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CHAPTER 1

COLLECTION OF BLOOD AND NORMAL VALUES
COLLECTION OF BLOOD FROM PATIENTS

VENous blood 1s p d for most h
but pertpheral samples can be almost as satisfactary for some purposes
if a free flow of blood is obtained.

Venous Blood

This 1s best withdrawn from an antecubital vein by means of a dry
synnge  Alternatively, a needle to which about 5 cm of rubber tubing
have been attached can be used in patients who have good verns. The
needles should not be too fine or too long. Those of 19 or 20 S.\W.G
are suitable for use with synnges £ a syringe 1s not being used, they
should be of larger bore, € g., 16 S W.G., with these needles 100 m! or
more of blood can be casily withdrawn, Short needles with shafts
about 15 mm long are particularly suitable for use with children

Ideally, congestion should be completely avoided, i practice a tourns-
quet 15 usually necessary—tt can often be Ioosened once the needle has
been nserted nto the vein 1t 1s hikely that complete stass for as little
as 30 seconds causes some haemoconcentration (26)  The piston of the
syringe should be withdrawn slowly and no attempt made to withdraw
blood faster than the vemn 1s filling  After detaching the needle, the
blood should be delivered carefully from the syringe into a contamer,
and 1f 1t 1s desired to prevent coagulation 1t should be promptly and
(hOTOL~1 b & ~aesl o wod  Latn s .

Ifb
thebt
volume of blood on to a waxed watch glass and to make the films (or
collect a measured sample of blood for a platelet count) from this
(see pp 37 and 49)

Haemolysts can be avoided or mimmized by using clean apparatus,
withdrawing the blood slowly, not using fine needles, deltvering the
blood gently 1nto the receiver and avoiding frothing during the with-
drawal of the blood and subsequent mixing with the anticoagulant

Blood collected 1n order to obtaln serum should be delivered nto
sterle tubes or screw-capped bottles and allowed to clot undisturbed
for 1 to 2 hours at 37°C  When the blood has firmly clotted and the
clot has started to retract, the sample may be left n a refrigerator

Pract them 1



2 COLLECTION OF BLOOD

ovcrm’ght at 4°C., so that clot retraction may become complete under
condﬁmns unfavourable for the growth of bacteria. If the clot shows
no sign of retraction, 1t may be gently detached from the walls of the
container by means of a platinum wire or sealed Pasteur pipette. Ifit
is roughly treated haemolysis 1s certain to follow.

When serum is required with the minimum of delay or when both
serum and cells are required, as in the investigation of certain types of
haemolytic anaemia, the sample can be defibrinated. This s simply
performed by placing the blood in a receiver such as a conical flask
containing a central glass rod on to which small preces of glass capillary
have been fused (sce p. 222). The blood is whisked around the central
rod by moderately rapid rotation of the flask. Coagulation is usually
complete within 5 minutes, most of the fibrin collecting upon the central
rod. When fibrin formation seems complete, the defibrinated blood
may be centrifuged and serum obtained quickly and in relatively farge
volumes  Blood defibrinated n this way should not undergo any
apprecrable degree of haemolysis. The morphology of the red cells
and the leucocytes 1s well preserved. Defibrinated blood 1s thus
a good source of leucocytes for bufy-coat preparations and for demon-
strating the L.E.-cell phenomenon.

When cold agglutinns are known to be present in high concentrations
it is best to bring the patient to the laboratory and, using a ncedle con-
nected to a short Jength of rubber tubing, to collect blood into containers
previously warmed to 37°C. When filled they should‘bc promptly
replaced 1n the 37°C water-bath. In this way 1t is possible to obtain
serum free from haemolysis even when cold anttbodies are present
capable of causing agglutination at temperatures as high as 30°C. The
blood must be left undisturbed at 37°C until the serum has separated.
When the clot has retracted and clear serum has been expressed, the
serumt 1s removed by Pasteur pipette, transferred to a tube warmed by
being allowed to stand in the water-bath and then rapdly centrfuged
s0 as to rid 1t of any suspended red cells

Anticoagulants

Several good anticoagulants are
tology: ammomum and potassium oxalate muxture,
sodium citrate, and hepann

available for use 1 climeal haema-
Sequestrent,

Ammonium and Potassium Oxalate Mycture (Heller and Paul (11))
four parts of
The mixed salts (s parts of ammonium oxalate to
potassium oxalate) are used at a concentration of 2 mg per 1 mi. of
Blood, The mean corpuscular volume 1s unallered and hitje haemo-
Iysts caused. Such blood may be used for haematocit and h::cmo-
globin esumation, and for red-cell and leucocyte counts, and the plasma



SEQUESTRENE 3

for the estimation of bilirubin and prothrombin time. Films are satis-
factory only if they are made without delay.  If the blood is aliowed to
stand for more than a few minutes before films are made, definite pro-
gressive changes take place in the morphology of the corpuscles. The
red cells start to crenate and the Jeucocytes undergo important changes.
The 1 of the becomes lated and ingested
oxalate crysmls may be seen. The nuclei of fymphocytes and mono-
cytes undergo bizarre changes in shape; lobation or budding takes place
and pathological forms may be simulated. Mistakes may be made
unless this type of change is appreciated.

Sequestrene (EDTA)

The disodium salt of ethylenediamine tetra-acetic acid is a powerful
anticoagulant which is more effective weight for weight than sodium
citrate (5,9, 19). It 1s 2 useful alternative to potassium and ammonium
otalate mixture and has some advantages It is effective at a concen-
centration of 1-0 to 2-0 mg per ml of blood. Care must be taken,
however, to ensure by repeated inversions of the container that the
Sequestrene 1s thoroughly mixed 1n the blood added to it. At this
concentration 1t does not appear to affect the packed cell volume
According to Hadley and Weiss (9a) the dipotassium salt of EDTA,
because of its much higher solubility, 1s an even more satisfactory
anticoagulant than the disodium salt.

Sequestrene is non-toxic—it can be used as an anticoagulant in blood
transfusions—and has less effect than oxalate mixture on blood in vitro.
It 1s thus preferable to oxalate mixture mn routine blood examinations
if for any reason blood films cannot be made immediately after collec~
tion. Evenifthe blood is allowed to stand on the bench for 2 to 3 hours
before films are made, leucocyte and red-cell morphology is well pre-
served and good staming can be obtained  Reliable total red-cell and
leucocyte counts can be carried out on blood which has been allowed to
stand for as long as 12 hours. Sequestrene most effectively prevents
the clumping of platelets iz wiro, and for this reason platelet counts
can also be carried out quite reliably on Sequestrene-treated blood
which has been allowed to stand for several hours  Its use also enables
a rough estimate to be made of the platelet count by mspection of a
stamed film. When other anticoagulants are used—in which platelets
clump rapidly—any such esimates are unreliable.

Trisodium Cutrate

A 3-8% aqueous solutron 1s the anticoagulant of choice 1n coagula-
tion studies  Nine parts of blood are added to one part of the sodium
ctrate solution and 1mmediately well mixed with 1t. Sodrum citrate is
also the anticoagulant most widely used 1n the esttmation of the sedi-
mentation rate (ES R ).
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*“ CAPILLARY ™' (PERIPHERAL} BLOOD 5

15 essential, and only the very gentlest squeezing is permussible; ideally,
large drops of blood should exude slowly but spontaneously. 1If 1t is
necessary to squeeze firmly in order to obtain blood, the results are
unreliable. If the poor flow is due to the part bemg cold and cyanosed,
too high figures for red-cell counts, h lobin content and I

counts are usually obtained

The discrepancies between penipheral and venous samples are more
marked if the ear-lobe rather than the finger is chosen as the site for
puncture (2, 13)  However, if the ear 1s rubbed well with a square of
lint until 1t 15 pink and warm, a good spontaneous flow of blood 1s
obtamned from most patients if glass capillaries are used as prickers
(see below). Under these ctrcumstances the figures for red-cell counts,
h content and counts closely app: to those
of venous blood. For **screening* haematology the author prefers
to obtain blood from the ear rather than the finger for the following
reasons: an ear-lobe puncture 1s much less painful, a fresh sterile glass
capillary pricker can be used for each patient, and because relatively
large volumes of blood can be readily obtained 1f the ear is sklfully
punctured.

Ear-lobe puncture 1s carrted out as follows. The ear must be rubbed
with Iint untit warm It 1s then pricked to a depth of 2 to 3 mm. with
a sterile glass capillary pricker® or needle  The glass capillary is placed
against the most dependent part of the lobe of the ear and nserted by
gentle rotation  The first few drops should be wiped away and the
sample collected when the blood 1s flowing spontaneously, usually n
about half a minute A separate glass capillary pricker 1s used for each
patient.  These are made from wide glass capillanies partially pulled out
(Fig. 1) With a httle practice 1t 1s possible to break them so that the
cut end 1s smooth and perpendicular

Glass capillanies are too fragile for use in pricking the finger, A
sterile Hagedorn or sumilar needle should be used mnstead It 1s desir-
able to use a fresh needle for each patient, for only by flaming the
needle between each puncture—which soon results m bluating it—
can 1t be effectively sterilized  Dipping 1n alcohol 15 1nsufficient to
exclude the possibility of transmtting serum hepatitis from one patient
to the other

Heel Blood

Satisfactory samples can be obtained 1 infants by 2 deep puncture
using a stout needle, but only 1f the heel 1s really warm—it may be
necessary to bathe 1t 1n hot water  Even so, skin-prick samples give
haemoglobin values somewhat higher than do venous samples.

* Glass capillary prickers for obtamng blood from the finger were described 1n .
1912 by Sir Almroth Waight in his Handbook of the Techmque of the Teat and
Capillary Glass Tube  They were int routine use m the pathological and brochemical
Iaboratories of King's College Hospital, London, when 1 was a student
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MORMAL VALLUES 7

It is likely that freely flowing blood obtained by skin puncture 15
more ncarly arteriolar in composition than capillary, Indeed, the
haematocnt value, red-cell count and haemoglobin content of true
capillary blood are probably sigmficantly Jess than those of venous
blood (8). The platelet count appears to be higher in venous than in
capillary blood—this may, however, be due to adheston of platelets at
the site of the skin puncture. Leucocyte counts are probably identical,
but only if the peripheral blood is freely flowing—if the ear is cold, the
capillary count may be much higher than the venous count (13) The
osmotic fragility of venous blood is significantly greater than that of
peripheral blood, due probably to the lowered pH and reduced oxygen
tension in the venous sample.

