film.

Ponton1 (10) introduced the term “hamomvelogram™ for a
differential count performed on aspirated material and restricted
the use of the “myelogram” to differential counts made when
fully ripened leucocytes are excluded, a more correct usage His
leuco-erythrogenetic ratio based on lus “myelegram s simularly
a better expression of the relative proportions of leucoporesis to
erythropoiests than 15 the more commonly used leucocyte-
erythroblast ratio which 1s based on counts from which mature
leucocytes are not excluded Further details are given in Dacte
and White's (1) review

Ideally, differential counts should be performed on
<ectioned matenal, but the much greater difficulties in
identifieation make this impractical. Dameshek et al (11)
give nteresting figures for parallel observations made on
sections and on smears, and other observations are given i
Osgood and Seaman’s excellent review (8). Osgood and
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THE EXAMINATION OF ASPIRATED
BONE MARROW

The volume of marrow which may be aspirated by
puncture s hmited, and the more material aspirated the
greater is the proportion of contanunating blood; hence thera
15 hittle 1f any advantage in aspreating more than 0.2 ml.

A well spread and well staned cellular film of marcow can
he a delightful object, but the methiod of preparation of the
film is as important as the statmng techmque. It is desirable
to concentrate the marrow celis at the expense of the blood
by which they are evitably diluted.

The foliowing simple device 15 generally satisfactory. A
sertes of moderately large drops of syringe contents 1s delivered
on to shdes and most of the blood 1s then sucked off with a
fine P'asteur pipette applied to one edge of cach drop; the
irregulary shaped marrow fragments tend to adhere to the
slide and are left behmd. A fihm 15 then made of the marrow
fragments and the remammg blood by means of a smooth
edged glass spreader of not more than 2 em m width. The
marrow fragments are dragged behind the spreader and leave
a fray of cells behmd them, It 1s 10 these cellular trails that
differential counts should be dene, commencug from the
marrow fragment and working back towards the head of the
tilm ; m this aay smaller numbers of cells from the peripherat
biood became ineorporated in the differentral count.

Concentration of Marrow by Centrifugation. Several
workers have used centnsfugation techmques in an attenipt to
concentrate the marrow cells and to assess the relative drstribution
of marrow cells. peripheral blood and fat m aspurated maternal,
Lamarzt {7), tor instance, has devised a method for centnfuging
he&mnmud aspteated marrow m & Vintrobe hematoent tube

“Yetlow at ™ “red fat.” plasma marrow cells and mature ery-
: N S e scaqoy celllnver

Bular samples
15 useful, 1t secms unnecessary to do Ly 10 asprated matenal of
average or mcreased cellufanty. Wiale the 1olumetnic data are
nndoubtedly of value m group studics, they are of Jevs sigmifieance
n ndivadual eases because of the wide range of values encoantered
eveq in the normal
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REPORTING ON PATHOLOGICAL MARROWS

Despite the difficulty of determining the hmits of normality,
examination of well-stained smears may give information of
decisive diagnostic importance as well as providing informa-
tion of great scientific interest; in no other way can
disordered hemopoiesis be so easily studied. A detailed
“myelogram” is not often required in clinical practice. It is,
however, useful to work out the leucocyte-erythroblast ratio
by countmg the number of nucleated red cells seen 1n 2 survey
of, say, 500 nucleated cells. Although 1t may be masked by
dilution with blood, a ratio of 2 to 1 or less may be certainly
taken as indrcating hyperplasia of the erythropoietic element.
A record of this ratio and a report as to the type of erythro-
poiesis and the general matunty of the erythropoietic and
leucopoetic cells 1s all that is usually needed when reporting
on marrow smears for diagnostic purposes.

This 1s not to say that detailed differential counts are never
useful and need never be done In leukzma and n agranulo-
cytosis, for instance, the proportion of primitive to maturing
cells is important. As already mentioned, the best way to carry
out the count 1s to start from a marrow fragment at the tail
of the film and to count backwards towards the head of the
film m the trail of cells which have been separated from the
fragment durimg the spreading process.

On the other hand time 1s often much better spent in
examning a senies of shdes than i bhindly starting to perform
a detailed diiferential count on the first few hundred cells
seen; a wide search may reveal isolated groups of patho-
logical cells, suggestive of metastatic carcinoma or diagnostic
of a plasma cell tumour.

1t should by now be unnecessary to stress the importance
of a good techmque of examning marrow films. To place
drop of oil on a film and to use the o1l immersion objective
straight away, 1s the worst possible thing to do. Films must
first be inspected with the 2/8rd 1n. objectve. Not until the
best stained and most cellular area has been found, usually
tow ;rds the tail of the film, should the o1l immersion lens be
use

uemataLoey
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Seaman also discuss the unavoidable statistical errors involved
in performing differential counts, and the necessity for
counting large numbers of cells particularly if an attempt is
being made to assess the frequency of cells present m only
small numbers. A further difficulty is the impossibility of
accurately dividing into arbitrary classes cells of which cvery
gradation of development may be seen.

For all the reasons referred to above and because of the
naturally variegated pattern of the bone marrow and the
irregular distribution of the marrow cells when spread in
films, differential cell counts on marrow asprrated from
normal subjects indicate a very wide range of normahty, a
range so wide that minor degrees of dewiation from the
normal occurring m disease are difficult to establish.

The normal values giyen in Table VII are based upon the
data of several authors (8, 12-15). They can only be taken
as an approximate guide.

Table VII

Normal Ranges for Differential Counts on Aspirated Bone Marrow,
based on Varous Anthors (8, 12-15)

Reticulum cells 0-19%
Hemocytoblasts 0-19%
My elobiasts 0-2.0%
Promy elocytes 0 5-5.0%
Myelocytes 2-109,
Metamyelocytes (young forms) } 580
Metamyelocytes (stab forms) . %
Neutrophil polymorphs 10-30%
Eosmophil myelocytes 0.1-2.0%
Eostnophils 018 0%
Basophils 0-0 59
Lymphocytes

Monocytes

Megakaryocytes

Plasma cells

Pronormoblasts

Normoblasts, basophilie

Normoblasts. poly chromatic

Normoblasts, pyknotic*

Erythroblast—leucocyte ratio .

" u, - ton

% The term “pyknotic™ 15 preferred to “orthochromatic™ as a deserp

of tl.rehfnosx Thatire normoblasts Celts with fally ripened cytoplasm (ortho-
chromatic 10 the strict sense) are rarelv met with 1n normal mirrows
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principles; how, for mstance, cytoplasmic basophiha dis-
appears as cells mature (cxcept in plasma cells), that
maturation is accompanied by nuclear condensation, that
nuclech are present only m relatively primitive cells, and
that in leukzmia as in other forms of malignant disease, the
cells encountered may not correspond in all particulars with
their normal counterparts. Esvery hmematologist should
spend as much time as possible looking at films and should
build up from the start his own atlas or museum: by making a
collection of shdes, ideally each with its own index card on
which essential particulars are recorded. Only well spread
and well stained films should be kept—badly prepared ones
are useless. He will uttimately find that he refers to his films
far more often than he does to a text-book or atlas.

THE PREPARATION OF HISTOLOGICAL SECTIONS
OF MARROW )

The great advantage of sectioned matenal 1s that a preture
of the marrow architecture as a whole 15 obtamed. The
proportion between cellular marrow and fat spaces 1
preserved, hypoplasia or hyperplasia can be recogmzed, and
mvaston by tumour or marrow fibrosis easily seen. Neverthe-
less, when 1t comes to cytologreal detail, sectioned material
1s much less satisfactory Not only are the subtle differences
between cells such as normoblasts and megaloblasts which are
easy to appreciate mn stamned films, difficult to recogmze, but
1t may sometimes even be difficult to differentiate erythro-
blasts from leucocytes with complete certamty, particularly
n decaleified postmortem materal

It has already been mentioned that sections may be cut
of the fragments of marrow aspirated by the puncture
techruque.  These fragments ave, however, small, rarely
greater than 1.5 mm 1 size, and a careful techmique 19
handling them 1s required. They are as a rule free from bone
and the marrow archatecture is well preserved, but their small
size and the consequent uncertainty as to how representative
of the marrow they are, imts ther usefulness. A more
senious disadvantage of the technique 1s that marrow frag-
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A Note on the Recognition of the Different Types of
Blood Cells

As has been mentioned 1n the preface to this work, no
attempt 1s being made to describe or 1llustrate the various
blood cells which may be met with in the bone marrow or in
peripheral blood. This 1s primarily because such descriptions
seem to be outside the scope of a book mtended to be g guide
to technique. There are, however, some other considerations.

Many Atlases of Hematology are extant; m some the
illustrations are good, 1 others the reproductions are less
satisfactory. It s clearly extremely difficult to reproduce on
paper accurate pictures of hlood cells. They rarely correspond
in all particulars with the objects with which you wish to
compare them. This 1s partly because all staming appearances
are artefacts and the exact colours depend upon a whole
sequence of factors ; the thickness of the film, the age of the
film, the adequacy of fixation, the stam 1tself, the proportion
and reaction of the diluent, the length of time spent in stamning,
the length of time spent m differentiation—all these factors,
and probably others too, influence the final result. Tt1s difficult
enough to get reproducible results in the same laboratory,
let alone in different labaratories,

Tt 15 almost equally diflicult to describe the blood cells as 1t
15 to illustrate them. Even cells indubitably of the same type
vary substantially one from the other, and there 15, moreover,
a gradual gradation between the most primitive cells and the
fully matured types which develop from them, and sometimes
apparently even between types usually considered to be
distinet, such as Iymphoceytes and monocytes, and promyelo-
eytes and promonocytes. Any description to be worth wiile
(1.e. useful m cases of difficulty) has to be detatled and
comprehensive, 1f 1t 1s to be accurate, and thus inevitably long
and eumbersome. Brief descriptions (or illustrations) of
representative stages have only a Dhmited value, and tend to
over-simphfy the problem,

Probably the best way for the beginner to learn to recognize
the blood cells 1s to have the more important types demon-
strated to im 1n films and then to try to comprehend what
the processes of development involve and certain underlying
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principles; how, for instance, cytoplasmc basophilia dis-
appears as cells mature (except n plasma cells), that
maturation is accompanied by nueclear condensation, that
nucleol are present only n relatively primitive cells, and
that 1n leukznua as in other forms of malignant disease, the
cells encountered may not correspond 1n all particulars with
their normal counterparts. Every hematologist should
spend a» much fime as possible looking at films and should
build up from the start his own atlas or muscum by making a
collection of slides, ideally each with its own index card on
which essential particulars, are recorded. Only well spread
and well stained films should be kept—Dbadly prepared ones
are useless. He will ultimately find that he refers to s films
far more often than he does to a text-book or atlas

THE PREPARATION OF HISTOLOGICAL SECTIONS
OF MARROW

The great advantage of sectioned material 15 that a picture
of the marrow architecture as a whole 1s obtamed The
proportion between cellular marrow and fat spaces 1s
preserved, hypoplasia or hyperplasia can be recognized, and
mvasion by tumour or marrow fibrosis easily seen. Neverthe-
less, when it comes to cytologieal detail, sectioned material
1s much less satisfactory. Not only are the subtle differences
between cells such as normoblasts and megaloblasts which are
casy to appreciate m stained films, difficult to recogmize, but
1t may sometimes even be difficult to differentiate ervthro-
blasts from leucocytes with complete certainty, particularly
m decalerfied postmortem matertal,

1t has already been mentioned that sections may be cut
of the fragments of marrow asprrated by the puncture
technique,  These fragments are, however, <mall, rarely
greater than 1 5 mm. m wze, and a careful techmque in
handling them 1s required They are as a rule free from bone
and the marrow architecture 1s well preserved, but their small
size and the consequent uncertamty as to how representative
of the marrow they ate, limuts their usefulness A more
serious disadvantage of the technique 1s that marrow frag-
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ments are often not obtained by suction in just those patients
with perhaps marrow aplasia, fibrosis or invasion by tumour,
in whom histological evidenee of any marrow abnormality is
most urgently required. Tn thesc patients trephine biopsy
may be necessary, A number of methods of dealing with
aspitated fragments have been published (1) which differ
the details of handling the fragments, fixation and embedding.
As with postmortem or treplune-biopsy material a mereury-
contaimng fixatwve 15 required for good staining by Rom
owsky dyes. For staming with hematoxyhin and eosin, van
Gieson or silver impregnation, formol saline suffices.

A Method for Staining Sectioned Material by May-
Griinwald-Glemsa

The many different techniques which are 1n use for staning by
Romanowsky dyes are evidence of the real difliculty n obt:
satisfactory results on sectioned material.

The following method* of staimng with May-Grunwald-Glemsa
stam gives quite pood results. It may he apphed to aspirated
marrow fragments, trephine or postmortem material. I de-
caleification 18 necessary, the results are less satisfactory, In any
case much depends upon fixation

Fix thin pieces of tissue as soon as possible 1 Helly'st fluid for
12-13 hours. Don't overfix. Wash m runmng water orverimght,
Place 1n Lugol’s iodmne for two minutes and then in 5 per cent
sodium thiosulphate for two mumutes Wash m distilled water and
then minse in distilled water buffered to plI 6 &

Stam for one hour n May-Grunwald stam diluted with an
equal volume of buffered distiled water,  Tramsfer without
washing mto Giemsa stain diluted with 19 volumes of buffered
chstilled water and leave for two hours By then the section wiil be
grossly overstamned and deep blue i colour

Differentiate by covering the section with a small volume of
glycenin-ether (Gurr) freshly diuted with four parts of absolute
ethyl alcohol Differentiation takes place quickly and 1s usually
adequate m a few seconds Dehydrate by a rapid dip 1n sbsolute
alecohol  Clear in xylol and mount in Gurr’s neutral mounting
medium

The use of glycerm-cther helps to prevent “bluemng” of the
section duning debndration  In a successfully stamed section the

+ [ am indebted to Drs € V Harnson and A 3 A Tteese for helpwith tha

method
§ Helly's formol-sublimate solution consists of § per cent agueous mreuns
culonide to which 5 per cent by solume of formalm (40 per cent formaldehy de)

To added Just before tse
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CHAPTER 7

LABORATORY METHODS USED IN THE
INVESTIGATION OF THE HAMOLYTIC
ANZEMIAS

Spectroscopte exammation of plasma; Schumm’s
test. Demonstration of “hamosiderin’ 1n urine. The

antibodies — “cold” hmemolysins, “cold” hamag-

glutimns, "“imcomplete” antibodies and the Coombs

test  The differential agglutination method of

studying the survival of transfused red cells The

diagnosts of hemolytic anema by labaratory
methods

Tur recognmtion of an increased rate of heemolysis i iro
depends very largely upon laboratory tests. These can be
divided mto four categories; (1) the demonstration of an
mereased formation and excretion of normal or abnormal
products of hemoglobin metabolism, (2) the demonstration i
viiro ot an altcration in sensitivity of the patient’s red cells
to certam tests for haemolysis, (3) tests for the presence or
absence n the patient’s serum or absorbed on to his cells of
abnormal (hzemolytic) antibodies, and (1) the quantitative
study of the survival tn vivo of normal red cclls transfused to
patients.

Observations on the peripheral blood are naturally of great
mmportance alse  In a case of aneemia the presence of sphero-
cytes suggests that mereased hremolysts 1s taking place; so
does a constantly inerensed percentage of reticulocytes,
although it would be quite wrong to assume that because
there 15 increased erythroporests, this 1s necessarnly a responsc
to hemolysis. or conversely, that mereased haemolysis is
necessanly  accompanied by increased  erythropotesic.
Di7, .d and fragmenting corpuscles and Heinz bodies seen

IR 56
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m blood vitally stained with eresyl blue as for reticulocytes,
suggest a chemically induced hzmolytic process.

EVIDENCE OF INCREASED HAEMOGLOBIN
CATABOLISM

Neither the estimation of plasma bilirubin (1) nor the
quantitative estimation of urobilinogen (2) will be described
m this volume.* A bref note on the use of the spectro-
scope will, however, be given (3). In intravascular haemolysis
the characteristi¢ absorption bands of oxyhemoglobin m the
green and yellow (at 540 and 578 mp) may be seen in the
plasma and m addition when hemolysis has been severe or
prolonged a faint band 1n the red (624 mp) due to the presence
of methemalburmn

Schumm's Test. Small smounts of methemalbumn can
best be detected by the addition of approxmmately 1/10 part of
ammonmum sulphide to plasma or serum ; a relatively intense band
- Al e v % -

blood stream

Inh lot 1a, the oxyt
be accompamed by mett Tot

m the urine may
The urine must be
centrifuged to deposit red cells, if any should be present,
before the supernatant 15 examined with a spectroscope.
H=mosiderinuria,  Where there 15 chrome hemo-
globintina, as 1 nocturnal h glok 12 (Marchiaf:
Michel: disease) the urnary deposit may contain granules, in

casts or 1n debris, which give a positive Prussian blue reaction
for “‘free’” wron.

Method The unne 1s centrifuged and the supernatant removed.
It 1s replaced by an equal volume of a freshly made solution of 1
per cent potassium ferrocyanmde m Nf10 HCl (made by mixing

£ oung udlived 1oy
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equal volumes of 2 per cent potassium ferrocyamde and N/5 HCI).
The deposit is x ded in the acid ferrocyanide
solution, After stant{mg at room temperature for 5-10 min., the
tube is centrifuged once more. The deposit is transferred to a
slide, and covered with a cover glass. Often a blue colour is visible
naked eye; if this is the case, very many isolated and grouped
“ ) o aid of a microscope.
' size as a rule.

" 1n the unine is prob-

cells. In the absence of hemolytic anema associated with hamo-
globinuria, “hamosiderinuna” has been observed 1n both primary
and post-transfusion hxmochromatoms {4).

TESTS OF CORPUSCULAR SENSITIVITY TO
IIZEMOLYSIS IN VITRO

The osmotic (hypotomic salime) fragility, mechanical
fragility and “mcubation” fragility (autohzmolysis) tests
will be deseribed.

The Osmotic Fragility Test

The estimation of corpuscular “fragiity” has been widely
used as an aid to the diagnosis of heemolytie anemia since the
classic observations of Chauffard (5). It 1s, however, rather a
difficult test to carry out with accuracy, and minor degrees of
abnormality may be submerged n technical inaccuracies.
Although extremely simple in prmerple, the reult obtained
depends not only on the cells themselves, but on pH, oxygen
tension, temperature and the nature of the hypotonic solution
and the proportion of blood added to 1t, as well as upon the
care with which the test is carned out and the way the results
are read.

Two techmues will be desenbed , & wumple technique in
which hemolysis 15 eshimated visually, but which in eareful
hands 1s capable of giving consistent results, and a modifica-
tion n which bzemolysis 1s read photoelectrically or photo-

metrically.
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A Simple Technique for the Estimation of Osmotic
Fragility (6)

Required. A senes of solutions of sodum chloride ranging
from 0.85 to 0.10 per cent. These may be prepared in the
following way :—

A stock solution of 10 per cent sodium chloride is made up as
aceurately as passible 25 g. of pure sodium chloride previously
dried in a dessicator are transferred to a 250 ml volumetric flask
and the final volume made up to the mark with freshly distilled
water after brnging to the required temperature Tlus stock
solution will keep indefinitely , from it a 1 per cent solution may
be made The latter 1s used in the preparation of the range of
hypotonic soluttons. Tt 15 conventent to make 25 ml to 50 ml of
each at a time, volumes of the salt solution and distilled water
being delivered by burette, e g.

1% NaCl Dustilled Water  NaCl concentration
10,0 ml 15 0 ml Q0 10%,

12.5 ml 12 5ml 0 509,

15.0 ml, 10 0 ml 0 60%, ete

Tt 1s suggested that the following strengths should be prepared,
or at any rate those marked with an asterssh (*)
085%* ©075% 0 T0%* 0G5% 0 609,% 0 55%
0 50%* 0 48%* 0 46%* 0 44%* 0 429, 0 409%*
035%*% 0.30%% 025%  020%* 0109

These solutions should be kept m tightly stoppered bottles in a
cold room or refrigerator at a temperature of 1 to +°C so as to
restrain the growth of moulds If frozen, the solutions must be
carefully mixed after the ice has melted A fresh series should be
made up every 6 to 8 weeks

Method. Blood 1s withdrawn from a vein into a dry syringe
and delivered into a tube contaimng heparin (0 2 mg. per
ml, blood) On return to the laboratory this blood 1s
thoroughly aerated by rotation i a tube or small conical flask
for not less than two mmutes until bright red. It1s convenient
to suck air over the surface of the blood whilst 1t 1s bemng
rotated m a flask. The hypotonie salt solutions are then set
up, 1 ml volumes are delivercd by pipette mto a senes of
small tubes of equal bore. The exact range of solutions

depends upon the requirements of the case, and whether for
diagnostic or special purposes.
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A Qualitative “Screening” Technigue.  The following
strengths only need be used: 0.85, 0.48 and 0,30 per cent,
One drop from a Dreyer pipette or 0.04 ml, of aerated blood
is added to the solution in each tube and gently but thoroughly
mixed with 1t.  After standing at room temperature for
thirty minutes, the three tubes should be centrifuged at 2000
rev. per minute for two minutes. In the normal case there
should be no hremolysis in the tube contaming 0.48 per cent
NaCl, and complete or practically complete hemolysis with
little or no macroseopic red button of unhemolysed cells in
the tube contaming 0.30 per cent NaCl. The tube containing
0.85 per cent NaCl acts as a control.  If there 1s any haemo-
lysis at allin 0. 48 per cent NaCl, fragihity 1s inereased and the
extent should be determined by the use of a wide range of salt
solutions. Sinularly, if mereased resistance is denoted by a
red button of cells i the tube contaiming 0.30 per cent
NaCl, further tubes contaming dimmishing strengths of
salme should be put up to determune the end pomt.