NORMAL VALUES IN HAEMATOLOGY

It 1s extremely difficult to state the normal limits of haematological
values; the observed ranges are considerable, and age and sex deter-
mine ymportant differences. In addition, vaniation 1n technique may
explain differences between some observers’ figures; particularly is
this true of such estimations as the counting of platelets and the whole-
blood coagulat:on time.

The borderline between health and ill-health 1s indefintte, so it is with
haematologrcal values, for the normal and abnormal undoubtedly
overlap, For instance, a value well within the recogmzed ** normal
range™ may be definitely pathologreal in a particular subject, e g, a total
{eucocyte count of 10,000 cells per ¢ mm. 1s abnormal for 2 man whose
count usually ranges between 4,000 and 6,000 per c.mm

The data given 11 Table 1 are denved from vanous sources (7, 15,
17, 18, 24, 25)  Other references are given 1 later chapters when the
actual techmques are deseribed  The figures given are believed to
cover at least 95°, of healthy subjects

TABLE |

NORMAL HAEMATOLOGICAL VALUES
VARIATION IN HEALTH

Red cells
Men 4 5.6 5 miflion per ¢ mm
Women 3956 . . .
Infants (full-erm, cord biood) 1056 o 7"
Children, 1 year (mean) 45 PR
Children, 1 vears (mear) a7

Haemoglobun
Men

ommen
Tafants (fulkesm, cord blood)
Children, 1 year (mean)
Children, 10 years (mean)
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Paclml c:ll ln/mm‘ (haematocrit salue)

. . v . 2,

Vomen" 5 4

Infants (full-term, cord blood) .. .. 446297
Children, 1 year (mean) .. oo3se
Chrldn:n 10 years {mean) . N - . 37-‘5‘3.’,

Mean mrpu:(ular volume (M.C V')
Adults . . . . v T6-96cy

}\Imndcnrpum:/ar haemoglobun (Af C H')

B - o232 pg
Mean ¢ lar h fob MCHC
Adults . ( . )32»36‘3,"
Mean corpuscular diameter (dry films)
Adults . . . 66774

Renculocytes
ults . . . 02-20%
Infants (full-term, cord blood} 2-6%

Leucocyres
Adults N NS 4,000-10,000 per ¢ mm
Infants (full-terrn, at birth) . 10,000-25000 ,,
§nfants (1 year) . 6,000~ 8. P
Chidhood (4-7 years) . 6,000-15, P
Chitdhood (8-12 years) 4,50043.500 [
Drfferential feucocyre count
Adults  Neutrophils 40-75%, 2,500-7,500 per cmm
Lymphocytes 20-50°% . 1, 500»3 SDD P
Manocytes 2-10% .o
Eosinophils 1-6% 40» 440 w o
Basophils 1% 15100 . .
. 150,000-400,000 per ¢ mm
FPlatelers - R 000 P
s . . s.11 min
quick)) 1o-18 5

200400 mg et wn ml

Osmorc fragidity » . e tem
By P s
20 t 91-100
030 97-100 80-100
01s 72 100
0 40 0 %0 65-100
045 5- 54- 96
Q 50 o s 36 88
0 55 0 s
0 Q 0- 40
063 0 0- 19
Q70 0 0. 9
075 o 0. 2
e :
> N;
Median corpuscular fragibity MCF) 0 40-0 448°, NaCl



PHYSIOLOGICAL VARIATION 9

Autohaemolysis (37°C) ZJ hour! . . . 0-0 5% lysis

hours oL 043 s°' Iysis

Ca’d-agglulmm mre “cC) . . . . . .- < 64
(meﬂxod o( 8!

. . - 3-5mm in 1 hour, 7-15in 2 hours

W 4~7mm m i hcur' 12-17 10 2 hours

Sr:lmltnmnon rafe (me(hod of Wmlrobe and Landsters)

fen <. 0-9mm m ! hour
Vom -0 o20mm i bour
Heterophle (ant-sheep red-cell) agglutumn fire

Heterophile (ann-sheep red<cell) apgliumn titre (a/m abwrplmn ulm
guinea-pig hidney) < 10

PHYSIOLOGICAL VARIATION

Ph, ical Variation in I lobin C i §¢ i
Value, and Red-Cell Counts (24, 25)

Tt 1s welt known that there 1s considerable vartatton in the red-cell
counts and haemoglobin concentrations at different periods of life.
At birth the haemoglobin content of the blood is higher than at any
period subsequently (Table 1) After the immedsate post-natal period
the haemoglobin level falls fairly steeply to 2 mimimum of about 11 g
per 100 m! at about the fifth to exghteenth month ~ There 1s, however,
considerable individual vanauon The red-cell count falls less steeply,
and the cells become hyp Both 4
and red-cell count then nse gradually to almost the adult level by the
time of puberty, thereafter the levels 1n women tend to be significantly
lower than those of men (10, 23)

o ' .
In addl't‘lon to the p‘emmnerlt echc(s'of Jage and sex, there seem to be

was 11°,



10 COLLECTION OF BLOGD

Physiological Variation in the Total Lencocyte Count (7,17, 22)

The effect of age is indicated in Table 1; in general, higher levels are
observed in childhood. Lymphocytes are the predomi cells from
the second week of life until the fifth to seventh year, when they give
way to the neutrophil polymorphonuclears. Thete is no sex differ-
ence. People differ considerably in their leucocyte counts, but each tends
to maintain « relatively constant picture despite irregular oscillation
during. which variations up to 502 of the count are said to occur.
The minimum count is found in the morning with the subject at rest;
the maximum in the afternoon. * Random activity ** may raise the
count slightly; strenuous exercise causes increments of up to 30,000
cells per ¢ mm.,, chiefly due, it is thought, to liberation nto the blood
stream of neutrophils formerly sequestered in shut-down capillaries.
Large numbers of lymphocytes from lymphatic channels also probably
enter the blood stream during strenuous exercise

Adrenalime injection also causes an increase in the leucocyte count;
here, too, increases mn the numbers of all the major types of leucocytes
{(and platelets) occur (3). The rise has been thought to be a reflection of
the extent of the reservoir of mature blood cells present not only in the
bone-marrow and spleen, but alse in the other tissues and organs of the
body. Emotion may possibly cause an mcrease in the leucocyte count
in a similar way. The effect of mgestion of food is uncertan

The height of the cosinophil count 1s controlled at least in part by the
activity of the adrenal cortex (12, 20), increased adrenocortical activity
leading to a fall 1 the number of circulating eosinophils
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CHAPTER 2
BASIC HAEMATOLOGICAL TECHNIQUES: I
THE TOTAL RED-CELL COUNT

AT G but still considerable proportion of a technician’s
time 1s taken up in performing red-cell counts. Unfortuaately, this
esumfmon is fraught with inaccuracies (p. 17), and it is thus particu-
larly important that both the blood counter and the chinician who asks
for the count to be undertaken have a clear idea of imitations of the
method as wsually carned owt. The following technique is recom-
mended —

A 1:200 dilution of blood is made in formol-citrate solution.
:I'hxs 1s most conveniently done by washung 0-02 ml. of blood taken
into a * haemoglobin ™ pipette mto 4 ml. of diluting fluid contaned
ina75 x 10 mm tube After sealing the tube with a tightly fitting
Tubber bung, the diluted blood should be muxed by hand for at feast
2 minutes by tilung the tube through an angle of about 1207, combined
with rotation, thus allowing the air bubble to nux the suspension;
alternatively, the cell suspension may be ruxed 1n 2 mechanical mixer
34 (Fig. 2).

The counting chamber, with 1ts cover-glass already in position,
should be filled without delay ~This 1s simply accomphshed with the
ad of a Pasteur pipette or a length of stout capillary glass tubing
which has been allowed to take up the suspension by capillanity
Care should be taken that the counting chamber is filled in one action
and that no fluid flows nto the surrounding moat The chamber
should be left undisturbed for at least 3 minutes for the cells to settle,
but not much longer, for drying at the edges of the preparation may
imtiate disturbing currents which cause movement of the celis afier
they have settled It 1s important that the cover-glass should be of
a spectal thick glass and perfectly flat, so that when laid on the counting
chamber Newton's diffraction rings can be seen  The cover-glass
should be of such a size that when placed correctly on the counting
chamber the central rufed area or areas hie in the centre of the rectangle
10 be filled with the cell suspension

The type of counting chambee used and the arrangement of the
rulings 1s largely a matter of taste and availabthty  The visbihty of the
rulings 1s as tmportant as the accuracy of cahbration.

The cells should be counted, ustng a 4-mm dry objectine and x 6,
or x i eyepieces (preferably the latter) It s important to count

12




FiG 2 AN EuctricatLy DRIveN CELL-SUSPENSION MIXER (MADE BY T1
STAFF OF THE P MipicaL. ScHoO OF LONDON]

The motor 1s a 33} rpm gramophone motor Simutar machines (the Matbut
suspension isr) afc obiamable {rom Matburn Lid , 25 Red Lion Sirest,
London,

as many cells as possible, for the accuracy of the count 1s increase
thereby (see below), 500 cells should be considered the absolute mini
mum. With a Neubauer chamber (Figs 3a and 3b), the cells 1 four o
eight horizontal or vertical rectangles of t mm % 0 05 mm (20 or 16
small squares) or in five of ten groups of 16 small squares should b
counted ncluding the cells which touch the top and right-hand margin
and onutting from the count those which touch the bottom and left-hani
margins of the squares Using a Biirker chamber (Fig. 4), the cell
n three (or six) of the 3 mm. ~ 0 05 mm. narrow rectangles should b
counted, including the cells which touch the top and right-han
margns.

Calenlation (1 . 200 dilution)

NMahawar Chawbar,  Nember of colls »3 fosr } anwe 05 gry
rectangles, 0-1 mm. 1n depth (0 02 c.mm. in volume) = N.

* Red-cell count in millions per ¢ mm.

N, .
s v’ 200 (dilution

—.n . tannn
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F1G. JA. Neunaver COUNTING CHAMBER

The total ruled area 1s 3 mm X3 mm, the central ruled area | mm x1 mm I
the central area 16 groups of 16 small squares are separated by triple rubings

Fic 3B Iverovin Nevsaver Counrreo Crasix

ts of 25 of 16 small squared separated by closely
The cemeal nﬂmhﬂg f:gsxg: npmg‘z"ﬂfnx black hnes an the photograph).

raled triple



* RED-CELL DILUTING FLUIDS 15

Burker Chamber. Number of cells in three 3 mm. X 0-05 mm.
narrow rectangles, 0 1 mm. sn depth (0-045 c.mm. in volume) == N.
Red-cell count in mulltons per c.mm, = N X(T%M—S X 200 (dilution)
=N x 4,440,

Red-Cell Diluting Fluid

A solution of 1% (v/v) formalin (40%, formaldehyde) in 3%
trisodium citrate is recommended. The solution js simple to prepare,
it keeps well and does not need to be sterilized, The corpuscles man-
tain their normal disc-like form and are not agglutinated  The cells

Fic 4 BURKER CoUNTING CHAMBER

The total ruled area is 3 mm X3 mm, with triple lines 1 mm apart  The narrow
rectangles measure 3 mm X0 05 13134, the squares they enclose have an area of
sq mm

are well preserved and counts may be performed several hours after

the blood has been diluted

ADllulmg ﬁmd:; such as those of Hayem and To'Ason seem to offer no
. Ay Setn e B S A Oy St SO RO 2

Pplete sphering
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NOTES ON APPARATUS

.Bulb diluting pipettes are not ded; they are expensive,
difficult to calibeate and easify broken, The volumes of blood used are
unnccefsnnly small and the pipettes are difficult to label and handle.
In particular, filling the counting chamber so that the exact amoun of
ﬂfu'd is defivered from the pipette is an art difficult to master, 0-02ml.
pipettes are relatively inexpensive and easy to calibrate. By the use of
4 ml. of diluting fluid in a tube provided with a tightly fitting rubber
bung a suspenston easy to label and handle is obtained, and a perfect
filling of the counting chamber readily accomphshed with the ad of
a fine Pasteur pipette or stout glass capillary.

The accuracy of 0-02-ml. pipettes may be checked, after careful
cleaning, by filling them to the mark with clean mercury, expeling the
mercury and weighing it (43). 0:02 mi. of mercury weighs 272 mp ;
0-05 ml. of mercury weighs 680 mg. It is convenient to draw up the
mercury to the mark in the pipette by means of an oled 1-ml. Tuberculin
syringe connected to the pipette by a small prece of pressure tubing.
The measured column of mercury is then expelled on to a previously
weighed watch-glass and weighed in a balance sensitive to a dilference

of I mg.

Normal Range of Red-Cell Counts in Health

Men 4-5-6 5 mullion per c.mm,
Women 39-56 . .o
Infants at birth 40-56 .. -
(full-term, cord blood)
Children (1 year) (mean) 3 5 . w .
T v v

Children (10 years) (mean)

THE ERROR OF THI RED-CELL COUNT

An accurate red-cell count s difficult to accomplish  The errors

associated with the count are of two mam kinds  those due to iaccurate
apparatus, h or p! ¢ nature of the blood
counted (** techmeal ™ errors) and that due to the distribution of‘ the
suspension of red cells \n the counting chamber—the * inherent ™ or
“field ™ esror (33) The former errors can be mimmzed by a careful
technique, the latter error can only be overcome by counting large
numbers of cells . .

The distribution of the cells in the counting chamber is of an irregular
(random) patiern, even in a perfectly mixed sample  However, the
pattern of disiribution conforms to 2 definite type. Theorctical con-
siderations 1ndcate that vanation between the numbers of red cells
which seftle m areas ssmular in size should conform to a mathematical
distribution (Potsson seties) and that the standard error (o) of the
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distribution of the number of cells in areas of equal size should be given
by +/m where m is the mean number of cells in the areas concerned
(383, 45). Actual expcnmcn(s have shown that the distribution of red
cells in the counting chamber does, in fact, largely conform to the
expected Poisson distribution. In practice, however, ¢ = 0-924/m,
instead of v/m (33, 38a), this difference, which is relatively unimportant,
1s due probably to “ overcrowding ™ 1n the counting chamber. This
type of distribution means that if the counting chamber was filled with
a red-cell suspension so that the mean number of cells m an area
{say 80 small squares) was 100, then 1f 1t were possible to count the
number of cells in each of 100 simtlar areas, 1n 95 areas the number of
cells encountered would range between 80 and [20 (100 420 (2 X
+/100) = 100 & 20); 1n the remarning five areas the counts would be
outside the 80 to 120 range.

Clearly this yandom has a very mp: bearing on
the accuracy of blood counts, for no amount of mixing will mintmuwze
the mherent vanation i numbers between area and area.

tice. Assummg Ior sxmpllcuy that lhc slnndard error of the number of cells
22 (approximately), then

"of oells encountered would range

ot These figures represent a red-cell
wount luging pelween 4 su Lo J 4+ nlion per ¢ mm, with chance deter-
mining the actual number of cells present within the area selected for the
count LForlu‘nal:ly', (han very great range in possible results, dependent

The ratio r% 15 the coefficient of varration (V) and this expressed as a

gives a t way of exp) g thc mherent error of

blood counts  In the example given above V= © = =2 ¥100=4 497,

and the range + 2 V nvolves an error of + 8 8°, or + 440,000 cells
out of a total of 5,000,000,

The wmherent error 1 blood counting can be reduced 1 only one
way by counting more cells  This may be done in one of two ways,
by counting mur: cells m ~one preparation or by making successive
counts The foll (Table 1I) d that, in
theory, the cocfﬁcx:nt of vartation (V) of the count varies n proportion
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to the square root of the number of cells counted, i.e., if four ti

, i.e., if four times the
number of celis Aare counted the coefficient of variation is halved. For
example, if the imaginary (ideal) figures given in Table II are studied,
it will be seen that 19 out of 20 counts based on the number of cells
in 80 small squares will lie within the wide range of 512 to 608 million
per ¢ mx.rlll.;b}c:owcvcr, if the cells in 320 small squares are counted, the
range wi considerably narrower—5-36 to 5-84 million per c.
(¢f., Table 1I) o8 pet eman

Tantx 1§

ERROR OF THE RED-CELL COUNT

No of No.of |, andard Calculated Coem;:mm

Range

small cells 7 red-cell
sq counted error (93%) ')
counted (m) ] (vm) f (m = 29) i (m‘ﬁ::m nl\m) \mn("’::;, i
80 | s | 24 512- 608 | 5 12-608 43
B0 1 1i0 ¢ 33 10541086 | 5 27°5.93 23
320 | 27240 47 2,146-2334 5 36-5 84 Z1
640 67 43464614 | 543-576 15

‘ 130

Table showng how the inherent error of red-cell counting may be
reduced by counting farger numbers of red cells

l

The method of making sertal counts and taking the mean has been
widely (perhaps unconsciously) used as a means of reducing the error
of the red-cell count If a sufficient number of counts are done the
truth 1s likely to reveal itself, not only will the inherent error be reduced
by the counting of a large number of cells, but there is a chance that
errors in technique will cancel each other out

So far only the inherent error of the red-cell count has been con-
sidered. The teccal errors of the count are also of great importance
and may be large. Fortunately, however, much can be done to
mimmize them  The techmeal errors wclude bad sampling of the blood
due to an madequate flow from a skin puncture, to prolonged use of
a tourniquet or to meflicient mixture of venous blood which has sedi-
mented after collection, maccurate pipetting and the use of badly

b pipettes or chambers, d mrung of the
red-cell suspenston, a bad filling of the counting chamber and carcless
counting of cells witiun the chamber

Magath, Berkson, and Hurn (33) have shown that if the number of cells
In an area 1s estmated by wisual countng and then checked by accurate
counting of a photograph of the counting chamber, the wisual eshimate 13
usually too low  However, framing and care can reduce the discrepancy to
small proportions.  This point may be by an actual e
Two (expenienced) observers Were CATying out some senal blood counts
using the same suspensions  Nevertheless, the figurcs of onc obsener were
noted 10 be consistently less than those of the other, the difference in sic
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successive counts was in the same direction, the w:mls of Observer B
MRS 72 i usingy Dbt iy A sl

then it agreement.
The results are illustrated by the following figures*

Observer A Obserser B “ True ™ value
135 107 134
120 108 121
156 128 143
124 19 142
Totals (80 small squares) 535 462 540

The experiment was repeated the following day, with much better results
(there was no attempt to count 2,000 cells)

Observer A Observer B “True” value
128 137 124
145 136 145
125 126 126
140 150 143
Totals (80 small squares) 538 549 538
The fes-~= € b "L = comue o b jarmn as b saL L
of 2,000 . . .
theory, . ,
the eoun,

necessary degree oi concentration (and to be free from interruption) for this
length k tration seems lead to undercounting.
W oot Ptige Pl

[ e

Neubauer chamber 1t 15 easiest to count accurately within the centre 1 mm
square area of small squares
The summation effect of the technical and inherent components of the
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Clearly the ersors of blood counting are very considerable. That
due to the random distribution of the cells in the counting chamber
can be reduced by countxpg the cells in a larger area, as already men-
t{oned (see Table 1), but in ordinary laboratory practice there is rarely
time to count carefully the cells in more than 160 small squares—about
l,OOQ ccll§ in a normal count. The practice of making counts in
fiu'phcale isa gqod one, but does not necessarily increase accuracy:
it is always possible that the second count will be further from the
truth than the first, due 10 the random distribution of eells.  According
to White (51), however, 1t is better to repeat a count using a second
chamber and pipette than to count double the number of cells in a
single filling of the counting chamber.