A More dccwrate Quantutative Method. The packed cell volume
of the blood to be tested should be adjusted to 45 per cent (the
normal) after it has been acrated This standardizes the volume
of plasma added with cach volume of blood, and m anemic
patients facilitates estimation of hemolysis 2 ml. of blood are
delivered mto a small tube. the cells being allowed to sediment
whilst the packed cell volume of another sample 1s being estimated
The amonnt of plasma to be withdrawn from the 2 ml. blood so
as to adjust the packed cell volume to 45 per cent 1s caleulated
as follows —

Suppose .0 V" =30 pet cent. then
2 ml. blood contain 0 60 m) cells
volumie of plasma carresponding to ¢ 60 m! cells with P.C.V
5
13 per cent=0 6o - ;—';;0 73 ml
volume of plasma to be withdrawn from 2 ml sample
=2.0—(0 60-+0 73) m!
=2.0—1 33 ml
=0 67 ml
0,04 ml, blood 1 added to 1 ml. of a range of saline solutions
using a capillary automatic or Dreyer ptpette. The range of
«aline to be used 15 based on the results of a prehminary qualita-
tive estmation, In addition 30 0% mf. volumes of blood
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are added to 3 ml. of distilled water. After 30 minutes at room
temperature the tubes are centrifuged. The amount of hemolysis
can then be read by direct matching with standards made from
the blood hemolysed in distilled water (“100 per cent” hzemo-
lysis). By chlution, tubes corresponding to 24, 5. 10, 20, 30, 40, 50,
G0, 70 and RO per cent are prepared, ¢ £

nstilled
wdater 0.1 015 02 025 03 035 04 085 0.9 ml,

emoly sed
bloed 0.4 0385 03 0,25 02 0.15 61 0.15 01 ml

Lysis 8095 70, 60% 50%, 40% 30% 20% 15% 10%
(2} and 5 per cent concentrations are prepared from the 10 per
cent tube.)

It 1s difficult to estimate differences mn hamolysis between 80
and 100 per cent; In most instances, fortunately, this 1s of no
consequence  Amounts of hemolysis smaller than 2} per cent ean
be reachly detected naked eye and should be recorded as “traces.”
Such “trares” are sigmficant, but the tubes should always be
compared with the tube contaimng 0 85 per cent saline winch acts
asacontrol The temperature of the hypotonie solution affects the
amount of haxmolysis—the lower the temperature the greater
the hamolysis in any salt concentration  For increased accuracy
the tubes mav be immersed 1n crushed 1ce at 0°C orn a water
bathat 20°C , i practice, room temperature 15 usually sufficiently
constant

Normal Limits (6)

“Imtial” hamolysis 0.42-0 469, NaCl
M.C.F (509 hazmolysis) 0 34+-0 10%, Na(l
“Complete” (99%) hzemoly<ts  0.28-0 829, NaCl

Determination of Osmotic Fragility by a Photoelectric
Method .

The techmque previously desenibed has certam  dis-
advantages ; the method of addmg drops of blood to saline,
although convenient, v maccurate. as 15 also the visual
method of reading the percentage of hemolysss, where
hxmolysis 1s nearly complete  The complete procedure is
time-consuming. It 15, however, capable of giving closely
reproducible results
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A Qualitative “Sereening” Techmque.  The following
strengths only need be used : 0.85, 0.48 and 0.80 per cent.
One drop from a Dreyer pipette or 6.04 ml. of aerated blood
is added to the solution in each tube and gently but thoroughly
mixed with 1t. After standing at room temperature for
thirty minutes, the three tubes should be centrifuged at 2000
rev. per minute for two minutes. In the normal case there
should be no haemolysis in the tube containing 0.48 per cent
NaCl, and complete or practically complete hzmolysis with
Iittle or no macroscopic red button of unhemolysed cells in
the tube containing 0.30 per cent NaCl. The tube containing
0.85 per cent NaCl acts as a control. If there 15 any hamo-
lysis at all in 0. 48 per cent NaCl, fragility is increased and the
extent should be determined by the use of a wide range of salt
solutions  Simularly, if mereased resistance 1s denoted by a
red button of cells mn the tube containmng 0.30 per cent
NaCl, further tubes contaming dimmishing strengths of
saline should be put up to determune the end pomt.

A More Aeccurate Quanirtatie Method The packed cell volume
of the blood to be tested should be adjusted to 45 per cent (the
normal) after 1t has been aerated Thus standardizes the volume
of plasma added with each volume of bleod, and n anemic
patients facilitates estimation of hamolysis 2 ml. of blood are
deltvered mto a small tube, the cells bemg allowed to sediment
whilst the packed cell volume of another sample 15 being estimated
The amount of plasma to be withdrawn from the 2 ml blood so
as to adjust the packed cell volume to 45 per cent 1 caleulated
as follows -—

Suppase P C.V =30 per cent. then

2 ml blood contam 0 60 ml cells,
volume of plasma corresponding to 0 60 ml cells with P.CV
43 per cent=0 GO /E:o 73 ml
-, volume of plasma to be withdrawn from 2 mt sample
=2.0—(0 60+0 73) ml
=2 0—1 33 mi
=0 67 ml

0 04 ml. blood 15 added to I ml of a range of saline solutions
using a capillary automatic or Dreyer pipette. The range of
saline to be used 1s based on the results of a preliminary qualita-
tive estmation In addition 8x0 04 ml. volumes of blood
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100 per cent hamolysis wlich is impossible by naked-eye
matching.

As one part of blood is added to 100 parts of saline, the
osmotic equivalence of the added plasma is extremely small
and can be neglected. The effect of anzma is similarly
neghgible. The temperature should be a constant one; 20°C. is
conventent,

Buffered saline 1s required in this technique because the
small amount of plasma added is less effective in producing a
constant pH than the larger amounts (x4) added in the
method previously deseribed. Despite the use of buffered
saline, however, fragility 15 shghtly affected by the proportion
of oxyhzmoglobin to reduced hemoglobin. To achieve
standard conditions, the blood must be maximally aerated.

Normal Range (20°C.)
0.30% Na(l 97-1009; hamolysis

0 33% 90-999, ”»
0.40% 50-909%, ”»
0 45% ., 5-809% .
0.50% 0-39; »
0.55% . il "

The Significance of Osmotic Fragility Tests

As has already been indicated, many factors affect the
results of the osmotic fragihity test, and for this reason the
“normal range” of fragiity has to be worked out for each
method for the factors which control the hzmolysis of
corpuscles'in hypotonie solutions and for the complex theo-
retical background, and for information as to how the
behaviour of pathological corpuseles may differ from the
normal, the reader 1s referred to Ponder’s monograph (8) and
to a recent paper by Guest (9) It is generally agreed that
the more nearly spheroidal a cell, the less 1t can swell in a
hypotonic medium without stretching the cell membrane.
“Spherocytes” are hmmolysed m solutions which are m-
sufficiently hypotone to hemolyse normal more discoidal
cclls of the same volume as the spherocytes but with larger
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Nevertheless, the addition of varying amounts of plasma -
along with the corpuseles, nccording to the degree of anema
present, leads to inaccuracy, and the final pil depends on the
efficieney of aeration.

In the following method, based on that of Parpart et al. (7),
sawme of these objections are overcome.

Regquired. A stock solution of sodium ehloride huffered
with phosphates to pIl 7.4, osmoticaily equivalent to 10 per
cent soachum chloride.  This is prepared as follows: NaCl
180 g., Na HI'O, 27.31 g. (anhydrous weight) and Nall,PO,
3.74 g. (anhydrous weight) are dissolved 1 distslled water and
the final volume adjusted to two Iitres. For use, this stock
solution 1s diluted with nme times its volume of distilted
water, making it osmotieally equivalent to 1 per cent sodum
chionde. This latter solution ts dduted with distilled water,
as described for the previous technique, so as to make a range
of hypotonic solutions. Dilunons equivalent to 0.85, 0.75,
0.65, 0.60, 0.55, 0.50, 0 5, 0.40, 0.33, 0.36, 0.20, and
0,10 per cent NaCl are xecommended. These solutions may
be kept at 1-4°C. in stoppered bottles, but must be discarded
if moulds grow,

Method  Heparmized venous blood aerated as previously
deseribed or fresh capillary blood may be wsed. ¢ 05 ml
volumes are washed mto and well nuxed with 5 ml. volumes
of a suitable range of hypotonie solutions  Additional 0.05
ml. volumes are added to 5 mi. N/200 NaOH and 5 ml. ¢ 83
per cent sodium chloride, which serve as controls,

After thurty namutes at 20°C. the tubes are centrifuged and
the supernatant hiberated hamoglobin estimated m a photo-
electric colorimeter or photometer, using a green filter.

The blood added to the tube contmming N/200 NaGI{ 1s
completely hemolysed and s equuvalent to 100 per cent
hemolysis ; the supernatant from the tube cquivalent to
a.83 ;;cr cent sodmim ehionde 1 the blank representing no
hemolysis

Anor degrees of hemulysis {less than 2 per cent) arc not
satisfactorily estimated with ondmary equipment. They ean
be observed by eye, bowever, and may be recorded as “traces.”
The methad can, however, casily distingussh between 95 and
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A Note on Recording the Results of the Osmotic
Fragility Test. Most authors who have estimated osmotic
fragility’ quantitatively have plotted the totals of hemolysis
in each tube against the corresponding concentrations of
salt solution, obtaining in this way in normal subjects a
curve of sigmoid shape (see Fig. 7). In disease, deviations
from the normal form are found ; the curves may for Instance
have long “tails” due to the presence of a small proportion of
very fragile cells, or types of curves intermediate between
this type and the normal may be found (10) {see Fig. 7).
Alternatively, “merement hemolysis curves” can be drawn
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(i1, 12) , i this case the differences i hemolysis between
adjacent tubes are plotted aganst saline concentrations.
Ponder (13) plots the differential of the percentage hemolysis
curve against the saline concentration. These methods well
demonstrate the presence or absence of homogeneity in the
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surface arcas. A sigmficant inerease i osmotic fragility* 1s
almost diagnostic of a hemolytic anremia ; on the other hand,
decreased osmotie fragility (mcreased resistance) is found in
won deficiency anmmias and particularly in Mediterranean
anzemia, chronic liver disease and after splenectoray. However,
an increase n osmotic fragility is not dagnostic of any
particular type of hemolytic anemia ; a vanable merease »
found 1n many, but not in all, heemolytic anzemias of acquired
type as well as i the classical fanulial type (see Fig. 6).
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Fro. 6 THE REstirs or Oswotie FRaciLiry TEsTs IN 52 Casks
or CONGENITAL OR ACQUIRED ILEMOLITIC AN.EwIL
{(\lodihed Dacie and Vaughan’s method)

Patients 1-25 were examples of famibal lemolytic anema (con-
gemtal acholuric jaundice)—all the tests were abhormal  Pattents

26-41 were examples of acquired y 2

two patients the framhty was within the normal range  C indicates
that a Coombs test was carried out and jound to be postne
Patients $2-414 were examples of secondary hamolytic an emia—in
one case the fragility was normal Patients 4548 were examples of
chenncal hemolytic anemi—in each case the fragility was ab-
normal — - . T

—n twe

mdicate

tyss (M

fragility

+ Increased owmotic fragihty has been observed in tnyeloscleross and
carcinomatosis of bones , 1n both diordor, however, there muy be a hemo-

1ytic element to the anemi
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The test should be carried out as follows :—

Incibation of Clotted Blood. Blood should be collected from
a vemn and carefully delivered in 1 ml. volumes without frothing
nto several sterile 8010 mm. tubes, The blood is left un-
disturbed and allowed to clot at room temperature, When the
clots have started to retract and the loose cells by sedimenting
have revealed clear yellow serum, one tube 1s kept in the re-
frigerator to act as a control and the others placed in a water bath
at 37°C. and left there for 2-8 hours If autohzemalysis 1s taking
place, red haemoglobin pigment will diffuse from the clot into the
clear serum 1n the tubes kept at 37°C., but not in the control,
This procedure has been described as a heat resistance test (16) ;
the choice of name seems an unfortunate onc as the blood 1s not
subjected to heat greater than body temperature.
This test 15 positive within two hours mn nocturnal hamo-
globinuna and in rare instances of 1diopathic acquired hemolytic
[ . . . B <

sterile blood, 2-5 ml 1n volume, are dehsvered into small sterle
serew-capped bottles  After incubation for 2148 hours the con-
tents of one or more bottles are well mixed and then centrifuged
Volumes of the supernatants are then diluted in N/10 NaOH so
that the lhiberated hmmoglobin may be estimated as alkalme
I dards are prepared 1n a similar way from whole
blood and from serum separated off before incubation The results
of applying this procedure to a range of normal and pathological
bloods are illustrated m Fig 8.

Test for Hemolysis in Acidified Serum
(Ham’s Test (37)]

This techmque 1s particularly used in the diagnosis of
nocturnal hazmoglobinuria. In this disorder the patient’s
corpuscles are sensitive to thermolabile components of
normal serum  The purpose of acidification 1s to adjust the
pH of the corpuscle-serum T to the op for
the action of the serum factors (about pII 6.8) This is
necessary because when serum 1s obtained by defibrmation or
after blood has clotted, 1t becomes shghtly alkaline (pt 8 0)
due to loss of carbon diowide. This sensitivity to changes in

RmaTOT0cY
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population. of corpuscles ; definitely bimodal curves may
be obtained during recovery from o hemolytic episode.

Mechanical Fragility

Normal red cells are susceptible to mechanical trauma and
may be readily hemolysed in vitro by shaking with glass
beads. Increased sensitivity bas been observed in certain
pathological states, and the test if performed quantstatively
can be used in the investigation of heomolytic disorders (13),
Spheroeytes, ncutbated, and agglutinated corpuscles and
sickled cells have an mereased sensitivity to mechanieal
traumata, and this 1s probably also true of poikilocytes.

It 15 possible, but chffienlt to prove, that mechanical
trauma may play an important role m heemelysis in vivo, both
m health and in disease,

The mechaneal shaking test has to be standardized for
each laboratory. Amongst the factors which need to be
conuidered, are the volume of blood, 1ts packed cell volume
which needs to be adyusted to a constant value, the size of
the contamer, the number and size of the beads added to the
blood, the temperature at which the blood 1s shaken, the
speed and amplitude of the shakmg device and the time
for whieh the blood 1s shaken.

The test 1s unltkely to be used m ehmical diagnosss, but st s
« useful research method.

Incubation Fragility (Autohmmolysis)

A simple method of investigation of a suspected case of
haemolytic anmnua 1s to observe the effect of meabatmg at
87°C. for 24 48 hours stenile samples of clotted or defibrinated
blood (14). Accelerated hamelysis will be observed m a
vanety of condstions, m fanubial hemolytic anemia {acha-
lurie joundice), in whopathuc acquired hemolytic anenua, m
hemolytic anemias due to drugs or chemicals, m “cald”
heemoglobinuna if the sample 15 chilled before mcubation,
and partienlarly 10 necturnal hemoglobmuna.  The mech-
amism of aceelerated hemolysis ditlers from case to case, and
a postive test shauld Le looked upon solely as a pointer to a
hemolytic procesy
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not complete, hemolysis of patient’s corpuscles acidified
normal serum, and absent or a trace of hxmolysis 1n unacidified
normal serum  The tubes contaimng the suspension of patient’s
corpuscles n heated acidified serum and the suspension of normal
corpuseles 1 acidified normal serum should be frec from hemos
Iy s,

THE DEMONSTRATION OF ABNORMAL-AUTO-
ANTIBODIES IN HAEMOLYTIC ANEMIA

1t is now recognized that some cases of hemolytic anemia
are due to the spontaneous development of anti-red cell
antibodies. The demonstration of the presence or absence of
these antibodies 15 thus a necessary and important step n
the investigation of any patient suffering from a hemolytic
anemia.  Although auto-antibody “free” in the patient’s
serum may be difficult to demonstrate, antibody absorbed
on to the surface of the patient’s corpuscles 1s quite frequently
found (19). In the followimng sections are described methods
for the demonstration of serum hemolysins of the “cold”
(Donath-Landstemer) type and of the “warm” type, and
methods for the detection and titration of “cold” hxmag-
glutins and “mcomplete” antibodies in the serum, and
“incomplete” antibodies absorbed on to corpuscles

Tests for Serum Hzemolysins of the ‘‘Cold”’ Type

The prnciple of the Donath-Landstemner test {20) 1s the
exposure of red cells suspended i the patient’s serum first
to a low temperature so that the “cold” hemolysin may be
absorbed, and then to a igher temperature so that hemolysis
may be completed by the action of serum complement. The
test may be carried out in two ways :—

(1) The patient’s blood 1s withdrawn, allowed to clot and

3 | for the subsequent presence or absence of spoutancous
hamolysis  Venous blood shonld be delivered mnto several
previowsly warmed tubes and allowed to clot at 37°C  When the
clot has commenced to retract and clear yellow serum 15 vrble,
one or more tubes are placed m a refrigerator at 2-5°C. for 15-30
wynutes feaving a control tube 1n the water hath at 37°C The
chnlled tubes are then replaced m the water bath at 37°C. and
nspected at mtervals for the onset of lemolysis ; with an active
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pH is characteristic of the reaction in nocturnal hemo-
globinuria, but operates in other heemolytic reactions also (17).

Method. An approximately 50 per cent suspension 1s made
from patient’s corpuscles washed 1n saline. Fresh normal com-
patible adult serum 15 aerdified with 1710 of its volume of Nf5 HCL
To the acidified serum 1/10 valume of the 50 per cent suspension
of patient’s cells 15 then added; 1e, serum 1.0 ml, N/5 HCL,
0.1 ml., 50 per cent cell suspension ¢ L ml, added after the neid
has been carefully mmxed with the serum. The final pI of the
suspension 15 abaut G 8.* 1t 15 important not to dhiute the serum
unduly ; hence small volumes of o relatseely strong acwd and eell
<uspension are wsed. Ao controls, furtber wuspensions wsing

Q

24 4
HOURS AT 37C

Fir 8  McEtkaaTEp Hesonysss oF Desgansten  Broov
rrow Cases or ILEwoLymic ANEWL WHEN INCDBATED UNDER
YreRiLe COvDITIONS A7 37°C
A Cases of riopatine acquired hamolyhe anama

¥. Cases of fomital humolytic swrmc
N Cases of nocturnal h.emoglobnte o

unacxdified serum and patient's corpuscles, acudified serum and
normal corpuscles, and 1nactivatedt aoidificd serum and patrent’s
corpuscles should be set up

The suspensions are speubated at 37°C for 36-60 minutes  The
tubes are then centrifuged and the snpernatants exammned for
heemolysis. ¥ nocturnal hemoglobinusia there will be definite, but

. the strength of the noid woed (N0 to X]2 5) pifdyss cunes
n\ﬂyni{e“:a;?ﬁtd, 1w ng‘eturm{ h.cmoglﬂhm‘\ﬂ{.\ the rgn;_f: af qll belneen
whieh <an be d 2 14 from & to 6 apy (18}

1 Hented 1o s0°C for 13 manutes before rauhdicotian,
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of the Donath-Landsteiner reaction are given in recent papers hy
Siebens, Zinkham and Wagley (21) and Dacie (39).