As Ponder (38a) points out, the figures of Magath, Berkson and
Hurn (2, 33) and Berg (1) illustrate the errors of red-cell counting at
their worst, and show the futility of basing results solely on counts
made on the cells m 80 small squares (usually 500 cells or less)
Ponder (38a) correctly poats out that 1f a sufficient number of cells is
carefully counted and if carefully calibrated pipettes and chambers’
are used, the error is small (not more than -+ 3%), which is not worse
than that of many other Iaboratory esttmations, In fact, 1 the hands
of a good, unhurried technician, using good apparatus, the technical
errors of the count can be almost abolished Howeser, this does not
mean that small differences 1n red-ceil counts necessarily have much

ift even 1f suffi ly Jarge of cells are counted to
reduce the inherent error to small proporttons.  In Table 111 are shown
the results of a sertes of daily blood counts carried out on a healthy
man by the same observer  The results indicate the sort of day-to-day
vanation which occurs even when counting by ordinary visual means
1s very carefully carned out, The samples were taken from freely
flowing captilary blood. According to Biggs and Allington (3), the
day-to-day variation in venous blood 15 no less than that of capillary
bloed.
A more recent study of the errors of haematological methods was
made by Biggs and MacMillan {4, 5)  Their results agree substantially
with those of Berkson, Magath and Hurn (2), and with those of Berg (1).
They point out the importance of personal bias in the performance of
counts, and that waccuracy results from forcknowledge of what the
result should be: e.g, counts made on five samples of the same blood
will more closely correspond if the blood counter knows that the five
samples are part of a single large sample  In performing a count on
a single filhng of a counting chamber, there 1s often an unconscious
tendency to munsmize the differences in the cell counts from suctessive
areas; thus the aumber of cells in the first area counted may determine
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Clearly the errors of blood counting are very considerable, That
due to the random distribution of the cells in the counting chamber
can be redoced by counting the cells in a larger area, as already men-
tioned (see Table I1), but in ordnary laboratory practice there js rarely
time to count carefully the cells in more than 160 small squares—about
1,000 cells in a normal count. The practice of making counts in
duplicate is a good one, but does not necessarily increase accuracy.
1t is always possible that the second count will be further from the
truth than the first, due to the random distribution of cells  According
to White (51), however, 1t is better to repeat a count using a second
chamber and prpette than to count double the number of cells in a
single filling of the counting chamber.

As Ponder (38a) points out, the figures of Magath, Berkson and
Hurn (2, 33) and Berg (1) illustrate the errors of red-cell counting at
their worst, and show the futihty of basing results solely on counts
made on the cells in 80 small squares (usually 500 cells or less)
Ponder (38a) correctly potnts out that if a sufficient number of cells 15
carefully counted and if carefully calibrated pipettes and chambers
are used, the error 1s small (not more than = 3%}, which 1s not worse
than that of many other laboratory estimations  In fact, in the hands
of a good, unhurried technictan, using good apparatus, the technical
errors of the count can be almost abolished  However, this does not
mean that small differences in red-cell counts necessanly have much

fi even if sufficiently large of cells are counted to
reduce the inherent error to small proportions.  In Table 1 are shown
the results of a series of daily blood counts carried out on a healthy
man by the same observer  The results mdicate the sort of day-to-day
vanation which occurs even when counting by ordinaty visual means
1s very carefully carried out. The samples were taken from freely
flowing capillary blood  According to Biggs and Allington (3), the
day-to-day vanation 1n venous blood 15 no less than that of capiliary
blood '
A more recent study of the errors of hacmatological methods u.;ls
made by Biggs and MacMullan (4, 5)  Their results agrce substantially
with those of Berkson, Magath and Hurn (2), and with those of Berg (”f
They point out the importance of personal bias 1n the performance of
counts, and that inaccuracy results from foreknowledge of what “‘;‘é
result should be, ¢ g, counts made on five samples of the same b]?.
will more closely cotrespond 1f the blood counter knows that the five

n
samples are part of a single large sample  In performing a:::;gol;s
a single filkng of a counting chamber, there 1s often an un s
1n the cell counts from suceessiv

d to the
areas; thus the number of cells in the first area counted may determine
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mudlions per c.mm. (< 20), an enormous range! The coefficient of saciation
15 increased 1n lower counts 1f the cells in 80 small squares orly are counted.
At the 3 mullion level 1t 1s 8:3% and at 2 mihion per c.mm. 9 0%

Clearly the errors of blood counting are very considerable, That
due to the random distribution of the cells in the counting chamber
can be reduced by counting the cells in a larger area, as already men-
tioned (see Table I1), but in ordinary laboratory practice there is rarely
time to count carefully the cells n more than 160 small squares—about
1,000 cells in a normal count. The peactice of making counts in
duplicate is a good one, but does not necessarily increase accuracy:
it 1s always possible that the second count will be further from the
truth than the first, due to the random distribution of cells, According
to White (51), however, 1t is betfer to repeat a count using a s:c_ond
chamber and pipette than to count double the number of cells in a
single filling of the counting chamber

As Ponder (38a) points out, the figures of Magath, Berkson and
Huren (2, 33) and Berg (1) illustrate the errors of red-cell counting at
therr worst, and show the futihity of basing results solely on counts
made on the cells in 80 small squares (usually 500 cells or less).
Ponder (38a) correctly pornts out that if a sufficient number of cells is,
carefully counted and if carefully calibrated pipettes and chambers
are used, the error 1s small (not more than -k 3%,), which is not worse
than that of many other laboratory esttmations, In fact, 1n the hapds
of a good, unhurnied technician, using good apparatus, the technical
errors of the count can be almost abolished, However, this does not
mean that small differences in red-cell counts necessanly have much

ifi even 1f suffi ly large bers of cells are counted to
reduce the snherent error to small proportions  In Table Jif are shown
the results of a series of daily blood counts carried out on 2 healthy
man by the same observer.  The results indicate the sort o{dﬂ}'-fo-dﬂy
vanation which occurs even when counting by ordinary visual ’;_“"'1’5
15 very carefully carmed out, The samples were taken fmm3 rtt;g'
flowing capillary blood  According to Biggs and Allmgton ( )x‘ll:
day-to-day variation 1n venous blood is no less than that of capillary
blood, )
A more recent stady of the errors of haematological m“h"d“.““:s
made by Biggs and MacMullan (4, ) Therr results agree substan! \a‘)y
with those of Berkson, Magath and Hurn (2), and with those °rB"§:( oi"
They pount out the impottance of personal bias n the performanes &
counts, and that wmaccuracy results from foreknowledge of w blood
result should be, e.g , counts made on five samples of the Sanhc e
will more closely correspond if the blood counter fknov«s l?;nm“m s
samples are part of a single large s:xmplaml:nl spf)rr ‘sz;:su"mmdo“;

counting chamber, th
p sx)nglc fi‘;mg o the d ‘€ in the cell counts from suceesine

' rine
areas, thus the number of cells 1n the first area counted may dete
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to some extent the final result. Another cause of error js due to selec-
tion of counting areas. There is a tendency to select areas whose cell
content seems to fit in with a preconceived idea as to what the result
should be. Undoubtedly, the best red-cell counts are made by an
unhurried, honest, methodical worker who has no knowledge of what
the result should be. He should always count the cells in the same areas
in the counting chamber.

Further experiments on the selection of areas for red-cell counting have
been carried out by Schnerderman, Mantel and Brecher (41). The experi-
ments were designed to test, in counts based on the totals of cells tn five groups
&f 1 grf.'_m" squares, uﬁl;_t}}_e{‘ the‘cp'rm?}on practice of discarding the total for

. " - . . .

[}

I o x
His results were obtained in the course of leucocyte counts, but probably
the same principles apply to the distnibution of red cells in the counting
chamber. He recommends, therefore, that the centre of the cover-glass
should exactly overlie the ruled area where the counts are performed

ALTERNATIVE METHODS OF RED-CetL COUNTING

Photographic Methods

The errors of visual counting can be eliminated by taking photographs
of the cells m the counting chamber after they have settled. The actual
counts can be done at fersure later  Techmical details are grven by Brown (8)
and Swisher and Izzo (47)

Turbimetric Methods )
Attempts have been made to count red cells (and measure their volume)
f e ok Fnte m mambloadn mmmcle b mlmdmatamie A mmmaent o The ddfelty
b . - £ ) .o
corpuscular size and varation are a - . . . .
has been calcul:;](_cd that tl;ere [ ab(}),;n a - . .
will show a difference of more than ‘' ® ** » '
counts (of true value 5,000,000 per ¢ mm.) where, 1n fact, no difference
custs (38b).
nstrument
Recently, however, the method, has been improved, and 27 (e

PRt




RETICULOCYTE COUNT ) 2

Electronic Cell Counters
In recent years several different types of electrome equipment have been
developed for the automatic counting of particles, and prototypes have been
used to count red cells (30, 50). These machines h:u; a very great potential
advantage over the visual method of counting in, that 'l.nrgc numbers

1s seldom great (secc Chapter 5)

THL RETICULOCYTL: COUNT

Reticulocytes are juvenile red cells; they contain remnants of the
basophilic nbonucieoprotein wluch was present in larger amounty
1 the cytoplasm of the nucleated precursors from which they were
denived. This basophilic material has the property of reacting with
certain dyes such as brilhant cresyl blue to form a blue precipitate of
granules or filaments  This reaction takes place only in vitally-staincd
unfixed preparations  Ifa blood film is allowed to dry and is afterwards
fixed with methanol, the basophilic material gives rise to a difTuse
basophilia when stamned with basophilic dycs  The most immature
reticulocytes are those with the largest amount of precipitable material;
1n the least immature only a few dots or short strands arc seen.  Ripen-.
ing with complete loss of basophilic material probably occurs ae a rule
1n the blood stream after the cell has been delivered from the bone~
marrow; the ripeming process is thought to take 1 to 2 days—the exact
time 1s uncertain.

As the number of reticulocytes 1n the peripheral blood 13 a fititly
accurate refl ofer ivity, a yie countis oneof

the essential of

A Tecivgue forR THE RETICLLOCYTF CouNt

The following technique gives reliable resuits

Diuting Flud 1 O g of brilliant cresy! blue {water-soluble, Gurr)
dissolved 1n 100 ml of atratesaltne solution (one part 3%, sodium
citrate to four parts of 0-85%, sodium chloride)  The mrsture 13 filtered
after sofution and 1s then ready for use

Method. 2 or 3 drops of the cresyl-blue solution are delivered by
weans of 2 Pasiewt pipetie wiv a small glaws tube of & mm antetmad
diameter. Two to four volumes of the patient's oxalated blood are
then added, mixed with the cresyl-blue solution and the mixtare placed
at 37°C, in an incubator or water-bath for 15 t0 20 misutes, At the .
end of this ime the red cells are resuspended 1n the cresyl-blae mlulionl.,
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by gentle mixing and films made on glass slides in the usual way
{see p. 37)  When dry, the films are examined without being fived
or counterstamed,

'Ijhe exact volume of blood to be added to the cresyl-blue solution for
optimal staimng depends upon the red-cell count. A larger proportion
of anaemic blood—and a smaller proportion of polycythaemic blood—
should be added than of normal blood. In a successful preparation
the reticular material should be stained deep blue and the non-reticulated
cells shades of pale greenish blue.

Cresyl-blue stained films should not be counterstained, unless it is
desired to keep them as permanent preparations, The reticular material
is not better defined after counterstaining and precipitated stain over-
Iymng cells may cause confusion. Moreover, Heinz bodies will not
be visible 1n fixed and counterstained preparations

Counting the Reticulocytes

An area of film should be chosen for the count where the cells are
undsstorted and where the staining is good. A common fault 1s to
make the film too thin; however, the cells should not overlap. The
cells should be counted using the 2-mm oil-immersion objective and
if possible eyepieces provided with an adjustable diaphragm If

yepit with an diaph: are not available, a paper or
cardboard diaphragm, 1n the centre of which a small square with sides
about 4 mm in fength has been cut, can be inserted mto an eyepicce and
used as a less convenient substitute

The counting procedure adopted should be approprute to the
number of renculocytes present  As can be seen n Table IV, very large
numbers of cells have to be surveyed if it ts desired to carry out reason-
ably accurate counts when only small numbers of reticulocytes are
present

Haldane (16) showed that if amongst @ population of cells a total of
abnorma cells (tn this case the reticulocytes) 1s counted during the course of
examuung a large number (N) of normal cells, the standard error can be

rmula o - pJ:n' p2 where p s the proportron of abnor-
aknasmal emmnnn cells counted,  Thus,
al cells to be counted
) 0) (1%,), to 72 when
. 1 1 iS Ot necessary 10

derived from the {o
- . .

” .
sunvey more than 240 30" 100 } cells to obtawn a standard error of 10°,
when 30°, of the cells arc abnormal, if there are only 1°, of abnormaf cells, st

10
1§ then necessary 1o surcy as many as IO,IOO( 1 100) cells an order to

obtan a standard error of the same dimensions
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The figures quoted above are obtaned in the following way: if the destred
itandard error of the proportion of n:nculoqlcs s 10,0, then
I h~p | 1—p
a= o o= PNm e m’ -z i Tm-2
whence m -~ 2 =100 ({ — p) When p =0 01, m = 101; Whenp=005,
=97; when p=03, m=72, and so on For pmcucal purposes,
m 00 — P (where P is the percentage of reticulocytes present) 1s a stmple
and sufficiently close approximation. .

In Table IV 15 shown the total number of red cells that must be inspected
to give approximately the same degree of accuracy of the retrculocyte count
at different reticulocyte percentages  The figures have been calculated from
the above formulae.

Taste IV
ACCURACY OF RETICULOCYTE COUNTS

Desired | Percentage of Reticulocytes

degree of |

(tandacd | | | ]

(standar I . 7 7 o7 .

emor () | 10| 2% o, 5% 1ogov o2seg ioso%
0% | 258 | 1228 415 s, 100 25
10° 1 10400 | 4900 1900 900 100
59, 40400 ' 19600 ' 7600 | 3000 ! 400

P 2X s, €8, 1t P was 3%, then P 2o = § £ 2% A least 475 cells
would have to be counted 1o obtain this degree of accuracy

Fortunately, 1 practice 1t 1s not necessary to survey the very large
totals of cells shown n Table IV when attempting accurate reticulocyte
counts on blood only a small £
As Woolf (53) and Brecher and Schneiderman (7) have pointed out
1t 15 unnecessanly time-consuming to count very large numbers of
normal cells In theory, for any degree of accuracy desired, there 15
no necessity to count a larger number of normal cells than abnormal
cells—this 1s the principle of * balanced sampling ” (53}  Woolf (53)

ded surveymg fields until the desired number of
reticulocytes had been counted and counting the total cells (normal and
abnormal) in sufficrent fields—at least ten—to give a total number at
least equal to that of the abnormal cells counted Brecher and
Schneiderman (7) recommended the use of the Miller ocular, an eyepiece
giving a square field 1n the corner of which ss a second ruled square
one-tenth the area of the large square  They recommended counting
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the rs:nculocytes in the large square (the whole field) and the normal
cells in t}}c small square and suggested that 20 fields should be counted
as a routine—the magnification being so arranged that there were abont
100 cels per field.

For counts less than 10% the author's practice is to survey
successive fields until at least 100 reticulocytes have been counted
(recording the number on a simple hand counter) and to count the total
cells in every tenth field. The total cells in at least ten fields should be -
counted. The calculation is then simple:

Number of reticulocytes seen in 150 fields = 100

Total cells present in 15 fields .. ]
.. Approximate number of cells (all types)
in 150 fields . .. . .ooo= 3,000
*. Reticulocyte percentage . .. .= %{) x 100
= 339

When the reticulocyte count exceeds 109, a greater number of
complete fields will have to be counted in proportion to the fields in
which only reticulocytes are counted As Table IV shows, only a
relatively small number of cells will have to be surveyed to obtain a
standard error of 10%/,.

It should be ! d that 1t 1s essential that the reticulocy
preparation be well spread and well stained. Other important factors
which affect the accuracy of the count are the visual acuity and patience
of the observer and the quality and resolving power of the mucroscope,
As in red-cell counts the most accurate counts are carried out by a
conscientious technictan who has no knowledge of the supposed reticulo-
cyte level, thus eliminating the effect of conscious or unconscious bias.

The deciston as to what 1s and what 1s not a reticulocyte may be
difficult, as the most mature reticulocytes contain only a few dots or
threads of reticular material. Nizet (37), who classified reticulocytes
mnto groups according to the amount of basophilic mnl::lf\l present,

. Laiaa
containng ** Pappenhcimer bodies * (31)—genesally only found in
peripheral blood after splenectomy (sce p 75} Fortunately, m'well
stained prep the F h type of granular mat:n.al—
usually present as a single dot, less Iy as multiple d Is—st a
darker shade of blue than does the filamentous material of the

reticulocyte.

Normal Range of Reticulocyte Count
0 2-2:0%,

Adults . y
Infants (full-term, cord blood) 2-6°,
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ESTIMATION OF HAEMOGLOBIN

The large number of methods which have been suggested for the
estimation of haemoglobin is evidence of lhc r:al dlfﬁcully that has
attended this important esumalxc . "

R 1 e

IEVURIVE S and - .

denv:m\es such as atkalme i kee; ively
well and, although now outmoded they have been quite mdcly uscd
in in which the h bin sample to be tested is con-

verted into the same derivative. Cnrboxyhaemoglubm and cyan-
methaemoglobin are much more stablc compounds and bclh derivatives
have been ext Iy used in h h
globin for many years as the standard in Haldane’s method, and
cyanmethaemoglobm more recently (9, 12)

In the followmg sccnon four procedures will be descnbcd and th:xr
merits and d Haldane's ¢
method (15) is mcluded for historical reasons rather than because it is
recommended. The other melhods o be described are the alkaline

haematin method, an method ploying either a
vnsual reading p (M R.C. grey-wedge ph (22) ora
i and the h lobin method.

Th:r: 1s little to choose m accumcy between the methods cmploymg
Ithough the alkalme b

1s probably less accurate than thc others  Sahl’s acid-haematin
method appears to be less accurate than any of the methods mentioned,
and will not be described, and the cyanhaematin method, although
quite accurate, will also be omitted because 1t seems to have no par-
ticular advantage, and because it has the serious disadvantage of
requiring the use of the poison sodium cyanide

The haemoglobin content of a solution may be estimated for standard
or reference purposes by several methods; by measurement of 1ts colour,
its power of combimung with oxygen or carbon monoxide, or by its iron
content The climcal methods now to be described are all colour-
matching techmiques, which measure at the same time with varying
efficiency any proportion of nert pigments (methaemoglobin or
Sulphaemoglobm) whlch may be present. Ideally, as a functional
of oxygen capacity should be
catried au!, but this 1s hardly practicable 1n chatcal practice It gives
results at Jeast 29/, lower than the other methods (20) because a small
proportion of mcrt plgm:nl 1s probably always present. The won
conteat of h: n be but again the
method js impracticable for chimical purposes. Estimatrons based on
ron content are generally taken as authentic, but here, too, iron
bound to mactive pigment 1s meluded. Iron content 1s converted mto
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haemoglobin content by assuming the foliowing relationship: 100 g
haemoglobin = 0-334 g, iron.
In practice it is far better for the accurate haemoglobin determina.
tions required for the caiibration of apparatus to be carried out centrally
rather than for individual pathologists to attempt the rather difficuit
estimations required. In the Medical Research Council's scheme the
haemoglobin content of the standard blood sample is estimated to
within 1%, by the use of threc methods—iron determinatton, spectro-
h ic and a colour: ing procedure in a speciat
comparator—and the blood sample* is dispatched in bottles containing
a ittle streptomycin to act as antiseptic: in the Amencan civilian and
Armed Forces scheme the standardized sample 1s comverted into a
cyanmethaemoglobin solution (9, 12).