Tests for Serum Hemolysins of the ““Warm" Type
n rare cases of acute hamoly tic anemia, pan-hzmolysins have
been demonstrated 1 the patient’s serum (22, 23)

throughout. It is hikely that in some cases the absorption of the
abnormal hamolysin 15 affected by the pH of the system, the
hamolysin being best absorbed to the aeid sde of the pIl range
8-6 (22) No tests fnr h"cmolvsms should therefore, be considered

it untal the £ has been carried out :—
Normal group O cm-pucclea are scnsitized 1n the patient’s
acidified serum by adding to 0 5 ml of the patient’s serum,
0 05 mi N/3 HCl and then 0 05 ml, of a 50 per cent suspension
of washed normal corpuseles The pH of the suspension will be
approximately 6 2. .After 30 mnutes mcubation at 37°C, the
N " be present

If there 15 no hxmolysis, the suspenston should be centrifuged, the
supernatant removed by pipette and 0 5ml. of fresh normal
compatible serum acidified with 0 05 ml N/4 5 HCl added to the
deposit (the pH of the serum should be 6 6-6 8, about uptlmal
for the action of The corpuscles are

and the suspension 1s mcubated for a further one hour at 87°C
It 15 then centrifuged and examined for hzmolysis  As a control

the expertment should be duplicated using normal serum through-
out

Detection and Titration of Abnormat
Autohzmagglutinins

The pl of autol " s Iy

ohserved in hemolytic anemas of the idiopathic acquired
type (23, 24).* In most cases the antibody 1s of the “cold”
type, although usually of sufficiently high titre and thermal
amphtude for aﬂglutmatwn to take place at room temperature.
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hamelysin this should be visble withiz a fow munutes, The blood
m the control tube kept at 37°C. throughout the experiment
should not undergo hemolysis, Although 37°C. is the conyentional
temperature eraployed 1n the second stage (warm phase} of the
Donath-Landsteiner reaction, 1t s likely that a temperature lower
than tlus is really the optimam. Although a temperature of 37°C.
may be almost optimal for the action of serum complement, at
this temperature antibody 15 very rapudly shed from the corpuscles.
At lower temy res, althoug) pl nt 1s less netive, elution
of antibody takes place more slowly, and this may more thas
compensate for the reduced activity of the complement (39},

(2} Patient’s blood 15 allowed to clot at 37°C. and the sernm
separated at thrs temperature  Normal washed corpuscles are
used to test for the presence of “cold” hemolysin i the serum,
To 10 vol, of fresh patient's serum 1 added 1 vol. of a 50 per eent
suspension of normal compatible or group F washed corpuscles.
The red cells are sensihzed at 2-5°C for 15-30 mnutes,  The
sispension 1s then warmed to 37°C Hemolyws will take place
within o few mmutes if the biemolyan 1 active A control tube
<ontammng 10 vol of warmed patient’s serum to whiel has been
added T3] of wanned cell stispension should be set up at the same
time and hept at 37, throughout No hemalysis should be
ohserved

Wath very active hucmoly sis, ehathng at temperatures as low as
2-5°C mav not he necessary and caohng to Foom temperature
{15-20°C } mas be suflicsent  In the ease of stored serum, fresh
serum complesient <hould be added to the patient’s serum, etther
a halfAulume of fresh human serum or a 1/10 volume of fresh
guinea pig seram, or after senwitizing the cells m the cold i the
patient < serum, the apspenson may be centnfuged and the
patient’s serum replaced by fresk normal sersm before warming
‘The patient s serum should not be macts ated bs heat, for some
hamoly s appear ta be destroyed of the serum 15 heated to 56'C
£21). In other rases although the hrmoly s s not thermolatnle,
1ts absarption may be minbited of the scram 1o heated {39)

A patient’s serum Buemoly «in man be titrated by mahng falling
bLalung diutions w sabine and adding equal yolumes of serum
complement to cach tube  Eyual solimes of ecdl sgspension are
added and the tubes (nlled and warmed as be fore

It 1s probabic that sf unacdiied serum s used the 20 of the
aystem wall not b opimal  Nevertheless s generath, un-
necesasy to make amy adjustment of pH. although by acdiying
the serum with 110 of sts volume of N 5 HCE the amount of
heemoly s can be mereased ® (22) Other detath as to the complexity

* It has Deen recomhy clemonstr ated the st 1 the case of certamn told hesmo
hsm found 1o be prevent m s contmainy <okt brmagglutmms ar high
tatres, Tremoly s 1Ay 108 Lake phace anboss the ~csum bs beon scdified {347
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of the Donath-Landsteiner reaction are given mn recent papers by
Siebens, Zimkham and Wagley (21) and Dacie (89).

Tests for Serum Hzemolysins of the *‘Warm” Type .
T g B ERR S-S,

abnormal haxmolysm is affected by the pH of the system, the
hamolysin being best absorbed to the acid side of the pll range
8-6 (22). No tests for hemolysins should, therefore, be considered
negatnve untal the following procedure has been carmed out :—

Normal group O corpuscles are sensttized 1n the patient’s
acidified serum by adding to 0 5 ml of the patient’s serum,
0 05 mt N/3 HCl and then 0 05 ml. of a 30 per cent suspension
of washed normal corpuscles. The pH of the suspension will be
approximately 6 2. After 80 minutes incubation at 37°C. the

i I e

USRS WA

supernatant removed by pipette and O 5ml of fresh normal
compatible serum acidified with 0 05 ml. Nj4 5 HC] added to the
deposit (the pH of the serum should be 6.6-6 8, about optimal
for the action of complement). The corpuscles are resuspended
and the suspension 1s incubated for a further one hour at 87°C
It 15 then centnifuged and examned for hemolysis As a control

the experiment should be duphcated using normal serum through-
out

Detection and Titration of Abnormal
Autohzemagglutinins

The ph of : v
observed in hemolytic anemias of the idiopathie acquired
type (23, 24).% In most cases the antibody 15 of the “cold”
type, although usually of sufficiently high titre and thermal
amphtudefor agglutination to take place at room temperature.

lutination 1s 1
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RarelyA aggletination may persist even at body temperature
{25); in these cases heemolysis 1 vive 1s usually extremely
SETIOUS,

“Cold” agglutination may be observed by inspection of
whole deftbrinated blood or blood ta which an anticoagutant
has béen added  The rapid spontaneous development of
marked granulanty after withdranal s suggestive, and the
¥ of autoh gelutimns 1s confirmed if the granulanty
mereases when the sample 1s cooled in a refrigerator. These
agglutinms seem always to be “panhmmagglutinms™ and
affect both normal and patient’s corpuscles similarly, In
titrations 1t 15 convement to use snspensions of normal
corpuscles,

“Cold™ agglutimns may be titrated in the followmng way—

The patient’s blood 15 nliowed to clot at 87°C. When the
clot has retracted, serwm 1s removed by pipette and freed from
any suspended cells by rapidly centrifuging wlubt still warm.
Fallmg habving dilutions of this serum are then made m
normal sahne. Usually a dilubion range from 12 to 1:2048 55
sufficient , occastonatly the range needs extendmg. To ench
tube 15 then added an equal volume of o 1 per cent suspension
of washed normal group O corpuscles, The rack of tubes Is
gently shaken and allowed to rest undrsturbed at room
temperature for two hours

At the end of thys time the end point of any agglutmation
taking place at room temperature 16 read off  Tlas can be
done by geatly mierting the tubes two or three times and
examimng the suspensions of corpuseles with the ad of &
coneave mueoen or by placmg small drops of the suspensions
on shides and examummng them under the nucroscope, The
mieroscopic end point 1o taken as the greatest dikution
which cumps of four to five cells or more arc ¢venly distn-
buted amongst many mnpgglutinated corpuscles The vonicase~
murror method s about as sensitive 4s 15 the mucroscopre-end
pont method. In cvery case careful comparison mnst be
made with the controt tube 1 wlich the corpuscles are

suspended 1 salne alone
nspeetion of the pattern of the depout will often m-dxci\tc
most sensitively the presence or absence of agglutination—a
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roughness or irregularity of the deposited corpuscles in place
of a perfectly smooth button indicating agglutination.
Results read 1n this way should, however, bé checked by
- inspection after the deposited cells have been resuspended.

When the results of standing at room temperature have
been read, the deposited corpuscles are resuspended and the
rack of tubes is placed 1n a refrigerator at 2-5°C. and left
undisturbed for a further two hours, or, if more conv ement
overmight. The titre of Tutination is then red
before the tubes have had time to warm up. Finally, the
corpuscles are resuspended once more and the rack placed m
a water bath at 37°C. for one hour and the presence or absence
of agglutination determined once again,

The following are typical results :—

Agglutmation titre* at 2-5°C. 1021
Agglutination titre at 17°C. 64
Agglutination titre  at 37°C. mi

Detection of ‘“Incomplete’ Antibodies

Incomplete (28) or blocking (29) or (in) albumin-agglutina-
ting (30) antibodies were first deseribed 1n connection with
Rh 1so-immumization and hemolytic disease of the newborn,
The nature of these antibodies 1s such that agglutination will
generally not take place except i a medium of high protemn
concentration, and thus their presence will not be detected
by ordinary methods 1f saline 1s used as a medwm for sus-
pending the red cells or as a diluent for serum.

The mportanee of antibodies of a simlar type m cases of
diopathic acquired hemolytic anemia has been recently
recogmzed (19) In these patients 1t will be found that
corpuscles of all blood groups as well as the patients’ ownred
cells will be sensitive to them, The presence of antibodies of
this type 1s most reliably detected by carrying out a “direct”
Coombs test upon the patient’s own corpuscles.

Detectién of Absorbed Antibody by the ‘‘Direct”
Goombs Test (Anti:globulin Test). The patient’s red
cells are well washed free from plasma 1n several changes of &

* Expressed as the reciprocal of the final serum dilution
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large volume of sahme. An approximate 5 per cent sus-
pension of the washed corpuscles is then made and two large
drops placed upon an opalescent white tile or slide. To one
drop 15 added a drop of the anti-globulin rabbit serum* nnd
to the other a drop of saline; the latter acts as a control
suspension. The tile or slide is gently rocked and warmed and
wmspected for the development of agglutination, In a positive
reaction agglutmation develops within ten minutes, in strong
reactions within a matter of scconds perhaps, The control
suspension should show no agglutination. Doubtful reactions
should be confirmed microscopically. This is a most sensitive
test, but s sensitivity depends greatly upon the potency
of the anti-globulin serum as well as upon the degree of
sensttization of the corpuscles, Control suspensions using
corpuscles debberately sensitized with a weak antr-Rh
meoroplete antibody {see later—detection of Rh antsbadies)
and normal unsensitized cells should abways be put up at the
same tune to test for the efficacy of the anti-globulin serum.

Detection of Incomplete Antibody in the Patient’s Serum.
Incomplete antibadies have not often been detected 1 the sera of
patients with wchopathie acquired hemolytic anxcmia {31) More
irequently thev are found in the cord serum of babes affected with
hamoly tie disease of the newborn  Possibly in both eases sucees>
or farhure depends greatly on the sensitivits of the methods used
for their deteetion. Methods for the detection of Rh mcomplete
antibodies are deseribed i the next chapter  In acquired hemo-
hytic anama m adults the same provedure should be used but 1
this case 1t 15 well to wse group O Rth negative corpuscles as the
test curpuseles to avoud as far as posssble the compheating effeets
of wo-antibodies  The corpuseles are suspended m the suspected
serum for 1-2 hours at 37 C so that they mav become sensitized
A Coembs test 1o then porformed on the corpuscles after they have
been thoroughly washed m safine (“mndirect’ Coombs test), It
essential to carry out the senvtization at 37°C. “Cold” meomplete
anttbodies exist in many normal sera Falbee positive results may
be obtamed 1f the tests are performed at room temperature,
Alternativels, a suspemion of corpuscles m 20 per cent bavine
ntbumin may be added to the serum or the corpuscles may be
treated with try pan (32) before being added to the serum uader
test  Petails of these methods are given in Chapter D

* The method of preparation of this serum ¢ desentied n Chapter 9
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THE STUDY OF THE éUR\'IVAL OF TRANSFUSED
RED CELLS BY THE DIFFERENTIAL AGGLU-
TINATION METHOD OF ASHBY (33)

The mvestigation of patients with hamolytic anemia has
been greatly facilitated by quantitative studies of the survival
of transfused normal corpuscles. In this way 1t has been
possible to divide cases of hamolytic anzma into two broad
groups; those m which normal corpuscles survive in the ~
patient for the normal length of time (about 120 days), as in
familial hemolytic anemia (33), nocturnal hemoglobinuria
(84, 86) and sickle cell anemua (35), and those cases of varymg
pathogenesis i which the rate of destruction of transfused
cells is increased (36). In the first group the increased rate of
heemolysis results from some abnormality of the patient’s
own corpuscles; in  the second group the hmmolytic
mechanism is one which treats both the patient’s corpuscles
and normal corpuscles alike.

The Principle of the Ashby Method. The general 1dea
1s to transfuse into a recipient corpuscles of a different, but
compatible, blood group, e g. the transfusion of O red cells
imto A, B or AB, ON red cells into OM or OMY, or ORh — red
cells mto ORh+ reeipients, ete.  The resulting nuxture of
corpuscles may be separated if they are suspended m an
agglutinating serum to which the recipient’s corpuscles are
sensitive, but not those of the donor; eg. the recipient’s
A corpuscles would be clumped by anti-A. serum, but the
donor’s O corpuscles would not be affected and would remamn
m a dispersed suspenston, Moreover, 1f a known but small
quantity of this blood contaiming both O and A cells 15
suspended m a relatively large volume of serum <o as to
make a 1.100 or 1:200 dilution, the actual number of unagglu-
tinated corpuscles may be counted as in an ordinary blood
count.

The avidity and titre of the serum 1s of the hnghest import-
ance ; the titre should be 1000 or more. As anti-Rh sera of
ths titre are rare, and anti-M or N sera in any case difficult
to prepare, the investigator 1s usually restricted to the use of
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anti-A and anti-B, and thus to tracing the survival of O blood
transfused inte A, B or AR reespients.*

Technigque, 0.1 ml of blood ¥s suspended in 4.9l of 2
per cent sodmm atrate solution so as to make a 1 in 50
ditution. The blvod may be venous m origin or from a freely
blesding slun prick.  One volume of the suspension s then
added to one volume of the appropriste aggluttnating sensm
in a 80xI0 mm, tube provided with a cork; 0.25 ml
solames are suitable,

1t 1s good practice te do the test i duplicate if sufficient
serum s avaiable. The <erum should be used nndiluted or
diluted i several volumes of saline, if necessary, to the
concentrabion at which agglutmation 1s maximal, as shown by
prehinunary experiments with the reopient’s blood, Agglu-
tmation of the recyment’s cells should be intense before
transfusion and there should be very few free eells if a good
serum s used , the best results will be obtamed if there are
Iess than 20,000 free cells per e.mm. when blood contamng
5.0 milthion red celly per ¢ mm. 15 agglutinated by the technique
to be deseribed.

The driution of bload m citrate and serum {now 1 m 100)
3 left at room: temiperature for at least one hour, and then
centrrfuged ot wbout 1506 rev, per nunute for one nunate,
The tubes are then gumite nigorously shaken so that not only
are the unagglatmated celis suspended, but the butten of
agglutmated cells hecomes broken ap mio small but sulf
visible fragments L After wartmg for not more than one
mmute, durng whiel time the Jargest chnops of aggiutinated
cells wiil sk to the hottow of the tube, the upper three-
quarters of the wipension consmtmg of free cells and smakl
clumps oniy, 1s removedd 5y Pasteur prpette mio a fresh tube
Thys tube = corhed and the contente ventnfuged for one
muputte as befare  The button of depostted cells 1o then well
mixed with the supernatatit fluxd by o standard procedure—
fifty mversions through an angle of 90 to 1207 at the rate of
ane per seeoral A pounting chamber i then fiied from the

# Lare maust be taken it the pisma of the teanafused group O bfsod dovs
not contmn Ank-A or antel at buds tilred  Dsngemas reactons due th
hawwoly s of the reetprent’s Corpuscles mmy result froms thes fsee Chapter O)
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upper layers of the ccll suspension thus mimnmuzing the
number of agglutinates withdrawn,

After waiting about three minutes for the cells to settle,
a red cell count js performed in the usual way, counting,
however, “free” cells only; the cells (usually tightly
agplutinated) in the few clumps which may be seen are
ignored. The number of unagglutmable {donor) cells present
may be expressed 1n absolute numbers or as a percentage of
the number present at the conclusion of the transfusion,

THE DIAGNOSIS OF HEMOLYTIC ANEMIA
BY LABORATORY METHODS

In the following scheme 1s summarized a suggested order
for carrying out laboratory investigations on a patient
suspected of suffermng from hemolytic anemuia.

1. Estimation of hxmoglobin and mspection of a stained
blood film. Often a tentative dragnosis can be made at
this stage. by noting the presence of spherocytes and
polychromasia

2. Areticulocyte count ; tiny will confirm or refute what has
been suspected by examiation of the stained film,

If the patient 15 anaemue, a red cell count, hemoglobin and

packed cell volume estimation carried out on v enous blood.

4. Plasma bilirubin estimation and if mdicated spectroscopic
exammation of the patient’s plasma; also examination

of the unne for abnormal pigments

Spectal tests appheable to cases of hamoly tic anemia, and

which may help to definc the mechanism of the increased

hemolysis (outhined mn this Chapter)

¢ Bone marrow biopsy. This will gine an idea of the
ntensity of ervthropoiesis

Study of survival of transfused corpuscles and/or quanti-

tative estimation of facal urobilinogen

REFERENCES
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anti-A and anti-B, and thus to tracing the survival of O blood
transfused into A, B or AB recipients.*

Technique. 0.1 ml. of blood is suspended m 4.9 ml of 3
per cent sodmm citrate sotution so as to make @ 1 in 50
dilution. The bload may be venous in origin or from & freely
bleeding skin prick. One volume of the suspension s then
added to one volume of the appropriate agglutinating serum
& 80 x10 mm. tube provided with a cork; 0.28 ml
volumes are sumtable,

It 1 good practice to do the test in duplicate if sufficient
serum 15 avaslable. The serum should be used undiuted or
diuted m several volumes of saline, if necessary, to the
concentration at wineh agglutmation is maximal, as shown by
prehimunary experrments with the reament’s blood. Agglu-
tmation of the recipient’s cells should be intense before
transfusion and there should be very few free cells if a good
serum v used , the best results will be obtamned of there are
Jess than 20,000 free cells per e.mm. when blood contamg
5 0 mithon red cells per ¢ mm 1 agglutmated by the techmgue
to be desertbed

The diluhion of blood 1n citrate and serum {now 110 100}
1 left at 1oom temperature for at least one hour, and then
centritnged at about Y500 res  per mmute for one mmbie,
The tubes are then quite vigorously shaken so that not only
are the uhagglutimated cells suspended. but the button ?f
agglutimated «dis heeomes broken up mto small but still
swible fragments  Aftr watimg for not more than on¢
minate. durme which time the largest clamps of agplutmated
cells will sk to the buttom of the tube, the upper three
quarters ol the siepivon consntmg of free cells and small
clumps onfu s renwoved b Pasteur pipette o a fresh tube,
Tins tube 3o corhed and the contents centrifuged for onc
nummte as bedore The button of deposited eells 15 then welt
pused with the supernatant fluid by a standard procedure—
fifty 1 erswons through an angle of 00° to 120° at the rate of
one per second .\ counting chamber 15 then filled from the

« {are must be tahen Yt the plaseart of the tratisfused group O blood does

not contait asti- A or autteB st fugh titres  Dangercue reactions due 10
harrmalysis of the reopie nE's corpuseles may result from Ehss (sew Chapter o)
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upper layers of the cell suspension thus minimizing the
number of agglutinates withdrawn.

After waiting about three minutes for the cells to settle,
a red cell count is performed in the usual way, counting,
however, *free” cells only; the cells (usually tightly
agglutinated) in the few clumps which may be scen are
jgnored. The number of unagglutinable (donor) cells present
may be cxpressed 1n absolute numbers or as a percentage of
the number present at the conclusion of the transfusion,

THE DIAGNOSIS OF HEMOLYTIC ANZEMIA
BY LABORATORY METHODS

In the following scheme is summarized a suggested order
for carrying out laboratory investigations on a patient
suspected of suffering from hemolytic anemia.

1. Estimation of hamoglobin and mspection of a stained

blood film. Often a tentative diagnosis ean be made at

this stage, by notmg the presence of spherocytes and

polychromasia,

A reticulocy te count ; this will confirm or refute what has

been suspected by examnation of the stained film.

If the patient 1s anemic, a red cell count, hemoglobin and

packed cell volume estimation carried out on venous blood.

Plasma bilirubin estimation and if indicated spectroscopic

examnation of the patient’s plasma; also examination

of the urine for abnormal pigments.

Special tests appheable to cases of heemoly tic anemia, and

which may help to define the mechamsm of the creased

hemolysis (outhned mn thus Chapter).

6. Bone marrow biopsy. This will gne an idea of the
intensity of erythropotests.

@

7. Study of surtival of transfused corpuscles and,‘or quanti-
tative estimation of faecal urobilinogen
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LABORATORY METHODS USED IN THE
INVESTIGATION OF PATIENTS SUFFERING
FROM HAMORRHAGIC DISORDERS

The platelet vount. The coagulation tume. The
bleedimg tume. Esttmation of prothrombin time.
Quantitatise measurement of clot retraction. The
diagnosis of the cause of a hemorthagie tendency,

A viapiLity to spontancous hemorrhage or an inereased
tendeney to bleed following trauma or surgical inessions may
result from o wide range of disorders. The proper mvestigation
of patients suspected of sulfering from a hzemorrhagic discase
i both difficult and troublesome, and the results obtained are
usually more inexact and unreliable than in any other branch
of hematology. Wlule it 1s true that the mvestigation and

lation of an obseure tendency to bleed needs special
knowledge and experience, and special reagents, there are
certamn routine methods which if carnied out efliciently can
give results of diagnostic importance  These procedures are
the platelet count, the coagulation tume, the one-stage
“prothrominn time” and the bleeding time. A method for
measuring clot retraction will alsa be deseribed although this
technique 1s Jess hkely to yield resulfs of practical importance.

THIE PLATELET (OUNT

Many methods for the enumeration of the blood platelets
have been published, Their number 1s doubtless due to the
real difficulty of caunting small bodies which aggintinate and
break up so easdy, and wineh may be diffieult to separate
from extraneous matter. No attcmpt will be made to revien
recommended methods m detait, the reader 1 referred to
Toeantins' (1, 2} excellont ressews for technical and other

10
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details concerning mammalian platelets. In the present
chapter two simple techniques only will be. ~deser1bed
Lempert’s modification of Kristenson’s method (3), e "dlrcct"
method of counting the platelets in peripheral blodd; “and an
“indirect’’ method suitable for use with venous blood.

Lempert's Modification of Kristenson’s Platelet
Counting Technique
Two solutions are required :— 4

Solution 4. Sodmum citrate 1.0 .
Mercuric chlonde  0.002 g,
Brlliant cresyl blue 0.2 ¢.
The reagents are dissolved 1n 100 ml, distilled water at 45°C.

Solution B. Urea 20.0 g
Distilled water to 100 ml

Equal volumes of solutions A and B are mised when
required. The muxture will keep for several days but must be
filtered or centnfuged before use The patient’s ear 15 warmed
by rubbmg with hnt. The mixed stain 1s drawn up in a
leucocyte counting pipette to the 0 5 mark The patient’s ear
is pricked sufficiently deeply so as to obtamn a free flow of
blood. Blood 15 sucked up to the 1.0 mark, and then the
pipette 1s filled with stam up to the 11 mark The prpette 15
shaken for one minute. On returming to the laboratory the
contents of the pipette are remxed for two mmutes and a
counting chamber filled This 1s placed m a Petrie dish
containing a pledget of damp cotton wool and allowed to
stand for twenty minutes to one hour This interval 1s
necessary to ensure sedimentation of the platelets and so that
the red cells may be hemolysed.

The platelets are counted under the 1/6th in objective. The
red cells should have been haemolysed, leaving leucocytes and
platelets staned blue, the latter appearing as pale blue
refractile particles, The platelets are counted 1n an area of at
least eighty small squares. If N be the number of platelets

so counted, the number i one cubic millimetre will be
N x1000
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The above method 1s fairly sabisfactory, It has the advantage
that the platelets are connted directly, The platelets do not seem
to agglitinate, but they are slow to settle in the counting chamber
and may be difficult to see. The red eclls sometimes hamalyse
stowly ; in general 1t 15 best to leave the preparation in the damp
chamber for an hour beford counting the platelets. The method is
useless 1n the presence of many reticulocytes, for basophihe
material 15 b d when the locytes ate haemolysed

Other bodtes which may be mistaken for platelets mclude
frag of leucoeyte cytoplasm rs sometimes seen in leukamia,
particularly m monocs tie leuhamia, and *Pappenhermer hodies™
(see p. 23}, Cytoplasmic fragments eannot be distinguished with
certmnty from platelets, and i thewr presence this method of
platelet enumeration breaks down entirely  “Pappcnhemmer
bodies”” appear s smaller maore sntensely staring bive dots, and
platelets ean be separated from them without mueh diffienity,

It 15 essential that the pipette and counting chamber used should
he nbwolutely clean and that the stawmng solution should be freshly
filtered, The urea solutton loses its hemolytse power on keeping
and should be reneved every weck or s

An ““Indirect” Method for Counting Platelets in Venous
Blood

In the method now desenibed venous blood is added to a
formol-citrate diluting fluzd . o proportion of about 1100,
and the proportion of platelets to ved cells estimated in &
counting chamber,

Formula of Diluting Fhed. 1 per cent formalin i 3 per cent
sodmn citrate, as used for red eell counts, 1 ml. of a 6.5 per
cent solution of brathant cresy! blue 1w saline 15 added to each
19 ml of the sbove fhnd, Just before the count 13 undertaken.
The muxture muist be filtered before use

Method. Approvmately 45 mi. of diuting flud nre
filtered 1nto o small waxed test tube provided with a rubber
bung. .3 vem o cleanly punctured by means of a relatively
wide bore needle and approxmately 1 ml of blood drawn rto
1 ml of stenle 3 per cont sodium ertrate solubon contained
w2 small syrnge fubneated with paraffin, The blood and
citrate are muyedd by nversion, and after detaching the
noedle, tho or three draps of the puxture are dropped direetly
into the dilsting flud. The tube # corked and the suspension
of bloud mxedd without delay by gently invertmg the tube,
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On return to the laboratory, the suspension is mixed by
inversion for one to two minutes and a counting chamber
filled using a waxed Pasteur pipette. After waiting about ten
munutes for the platelets to settle, the total number of platelets
in an area of 1 sq. mm., and the total of red cells in exghty
small squares are counted. The 1/6th in. objective and X6 or
X 10 eyepiece should be used.

The platelets stain shades of blue and are usually well
separated and can be readily seen.

If the total red cell count per c.mm. is known, the platelet
count can be calculated from the ratio of platelets to red
cells. Thus:—

Number of platelets in 1 sq.mm. area (100 small squares) =100

Number of red cells i 80 small squares =500
100 100 L

5005 2500 25

If the red cell count was 5,000,000 per c.mm.,

the platelet count would be @w:;’oo,ooo per c mm

Ratio of platelets to red cells =———

The mm m the above method 1s to prevent agglutination of
platelets as far as 15 possible. Contact with water-wettable
surfaces 1s, therefore, reduced to a. minimium Usually the p]ate]ets
n the counting chamber are well d, except in ab
high counts when some clumps are almost always seen. DISH\-

tegration of the platelets 1s prevented by the fixing action of the
formahn

w1
wt

meo, - N
used for a red cell count and hemoglobin estimation, etc

The Normal Range for Platelet Counts

The results obtamed by the Lempert-Kristenson method
and by the “indirect” method deseribed above seem to be
similar. The normal range mn health by these methods 1s
approximately 150,000 to 850,000 per c.mm.

Tt 15 & matter of personal preference which method 15 used. In
«ther case experience and practice 1s required before much rehance

HEMATOLOGY -
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can be placed upon results, n the Lempert-Kristenson methad,
althougi farge numbers of platelets are avard~st .
may be difficult to see en1 e *
In the wdirect methe o
good preparation, rela Wl Hthin & reasonable
tme, and ths is an wawmuonal source of error Pt ) :
clmical putposes the gemerp! toem 3 = 7
ususlly required, Certanly
iferences m platelet com .
degree of accuracy s unhke
coreful reaarad s~ 5 7
worker .
by Biggs oo

The “normal range™ for platelet counts m the hterature 1s
astoundingly large, anythimg from 150,000 to 600,000 per
egnm, or more (2). Although undoubtedly there is a cou-
siderable variation from person to person, much of ths wide
range 15 due to differences i technmique. The nghest valnes
are obtained by the use of the 1/12 in. obyeetrve, but there is
1o reason to suppose that high counts are necessanly correct
ones; probably too many fragments of platelels or other
particles are counted. Venous blood contains niore platelets
than does peripheral hlood, and methods employmng venous
bloed are ta be preferred. Probably sowe platelets always
adhere to the edges of a skan puneture wound, and are thereby
lost.

Significance of the Platetet Count

All that can be saxdn a brief note s that o reduced platelet
covnt 15 often, but not always, found m association with
i hage disorders o terzed by spontaneons purpura
and a prolonged bleed g time. The exact relationship between
a deficiency n platelets and a tendencey to bilced is, however,
uncertam  {3}. & persistently reduced platelet count
{100,600 per © mm ) s sygmficant and may be & mamfesta-
tion of o vanety of pathol Iy £ g the
hrmopowetic Bissues. A platelet count persistently rawsedt
above the wide pormal range 15 less frequently found {G).
The demonstration of esther tt \i
cythemia is frequently of dugnostie importance.

ytopenin or th
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THE COAGULATION TIME

The estimation of the time of the coagulation of blood in
1fro 1s an artficial procedure, and the results depend very
much upon the details of the method used, Amongst the
variables which need to be controlled are the method of
obtammng the blood, the size and nature of the vessel- mto
which 1t is placed, the temperature of the bleod, and how the
blood is handled and the end point of coagulation read.

There 15 no doubt that the only reliable way to estimate the
coagulation time 15 to use venous blood. A method based
on that of Lee and White will therefore be described in detail
The method of Dale and Laidlaw will be referred to because
1t 15 necessary to have available a method for peripheral blood,
even 1f 1t 15 less satisfactory, should a clean vemn puncture
prove to be impracticable as 1t may be m small ctuldren.

Modification of Lee and White's Method for Venous
Blood

Venous blood 1s withdrawn into a dry syringe and after
detaching the needle, 1 ml. volumes are dehvered into four
clean rymmed tubes of 8 mm. internal bore previously warmed
to 37°C. A stopwatch 1s started as soon as blood enters the
syringe. The tubes are then gently tilted every minute m
rotation until one ecan be hited through an angle greater than
90° without the blood spilling. The remaming tubes are then
examined at hall munute intervals. The coagulation time 1s
taken as the time necessary for the blood to clot n at least
two of the four tubes.

Chemically clean tubes are essential. The vem must be
cleanly punctured and a relatively wide bore needle used.
The needle must fit well and no air bubbles should be wath-
drawn mto the syringe. The needle should be detached before
dehvering the blood gently into the tubes, no froth must be
delivered

It 1s important to control the temperature, as the speed of
clotting mereases with the temperature and 1s about twice as
fast at 37°C. as at average room temperature (20°C.). For
this purpose a wide-mouthed vacuum flask contaimng water
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can ke placed upon results. In the Lempert-Knstenson method,

degree of accuracy 1s unlikely to be achieved except by the most
careful regard to detal, and then only 1n thehands of an expertenced
worker. The very large error 1 platelet counting 15 considered
by Biggs and Macdillan {4)

The “normal range” for platelet counts in the literature 1s
astoundingly large, anything from 150,000 to 600,000 per
c¢mm. or more (2). Although undoubtedly there is a con-
siderable variation from person to person, much of this wide
range is due to differences in technique. The highest values
are obtained by the use of the 1/12 n. objective, but there is
10 reason to suppose that high counts are necessarly correct
ones; probably too many fragments of platelets or other
particles are counted. Venous blood contains miore platelets
than does peripheral blood, and methods employmg venous
blood are to be preferred. Probably some platelets always
adhere to the edges of a sk puncture wound, and are thereby
lost.

Significance of the Platelet Count

All that can be said m a brief note 1s that a reduced platelet
count 1s often, but not always, found wn association with
heemorrhagic disorders characterized by spontaneous purpura
and a prolonged bleeding time. The exact relationship between
a deficiency 1n platelets and a tendency to bleed 15, however,
uncertam (5). A persistently reduced platelet count
(<100,000 per enm.) 1s significant and may be a mamfesta-
tion of a varicty of pathological processes affecting the
hexmopotetic tissues. A platelet count persistently raised
ahove the wide normal range is less frequently found (6}
The demonstration of either thrombocytopenia or thrombo-
eythemia is frequently of diagnostic importance.
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to and fro, and the movement of the shot noted. The co-
agulation time 1s the time which elapses between the
moment of puncture and the arrest of the movement of the
Shot. Tt is convenicnt to view the shot against a light arranged
behind the beaker.

A rapid flow of blood is absolutely essential, and if
squeezing or manipulation 1s required to obtam the blood,
the test should be abandoned. The method is undoubtedly
msensttive and should not be used if venous blood can be
obtamed It may give apparently normal values at a time
when the Lee and White method shows a definite prolongation
n elotting time,

The normal coagulation time is up to three minutes.

Significance of the Measurement of Coagulation Time

The estimation of the coagulation time in vitro 15 only of
limited value even 1f a careful techmque 1s followed. The
fact that only very small amounts of thrombin are required
to clot fibrinogen means that the test 15 evitably an m-
sensitive one. For instance, the prothrombm concentration
can be reduced to dangerous levels {about 20 per cent of the
normal value) without necessanly raising the coagulation
time outside the normal range, and fibrinogen has to be
virtually absent before the blood fails to clot due to fibrino-
genopenia.

In hemophilia, however, the causal abnormality [probably
a Jack of plasma thromboplastinogen (8)] 1s usually such a
severe one that the coagulation time :n vifro 1s generally,
although not 1nvariably (7), prolonged: even at 37°C.
congulation may take two hours or more. T'he estimation of
the coagulation time of a patient suspected of suffering from

hemophilia is thus an essential first step m the mvestigation
of such a case

An ancreased coagulation time 15 not, Towever, necessanly
mdreatis e of hamophilia, Rare instances of hamorrhagic disorders
chmeally simulating heemophilia more or less closely have been
pcre S e o A
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at 87°C. is convenient, although a glass jar with a picrced
metal lid can be used as a substitute. The tubes may be
dropped through the holes 1n the cover or lid and supported
by their rims. A scparate hole for a thermometer is useful,

The practice of letting blood clot at room temperature is to
be deprecated ; coagulation is needlessly prolonged and the
temperature itself is too variable. The size of the container
must be standardized, for blood will clot faster in narrow
tubes because of the increased surface of blood in contact
with the wall of the contamner. The tubes must he perfectly.
clean and there is no point m trying to retard coagulation by
using plastic (lusterond) tubes or by coating them with
silicone (7).

The exact measurement of the end point 1s a matter of
sonie difficulty. Blood clots first at the surface exposed to air
and at the periphery m contact with the glass contamner. It
clots last 1n 1ts centre. It 15 essential, therefore, in reading the
end pont to tilt the tubes gently and always in the same way
if standard results are to be aclueved. The complete coagula-
tion of liemophilic blood may take a very long time and the
reading of the end point may be peeuharly difficult. Quick
et al. (7) aite ten minutes as the time of commencing coaguia-
tion of a particular sample of hemophilic blood, although
coagulation was not complete enough to form o solid clot until
two hours had clapsed.

Normal Range for Coagulation Times estimated by
Lee and White’s Method
TFour to ten minutes (usually four to eight minutes) at 37°C.

Method of Dale and Laidlaw

A warmed ear or finger 15 decply punctured, so as to obtam
a free flow of blood, The coagulation tube, a picce of capillary
1.5 to 2 mm. mn diameter and 15 mm. m length, with shyhtly
constricted ends, and contaming a small movable lead <hot,
is at once applied to the blood, which should fill the tuhc
quickly and completely by capillanity. The tuhc‘ls held at
ench end by rubber-covered forceps and 1 dipped into w ater
at 87°C, contamed i a glass heaker. The tube is gently tited
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known to have a prolonged bleeding time should be pricked
with circumspection, and not too deeply, for once started the
flow may be most difficult to stop. Within hmits the size of
the pricker is unimportant ; it determines the volume of the
blood rather than the duration of the flow, but if the puncture
is too small the natural elasticity of the skin will seal the hole
and prevent a proper flow.

Alternatively, the ear or pad of a finger may be pricked and
the blood aliowed to run into a small beaker containing saline
warmed to 37°C. This has the theoretical advantage of
keeping the part warmed. The patient can conveniently place
the finger 1 a beaker. A contmuous stream of blood should
flow from the puncture, The end pont is usually 2 sharp one,
the cessation of flow bemg abrupt and usually following a
short period during which the flow is reduced and jerky. The
results by this method are very similar to the “dry” method
outhned above,

Significance of the Bleeding Time

A skin punecture results in the severing of capillaries and
sometimes probably small arterioles and venules. The length
of tume the puncture bleeds seems to be determuned largely
by the power of the vessels to contract and is more or less
independent of the coagulation trme of the blood. Whether
or not the platelets play any role at all 1s uncertam (8).

A prolonged bleeding time 1s generally found m most of the
bleedmg disorders associated with spontaneous purpura ; it1s
often but not invariably associated with ti bocytopema.
The test 15 unfortunately a comparatively crude one ; although
a skin puncture may bleed for hours and may even be a source
of concern to the mvestigator andjor the patient—indicating
without any shadow of doubt 8 h®morrhagic disorder—the
test 15 not a good one for demonstrating minor degrees of a
bleeding tendency, for the range 1n health 1s so large.

An unexpected result should be confirmed or refuted by

repeated observations before bemg necessarily accepted as
correct,
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from true ha il and the firmation of ha
iself require speaial experience. The study of the effects of the
patient’s plasma on the clotting of known hemophilic plasma, the
quantitatne estimation of the consumption of prothrombin (12}

and tests for areulating anticoagulants require to be cartied out
before a dragnosis ean be made ()3)

As has been mentioned, estimation of the coagulation time iv
nsuully o(‘ hittle val\\e m the herdtrhage Qesarders due to hy
prothr 15, ho » useful in controllng the
therapeutic use of hepuu\ {which probably acts 2s an anti-
thrombin).

A decreased coagnlation time 15 difficult to establish with
certamty by ordinary methods, because af the dudficalty exclud-
g techmeal causes. Sgat-- -
hawever, do exist, for e
hikely that tests such as th
nesy of the anticoagulant
mote useful than the estunation of the crude whote blood coagula-
tion trme .

BLEEDING TIME

The patient 15 seated on a chair or asked to sit apright in
bed and his ear well rubbed with lint until guite warm. The
lower part of the lobe 15 then sharply pricked with a
mechameal pricker or a glass capillary pricker to a depth of
8 mm A stopwatch is then started and at half-minute
ntervals the drops of blood wiich exude from the cut are
removed on to & prece of filter paper without towehing the
surface of the car. Normally, the ear should cease bleeding
within five minutes, although occastonally 1 health bleeding
may not completely rease w \thm ten minutes or even jonger
The cause of unusually long bleeding tumes m healthy people
is abscure 3 poswbly m some cases this w due to puncture of
dilated venules, lacking the power to contract, which may be
ween on the surface of some enr lobes

Tt 1 essential that the car should be warm and that the
bloed flows spontancowsly  The mavimum rate of flow 1s
generally between 3 and two nunutes after pricking ; there
'lﬂcr, the rate 1o abruptly slowed but may not cease for a
further two or three minutes in a normal subject. .4 patient
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carefully watched with the lower end jyxt below the surface
of the water. The de ment of a fibrin clot appeariqg/quite -
suddenly within a segdnd or so markg the end point. The test
should be repeated once or twice more. The tube may then
be lifted clear of the water a few seconds before the end point
is expected in order to facilitate mnspection. The average time
for the appearance of the fibrin web is recorded as the pro-
thrombin time. A normal control plasma should be tested
at the same time n the same way.

In the abos e technigue, dry oxalate mixture (16) 15 substituted
for the sodwm oxalate solution recommended by Quick, and
human brain for rabbit bram. The advantage of using human
brain is that large batches of thromboplastin can be made at the
same time; if suitably stored, its potency will keep for months
(see later)

The “prothrombin time” as estimated by the above
method varies somewhat with the bateh of thromboplastin,
but 15 usually from ten to fifteen seconds 1 normal subjects,
The observed prothrombin time can be converted nto
‘‘prothrombin concentration” from conversion graphs made
by artifically diluting plasma with saline or prothrombin-
free plasma  For a discussion of the rather doubtful justifica-
tion for domng this, see Biggs and Macfarlane (17)

Despite being based on the fallacious assumption that the test
1s & measure of the am'ount of ‘prothrombm present rather L};an

weore e e e e e

" A . Lot ‘ A " L
nsensitive, it can be used desprte uncertainty as to what 1s bemg
measured to control the tendency to bleed of patients given
dicoumarot for the treatment or prophylaxis of thromboss It 1s
essential, however, that the mnsensitivity of the test to reductions
m prothrombin concentration should not be increased by the
chotce of thromboplastin used ; 1if Russell’s viper venom 1s used
instead of bram extract, the prothrombin concentration may be
reduced to dangerous levels before there 1s a significant prolonga-
tion of the prothrombin time (17, 18)

Estimation of Prothrombin;

plastin from Human Brain
A buman bramn freshly obtamed from the postmortem room is

stripped completely of its covering membranes and blood 1 essels,

Preparation of Thrombo-
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ESTIMATION OF PROTHROMBIN RBY
A SINGLE-STAGE METHOD
[slightly modified from that of Quick (15)]

Thus test is widely used 1n clinical hematology, particularly
in the control of dicoumarol therapy. The-psineiple is that
oxalated plasma 15 clotted by the addition of ealeium mn the
presence of excess thromboplastin. The clotting time 1s.then
assumed to be directly related to the plasma prothrombin
level,

Reagents Required. Patient’s and Control Plasma. 5 ml.
of venous blood is added to 10 mg. of dry potassium and
ammonium oxalate mixture and gently mixed with the anti-
coagulant by several inversions of the tube. Part of the sample
can be used for a red cell count, heemoglobin estimation and
hematocrit ete. ; the remamder should be centrifuged without
delay at 1500 rev. for five minutes. The supernatant plasma
is removed at once and should be placed 1n the refrigerator at
2-5°C. untal used. The test must be performed on the day of
collection, .