The attested whole-blood sample of the M R.C. scheme is intended
to be used for the calibration of permanent standards, e g., Thomson’s
(48) grey solution,* neutral grey screens* (liford), Gibson and
Harrison’s (14) standard as used in the alkaline haematin method, or
the carboxyhaemoglobin standard used in Haldane's method

Normal Range of Haemoglobin Content

Men . . . 13-5-18 0 g. per 100 m!
Women . N 5-164pg ”
Infants (full term, cord blood) 13 6-19-6g. ,, ”»
Infants (1 year) (mean) 1M2g . -
Chuldren (10 years) (mean) 129g .. "»

The Carboxyhaemoglobin Method (Haldane (i5))

Method 002 ml of blood is washed into ammoniacal distiled
water (0 04°, (v/v) ammonia) previously placed mn the graduated
tube up to the 20 mark (The use of shghtly alkaline water as a
diluting fluid prevents the turbudity which often follows gassing. Th{x
is probably due to volatile acids such as sutphur dioxide which precipi-
tate globulin ) Coal gas 1s passed through the sotution at a moderately
brisk rate for at least 2 minutes by means of a glass caprfary pipeite.
Frothwig ts prevented by first dipping the pomnt of the ppeite m,
caprylic alcohol  The carbo‘ythmglglobm solution 1s then carefully

e af sha roadinee

13

R P S ——
LI - Haldane colour standard,
P - ' tion (B S 1.), corresponds

* Obtamable from Kseler Optical Products Ltd . 39 Wigmore Strect. London W I
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vith 2 haemoglobin content of 14 8 g per 100 m! by ron analysis and
n oxygen capacny of 19 s ml, per 100 ml (19, 25)

lne Hdludne meliot Can be Indue very IIII.ILH NIVIE dAULdLe LY Compattg
n the by the

12
&landard solution and by the test solution afler carefully diluting (he test
olution exactly to the 100 mark (24)

The Oxyhaemoglobin Method

This 15 the most practical method for general use now that photo-
electric colorimeters are widely available, the method 1s also surtable for
use with visual photometers (see below)

(@) Technique of the Photoelectric Method

2 ml of blood 15 washed into 4 ml of 0 049 {v/v} ammoma
contained 1n a tube provided with a tightly fitting rubber bung  After
mixing by inverting the tube several times, the solution of oxyhaemo-
globin is ready for matching in the colornmeter A green filter (yellow-
green, Ilford, No. 625) 1s employed If the optical density of the
haemoglobin solution exceeds 0 7 the blood should be further diluted
with an equat volume of distilled water

Standard At a dilution of | 200, blood containing 14 g haemo-
globin per 100 mi, placed 1n a l-cm cell, gives an extinction coefticient
of 0475, using a yellow-green (IMford 625) filter. A neutral grey
screen of 0 475 density (Ilford or Chance) should, therefore, be used
as a 1009, standard With colonmeters fitted to take round test-
tubes rather than rectangular cells, Thomson's solution {48), sealed 1n
a test-tube, makes a convenient standard, and if diluted with one part
of water to two parts of the solution, tt also has an optical density
of 0 475 (19)

However, colortmeters and light filters differ sufficiently one from
the other to make 1t necessary to calibrate each standard 1n the colori-
meter 1n which 1t 1s going to be used against blood of known haemo-
globin content (19) -

The advantage of the oxyhaemoglabm method 1s its slmpllcﬂy and k4
ness  Its reliability 1s not affecte” umndarata oradas af hifiek.
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however, 1t é; not satisfactory in the presence of carboxyhaemoglobin,
or sulph: Job The artificial standards, although

permanent, need accurate calibration,

As ofigmally used, a disad ge of the oxyh lobin method was the
}_cnd:ncnyor’ the so‘!ut{anl of oxyhaemoglobm to fade (46). This has been
e sl S e e B R

is

- . . .
. . .

more at roomn temperature,

(b) Technique Using the M.R.C. Grep-Wedge Photometer (22) .

The solution of oxyhaemoglobin.is prepared as described above.
The density of light transmitted by the test solution is matched in an
adjacent half-field against the light fransmitted by a rotating grey wedge.
The same yellow-green filter (Ilford, No. 625) is employed as before.
‘The haemoglobin content is read off as a percentage (Haldane scale,
100%, == 14-8 g. Hb per 100 ml.).

With this instrument, the ability of oxyhaemoglobin to absorb green
light is compared with a carefully calibrated neutral-grey wedge. The
instrument is portable and may be used in daylight or artificial light .
In careful hands it gives results comparable with photoelectric methods
(21, 23, 29) -

A posstble cause of error 1s the presence of dirt on the alls of the
glass cells or on the glass surfaces anywhere between the light source
and the eyepicce, which affects the two hght fields uncqually.” If the
apparatus appears to be giving anomalous results, the first thing to do
is to clean the glass surfaces thoroughly, taking st pagtially to pieces,
1f necessary S’a\\l', P o P_‘,M\\%c—h L

),
The Alkaline-Haematin Mttod fleva deonetiin wde

The alkaline-haematin method 1s a useful anallary mclhod'ﬂf.ll
gives a true estimate of total b ! even if carboxy fobin
h lobin or sulph globin are present A true solution is
obtained, and the plasma proteins and hpoids have nttle ¢ffeet on the
lof of colour, alth they cause turbidity unless the blood
and alkali are quickly and th hly mixed. A di of the
method 15 that certain forms of haemoglobin are resistant to afkah
d i particular the b Jobin 1 foctal or neonatat
blood (sec p 133), but thus can be avercome by heatng the solution 10 »
a botling water-bath for § minutes  In normal circumstances, Thowever,

the method 1s more cumbersome and less accurate than thie otyhaémo-
o . St = abaeaslastris ealorimeles.

« . R - . et ssing
et . ' . Lo hod
v . . Coee dof
Itis

0 1 ;~'~N;:OH and heated 1 a boiling vater-bath for 3 munuics.
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then cooled rapidly in cold water and when cool matched against the
gimdnrd ina photoclectric colorimeter using a yellow-green (1iford 625)
ter,

Standard. This is a amixture of chromium potassium sulphate,
cobaltous sulphate and potassium dichromate in aqueous solution (for
preparation, see . 220).  The undiluted solution 15 equal in colour to
2 1in 100 dilution of blood containing 16+0 g. haemoglobin per 100 m!
Foruse 45'a standard it should be diluted with distilled water soas 10 be
:qun.-.ﬂcnl to 7+4 g haemoglobin per 100 ml.

Itis essential to heat the standard’along with the test sample  Only
afier heating, which alters the ionization of the salts 1t contains, does
the ability*of the standard to absorb green light approximate closcly
to that of alkaline hacmatin. A fresh sample of standard should be
heated on each oceasion and then discarded ‘

®) Actd-Atkal: Method, A disadvantage of the alkafine haematin
methiod as previously described s that the solution of haemoglobin
in alkali has to be heated'to ensure its complete denaturation  This
Procediite can be omitted if the blood 15 collected first into acid and, after
Sla.ndmg for 2010730 minutes, sufficient alkaliis added to neutralize the
i and convert the acid hacmatin into alkaline hacmatin

“005ml of blood is washed into 4-0 ml. of 0 1 N-HCI and immedi-
2tely well -muxed with it. After standing for 20 to 30 minutes,
095 mL of n-NaOH is"added, and the tube 1s iverted several times,
After standing for not Jess than 2 minutes, the test sample can then be
matched in a ph ic coloti: yell filter (INford
625) 15 employed, using as standard a grey screen or solution (48)
{:rcuously calibrated against blood of known haemoglobin content
treated by acid and then alkali as described above

The Cyanmethaemoglobin Method ©, 12)
m}“’ ‘m.'s of the method is tp dilute blood 1n a solution contamming
0 um bicarbonate, potassium cyanide and potassium fernicyanide
!acmogjobiﬂ’ Toh e by
5 :bm are al} rapidly converted to cyanmethaemoglobm  The optical
Pr;‘z‘g of the sofution is then measured 1n & photoelectric colonmeter,
Ml ;d with a yellow-green filter (Iiford 625)
coacthod. 002 ml of blood is added to 5 m of Drabkin's cyamde-
2O:)yamde solution (NaHCO, 1 g, KCN 0200 g, K,Fe(CN),
18 sto, g, distlled water to | litre) The tube contasmng the solution
“bengorbered with a rubber bung and nverted several times. After
. "2 allowed 10 stand at least 10 munutes at room temperature, the
3

zlmon of evanenat ' ) be compared with the

of known haemoglobin _.

S1t diluted 1 §n 250 1n Drabkan’s solution. Solutions equivalent”

cony
1
©38,10g and 15 g haemoglobin per 100 ml are conventent.
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o " -
f lobin appear Itoll:lsllu.n:lltc_rcd for years; they

prn thavafasa L3oosnd an o,
7 v L

M

pipettes or pipettes provided with a bulb
DETERMINATION OF PACKED CELL VOLUM,
(I’.C.V\ OR HAEMATOCRIT VALUL)

Haematgcm' tubes are in daily use in most chnical laboratories,
for the estimation of packed cell volume can be vsed as a Simple and
!elatl.vely accurate screening test for anaemia, In addiion, 1 con-
Jjunction with imations of h: lobin and red-cell count,
knowledge of the packed cell volume enables the caleulation of
*absolute values ™ (see p. 54).