Thromboplastin Solution. It 15 best to use an acetone
extract of human brain (for preparation see p. 121), 0 3 g. of
the dry extract 1s suspended in 5 ml. salme and heated to
50°C. for ten to fifteen minutes before use, It is then centri-
fuged hghtly for one minute to deposit the coarse particles.
The opalescent supernatant 1s used for the test The solution
may be kept for a day or two at 2-5°C. but no longer.

Calcrum Solution  M/40 aqueous caleium chlonide 1s used
(0.28 g. anhydrous calelum chlonde dwssolved n 100 ml.
distilled water)

Technique

A 0.1 ml volume of the plasma to be tested 1s delivered
to the bottom of a tube of 8 mm, internal bore and placed m
a water bath at 87°C. and 0 1 ml. of thromboplastin solution
added to 1t. After a delay of one munute 0.1 ml. of warmed
ealeium chloride solution 15 added and the contents of the
tube quickly mixed. A stop watch 1s started and the tube



DIAGNOSIS OF A4 IIEMORRHAGIC TENDENCY 123

In anenua, Tetraction 1s generally increased due to the smaller
red cell volume, the relation hetween the two variables bemng
approximately hnear. The blood platelet level, below which
impaired retraction may be.expected, 1s said to be about 100.000
per cmm. Other conditions m which there may be impaired
retraction nclude yaundice, p and myelomatosis,

Normal Limits of Clot Retraction [Macfarlane (19)]

TIn fifty subjects (27 men and 23 women) retraction varied
from 48 to 61 per cent with a mean of 54.7. The statistical
limits ( 2-3q¢) were 41 to 63.5 per cent.

THE DIAGNOSIS OF THE CAUSE OF A
HEMORRHAGIC TENDENCY*

The following scheme 1ndicates in summary form the order
in which laboratory investigations should be undertaken:—

1. Hmmoglobin estimation and nspection of a stained blood

film. The diagnosis may be obvious at this stage, &s in

leukemia

A platelet count and total leucocyte count, and if there

is anerma, a red cell count and packed cell volume

estimation.

3. Bleeding time, coagulation time and prothrombin time,
ta. If the bleeding tendency seems to be secondary to a blood

disorder, as for instance m aplastic anemia, any other

investigations such as a reticulocyte count, sternal
puncture, ete, which will help to elucidate the nature of
the blood disorder, should be carried out

« If the bleeding tendency stself seems to be the primary
disturbance, any tests whieh will throw hght on the
nature of the hemorrhagic disorder should now be under-
taken, e.g. prothrombin consumption test, tests for anti-
coagulants, microscopy of shin capillaries, ete
1If indicated, tests to establish the presence or absence of
avitapunosis {

=

@
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It is then cut into pieces and macerated n nacetone in a mortar.
After the acctone has been changed several times a non-adhesive
granular material remains. Tlis 1s crude “thromboplastin.”

The granular matenal 15 dried in an evacuated desiccator and
when dry 0 8 g, amounts are placed in & number of 8 x }in. tubes.
Thesc are stored in an evacuated desiceatar at 2-5°C. until used.
They retain their potency under these errcumstances for months.
The desiceator must be re-evacuated each time it is opened to
remove a tube.

THE QUANTITATIVE MEASUREMENT OF
CLOT RETRACTION

The relative failure of the clot to retract in blood from
patients with a low platelet count has been known for fifty
years or more. The degree of failure of retraction can be
measured by the method of Macfarlane (19), which relates
the volume of serum expressed to the omgmal volume of
blood.

Method of Estimation

Reguured A graduated centrifuge tube, reading to 0 1 ml, and
2 glass rod about 5} m. m length with a senies of expansions at
about 1 intervals, and with a perforated cork fixed at one end.

Techmuque. Rather mote than 5 ml. of blood are withdrawn into
a dry syringe by means of a clean venepuncture. It is at once
debvered nto a clean test tube without frothing and 5 ml.
delivered by pipette mto the graduated centrnfuge tube. The glass
rod 15 then placed mn the tube and held in a vertical position by
means of the cork -

The centrfuge tube 15 then mcubated at 37°C., preferably in &
water bath, and exanuned from time to time until the blood ha»
clotted firmly. It 15 then left undisturbed at 37°C for a further
hour, at the end of which time the rod, around wl‘uch tl‘ne t

or a platinum loop and remcubated for a lurther nout, witnvue
ntroductng mueli error
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In anemia, retraction 15 generally mcreased due to the smaller
red cell volume, the relation between the two varables being
approximately linear. The blood platelet level, below which
impared retraction may be.expected, 15 said to be about 100,000
per emm. Other conditions 1 which there may be ympared
e melude j; d T and myel

Normal Limits of Clot Retraction [Macfarlane (19)]

In fifty subjects (27 men and 28 women) retraction varied
from 48 to 64 per cent with a mean of 54.7. The statistical
Timits ( 4-30) were 44 to 65 5 per cent.

THE DIAGNOSIS OF THE CAUSE OF A
HEMORRHAGIC TENDENCY*

The following scheme mndicates 1n summary form the order
m which laboratory investigations should be undertaken —

1. Hwemoglobin estimation and mspection of a stained blood
film. The diagnosis may be obvious at this stage, as 1n
leukzemia.

A platelet count and total leucoeyte count, and 1f there
15 anzma, a red cell count and packed cell volume
estimation.

Bleeding time, coagulation time and prothrombin time.
If the bleeding tendency seems to be secondary to a blood
disorder, as for instance m aplastic anerma, any other
nvestigations such as a reticulocyte count, sternal
puncture, etc, which will help to elucidate the nature of
the blood disorder, should be carried out.

1f the bleeding tendency 1tself seems to be the primary
disturbance, any tests which will throw light on the
nature of the heemorrhagme disorder should now be under-
taken, e.g prothrombin consumption test, tests for anti-
coagulants, microscopy of skin capitlaries, etc,

If indicated, tests to establish the presence or absence of
avitamnosis C.
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CuarTER O

BLOOD GROUPS AND THE LABORATORY
ASPEGTS OF BLOOD TRANSFUSION

The lLuman blood groups. Methods of ABO

grouping  Methods of Rh typing. The detection of

Rh antibodies. Titration of agglutinins, The

Coombs test. The direct matching test m blood

transfusion The investigation of transfusion
reactions,

.

No attempt will be made to give a detailed survey of the
human blood groups nor to review the vanety of techniques
which may be used n the detection of antigens and anti-
bodies. In this chapter will be deseribed only some essential
basic facts and selected practical techniques useful m the
management of a hospital bloed grouping service. For a more
detailed exposition the reader 15 referred to the two Bntish
M R.C. Memoranda, “The deternunation of blood groups” (1)
and “The Rh blood groups, and therr climeal effects” (2)
and to Wiener's monograph (3)

THE HUMAN BLOOD GROUPS

It 1s now known that human red cells contamn many
mheritable antigens or blood group factors, more no doubt
still awart discovery. Fortunately, however, only a few are of
major clinical significance, the majonity are of much less
mmportance because normally they seem to have hittle ant-
gemic power and antibodies are seldom developed agminst
them. The mportant ones are the A and R factors, 1s0-
antibodies agamnst wiich occur naturally, and the D (Rh)
factor agamst which immune antibodics are quite frequently
produced i people laching this antigen, as the result of
presvious transfusion o1 pregnancy. All these antigens belong
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common Rh positive (D positive) genotypes (determined by
a chromosome derived from eacl parent) are CDe cde =R,r
(34.9 per cent), CDe CDe=R;R; (18.5 per cent), CDe ¢cDE
=R,R, {13.4 per cent), cDE cde=R,r (14.1 per cent) and
cDe ede=R_x (2.1 per cent) (2). In addition there are about
15 per cent of persons of genotype cde ede=rr, referred to as
Rh negative. The other possible genotypes oceur, but less
frequently ; some are extremely rare.

Table IX
(l"‘-:;::‘l;l:;“o:\:?‘-;lm;;’:gl" ey} Fqunalent 1n Wienet's nomenclature

CDe Rhy (Ry)
cde T

¢DE Rh, (R,
cDe Rho (R}
cdE RL™ (R%)
Cde v (R)
CDEYvery Rh: (Ra)
CdE jrare Rhy (Ry)

It should be emphasized that the great majonty of cascs
of Rh incompatibility are due to the development of anti-
bodies (anti-D) against the D antigen. The other Rh antigens
are relatively weak ones, and although anti-C, antic and
anti-E may occasionally be formed as the result of the
transfusion of blood or of pregnancy, they are usually, but not
nvariably, associated with anti-D. Unlike the naturally
occeurring 1soantibodtes anti-A and anti-B, these Rh anti-
bodies developing as the result of immumzation often exist
only 1n an “incomplete” form (see later)

The Less Impertant Blood Groups  Antibodies against the
other blood group systems mentioned above are rarely met with
They have mostly been observed in patients who have received a
series of blood transfusions, more rarely have they been dey eloped
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to groups or systems, of which the ABO, CDE ede, MNSs,
Lesis, Lutheran and Kell systems are examples.*

The ABO Blood Groups. Although there are only four
main blood gronps mvoliing A, B and O factors, 1e, groups
AB, A, B and O, subgroups enist. Group A may be divided
into A, and A, and AB into A,B and A,B; about 20 per cent
of groups X or AR helong to the subgroups A, and AB
respectively, The symbol O does not represent absence of A
or B. A, B and O are prabably co-dominant genes. Group
4, is probably of genotype A, and group A, of genotype
A0 (18).

Ocensionslly, agglutims active against the subgroups of
A are found ; fortunately they are ysually “eold” antibodies
mactive at 87°C., and are thus of little importance. «, is met
with in the sera of ahout 1 to 2 per cent of A, persons and in
about 25 per cent of group AR, Anti-Q, sometimes called
ay because it reacts with 95 per eent of A, cell, as well as
with O cells, 1« rarely found 1n the sera of A, 43 or B subjeets
{sce Table VIIT}

Table VI
oot noriEha Agghutinns accisionnliy preseat
o yerum
A, ant-B (4} ay (very rare , reacts nith A, and O ccls)
AW none a, {very rate , reacts with A, asd Qeells)
p: ante-d (<) a, (versrare ; reactswith 4, and Declls)
A, antr B (8) a, (1-2% of sera; reacts with A, or
A,B corpuscles)
AR none < (25 309 of sera, yeaets with &, or
A3 corpuiscles)

‘The oceytrenee of the x, and a, pgglatinns

The Rh Blood Groups. The Ith groups are clusufied m
Fisher’s Jature 1 to therr content of three
allelic antigens, CDE or ede {(sec Table IX). The most

& Poy detzs of the less comenon hload group systems the reader 13 referraid
1o the forthearmng mottogeaph nf e It R, Haceand Vs I¢ Sunger.
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should rarely oeeur if the sera are potent) may be checked by
pently tmnsl‘ernnw the cell suspension to a slide and
examinng it under the 2/3rd . or 1/6th in. objectives.

If a quick result is required and the tube method is used,
the tubes may be centrifuged after standing for ten minutes
at room temperature, On attempting to r@%[lend t\.\c deposit,
clear-cut results are usually obtammed. Agglifination causes
the cells to stick touether in a tight clump and only break
up into coarse granules on vigorous tapping. Unagglutmated
cells are easily resuspended into a smooth suspension In
case of doubt the
scopically.

) may bhe © d miero-

A Rapid Slide or Tile Technique

Agelutmation is much more rapid on flat surfaces. One
drop each of a 5 per cent cell suspension, saline and grouping
serum are mixed together on a slide or hollow tile and gently
rocked. After five minutes or less the results may be read and
are usually clear-cut and indisputable ; they may be chezked
under the microscope. A mumor objection to this techmque
15 the slightly increased tendency to rouleaux formation.
The method 15 nevertheless rapid and sensitive, and useful
when a few samples are to be group=d

The main ABO types give the following reaction, —
Anti-A serum + +
Anti-B serum +

- + —
Group AB Group A Group B Group O
Weak Reactions. The A agglutinogen m subgroups A
and A,B 15 relatively 1nsensitive to anti-A, and agglutination
may be missed on this account unless high-titre sera are used.
A common grouping error 1s to'report group 4,8 as group B.
Checking the Group by Testing for Agglutinins.
Ideally i all cases, and whenever there seems any cause for
doubt, the agglutinin content of the blood under examination
should be tested for anti~\ and anti-B by the methods
outhned above The donor’s or patient’s serum 1» substituted

for the grouping serum and lus cells replaced by known A
and R eells



128 METHOUS OF .1, B AND 0 GROUPING

In preguancy and have been the cause of hrmolytie disease of the
newborn. Like the Rh natibodics these rare antiborics often evst
in an sncomplete form (19), The importance of anti-M, anti-§ and.
anti-Kell, efc., apart from their theoretical and genetical interest,
lhes in the fact that they are a eause, although a rare one, of
unexplamed hemolytic feactions. Their possthle presence is »
reason why careful cross matehing tests shauld atwnys be earried
out hefore transfusions, cven af 1t 1s qurte certamn that both donor
and reeiprent are of wentical ARQ and Rk groups,

METHODS OF A, B AND 0 GROUPING

"The principle is that the corpuscles to be tested are exposed
to the separate action of the anti-A and anti-B agglatinins
ebtamed from group B and group A subjects respectively.

Sera used for grouping purposes marst be of adequate titre,
at Jeast 128, and lgher «f possible. The blood should be
allowed ta elpt under stertle conditions, and after the serum
has separated, 1t should be centrifuged and the clear super-
natant heated to §6°C. for half an hour, then Seatz-fltered and
finally bottled 1 2 ml volumes. The sera must be kept
frozen when not m use at as Jow a temperature as possible
(preferably at —20°C. or below). It is essential that they
are kept free from bacteral contammation, which may cause
false positve agglutination (8, 5y, Their potency should be
checked from time to time with known A, B and O cells.

Ingroupmg, twomain dures may be followed a ding
to the urgeney wath wlich the result 15 requured and the
number of tests to be performed.

‘The Tube Technique

If there 15 no hurry and a large number of tests are fo be
performed, groupings may be carried out in tubes of 88 x 10
mn size or smaller, A 5 per cent suspension of the blood to be
tested 15 made 1 3 per cent sodmum eitrate One volume of
this suspension {usually one drop) 1s placed i a pawr of tubes
to which are added one volume of saline and one volume of
anti-A and anti-B sera respectively, The tubes are left for
two hours at roora temperature. The results are read visually
after gently tapping the tubes. Doubtful reactions (whieh
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theory it should be easy to distinguish rouleaux from true
agglutination under the microseope; in practice this may
prove difficult. R

A serum containing “cold” hemagglutinins should naturally
not be used for diagnostic purposes, but difficulty, as with
rouleaux formation, arises when normal corpuscles are
suspended m a patient’s serum m the course of a direct
matching test. If “‘eold” agglutimins are known to be present,
the test should be carried out at 37°C. and the patient’s
serum separated at 2-5°C. so that most of the agglutinin may
be absorbed on to the patient’s corpuscles at this low
‘temperature.

An infected serum should never be used, not only are the
speeific agglutinms lost but it may acquire the property of
agplutinating corpuscles of all groups. Control tests with
known corpuscles provide an adequate safeguard, but this is
an added reason why all sera should be replaced 1n the freczing
compartment of the refrigerator as soon after use as possible,

Ideally, blood groupings should be performed with freshly
collected corpuseles. If blood 1s stored, 1t should be kept in the
refrigerator w the form of clotted whole blood. Should
1t become 1nfected, the growth of certain bactema may cause
the corpuscles of blood of any group to become agglutinable
by any human scrum (5). This seems most likely to oceur
when diluted suspensions of blood are stored and 15 very rare
when blood 15 hept 1 contact with 1ts clot

METHODS OF Rh TYPING

For most practical purposes 1t 15 sufficient to classify the
blood inte Rh positive and Rh negative. usmg an ant-D
serum 83 per cent of bloods are D positive.

A Method employing ‘‘Complete’” Anti-D Serum
(Tube method)

As supplies of serum are usually imited, a miero-techmique
must be used, and beeanse the titre may be unavoidably low
(8 for mstance) special care may he neeessary n recording
the results Tt s often convenient to use a low-titred serum



180 METHODS OF A, B AND 0 GROUPING

Determination of the Subgroups of A. As has already been
mentioned, the subgroup A, may be suspected when a blood reacts
weakly with anti-A of hnown poteney. It may Le more exacth
determuned w the followmg way =—

Ante sera fromx group Q or B persons contawn in effect two
agglutiun, o and a,. a reacts with A, and A, corpuscles amd oy
with A, corpuscles alone  If, therefore, & serum 1v absorbed with
A eorpuseles, o is remos ed whibst a, remarns, Such a serum walt
react positively with A, but not with A, corpuscles The absorption
1s carned out by nuxing cqual solumes of washed A, vorpuscles
with the anti-3 serum and centnfugng after allow g the mnture
to stand for two hours at 2-5°C. When using the absorbed serum,
known A, and .\, corpuscles should be used as contrals,

Faise Positive Reactions when Grouping for the A and
B Facters

False positive reactions may result from several causes.
Fortunately, the use of control corpuseles of known group
will almost always distinguish false from true reactions.
False positive reactions may be due to (1) the grouping serum
having the property of causing rouleanx formation—such a
serum should not be wsed for routine groupmng, (2) the
presence of “cold” panhamagglutinms m the groupmy serum
or absorbed on to the eorpuscles to be grouped ; m ths ease
the patient may appear to be group AR, (8) the use of mfected
sera which may develop the property of sgglutinating cor-
puscles of all groups and {4) the use of mfected red cell
NUSPENSIONS,

Roulequx formation 1 much more Iikely to cause trouble
when normal corpuseles are suspended 1n a patient’s serum
during the course of a direet matchmg test prior to transfusion.
rather than when patient’s corpuscles are bemg grouped m
normal proupmy seram  Partienlarly o there this difficults
when as i multiple nivelomatosss the level of serum globuhn
1 Ingh  In these cases the patient’s own eprpuseles should be
used as an additionad control  Rouleaun formation s usuaily
more marked when the tests are carried out on tiles or slides
rather than m tubes. Csually the rouleanx will desappesr f
the serum 1o diluted with one or two volumes of sahne, but
this 15 not alwass the case, depending as it does on the
concentration ©of rouleaux-promoting protems present. I
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to give approximately a 2 em. column. The tube 15 then
dipped into the cell suspension and a column of simular
length allowed to run in and make contact with the serum
After sealing the dry end of the capillary, 1t 1s set in plasticme
50 that the cell suspension is uppermost and tilted to an angle
of 45°, or placed m a specially designed and inclined rack.
The tube or rack of tubes is kept at 37°C. The cells will
gradually sediment through the serum. If Rh negative,
they will fall through evenly, and eventually form a sohd
column at the bottom ; 1f Rl positive, they will form irregular
clumps whieli will adhere to the tube giving an irregular
headed red layer along 1ts lower side,

Results are usually defimte within fifteen mmutes. Xf there
1s any doubt, the tube may be left for a further fifteen muinutes,
and the sedimented cells then allowed to run on to a shde.
After gentle spreading they may be viewed with a low power
objective

A possible cause of false positives 1s the use of insufficiently
washed corpuscles in cases where marhed rouleaux formation
15 taking place, If this 1s suspected, the corpuseles should be
repeatedly washed m sahine and the test set up agamn.

Other Methods of Rh Grouping : the use of *‘Incom-
plete” (in-}Albumin-Agglutinating Anti-D Sera

The comparative rarity of (in-)saline-agglutinating anti-
bodies makes 1t sometimes necessary to use the “incomplete”
form of antibody In this case the suspensions of corpuscles
are centrifuged and as much salme as possible removed by
pipette. The corpuscles are then resuspended 1n a volume of
20 per cent bovine albumun* (8) and the groupmg serum
added The tube 1s left for two hours at 37°C. and the cell
suspension examined microscopically at the end of the time.
Alternatively, the tube may be gently centnifuged after fifteen
to thirty munutes to accelerate agglutination. The depostt
1s examumed mieroscopically as before. Other possible methods
and shde tests are outlined 1n the M.R ¢ Memorandum (2).

Determination of the Rh Genotype. It 1 of some practical
jmportance to know the genotype of the husband of a woman

* Manufactured by \rmour Lahoratories
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as a sereening test and 1o re-ty pe-nny donbtfnl and negatne
reactions uang © hetter serun hept for this purpose,

‘The sesa, saunlly obtained from a lately pregnant woman
a week or so after delivery of a eluld with hamolytic disease
of the nevborn, should be abcorbed with A or I3 Ih negative
cclls, as may be necessary, so that they may be used with all
blood groups, Equnl volumes of seram and wached packed A
ami‘or B eclls are mined together m cqual proportions and
alloved to stand i the refugerator at 2-5°C. for two hours,
Ater centnfugation the absence of anti-} and anti-B must
be confirmed by festing with A or B Rb negatve edbs, 1f
traces of anti-A or antr-13 are still present, the process must
be repeated.  The sera should finally be Seitz-filtered and
stored i stentle contamers m 1wl or 2 mi volumes. They
should be hept frozen at as Jow a temperature as possible,

In the test, equad volumes (one small drop) of 2 2 per eent
suspenston of cells and serum are ench delivered to the bottom
of a 30\ 6 mun. tube, The cell suspension s nused wath the
serum and the whole meubated at 37°C, for two hours. The
results may be read first by viewing the battomof sedrmented
cells & conpave tnrror-—a negatn ¢ result will be shown by
& perfeetly vmootiecdged small round button, a posttive by
a larger deposst of eclls with wregutar or fluffv cdges Doubtful
reactions and apparent negatnes should then be exannned
under the low powers of the mieroscope after carcfully
transferrmg the deposit to a shde and gently spreading it out
with o ealed glass capiblary. As the elumps of agglutinated
cells are cawly broken up, at least using sora of low titre,
care and experience may be necessary in the mterpretation
of results. A temperature of 37 C. s desirable as agglutination
15 accclerated.