Wintrobe'’s Method

Wintrobe tubes, approvimately 3 mm, 1t internal diameter and about
110mm in height, calibrated at 1-mm. intervals to 100 mm , are usually
employed for the determination of packed cell volume They hold
about 1 m! of blood

Venaus blaad is collected with mitmal stasis and rendered incoagul-
able by dry ammonium and potassium oxalate muxture, by Sequestrence
or by heparin at concentrations of 2 mg pet ml, 2 mg per ml or
0110 0-2 mg per ml, respectively

Potassium oxalate by itself causes the red cells to shrnk and must
not be used. The blood should be very carefully mixed by repeated
wnrverston until bright red in colour, and the haematocnt tube then filled
at once to the 100 mm mark by means of a glass captllary pipette.  The
tube 1s centrifuged 1n a centnfuge of 15 cm radius at a speed of 3,000
c.pam. for 30 minutes—preferably for 60 minutes (sce fater) The
hetght of the column of the red cells 1s taken as the packed cell volume
(the volume occupied by the red cells expressed as a percentage of the
total volume of the blood)  Above the red cefls and nof included in the
figure for the packed cell volume may be seen a greyish-red fayer of
feucocytes and above thus, Just below the plasma, a thin creamy Jayer of

platelets
Normal Range for Packed Cell Volume (Hacmatocrit Value)
40-54",  Chuldren (! year} (mean)

357,

Men.
Women 36-47°,  Children (10 years) ..{mean) 37 57,
Infants at birth (fulf-term, cord blood) 44-627,
LI . = - ==l four humes the amount of
) *'xen 10, more than I htre of

" ) 0 03
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ACCURACY OF TIIE HAEMATOCRIT METHOD

Duplicate samples centrsfuged at the same time agree within 1%.
1t is this reproducibility which makes the estimaton of packed cell
valume so valuable. It 1s warthwhile to ensure that the blood is well
acrated before filling the haematocrit tube as the packed cell volume
of venous blood is appreciably (about 19} greater than that of fully
acrated blood (which has lost carbon dioxide and taken up oxygen).
However, despite the ease and the close reproducibility of estimates of
packed cell volume there are significant inaccuracies attached to the
method as 1t 1s usually employed Leaving aside inaccuracy due to
ieregularity of the bore of the tubes, failure to mix the sample of blood
adequately or to incomplete filling or faulty reading, a further error
of the method lies 1n the incompleteness of the packing of the red cells
even though a constant volume s attained; indeed, the constant volume
becomes, up to a point, progressively smaller as the speed of rotation
1s increased or, more correctly, as the centrifugal force to which the
contents of the tube are exposed is increased (35).

In addition to the centnifugal force apphed, the speed of packing
depends vpon the density and the size of 1he cells, the vistosiy of the
suspending flurd, and the relative densities of cells and fluid (38¢).

-

et e am o A . .

lug;u torce of about 1,100 g (10}

above suggest that the speed of centn-
[ugmg (3000 Tpm) 1s too low or the maximum radius of the centnifuge
(s The conventional melhod oullmed _above can

* The relation between relative centnfugal force (g), speed of rotation and radus
of ihe sentefuge 1s s gien by the formula Relatne cenerifugal fore (R CF) =
000001118 Wheré r = radus and N = specd of rotation (rpm)

Pract Hacm 2
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Aartianlarly sone.

and 1-5%, respecinely, after 55 mxfulcs' centnifugation  Correction
PR A DI AT St S e SRS

plasma trapping,

MicRo-HAEMATOCRIT MEeTHODS

Several workers have used haematocnit tubes of much smaller diamet
and capacity than that of Wintrobe tubes, The tubes are thus suttable {
haematocnit estimations on ** eapdiary ** blood (32,42, 44)  Shils, Sass an
Goldwater (42) used 0 02-m! pipettes and found that values obtaned wi
. . ) ve - -
tube 32 mm in length, the 'ccnlnfugal force was calculated to be abo
28,000 g. Packing was complete in ] mnute, and no correction for trappe

plasma was thought to be necessary
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FIG 5 BLoop FitMs MADE N SLIDES

Left A well made film  Left Al whooh - an
srregular mn thickness and w{:c;‘\e’l':;: b(A . -

A film which s toa thick  Right A filn o
edged spreader and which shows Jong *

Fic 6 CENTRE (LEFT) AND TalL (RIGHT) OF A BaDLY Mapr Rioon Dt
The centre of the fitm 1s almost devoid of lfeucocytes, in the tait neytroghils, par-
ticularly, are present n large numbers 100

Tofacep 31



CHAPTER 3

BASIC HAEMATOLOGICAL TECHNIQUES: It
THE PREPARATION OF BLOOD FULMS ON SLIDES

Broop films can be made on shdes ot cover-glasses. The latter
hase the single possible advantage of a more even distribution of the
leucocytes, but in every other respect slides are to be preferred.  Unlike
cover-plasses, shides are not easily broken; they are simple to label
and when large numbers of films are dealt with shdes »ill be found
much easier 1o handle

Good films may be made in the follawing manner, using chemicaly
cleaned slides wiped free from dust immediately before use —

A smalt drop of blood 15 placed in the centre hne of a shde about
1 to 2 cnt. from one end.  The spreading shde is placed at an angle
of about 457 16 the side and then mosved back to make contact with the
drop  The drop should spread out quickly along the hine of contact of
the spreader with the shide  The moment this occurs, the film should be
spread by a rapid, smooth, forward movement of the spreader. The
drop of blood should be of such 2 size that the Rim is about 3 em. 10
length (Fig 5) It s essential that the shde used as a spreader should
have an absolutely smooth edge and should be narrower 1 breadth
than the shde on which the film 15 1o be made, so that the edpes of the
film may be readily examned  If the edpe of the spreader is rough,
films with ragged 1auls, containing many leucocytes, result (Figs. $ and 6}

The faster a film 1s spread the more even and thicker will it be, A
common mistake is to make films too thin whist artempting to avad
the opposite (Fig 5)  The 1deal thickness is such that there 15 some
overlap of red celis throughout much of the film’s length with separation
and lack of distortion 1owards the tai of the fitm  The leucocytes
should be casity recogmzable throwghout the length of the fiim  Thar
distibution 1 flms is discussed later (p. 32)  (The preparation of
films of aspirated bone-ntarraw 15 descibed on p 56 )

Labetling Blood Films. A recommended method is to write the same
of the patient and the daie 1n pencil {graphite) on the film wtself. It will
aot be removed by the staiming A paper label may be affied to the
shde fater

STAINING BLOOD AND BONE-MARROW FILMS

Romanowsky stans are almost unnersally employed for staning
blood ftms, and very beantfut pictures may be obtamed.  For the best
31
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results films should be stained as soon as they have dried in the air;
thcy_ certainly should not be left for more than a few hours without
fixation. If films are left unfixed for a day or more, it will be found
that the background of dried plasma stams a pale blue and this is
difficult to remove without spoiling the staining of the blood cells. As
the intensity of staining is affected by any variation in the thickness of
;heggim, it is not easy to obtain uniform staining throughout a film's
ength.

Tha casaslable moamacs ofata e cem 1 4, a1 .

Giemsa's stain methylene blue azure is deliberately added to the methylene
blue-eosin mrxture. Jenner's statn 1s the simplest of the Romanowsky dyes
now 1n use and Gremsa’s stain the most complex  Leishman's stain, which
occuples an intermediate positton 1s still widely used in the routine staining
AF Klamd flae Al Ak tha vast Tie ava smfac'ar tn thaca nhtasmahls ky tha

eosin, and vice versa, A pH of 6 8 1s recommended for general use, but to
some extent tlus depends on personal faste A uml‘gnn pH 13, however,
. D Y I

and its staimng by eostn.
STAINING METHODS

Leishman’s Stain
The film 15 dried in the air and the shde 1s then flooded with the
After 2 minutes double the volume of distilled water 15 added

o It should be rocked

1 ilen £ alln v ad ¢n ctoun frr & tn T mmntpg

- -~ washed 1n a stream of

' - . pnkish tinge (up to
2 minutes).  After the back of the shde has been wiped clean, it 1s set

vpright to dry

Jenner-Giemsa Stain

The films are first dried 1n the aw, then fised by immersing 1n a Jar
of methanol for 10 to 20 munutes They are then transferred to a
staming jar contarming Jenner's stamn freshly diluted with four parts of



JENNER-GIEMSA STAIN  ~ - 39

buffered distilled water. After the films have been allowed to stan
for approximately 4 mnutes, they are transferred without washing to
a jar containing Giemsa stain freshly diluted with nine parts of buffered
distilled water  After being stained for 7 to 10 minutes, the shdes are
transferred to a jar containing buffered distilied water, and rapidly
washed 11 three or four changes of the water and finally atlowed to stand
undisturbed 1n the water for differentiation to take place. The time
required varies; bone-marrow films often need from 3 to 6 minutes and
peripheral-blood films somewhat longer (4 to 12 munutes) Differen-
tiation may be controlled by nspectron of the wet film under the low
power of the microscope; with experience, however, the naked-eye
T L eaLe w o
No 1 cover-glass, using for this purpose a neutral mountant, such as
Gurr’s medium, which 1s misaible with xylol  For a temporary mount,
cedar-wood oif may be used

‘The cover-glass should be sufficiently large to overhe the whole film,
including both the edges and the tad  If a nevtral mounting medium
18 used the staiming should be preserved for at least 5 years  Although
1t 1s probable that starned films keep best unmounted, there are objec-
tions to this course, 1t is almost impossible to keep the shdes free from
dust and 1n the absence of a cover-glass the observer 1s tempted to
examine the film solely with the oil-immersion objective, a practice
which 1s to be deprecated (p. 67)

Tha Tanman- £ o

s

other without being allowed to dry. They may be allowed to dry after
fixation, and stainiag can then be postponed for a few days  However,
1n general, the sooner the films are stained the better the results

The diluted stains usually retain their staiming powers sufficiently
well for several batches of slides to be stamned in them They must,
however, be made up freshly each day, and 1t 1s probably best to stamn
the day’s films all at the same time, 1f necessary in successive batches
There 1s no need to filter the stains before use unless a deposit 1s present

May-Grunwald-Giemsa Stain

May-Grunwald stain may be substituted for Jenner's stamn m the
above-descrybed techmique  Possibly better and brighter staiming
results  The stam 15 used diluted with an equal part of buffered dis-
tilled water and the shdes, after betng fixed 1n methanol, are immersed
11t for approximately 5 minutes before being transferred to the Giemsa
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?;m,_ They shgu]d be. a!)owcd to stain in the latter solution for 10 t
minutes.  Differentiation 1s carried out as described above.