\n Alternative Nethod employing ‘‘Complete” Anti-
D Serum {Chown's capillars tube method)
The adyantages of tns most useful method are cconony
of serum and the rapuhts with wiueh results may be obtamed
A 13~20 per cent suspenston of corpuscles menbne s requured
Small glass capillaries of about 0,5-1.0 mm. bore are user,
and enough grouping serum affowed to Tun an by capiifanty
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JJ TITRATION OF THE
'AGGLUTININ CONTEXNT OF SERA

Anti-A and Anti-B Agglutinins. The method for
testing for the anti-A and anti-B agglutinins using known
A and B corpuscles has already been deseribed. The titre
of the agglutimns may be estimated by making serial halving
dilutions of the serum 1 saline and addmg to each dilution
an equal volume of a 1 per cent suspension of washed A* or B
corpuscles. 0 150 25 mil. volumes are convement. The
number of tuhes required depends on the potency of the
serumi; ten tubes are usually suffictent as a titre greater than
512 (1024 final dilution) 1 seldom found. A salme control
should always be sct up  The eorpuscles are mived with the
serum dilutions and the whole series left undisturbed for two
hours at room temperature. End points may be read by a
combimed macroscopie and microscopic method, or sumply
macroscopically, after a standard degree of tapping of the
depostt or inversion of the tubes. The degree of agglutination
rangmg from complete (C) to weak (1) should be scored as
desenibed 1 the M RC War Memorandum No. 9, “The
Determination of Blood Groups” (1) The end pomt ()
15 where there 1s a uniform distribution of small clumps of up
to four to s1x corpuscles 1n 2 field of unagglutinated red cells.

Rh Agglutinins. *“Complete” or (in-)salme-agglutinat-
mg antibodies may be titrated m a similar way to anti-A
and anti-B Tn this case, however, small 50 <6 ram. tubes
should be used m order to cconomze the serum, and Rh
positive corpuscles containing the appropnate antigens
employed, ey R,R, or R,R; (CDe (De or De ¢DE). The
series of tuhes should be eapped and mncubated at 37°C, for
two hours The end pomt of agglutination may be read by
mspection of the pattern of deposited cells as seen m a
concave mirror and confirmed by gentle transference of the

deposits to shdes for examination under the microscope
The “‘incomplete” or {in-)alb

gglutimating form of
Rh antibody cannot be titrated in salie, for though it 1s

* Recause of ther greater agplutimability corpuscles of subgroup A; shoul
he used rather than thove of subgroup Ay T 510up As should
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who has developed Rl antihodics.  If ke is, for instance, homo-
zygous m respect of the D gene and the antibody present i the
mother’s serum is anti-1), then all his cluldren will be affected, 1T,
however, he has but one 1) gene and 15 thus heterozy gous, only
half his children will be affected. X
The determmation of the genotype 1o a task for a specialist Jab-
oratory, for the sera required are rare and precious  The prineiple
- . - . S th

Ry

. . . that
mimmal volumes of sera are employed,  The results are read
nucroscopically. In the absence of anti-¢ {rave} and anti-d (almost
unknown), 1t 1s only the probable genotype that can usually be
determuned, the chotee often being between a common type and
one or more very rare combinations  Sometimes knowledge of
the reactions of other membiers of the fanuly will help (2).

Detection of Rh Antibodies

The methods for the detection of Rl antibodies are the
same as those used in Rh grouping, with the difference that
the unknown serum 1s substituted for the known grouping
serum and Rh positive corpuseles substituted for the unknown
corpuseles, In general 1t 1s best to use R,I3,(CDe ¢DE)
corpuscles of good agglutmability. For the detection of rarer
antibodies such as anti-C, or anti-E, corpuscles of R’ or R”
{Cde or edE) are useful, but are seldom avaiable. As the
incomplete antibody 1s more frequently found, it is essentral
if saline agglutinnrs arc absent, to resuspend the corpuscles
1m 20 per cent albumun after being i contact with the serum
under test  As a screcning test it 1s often conventent as a first
step to add onc volume of serum to one volume of R,It,
corpuseles suspended 1n albumm  If the reaction 15 posttive,
the serum can be tested later for salme-aggiubmating
antibodv *

Oceasionally, a zone phenomenom results tnntubition or but a
trace of agglutination usang undiluted serum and a sahine sus-
penston of corpuscles  Inlubition of aggluttnation mn albumm 15
muech rarer, but 1~ not unhnown. In these cases the presence of
agglutmins will only reveal atscdf 1t the serum is diluted ~

£ Martan and Prckles (9) have demonstrated thit normat Rh pasitive
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from its power to interfere with the agglutinative properties

CEAb s i i1t an) bvna af anbthadr moas he tacted for

rabbits which have been immunized against human globulin
[Coombs, Mourant and Race (11)].

The Coombs test* is used 1n detecting the presence of
“incomplete” antibodies in serum and in the diagnosis of
haemolytie disease of the newborn by demonstrating that the
wfant’s corpuscles have absorbed the antibody. Tts use in
the detection of antibody absorbed by the corpuscles of
patients suffering from wdiopathic acquired heemolyfic anemia
in adults has already been referred to.

The test is performed by well washing the corpuscles under
test 1 several changes of a large volume of saline. Two
separate drops of an approxinately 5 per cent suspension of
the washed corpuscles are then transferred to a glass shde or
opalescent tile. A drop of anti-human-globulm serum and a
drop of saline (as control) are added to and mixed with the
two drops of red cell suspension respectively. The tile may be
held over an electric lamp to warm 1t, and should be gently
rocked from time to time (13). If the test 1s positive, well
marked agglutination will be observed within six munutes,
often within one mmute A positive control using corpuscles
known to have absorbed “mcomplete” antibody and a
negative control using normal corpuscles should be put up at
the same time

The test as described above 1s the “‘direct test”™ When
used to d rate the y of lete antibody n
serum, 1t 15 known as the “indiwrect” test. Rh positive (D
positive) corpuscles are suspended mn serum or mn dilutions of
it n saline, as n titrating saline-agglutmatmg antibody
After the suspension has stood for one to two hours at 37°C.,
the corpuscles are well washed m saline and the rabbit serum
added as described above

The (oombs test 1s an extremely sensitive method of
detecting sensitization, provided that = potent rabbit
scrum 15 available, A positive Coombs test may, in fact,

* This test has been referred to 1 .Amenca as the “Developing test™ (12)




136 THE COOMBS TEST

readily absorbed when diluted with saline, it does nat then
cause agglutination, A high concentration of protein is
necessary. It may be titrated in the usual way using 20 per
cent bovine albumin solution in place of salne as the medium

" for diuting the serum atd suspendmyg the red celbs or by
titrating in saline n the usual way and centrifuging after
allawing the suspension to stand for one to two hours at 37°C.
sa that the carpuscles may absorb any antibody present. The
supernatant saline is removed by pipette as completely as
possible and replaced with a solume of 20 per cent atbumin.
The eorpuseles are then resuspended m the athumin and the
series of tubes is remcubated for twe hours, The titre of
agglutmation is read nneroscopically after transferring the
depostted corpuscles on to shdes,  Alternatively, the sus-
pensions m atbumm may be centrifuged after hall an hour’s
weubation and agglutination looked for microseopreally after
gently resuspending the deposits. Human group AB plasma
or serum mas be used m place of bovne atbumin, or with the
addttion of a small proportion of albumin (10). Plasma s =
better meduun than serum in reveahng agadutimation, but
bath are probably less satisfactory than s albumun,

A further alternative 1s to perform a Coombs test on the
corpuscles after they have heen suspended and sensitized
serum diluted with saline  After the titre (1if any) 1 saline has
been read, the tubes are centrifuged, and the deposits washed
three times m 8 large volume of saline and then tested for
adsorption of antibady by the mse of anti-human-globulin
rablnt <erum {~ee below ).

THE COOMBS TEST

The “meomplete” or (m-Jatbunun agglatmatmy form of
Rh antibody,* ometunes called the blocking antihody
L1t o probable that the wcomplete Rl antibody fard posibly other

ohnersed R
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addition it~should be able to be performed quickly if speed is
necessary, and therefore must not be too elaborate.

A direct matching test has two functions ; to guard against
pross mistakes in grouping—almost any test will do this, and
to pick up even traces of unusual and unexpected antibodies,
a much more exacting task. It 15 only in women who have
borne children and in men and women who have been
previously transfused that these latter antibodies are at all
likely to be found. In these people especial care in matching
must be taken. The albumun method may ogeasionally fal to
detect some types of “incomplete” antibodies (see footnote
to p. 136) It 1s probably best, therefore, to carry out an
indirect Coombs test 1n such cases, if a potent anti-globulin
serum 15 available,

Method. The following method is recommended for
routine use Approximately 0.2 ml. of a 3 per cent suspension
of the donor's blood 1 saline 15 delivered into a small sero-
logical tube and centnifuged. As much as possible of the
saline 15 then removed by pipette leaving an almost dry
button of cells. To this button 1s then added one volume
(0.1 ml. approximately) of the patient’s serum and one volume
of 20 per cent albumin. The preparation may be capped and
left at 37°C. for two hours or centnifuged after fifteen to thirty
munutes. After gentle suspension of the deposit, part of the
corpuscle suspension s transferred to a shide and viewed under
the microscope If there 1s definite agglutination, the blood
must not he used. If any aggregation present 1s thought
to be due to rouleaux formation 2-8 volumes of saline should
be added, and the cell suspenston again viewed under the
microscope—rouleaux formation should be abolished by this
procedure. If there 1s still doubt, probably the best thing to
do 15 to wash the sensitized corpuscles well with saline and to
perform a Coombs test. A positive reaction will be proof that
the clumping was due to true agglutination.

When there 1> no question of the presence of “incomplete™ anti-
bodies, e.g in first transfusions or 1n women who have not borne
children, a very simple tube test uung a weah suspension of
corpustles n salime and a 1 3 dilution of serum may be employed.

1y olume of saline and 1 volume of a 5 per cent red cell suspension
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be the ()l.\ly sign of hemolytic discase of the newborn
and a positive reaction may persist for many weeks after
barth* (13). v/

Mg mmmetoe £ 4est vy Rabbit Serum
serum 15 best made by a shght
. Proom (14). .Alum-precipitated
serum is used. 25 ml of human group O serum are diluted with
50 ml. distiifed water and 90 ml. of 10 per cent aqueous potash
alum added. The pll is adjusted to 6.5 and the precymtated
protems washed twiee with saline The final preeipitate 1s sus-
pended wm 100 ml <alme contmmng 1/10,000 methrolate as
preservative,

5 mk of this antigen are injected intramuseularly mto cach

hind leg of a rabbnt. The injections are repeated after 11 days
and the rabbit bled (by heart puncturey after o further 10 days
The rabbit’s serum 15" inactivated at 56°C. for 30 munutes and
then absorbed with a1+ e '
AR and O red eells, .
tested by means of n
serum causes any agglutination, the absorption must be repeated,
1f necessary more than once.
+ Rabbits vary consulerably in their power of making a good anti-
globulin serum ; n some amimals more than two inj¢ctions of
protemn are required  Alternatively, sera may be made by giving
a course of intravenous and mtraperitoneal mjections of whole
serum (2}

THE DIRECT MATCHING TEST IN
BLOOD TRANSFUSION

It 1 evsential that a dereet matching test is undertahen
betw een the donor’s red cells and the repipient’s serum in any
case of blood transfusion It 1 essential cven if there 1s no
question as to the blood groups of rceipient and donor  The
test should ascertamn compatibihity 1n respect of the A, 13 and
0 system, and should he eapable of revealing the presence of
even small coneentrations of both * eomplete™ or “incomplete™
antibodies Tt should also enable the observer to distinguish
between serious meompatiihity on the one hand and “cold”
apglutination and rouleaux formation on the other. In

+ A positne Coombs st mav be observed at n time when there 1 no
evidence thit b emofysis 15 proceeding at an increased rate, The sqmifeance
of thus observation 1 not clearly understood
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addition it~should be able to be performed quickly if speed 1s
necessary, and therefore must not be too elaborate.

A direct matching test has two functions ; to guard against
gross mstakes in groupmng—almost any test will do this, and
to pick up even traces of unusual and unexpected antibodics,
a much more exacting task. It is only in women who have
borne chuldren and in men and women who have been
previously transfused that thesc latter antibodies are at all
likely to be found. In these people especial eare i matehing
must be taken. The albumin method may oggastonally fail to
detect some types of “mcomplete” antibodies (see footnote
to p. 136). It 1s probably best, therefore, to carry out an
mdirect Coombs test 1 such cases, 1f a potent anh-globul}n
serum 1s available.

Method. The following method is reccommended for
routine use. Appro<imately @ 2 ml of a 8 per cent suspension
of the donor’s blood 1 saline 15 delivered into a small sero-
logical tube and centrifuged. As much as possible of the
saline 15 then removed by pipette leaving an almost dry
button of cells. To this button 1s then added one volume
{0 1ml approximately) of the patient’s serum and one volume
of 20 per cent albumm The preparation may be capped and
left at 37°C for two hours or centnfuged after fifteen to tharty
minutes. After gentle suspenston of the deposit, part of the
corpuscle suspension 15 transferred to a shde and viewed under
the microscope. If there 1s defimte agglutination, the blood
must not be used If any aggregation present 1s thought
to be due to rouleaux formation, 2-3 volumes of saline should
be added, and the cell suspension agamn viewed under the
microscope—rouleaux formation should be abolished by this
procedure If there 1s still doubt, probably the best thing to
do 15 to nash the sensitized corpuscles well wath saline and to
perform a Coombs test. A positive reaction will be proof that
the clumping was due to true agglutination

When there 1< no question of the presence of *“mcomplete” anti-
bodies, e g 1n first transfusions or in women who have not borne
cluldren, a very simple tube test using a weak suspension of
corpuscles in saline and a 1 3 dilution of serum may be employed

1 volume of saline and 1 volume of a 5 per cent red cell suspension
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are added to 1 volume of the patient’s serum. The mixture may
be left for 15 nunutcs or langer at 37°C,, then centrifuged and the
effect of gentle tapping observed.  Centnfugation makes the
test very sensitive; “complete” or normal agglutiing of weak
potency will be revealed, but “incomplete” agglutinns will be
missed. Rouleau formation will be inbabited by the saline.

The practice of meubating the suspension at 87°C. has
been recommended, so as to avoid the compleation of
agelutination due to “cold” antibodics, If. however, they are
present at Jugh titre and have a high thermal amplitude,
their presence should be made known to the chnician so that
the blood tramsfused may be warmed and the nisk (2 only
theoretical) of the recipient agalutinating cold corpuseles as he
reeeives them, removed

In general, 1t 15 best to employ a simgle test only, as far as
possible, switable for all eireumstanees.  I€ this poliey 15
adhered to, the first test mentioned, employing albumin,
should be used and the alternatie abandoned. In any case
considerable experience and care are required; {or although
mne out of ten reactions, at least, will be straightforv ard,
every now and again shght agglutination mayhe encountered,
the sigmificance of which mav prove most diffienlt to deternune

THE INVESTIGATION OF
TRANSFUSION REACTIONS

Transfusion reactions vary widely in tvpe and m seventy.
They have many different causes, and considerable experientee
and sometimes special techniques may be required to elueidate
them. Broadly speaking they ean be classifterd mto two mam
groups . those produced by serological meompatibility
resulting i heemolysis (15), and those not due to this cause.
In the second categorv arc meluded a wide variety of con-
dittons ; they include febrile reactions due to pyrogens in the
anticoagulant solution or apparatus, urtieamal or other
reactions due to sensitivity to protem, cardiac embarrassment
due to too Tapid transfusion, and sudden death due to air
cmbolisn. A consideration of cases of this sort i« beyond the
scope of this book  The laboratory worker 15 deeply con-
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cerned, however, in the investigation of reactions i order
to establish firstly, whether any particular reaction is due to
hxmolysis and secondly, 1f hamolyss has taken place, to
find out why this has oceurred.

The incident should be investigated more or less as follows,
depending upon the circumstances :—

1. The transfusion should be <topped, or at least brought
almost to a standstill, as soon as there 1s a suspicion that there
may be something seriously wrong, and that tlus may be due
to some kind of imncompatibility leading to heemolysis.

2. A sample of venous blood should nexat be collected from
avein well anay from the transfusion site. This blood should
be withdrawn slowly into a dry synnge and delivered mto a
bottle containing heparin or a small volume of 3 per cent
sodium ertrate solution. Every eare should be taken to avoid
heemolysis during collection.  Instructions should be given
that the next specimen of urine passed by the patient should
be saved and the blood bottle preserved if not vet diseon-
nected from the patient. Enquiry should be made as to how
the blood has been treated ; whether it has been warmed and
how Jong it has been out of the refrirerator, cte

3. Part of the sample of blood withdrawn from the
Patient should at once he centrifuged and the supernatant
plasma mspeeted  If there 15 no evidence of free hemoglobn
or obvious merease m bilirubin, 1t 1s not hkely that there
has been any serious degree of hmmolysis (but see later,
4c). The presence or at of oxyh lobin or mereased
bilirubin n the plasma depends naturally on the rate the
blood 15 bemng transfused, the volume transfused hefore the
sample 15 taken and the rate at which hemolysis 1s taking
Place. A sample of the donor’s blood should also be centnifuged
and the supernatant plasma mspeeted for hamolvas: if
there is any suggestion that the blood has been nfected. 1t
should be cultured. The age of the blood should be ascertained

4. If it seems hikely that hemolysis due to serological
Incompatibility has occurred, the next step s to try to
establish the mechamsm  Tins should be done m several
stages.

(@). The donor and recipient’s blood should be re-grouped
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and the crossmatehing test performed ngam, These tests may
show straightanay that some gross error has been eommitted,
For the purpose of the crossmatehing test, pre-transfusion
serumy must be used ; if scrum withdrawn after transfusion
1s employed mstead, incompatibility may be ntissed because
the causal agglutimins may have been completely absorbed
in vivo by the donor’s blood. Simularly, pre-transfusion
corpuseles should be used for re-grouping the patient if they
are available. Confusion may arise if blood is used whieh
has been withdrawn from the patient after a reaction due to
mecompatibility has oceurred. Under these circumstanecs it
15 possible for a group A subject, transfused with B cells, to
appear to belong to group AB and an Rh negative person
transfused with Rh positive cells to appear to he Rh positive,
because both the reeipient and donor’s corpuscles may be
present together. If it scems possible that hemolysis may have
been due to the presence of an antibody of the “incomplete”
type, the matching test should be carried out m the presence
of albumin or a Coombs test performed on the corpuscles
after suspension m the patient’s serum.

(b) If the above tests are clearly negative, 1t is unlikely
although not impossible, that the hemolytic reaction 15 due
to hemolysis of the donor's corpuseles. The next step is to
consider the poswibiity that hmemolysis of the patient’s
corpuseles has taken place, perhaps due to anti-A or anti-B
at high titres bemg transfused m O blood given to A or B
reaipients. The anti-A or anti-B titre of the transfused plasma
should, therefore, be ascertained; a titre >300 will often
cause munor degrees of haemolysis (16}, depending upon
the rate transfused and the amount  Ilgher titres may cause
serous reactions ¥

(¢} It may be possible to confirm the naturc of the
hamolytie reaction by estimating the survival of the trans-
fused 'corp\!\(‘lcx by means of the differential agglutination
method (15) By the use of anti-A, anti-1, ant1-M or anti-Rh
it 18 often possible to demonstrate unequinvoeally that the

* In nocturnal hameglobinnria the patient’s red edlls are extraordianly
ensitive 10 1sohemolysin and perhaps other factors 1 plasma Even sl
yolumes of plasma may precipitate a hamols tie ¢ prode (17}
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transfused corpuscles are present m the expected numbers
(approximately 300,000-100,000 per c.um. 1n adults per
500 ml. citrated blood), or that far fewer than expected are
present, or that all have disappeared. By counting the total
number of red cells as well as the number of the transfused
red cells, it may even be possible by employing this techmque
to prove without doubt that the hwemolysis has been due
entirely to destruction of the patient’s own corpuscles (17)
Use of these techniques will also demonstrate munor or
“silent” degrees of hemolysis of nsufficient rapidity to cause
oxyhaxmoglobinzemna or a significant rise in plasma bilirubin.

(d). If the patient 1s first seen after the incident and no
donor blood 1s available, the nature of the hemolytic reaction
may be revealed by an increase 1n titre of an soagghutimn
in the patient’s serum; e.g. a many-fold nse in anti-A m a
group B subject reaching a peak one to two weeks after
transfusion is a clear indication that the recipient had received
group A blood (15)
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MISCELLANEOUS INVESTIGATIONS

Estimation of the erythrocyte sedimentation rate

{ESR.) The Paul-Bunnell heterophile agglutina-

tion test.  Preparation and stamng of “thick”
bleod films.

ESTIMATION OF THE
ERYTHROCYTE SEDIMENTATION RATE (ES.R)

AvrHouGr an empirical test, the estimation of the erythro-
cyte sedimentation rate has been widely used mn cluueal
medicine.  Many methods for 1ts measurement have been
devised (1, 6), differing in respect of the anticoagulant used,
the volume of blood employed, the dimensions of the tube in
which the measurcment 1s carried out, the trme allowed for
sedimentation to take place and the method of recordmg the
results. The method deseribed in the following scetion s
that of Wintrobe and Landsberg {2) 1t 1s coniement to use
because a measurement can be carried out as a prelimnary
to estimating the packed cell volume in the course of a
hematological mvestigation,  The method has the dis-
advantage, shared by many other methods, of employing a
short (100 mm.) column of blood. The maximum sedimenta-
tion of non-anemic blood 15 thus 1n the region of 50 mm,

Method. 5 ml of vcnous blood are delivered mto a tube
contamming 10 mg of dry potassium and ammomum oxalate
muxture The sample 1s well nuxed and a Wintrobe heematoenit
tubc filled to the 100 mm mark This s placed exactly
vertieal and left undisturbed for sixty minutes, after which
time the level of the top of the column of sedimented red cells
w measured  Tius figure subtracted from 100 Tam represents
the length of the colymn of supernatant plasma and 1s the
;\uhmenh\non rate,” usually recorded as so many mm per

hour .
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The hematocrit tube may then be centrifuged for half an
hour at 8600 rev. per minute and the packed ecll volume
ascertained. The sedimentation rate should be “corrected”
for anemia using Wintrobe and Landsberg’s chart (2) and
values obtained corresponding with packed cell volumes of
47 and 42 per cent m men and women respectively.

Normal Range (2)

Men. Mean =3 7 mm.: range 4 20(95% of obsers ations)
0-9 mm.

Women. Mean=9 6 mm.: range + 20(95% of obser ations}
0-20 mm.

The phenomenon of erythrocyte sedimentation has been
exhaustively mvestigated ; ultimately, 1t is @ problem of phy sical
chemmstry (1, 3)

The rate of fall of the red cells depends very largely upon their
power of formmg rouleaux, large clumps which sediment much
more rapidly than single cells. Tins property 1s mamnly controlled
by the concentrations of fibrinogen and to a lesser extent of globnfin
mn the plasma, Defibrinated blood sediments extremely slowly,
not more than a mm. an hour, unless there 15 a pathologieally
rarsed globulin level, or an Iy lugh globulin-alk ratio
Red cell factars, however, also play a part (4)

Sedumentation can be observed to take place mn three stages;
a prelimimary stage of at least a few minutes during whieh time
the rouleaux form, followed by a pertod i which the sinking of
the rouleaux takes place at approximately a constant speed and
finally a phase during which the rate of sedimentation slows as the
rouleaux pack towards the bottom of the tube. Tt 1s obvious that
the longer the tube that 1s used. the lopger will be the second period
and the greater will sedumcntation appear ta be  With rapdly
sinking rouleaux a reading may have to be taken long before an
hour has elapsed, and m these cases senal readings are useful
Probably the most sat sfactery method of reading 1s one m which
multiple readings are taken during the second penod and the
maximum rate of fall calculated (6. 8)

Anamia by altering the ratio of red cells to plasma encourages
rouleaux formation and accelcrates sedimentation  Wintrobe’s
method of corrcction for anma has been cniticized—1t 15 possible
to obtan negative values for the “corrected scdumentation rate,”
but the principle 15 on the whole useful [see also Iynes and
Whitby (5)).  Dilution with sodim citrate. a5 s practiscd n
Westergren's method, results in a shightly slower rate of fall.
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Variations in Results Due to Technical Factors. Anti-
coagulants such as heparin (up to 0.2 mg per ml ), ammonjum
and potasstum oxalate mizture (1 to 3 mg per mi ) and potassium
oxalate (2 mg per ml) do not affect the rate of sedimentation
when compared with hemophihie blood to which no anticoagulant
1s added A mise 1 temperature results in increased sedimentation
as does even a small deviatian of the tube from the vertical. The
diameter of the tube should be 3 mm or greater, and the height
not less than 100 mm. These and other modifying factors are
considered m full by Ham and Curtis (1) and reviewed by Nichols
(6) .\ poor delimeation of the upper layer of red cells, so called
“stratified sedimentation,” has been attributed by Stephens (7) ta
the presence of many immature cells

THE PAUL-BUNNELL TEST
FOR HIETEROPIIILE ANTIBODY

The presence of anti-sheep cell hemagglutinms at unusually
gh titres m the sera of patients suffering from glandular
fever (infectious mononucleosis) was deseribed by Paul and
Bunnell in 1932,  Absorption methods for differentiating
between the glandular fever antihodies and the natural ones,
and those of serum sickness, have since been reported. The
technique described below 1s based on that of Barrett ()

The following reagents are required -—

-

1 ml. of patient’s serum mactivated by heating to 56°C.
for half an hour. .

Guinea pig-kidney emulsion, for preparation, see later.
A 2 per cent ox-cell suspension, for preparation, see later
A freshly prepared 0.4 per cent suspension of washed
sheep cells 1n saline. The sheep blood should not be more
than seven days old, and should haye been stored at 2°
to 5°C

o

Method

Three x 0.25 ml. volumes of inactivated patient’s serum
are delivered mto three small tubes, A, B and C. 1 0 ml.
saline 15 added to tube A, 0 75 ml, salime and 0 3 ml shinea
pre-hidney emulsion to tube B, and 1 ml. of ox-cell suspenston
to tube (. The contents of the three tubes are mixed and then
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placed in the refrigerator at ¢ to 5°C. for at least two hours, or
overnight. The tubes are then centrifuged and the super-
natants retamed. One in five dilutions n saline of unabsarbed
serum and scrum absorbed with guinea g kidney and ox
cells respectively are thus available.

A Short Screening Test. 0.23 ml of 0.4 per cent sheep-
cell suspension 15 added to 0 25 ml, of the gumea pig-kidney
absorbed serum (from tube B). After leaving the tube at
room temperature for fifteen minutes, it 1s centrifuged for
two minutes at 1000 rev, per munute.  An attempt 15 then
made to resuspend the deposit by gently tapping the tube.
If the deposit resuspends easily and there 1s no macroscopic
agglutmation, the whole test 15 considered to be negative. If
there 15 agglutmation, further steps should be taken.

The Quantitative Test. Senal halving dilutions of the
sera from tubes A, 13 and (' are made in salme. Ten tubes and
a control contaming saline should be put up as a general rufe.
An automatic pipette delnering approximately 0.2 ml.
volumes 15 invaluable. Equal volumes of the 0 & per cent
sheep-cell suspension are then added to cach tube, giving
final serum dlutions of from 1:10 (tube 1) to 1:5120 {tube
10}).

The tubes are meubated for one hour at 87°C. and then left
undisturbed at room temperature {or an additional hour or
more so that the cell suspensions may sediment completely
Alternatively, they may be left overmght 1 the refrigerator
at a temperature above freezmg pont. If they have been in
the refrnigerator, they should first be allowed to regam 100m
temperature hefore the endpomt 1s ascertauned.

If the agglutinated celly have been allowed to sediment un-
disturbed, the presence of agglutination 1s most necurately revenled
by the pattern ot the deposit, a perfectly smooth hutton bemg
seen in the salime control and varving degrees of dispersion and
wregularity n thie positive tabes  After @ prodmunary mspoetian
of the deposits has baen made, the «nd pomts of cach series
should be read as the last tubes showing deteetable agglutmation
compared with the controls after the deposit hay been rosuspended
by gently myerting the tabes 2 3 times  The resuspended cells
may be viewad 1 a coneave murror or the prescnce or absence of
agplutination determmed undcr the nieroscope,
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The following figures are given as examples of typieal
results *—

Unabsorbed serum, end point tube 7 ; titre 610,

Gumea pig-kidney absorbed serum, end pownt tube 7;
titre 640.

Ox-cell absorbed serum, end point tube 4 ; titre 80.

Such a result would be positive for glandular fever; the
antibody bemg not absorbed by guinea pig kidney and
(partially) absorbed by ox cells, The naturally oceurring
antibody 15 absorbed by guinea pig kidney and not by ox
eclls, and that of serum sickness 1s absorbed by both reagents.

Unalbworbed serum, end pomt tube 3, titre 10,

Gumea pig-kidney absorbed serum, no agglutination in
tube 1.

Ox-cell absorbed scrum, end point tube 3, titre 10

This 15 2 normal result, and n the above case the <creen
test would have been negative The absorbig power of the
guinea pig-kidney emulsion and the ox cells should be tested
with positive and negative scra from time to time  Barrett
(9) states that cach will keep for at least six months 1if stored
m a refrigerator.

The anttbodics normally present i human sera against sheep
red cells are of the Forsman type, 1 ¢ antthodies reacting agarast
an antigen widcly spread in ammal tisues Antibodies of this
type are formed by rabbits mjected with an cmulsion of guinea
pig kedney  The antthodies will be found to react wth horse,
dog. eat and mouse tissues as well as with sheep corpuscles. but
not with the tisue of man, ox or rat, cte (11) The antibody
tormed 1 glandular fever 15 of a different nature and 15 not

Interpretation of Results
The Paul-Bunnell test 15 generally~looked upon as a most
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uscful aid to the diagnosis of glandular fever, hut Jike most
tests it is not one hundred per cent rchable, Antibodies are
often present as early as the fourth to sixth day of the discase
(12) and arc almost always found by the 21st day (18). They
disappear as a rule within four to five months (12). Most
authors have reported 80-90 per eent of positive results in
cases of glandular fever (13).

Two pomts need further consideration; (1) the frequency of
negative reactions m glandular fever, and (2) the limits of the
normal and the specificity of positive reactions.

There 15, unfortunately, no wnamimity as to how frequently
negative reactions are found in true glandular fever, or ndeed
as to whether negative reactions are ever found It has been shown
that occasionally the charactersstic antibodics develop very late
1n the course of the disease, perhaps weeks or even months later
(13) ; andatas also known that a positive reaction may be transient
aud that the antibodies may be present at such low titres that they
may be missed or may produce anomalous reacttons when assoct-
ated with the naturaily occurring antibody at similar titres  For
all the above reasons 1t 1s diflicult to state categorically that any
particular patient has not or will not produce antibodies

The hmity of the titre of hetcroplnle antibodies present m
health are 1ll-defined, largely beeause of differences in the technique
used to demonstrate them Fortunately this s of little consequence,
because in the diagnosss of glandular fever it 15 only the antibody
not absorbed by gumea pig khidney whieh 1s of sigmficance

Uang the tcchmque  deseribed above, the screeming  test

) ' tution of 110 ar more after

1 was positine 89 times out of

Postgraduate Medical Schoot

of London Twenty-two of the positive tests were grven by sera

from paticnts diagnosed with confidence on climeal and hamato-

logieal grounds as suffering trom glandular fever 5 of the remaiming

17 reactions, one was from a patient suffering from monocytic

leukzenuta three others were from paticnts i which the dagnosrs

of glandular fever seemed improbable but not imposuble, the

remamng positine reactions were from patients i whom the

diagnosis was probably but not certamly glandufar fever  The

titre 1n the one false posthive reaction was 10, and in the three
other possibly false positive reactions alvo 10

The following are examples of anomalous reactions conwdered,
however, to be positive, and apparently due to the glandular
fever antibody and the normal antibady being hoth present at

Jow titres :——




DIAGNOSIS OF GLANDULAR FEVER 151

a. b.
16.3 49 21.3.49

Unabsorbed serum . . . titre 40 80
Gumea pig-kidney absorbed -

serum . .. titre 10 10

Ox-cell absorbed serum . titre 20 80

This ease was elinically and ha 1 lly typcal of glandul

fever.

11.4.49 14.4.49 22 1,49

Unabsorbed serum . titre 160 80 160
Guinea pig-kidney

absorbed serum . fitre 20 10 20
Ox-ccll absorbed serum  hitre 40 40 80

A diagnosis of glandular fever was chnically probable but
hamatologieally doubtful.

In connection with the possihihity of false positive reactions,
Barrett's (9) obscryvations are important  In studying 300 sup-
osed narmal sera, he obtamed agglutination after guinea mg-
kidney absorption 1n 15 cases at titres of 10 to 160 (1 case),
1n 10 subjects there was little or no absorption with ox cells—
at the most a duminution m titre of one tube, and 10 most instances
1t seemed there had been partial but not the usual complete
absorption with guinea pig kidney In 5 cases ox-cell absorption
was good and the sera behaved as mn glandular fever, 1n these
subjects there was, however, no history of infection , they may or
may not have been convalescents He felt that eaution was
needed i wnterpreting positive results and that lack of complete
absorption with guinea pig kidney was not 1n itself diagnostic
of glandular fever as 1t might occasionally be obsers ed with normal
sera

Barrett did not consuler the test positive unless there was at
least a 2-tube reduction mn titre after absorption with ox cells,
at low titres when both the normal and glandular fever antibody
may be present together, this criterton 15 believed to be ton
stringent

Preparation of Guinea Pig-Kidney Suspension and Heated
Ox-cell Suspension [after Barrett (9]

Guinea Prg-Kulney Suspension. The capsules and penrenal fat
are stripped from at least two parws of kidneys They are then
washed well in running water. The tissue 15 transferred to a wieve
partially 1mmersed 1n normal sahne, and rubbed with a pestle
through the sieve  The sieved kidney suspension 15 then auto-
claved for 20 min at 15 Ib, pressure and then rubbed twice more
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The suspension
shed twice with
per cent phenol

n snh?e s nddcd‘to the deposit, which is then resuspended in the
malln ool T T b A P

Or-Cell Suspenston  Ox cells are washed well with normal
saline, and a 30 per cent suspension of the cells m saline 1s auto-
claved at 15 Il pressure for 20 mmutes. When eool, the suspension
15 strammed through mushn and its packed cell volume estimated.
The cell volume 1s ad)usted to 20 per cent with saline and an equal
volume of 1 per cent phenol-saline added to give a2 10 per cent
suspension. It 15 diluted to a 2 per cent suspension before use.

THE STAINING OF THICK BLOOD FILMS

The “thick” blood film has been extensively employed
the diagnosts of malaria and relapsing fever. By this technique
arelatively large volume of blood may be scrutmized in asliort
time and parasites seen even if present in very small numbers.
Freld's techmque is quick and generally satisfactory. A
description of the method of preparation and use of the stains
is followed by some notes as to its value.

Preparation of Field's Stains (14)
Field’s stain “A” is made as follows :—

Methylene blue . . .o 1.3 ¢

Disodum hy drogen phosphate (Na,HPO, 12H,0) 12 6 g

The meths lene blue and the disodinm liydrogen phosphate
are dissolved m 30 mb. distilled water  The solution s then
botled and evaporated m 2 water bath almost to dryness m
order to “polychrome” the dye 6 23 ¢ potassium dihydrogen
phosphate (KI,P'0,) and 500 ml freshly boiled and still
warm distilled watcr are then added  After stirrmg to dissolve
up the stain, the solution 1 set aside for twenty-four hours
hefore bemng filtered. Tt should be filtered again beforc use

If Azure 11s av aslable, this may be combined with methylene
Dlue wn the proportion of 0.3 g. to 0 8 ¢ methylene blue and
dissolved direetly i the phosphate buffer solution. No
evaporation 1s necessary.
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Field's stain “B” is made as Sollowes :—

Eosin . . . 1.3

Disodium l\ydroocn phosplmlc (\n,HI’O‘ 1"H,0) i2.6 g
¥ dihydrogen phosphatc (I\H 'y ‘) . 625
Distilled water . . . . . . 500 ml

The phosphate salts are dissolved in freshly hoiled and
warm distilled water, and the dye then added. The solution
should be filtered after standing for twenty-four hours

Making the Fidm. Thick films arc made by spreading out
with the aid of a needle or a corner of a shide a small drop of
blood to cover an area of ghout 10-15 mm. mn diameter, The
shides must be clean and the film allowed to dry thoroughly
at room temperature or at 37°C. before stamning 15 attempted.
A pause of thirty minutes 1s desirable ; absolutely fresh films,
although apparently dry, may wash off m the stan.

Method of Staining. The dmed but otherwise unfixed
film 1s dipped into solution “A” for one to two seconds, Itis
then rimsed gently m neutral distilled water (or dilute phos-
phate buffer, pH 6.8 to 7 0) until the stain ceases to flow
from the shide (five to ten seconds). Hxmoglobm 15 removed
by these procedures.

The shde 15 then dipped mto solution “B’* for one to two
seconds, followed by a rapid rinse (one to two seconds) m
neutral distilled water. The excess water 1s shaken off the
shide which 15 set upright to dry , 1t must not be blotted

The Relative Values of Thick and Thin Films

Thick films are extremely useful when parasites are seanty,
but the identification of the different species 15 not easy ;
mixed mfections are often mssed and there may be doubt as to
the identification of any particular objcet  However, an
expenenced ohserver may be able to find and recognize with
ccrtainty parasites even in badly stamned thiek films, whilst in
a well stamned film parasites should be easily recognzed, even
by begmners Five nunutes spent in examining a thick film s
cqunialent to about one hour spent in traversing a thin film.

Study of thin films enables an exact diagnosis as to the
species to be more easily made, if suflicient parasites can be
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found. Seldom, if ever, should there be any doubt as to
whether or ndt an objeet is a malarial parasite 'if the flm has
been well stained.

Thick films, if well stained, are uscful where there is severe
leucopenia. It is possible to perform differential counts (or
at least to estimate the proportion of polymorphs present)
much more rapidly and more accurately than m the case of
thin films made from the same blood.
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FORMULZ AND PREPARATION OF
DILUTING FLUIDS AND STAINING
SOLUTIONS

Red Cell Diluting Fluid

A solution of 1 per cent formahin in 3 per cent sodum
citrate. 10 ml. of neutral formalin (40 per cent formaldehyde)
are added to 990 ml, of 3 per cent aqueous sodium aitrate (see
also p, 12).

The solution keeps well, preserves the discoidal shape of
the red cells and does not cause haemolysis or agglutination

Leucocyte Diluting Fluid
Two per cent acetic acid coloured with a trace of gentian
violet or brilhant green (see also p. 43).

Platelet Counting Flmids
(1) Lempert-Kristenson’s Method

Solution 4. Sodwum atratel 0 g
Mercurie chloride 0 002 g.
Brilliant cresyl blue 0 2 g

The reagents are dissolved in 100 ml. distilled water at 45°C.

Solution B Urea 20 g
Distilled water to 100 ml.

Equal volumes of .f and B ar¢ mixed and filtered immediately
hefore use (see also p. 111).

(2) Method for Venous Blood 1wml of 0 5 per cent solution
of brilhant cresy blue m 0.85 per cent salme 1s added to 18 ml.
of red cell counting flud (formol eitrate solution), The
mnture should be made up freshly for each eount and filtered
immediately hefore use (sce also p, 112).

155
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Reticulocyte Counting Fluid

0.4 g. brilbant eresyl blue is dissolvéd in 100 ml, citrate-
salime solution (one part 8 per cent sodium citrate, four parts
0.85 per cent sodium chloride), The solution must be filtered
hefore use {see also p. 23).

The Preparation of an Artificial Hemoglobin Standard
[after Gibson and Harrison (8)]

11.61 g. chromuum potassium sulphate [CrK(S0O,),12 IL0.
Analar), using erystals free from any signs of whitening due
to cfflorescence, 13.1 g. anhydrous cobaltous sulphate
(Co 80,) and 0.69 g potassium dichromate (K,Cr,0;) are
dissolved 500 ml distilled water, 1.8 ml. N. sulphuric acid
(H,S0,) added and the whole heated to boiling  After boiling
for one nunute, the solution 1s cooled and the volume then
made up te 1 htre with distilled water.

The cobaltous sulphate must be anlydrous  About 30 g of
oS0, T1L0 are heated for about two hours v o small poreelam
hish placed m an oven at a temperature Just below its meltmg
point (96°C ). The coarser particles shouid be broken up from time
to time with a glass pestle The crvstals should then be heated
overnght 10 an clectrie muflle furnace kept at about 400°C. The
product should be a unmiform llac p()\\({c’r Thus 15 tramferred
wlule still hot to a stoppercd bottle A« soon as 1t has coeled,
13 1 g are weighed out and dissolved in 80 ml of distiiled water
with the aid of heat  As the anhy drous salt 1 hn groscopie, 1t ean
only be hept if sealed i glass tubes immediatels atter preparation

The standard 1 equisalent to 16.0 10 2 g haemoglobin
(based on sron determinations) when used as deserthed on

p. 30

Solutions for Supravital Staining
0.2 ml of a saturated solution of neutral red in absolute
ethyl aleoliol 1s added to 5 ml of absalute ethyl aleohol
0.02 m! and 0 05 mbL of a saturated solution of Janus
preen m absolute ethyl alcoliol arc then added to 1 5 ml
volumes of the neutral red solution diluted as deseribed aliove,
Shdes are prepared using hoth the above soluhions (see

also p. G4).
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Solutions for Peroxidase Staining

1. Fnativer absolute ethyl alcohoel, nine parts; neutral
formalin {40 per cent formaldechyde), one part.

2. A saturated aqueous <olution of benzidine.

3. A saturated aqueous solution of sodium mtroprusside
Before use one part of (3) 15 added to 99 parts of (2).

4. Afreshly made dilution of hy drogen peroxide {10 vols”) ,
0.04 ml are added to 10 nl. of distilled water {(see also
p. 68).

Solution for Staining Siderocytes

1. 2 per cent potassium ferrocyamde (freshly prepared).

2 N/5 HCl
Equal parts of 1 and 2 are muxed nmmediately before use
(sec also . 73)
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FORMULA AND PREPARATION OF
ANTICOAGULANT SOLUTIONS

FOR LABORATORY USE

Preparation of Tubes Containing Dried Oxalates
[mixture of Heller and Paul (1)]

An aqueous solution 15 made contaiming 1.2 g. ammonium
oxalate and 0.8 g. potassium oxalate per 100 ml, 0.5 ml.
(contaning 10 mg. of mixed salts) 1s delivered into test tubes
which are then dried m an oven at a temperature not ex-
ceeding 80°C' It 1s convenient to use tubes or bottles marked
at the 5 ml. level 10 mg. of oxalate 15 suflicient to prevent
the coagulation of § ml. of blood,

Preparation of Tubes or Bottles Containing Heparin

0 1 mg. heparin 15 usually sufficient to prevent the congula-
tion of 1 ml. of blood for at least twenty-four hours. For
routine use 1t 15, however, best to use twice thus concentration,
Hepann powder 15 dissolved 1 distilled water to make a
solution of 4 mg per ml. 0.25 ml of tlus solution 15 delivered
into tubes or bottles previously marked at the 5 ml level
The contamers are then placed in an meubator at 37°C. for
about twenty-four hours, at the end of which time the heparin
should be deposited as a dry almost mvisble film

FOR BLOOD TRANSFUSION

Disodium citr:_l}e 16 6g -

Dextrose 254,

“Pyrogen frcc}'* hstilled water to 1000 mi.

* The presence of “pyTogens,* 1e dead bacteris or products of hicternl
grosth, 1n stenhzed folutwns or in the apparatus used for transfusons s

enerally held o be a potent cause of pyresia aml tigors deviopmg after
The content of * pvragens® in water can he ait down €0
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The above is diwtributed i 120 ml, volumes and auto-
claved at 20 lb, for twenty minutes. 120 ml. contains
sufficient anticoagulant for 420 ml. blood.

Blood preserved in the aboie solution and stored at the
optimum temperature (about 4°C.) survives well after
transfusion.} There is also the additional advantage that the
dextrose and citrate solution, being a relatively acid mixture,
may be autoclaved together without the dextrose being
caramelized.

It 1s important that the autoclaves are properly used. The aim
is to subject the article to be sterilized to moist heat at 120°C for
at least 20 minutes ; at thus temperature even the most resistant
bacterial spores are killed. To achieve this temperature, the auto-
clave must be emptied of air either by *‘blowing through” with
steam or by means of some ogher deviee, and the steam allowed

tlghten::d when the bottles are removed , if this1s done, 1t is best
that the bottles cool 1n the autoclave and that air 15 allowed
to enter the autoclave through a cotton-wool filter. If the caps are
tightened when the hottles are still hot, a vacuum within the bottles
causes an undesirable wnrush of air when the bottle 15 subse-
quently opened, and a serious likelihood of contamination, The
efbeency of an autoclave can be simply gauged by 1ts power of
sterihzing garden soil.  Other methods of assessment of their
effictency and further details as to the use of autoclaves in blood
transfusion wotk are given by Spooner and Turnbull (2).

tThe expenmental evidence wndwating that disoduum atrate-ghiense
muture 1s the best anticoagulant to uwe 1€ blood 15 to be Stored prot 16 trans.
fuston, 13 mven in the papers of Loutit, Mollson and S oung (3), Loutit and
Mathson (4), Loutst (5) and Gihson ef al {6)
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PREPARATION OF USEFUL PIECES OF
APPARATUS

Flask for the Defibrination of Blood

It 15 often convenient to use defibiinated bBlood as a
souree of serum  The blood (10 to 50 ml} is delivered into
a 100 ml. conical flask contaming a central glass rod with a
crooked 1rregylar end (made by fusing small peces of glass
capillary to 1t) kept in position by a cotton wool plug (see
Tig. 0). The flask s held by the neck and the contents rotated *
around the glass rod.  The blood 1s usually successfully
defibrinated and the fibrin entangled on the rod within five
ninutes. Lattle or no hremolysis 1s caused by this procedure.

Glass Capillary Automatic Pipettes

Small automatic pipettes* made to deliver small volumes,
say, 0 03-0 25 ml of blond or serum, are of great use in
chnyeal pathology for a variety of purposes, and in particular
for making seriai dilutions of serum, as in tirating iso-
agglutinins  They are made of gloss capillaries with the
upper and lower ends shyhitly constricted and fived in position
with sealng wax i an outer glass tube (sce Fig. 10)

These pipettes may be ealibrated by making the capillary
a Iittle longer than will be required to dehver th requared
volume and gradually cutting 1t down wntil 1t dddners the
correct amount—judged by delivering a series of svolumes
mito a graduated centrifuge tube or w.ml measuring ¢y hnder,
or by weighing a series of volumes delivered mnto a previous]y
weighed contaner. For makimng sertal dilutions, exact ealihrg-
tmr: 15 unnecessary. Practice 15 required, however, before
these pipettes can be elfectively used, for in unpractised
o e ot e S R

Glass Tube,” 1914, London
160
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hands fluid may be lost by being allowed to spill over into
the outer tube. Their construction minimizes the risk, when
making serjal dilutions, of *“carrying over” concentrated
serum into tubes which should contain highly diluted serum,
as may be done if a Pasteur pipette marked to deliver a
certain volume is used for the titration.
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METHODS OF CLEANING SLIDES
AND APPARATUS

New Slides. These should be placed in dichromate
cleaning mixture (10 g. potassium dichromate dissolved m
100 ml. 25 per cent sulphuric acid) for at Jeast forty-eight
hours. They are then washed in running water, rinsed in
distilled water and stored until used in 95 per cent alcohol.
They should be dred with & cleari himen cloth 'and carefully
wiped free from dust before films are spread.

Dirty Slides. When-discarded;-they, should be placed in
2 per cent lysol solution, fl‘hey;should then be washed under
a tap and placed 1n a cornmeércial detergent solution and
botled for twenty nunutes. After a wash i tap water, they
<hould be rinsed in 5 per cent HCI and then washed in hot
running tap water. Fimally, they should be rinsed in distilled
water before being dried with a hinen cloth.

Chemical Apparatus and Glassware The apparatus
shonld be well washed 1 running warm water before bemng
submerged m dichromate-sulphuric aexd eleaming mrxture
for at least forty-eight hours. Then well washed 1 runnmg
water and finally ninsed m distilled water before being dred
in an oven

Counting Chamber and Cover-ship. Immediately
after use, they should be washed with warm water under the
tap If greasy, they should be flooded with ether and dried
with a clean Iinen cloth before the ether has had time to
evaporate.

Blood Pipettes It 1s best to use a suction pump 2 per
cent HCL 1s drawn through, then tap water This 1s followed
by distilled watcr and then acetone (or alcoho! followed by
ether)  Fmally, air 1s sucked through until the pipette 15 dry.

Rubber Tubing Used in Blood Transfusion Work.
A potent cause of pyrogenic reactions after transfusion 1s the

163



164 APPENDIX

use of improperly cleaned tubing from wiuch all traces of
blood from a previous transfusion have not been removed.
This risk can be minimized by washing through the tubing
with running water as soon as a transfusion has been com-
pleted so as to prevent the possibility of blood drying within
the tube, When returned to the laboratory, the whole appara-
tus should be dismantled and runming water drawn through
each piece of tubing until the efflux appears to be clear. A
length of tape is then passed through with the aid of o stiff
wire introducer and the tape then drawn backwards and
forwards. By this means small preces of adherent clot or
fibrin can be removed. Runming water should then be once
more drawn through the tubing, and finally it should be
rinsed with distiled water and allowed to drain and dry
without delay.
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THE USE AND STERILIZATION OF SYRINGES
FOR HEAMATOLOGICAL PURPOSES

Two types of equipment may be used for obtaining blood
by vempuncture, a dry syringe, preferably of the all-glass
type, or a needle to which approximately 5 em. of rubber
tubing has been attached.

Syringes. Syringes of 10 ml. and 20 ml, capacity are
convement, bearing needles of 21 and 19 S.3.G. respectively.
They may be stenlized with the piston and needle in position
in glass tubes of a size slightly smaller than the diameter of
the flange of the barrel (sec Fig 11). Itis convement to place

, R H
& (‘-’ el ﬁ :

g 1
i !

Fic 11  SIERILIZED SYRINGE FOR THE COLIECTION OF 3-10 M.

a small piece of lint within the wrapping coverig the open
end of the tube ; this prece of hnt ean serve as a sterile swab
when blood 15 bemg withdrawn. Sterilization 15 affected by
placing the wrapped syringe m a hot air oven at a temperature
of 160°C for not less than one hour.

Syringes and necdles should always be well washed through
with water after use, before the blood within has had time to
clot  Before re-sterihzation the syrninge and piston must be
thoroughly washed and cleaned in hot soapy water and then
m running warm water and finally dried with a clean linen
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cloth. The ncedle should be well cleaned with a pledget of
wool on a stick or wire, as in a throat swab, and the lumen
cleared with a wire stillette. Before the syringe is considered
fit for use, the fit of the ncedle should be tested by foreibly
sucking up water through the needle and noting how much
arr, if any, enters the syringe.

Needle and Rubber Tubing. Needles with olive mounts
and of gauge 1B, as used for giving blood transfusions, are
suitable. Two inches or so of rubber tubing are attached
to each needle. They should be placed in test tubes (see
Fig. 12) and sterilized by autoclaving for twenty munutes at
20 1b. pressure, After removal from the autoclave, they

o e

wn

Fit 12, STFRILZFD NEFDLE FOR THF COTTPCTION OF 20-50 ML,

should be “‘dried off”” 1 an oven at a temperature not exceed-
ing 100°C. With these needles 25-50 ml of blood or more
may be rapidly withdrawn.

A great deal of useful mformation 15 contained n the
AM.R.C. War Memorandum on the “Sterihzation, use and care
of syringes” (7), a hooklet every laboratory worker should
llOQ‘qu.
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A NOTE ON RECORD KEEPING IN A
H/AEMATOLOGICAL LABORATORY

It is most important to keep seral records in the laboratory
of the blood findings of every patient investigated. Only 1f
the results of previous examinations are readily available, can
an intelligent interest be taken in the progress of a case, and
errors and discrepancies discovered. The filing card re-
produced overleaf has been found useful. Spaces are available
for the results of most of the more common investigations,
and some room 1s left for recording the results of*the less
commonly performed tests. The cards are approximately
10 X7 1. in size and printed on both sides. They are filed
away arranged alphabetically according to the patients’
names.

REFERENCES

(1) Heuees, V. G, and Paur, Il.(um). “Changes lncell\olumepxoduced
by yarymg f cifferent . Lab chin

Med., 19,777
(2) brookem, E T €, and Tomvavis, L H (1942) ©Notes on the use of
elnera t blood trans-
@) A L + * Citric aeid~
' Qunn J erp.

of plasma. by means of two 1sotopes of radioactive ron ™ J elin Invest,
15

. 7

(7) “The stenhzation, use and care of symnges™ (1845) MRC War
Memorandum No 15 M stationery Office, London.
(8) Gimsox, @ H, and Harmisow, D C. {1943) “An artibenal standard for

wse 1n the estimation of hemaglobin ™ Biockem J , 39, 4
167



APPENDIX

168

{u1.£% 01 221 femtu) N Lv(] T1O1D0 104VILE H D IUIS oNIEIODEY 01 auv) N hi o1y

—

—

Ty

L

|

1T

LT




INDEX

“*Absolute values,” 33
accuracy of determinations,

caleulation, 33-3¢
normal range, 34
variation 1n disease, 34+
Acld hzmatin method of hemo-
globin estimation, 28
Acidified serum test, 97-69
Agglutinin content of sera, titra-
tion, 135
Alkaline hmmatin method of
hemoglobm estimation, 29, 30
Anzmia, diiagnosis 36, 49-50,
107

Anticoagulants, 2
ammomum and potassium oxa-
late mixture, 2, 158
arculating, 1
disodium citrate, 158-159
heparin, 3, 118, 158
modes of action, 3
Anti-globulin rabbit serum,
138

Anti-globulin test, 103, 136-138

Ashby method of differential
agglutination, 103

Autoclaves, 159

‘Autohsemolysis, 96

Bilirubin, 87, 141, 143
Bleeding time, 118
sigmficance, 119
Blood, clotted, incubation of, 97
collection, methods of, 1, 4
defibrination, method of, 160-
161
normal values, 6, 8, 9
peripheral, 4. 5
physiological vamation 7, 10
storage, 3, 139
venous, 1, 5
Biood cells, recogmtion of types,
82

Blood films, 39
diagnosis of blood diseases by,
49

distribution of leucocytes, 40,
41-45

on cover glasses, 39

on shides, 29-40

peroudase reaction, 67

stamning, 40-

technique of examunation, 49

thick films, 152-154

Blood grouping, false positive

reactions, 180-131, 133

methods of ABO grouping,
128-129

methods of Rh typing, 131~
133

Rh genotyping, 133-134
subgroups of A and AB, 180
Blood groups, 123-128
ABO groups, 126
less important groups, 127-
128 -

Rh groups, 126-127
Wiener's Rh nomenclature,

127
Blood transfusion,
laats, 158-159
direct matclung test, 138-120
transfusion reactions, 140-143
Bone marrow biopsy, 75-85
cell counts on aspirated
marrow, 7'
concentration of marrow,
8

antrcoagu-

differential counts on aspi-
rated bone marro, 80

tliac crest puncture, 77

making films of asprrated
matenal, 78

normal ranges, 80

spinous process puncture,
7677

sternal puncture, 75-76
tibial puneture, 77
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Bovine albumin, 104, 133, 130,
139

Carboxyhzmoglobin  method
of hzemoglobin estimation, 27
Coagalation time, 115-118
Dale and Laidlaw’s method,

116 -
Lee and \White's method, 115
normal range, 116
significance, 117
Clot retraction, 122
normal lmts, 123
Coombs' test, 103-104, 136-138,
139
Cover-slip, 13
method of eleaning, 163
Cyanhsematin method of hemo-
globin estimation, 30

INDEX

Hemagglutination, bacterio-
genie, 130-131

Hemagglutinins, anti-A  and
ant-B, 135
ant-Rh, ‘188

“cold”  haemagglutinins, 101-

103, 131
methods of titrating, 135-136
Hematocrit value, 32
Hematologlcal records, 1067-
168

Heemoglobin, ron content, 26
normal range, 27
standard, artificial, 156
Hzemoglobin estimation, acid-
slhalt method, 29
acid hamatin method, 28
alkahne hematin method, 29-

earboxyhemoglobm method,
27.28

cyanhzmatin method, 80-81

ovyhrmoglobin method using
grey-wedge photometer, 31

use of Gibson and Harrison’s
artificial standard, 30

cold,” 96

Do, Lo
preputaLion, 190 Hzmoglobinmemia, 87, 141
D h-L iner, test, 99- “
101 nocturnal, 87-88, 96-09, 105
Hzzmolysins, *‘cold,” 90-100
- et e s in *warm,”

147
Eyepiece micrometer, 6i-61

Feulgen's stain, 70
Field’s stain, 152-153
Forssman antigen, 149

Glbson and Harrison's arti-
ficial heemoglobin standard,
30, 150

Glemsa's stain, $1-12, 64

Glandular fever finfections
mononucleoses), 147, 149-151

Hm=molytic anzmia, acquiretd,
94, 96, 101
diagnoss, 107
famliai, 9%, 86, 103
Hemomyelogram, 79
Hmmorrhagic disorders, diag-
noss, 123
Heemosiderinuria, 87-88
Haldane’s method of hrmoglobin
estrmation, 27
Ham's test, 97-09
Heinz bodies, 71-72
Heller and Paul’s oxalate mix-
ture, 2, 158
Helly's fluld, 83
Hepoarin, 3, 118, 158
Heterophile antibody, 147
of mar-

Granules, m sup 1 stamng,
65 . . .

E
row, 83-83
ia, 130

Gurr’s

Hyper
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“‘Incomplete’” antibodies, 103-
104, 133-139
“cold, i 104
«*Incubation® fragilny (auto-
hamolysis), 96

Janus green stain, 64-G3
Jenner's stamn, 41

Kristenson®s platelet counting
technique (Lempert), 111

Lesshman's stamn, 41
Leucocyte count, 43
“battlement” count, 48
differential count, 4119
dituting flmd, 43, 153
error of total count, 43 44
longitudinal method of count-
ng, 13-4
normal Tanges, 49
physiological vanation m, 10
Leucocyte-erythroblast ratio,
81

Macrocytosis, sigmificance, 33

Malara, value of thich fitms t,
152-15¢

Matching test in blood trans-
fusion, 138

May-Grunwald’s stain, 42, 84

Mean cell drameter (MCD),
33-60

Mean cell

17
QOsmuotic fragllity test, 88-96
normal hrmts, 91, 93
photoelectric estimatson,
91-93
recording results, 94-03
significance, 93-94
¢1sual masching technrque,
89-91
Oxyhemoglobin methnd of
bemoglobin estimation, 31

Packed cell volume (P.C.

32-33
aceuracy of estimation, 34
anticoagulants used 1n estt-

normal range, 33
“‘Pappenheimer bodies,” 23,
Paul-Bunnell test, 147-152
Peroxidase reaction, 67-68, 157
Phase contrast condenser, 66-

67

Phosphate buffers, 42-43
Photoelectric method of deter-
mning osmone fragiity 91
Pipettes, ealbration of hamo-
globin” pipettes, 15
glass automatic, 160-161
Platelet count, 110-114
diluting flurds, 111, 112. 133
mdirect imethod, 112-113
mpert-Rristenwon's
method, 111
nornal range 118 114
siguficance 114
3

e,

33
NMean cell h@moglobin con-
centration (M C H Conc ), 33
Mean cell volume (M C V), 33
Mechanical fragility, 96
Methemalbumin, 87
NMitochondrin, 65
Multiple myelomatosis, 130
Myelogram, 79-81

Needles, method of sterilization,
166

Neutral,red stawn, 65

Pri

ves, 32-33 58
statihcal treatoient of data,

u(hmq\xc of measnrement,

Prickers, glass capillans.
Prothrombun, mmumpnun st
118

estimation of prothromlun tune,
20-121

pnp.lnnon of thromhoplastin,
12112,

e of Tussell s siper senom,
21

Pyrogens, 140, 138-139
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Records in a

INDEX

Serum h H tests for,

laboratory, 167
Red cell count, 12-22
diluting fluid, 12, 155
errar of total count, 13-
10 dhagnosts of anemia;
normal range, 7, 15
o

o, 12-

99, 111
Serum jaundice, 4
Sickle cell anmemia, 67, 105
Sickling of red cells, 67
Siderocytes, 72-73, 137
Sldes, mell\mk u[ (le'\um" 163
41, 67

11
turbimetne methods, 22
Red cell diameters, 32-53

for_siderocytes, 72

for sectioned material, 84
fnr thick blood films, 152
formule and

by
method. 57-G0
measurement by evepiece
micrometer, 60-61
measurement by  Price-
ones’ method, 53-57
normal ranges, 57
Relapsing fever, ialue of thick
films, 152-154
Reticulocyte count, 22-25
aceuracy of count, 23
diluting flud, 23 136
techmque, 2
Rh agglutinins, utmuon of, 135
Rh antibodies, detectron of, 134
Rh typing, methads 151
Romanowsky stains, 41
Rouleaux formation, 63
139140
Rubber tubing, method ot clean-
ing 163-164

130,

Schumm’s test, 87

preparation, 133
Sudan black staining, 71
Supravital technique, 64-66, 156
Surviva! of transfused red
cells, 105-107, 142-143 -
Susa’s fluid, 69
Syringes, method of stenlization,
163-166 -

‘Tile technique of blood grouping.
129

Tube technigue of blood group~
mg, 128, 131

Tr}psln. 104, 134

Unna-Pappenheim’s stain, 63-6%
Urobilinogen excretion, 87

Vacuoles in supravital staining,
66

Waugh-Ruddick’s test, 118
Wet-fixation of blood films, 69