P of Solutions of the R Ly Dyes
Jenner’s Stain 4 %A n nftho mandamad 4 4 -t 4 1 . -

toac . . .

added . . . -

T00M N

for 24 < nite , I i
s r.e.:ll;_;r;c,d‘.“e soiuuon s nitered. It 1s ther ready for use, no Tipening
”ﬁl‘a{-’fnirznﬂt{:f&nlr _‘/_\ 037 (w/v)_solution is prepared in exactly the

FoRMULAE OF PitospHATE BUFFERS

0 2M-KH, PO, 0-2n-NaOH pH
(ml) (ml}

50 178 66

50 210 67

50 237 68

50 265 69

50 296 70

LEUCOCYTL. COUNTS

Total Leucocyte Counts

A 1 1n 20 dilution of bloed 1s made by adding 0 05 m! of blood
100 95 ml of diluung flud tna 75 x 8mm. tube  After tghtly corking
the tube, the suspension should be mixed by tilting and rotating by hand
for at least 2 munutes or rotated in a cell-suspension nuxer, The
counting chamber 1s filled by means of a Pasteur pipetic or stout glass
capillary, as for red-cell counts (p. 12)

The red cells arc haemolysed by the diluting fluid (see below)
but the leucocytes remain intact, their nucler stmmung deep violet-black.
The preparation should be viewed with the 4-mm objective and X 6
eyepieces or the 16-mm. objectne and x 10 eyepieces At Jeast 100
cells should be counted 1 as many 1 sq. mm areas (0 I cmm
volume) as may be necessary—the ruled area 1n a Neubaucr chamber
consists of mne of these areas

Caleulation. 1f N cells are counted 1n 0 I ¢ mm, then the leucocyte
count per ¢ mm N » 10 « 20 (dilution)

N . 200

Diluting Flud 2%, (v v} acetie acid coloured pale violet with gentian

violet
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Nermal Range of the Total Lcucocylc Count

Adults . .. 4,000-10,000 per c.mm
Infants (full term, at bmh) . .. 10,000-25,000 ,, .,
Infants (I year) . . 6,000~18,000 .,
Children (4 to 7 years) 6,000-15,000 ,,
Chuldren (8 to 12 years) 4,500-13,500 ,, .,

Tue ERrROR OF THE ToTaL LEucocyte Count
The factors causing errors in counting leucocytes are the same as in
counting red cells As many leucocytes as possible should be counted,
TN ralle ¢ n eanenmabla and ceamt and G e Tha onedaed avene fa) ~8 2

ponent of the error can be reduced to almost neghgtble }:mponmns by ﬁsxng
calbrated apparatus and avoiding ** whste<cell pipettes * which are difficult
1o mampulate

Fnctimntal | avae o the Tu mnp e amemt o aat aamal e —mmaanc -
Vo o
( w00 10 )
e ALt et 6T el el am b at o
does not soggest that this 1s an factor, for no diffe

was found between counts carried out on blood diluted tm siliconed tubes,
and 1n non-sthconed tubes, respectively Similarly, counts camried out on
blood allowed 1o stand wn the laboratory for 6 hours did not differ from
mrnate manda am fopate loand  TIn n onm

several hours betore undertaking the count
The Differentia]l Leucocyte Count

The present discussion is concerned solely with the technique ¢
performung differential leucocyte counts on blood films made on sl
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For the purposes of a differential Jeucocyte count, the fi

be too thin and the tail of the film shog}‘d be sn;oot;, xr‘:s mgsiﬁﬁ:
should be such that there is some overlap of the red cells, Jiminishing
to separation near the tail, but it should not be so Ih,ick that the
leucocytes in the body of the film are badly shrunken. I fifms are made
tdo thinly, or if a rough-edged spreader 15 used, many of the Jeucoeytes
pcfhap; even 509, of them, become aggregated at she edges and in th
tail (Fig. 6). Morcover, a qualitative irregularity in distnibution is the
rule; polymo.,,‘ phils and predonmis a
lhc:- margins and the tail, and lymphocytes in the middle of the fily
(Fig 7)  This, perhaps, depends upon differences in stickiness, size and
specific gravity among the different classes of cells. However, in well
made films the departure from a random distribution is slight,

LYMPHOCYTES +  POLYMORPHS
\

HEAD
\
FiLM FILM
TOO THICK IDEAL TOO THIN
THICKNESS

Fia 7 Scupazic DRawinG OF A Broob Frat Mabe o5 A Supe

The film has been spread from left to gt Aq mdication s geven of the way the
leucacytes are distributed (see text)

Various systems of performung the differential count have been
advocated. The problem s to overcome the differences in distribution
of the varnigus classes of cells, which are probably always present to
a greater or desser extent.  No system of countung wilt compensate for
the gross wregularities 1n distribution which occur 10 badly made fifms
In films spread slowly by means of a spreader with an irreguiar edge
the majonty of the neutrophils will be carned 1o the tadl of the film.
There they will be seen in clumps and trails and many will be broken
up and unrecogmzable (Fig 6), 3 s 1 naste of upe 10 auempt 2
differential count on such a flm and, if ths 1s attempted, futile to count
only the cells 1n the centre of the fifm, where fymphocytes probably
predommate, anid 1o peglect sltogether the tail, where the neutrophils
fie. If the lm has been well made, and many leucocytes are present
in the body of the film and thete 15 no great accumulation at the 1ail,
the following que o can be ded-—

The cells should be counted, using the $-mm, of the Z-mm lens,
n 3 stnp running the whole length of the film, The lateral edges of the
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(see p. 76) of the same blood  As it is difficult to distinguish lympho
cytes from monocytes in thick-film preparations they were classed
together for the purposes of this experiment, Table V illustrates tha
the counts based on longitudinal strips gave almost exactly the sam
result as the counts based on the thick film. The table also guve
an idea of the variation which may be expected among the counts on
different strips if 200 to 300 cells are counted. It also reveals the
increased numbers of leucocytes (and increased percentage of neufros
phils) present at the margins of the films, and shows that counts per-
formed on the head and body of the film gue significantly lower neutro-
phil counts than are obtained when complete (head to tal) strips are
counted, i.e., neutropiuls ase present 1n higher proportion at the tail.
Taste V (a)
THE DIFFERENTIAL LEUCOCYTE COUNT

}
. Neutrophils
Total cells U Lymphocytes
Yoo e Gpepws | oo
}
1 100 j 71 | 29
2 ? 100 61 39
3. 100 ' 55 i
4 ! 100 [ h 35
5. 100 | 69 | 31
8 100 | 72 i 28
7 100 6 | 31
£ 100 n 29
9 | 100 i 73 I 27
10 100 65 i 3
Total 1,000 Mean (a) 675 _ Mean33%
Tase V (b} )
Tout Lyme  pone.
Neutro- FEosino-  Baso- o L a
| cells pho.  Mono- e
No . cells s phis Cehis s % B et
: 86 0 o ‘e | 8 | 16 ' 38
1 T 3 1 s el 23
13, 26 | 200 3 ) 653 97 s, M7
13, | 3! 3 4 07 86 0 ' 2
15, ' s 205 3 0 68 87 o, a2,
16 73 180 2 1 68 8 o3z
17 250 185 2 i er2 M 9 2 8
18 201 120 3 2 tete 6 17 |3
9, | 28 2 3 1T, @5, &6 I E
20 ) 00 198, & I fesa o9 | 4
Total 2890 Mean 7 1% Mean 32 9°,
TR T nr s oo 13
2 0w 5 FINE X B 1} 20
7 Total 815 Mean 73 4% " Mean 36 6%
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Cr ! Lo 2 Lobms R 105
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W 2R 120 1 3 e S 395
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11A 4 200 ¢ 1 0 4 65 mno, 6 385
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N . 28 A28 k) o, el @ s\ 13
™ w 2 % | e’ 7 R
o 200 Mean 9,5 6 2% Tiean = 31 8%
o=
/,//////4//
vl 181 \ re 1 o B
Th ™ 130 1 5 5 52 YR
///// Pl A
Total 400 ean €9 3% 30 7%

o

D\ﬁcm\lm jeucoe e counts, were camned out (@00 2 Wuck-Blm pnpnr.\\‘on of
) blood (Table a1 90 Gells were counted 1 g, grouss, o (00, and
m a1 %

e

of the ST e Tneat ulocyt® DC(C‘NBSQ (Meant (o) T;\a\e Vo)
of the 10 compicte wernat \(mg\mdm:x\ anps W2t 61 1% and that of the 1o
\(mg\(\ldma\ snpt (Meant [ Table Vo) w3 61 2% The Aifferenc® petweeh
Mean [ and Meatt ©4 90, 18 $ﬂ\\s(\cz\\y 5\;\'\\f\cnl\l (=2 96 P= 0 01
{for mlerpretauon sec text)

The yanation among he counts ade o0 Aifferent stnps {rom the same
8 ¥ e e Vs ‘Musteates that the observed aifferentiat count
depends ‘not onty on amﬁcm\ Aifferences n gisarbutiont due to the procest of
sp(eadmg, ‘but 2180 on® random " d\s\nbul\on. qhus latter effect 1S paturally
¢ number © cells Thcomm\ consxdem\ons

and vrac\\cz\ studies Q. 25) have show? that with 3 true neutroph\\ ProporT
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900 cells 21& counted 18 of the order of 119058 43% 10 51% ueutmphds,
and 1 100 celis are coun!ed + 10% €8 40%, 1° 0% neulrophl\s i3
00 cells aT€ coumed he 1angd “would b8 reduoed 10 & 4% eB 45 6% 1©
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Normal Range of Differential Leucocyte Counts in Adults
Neutrophils . .. 4D-75%  2,500-7,500 perc.mm.

Lymphocytes .. .- 20459, 1,500-3,500 ,,
Monocytes .. . 2-109%, 200~ 800 ,, ..
Fosinophils .. . - 6%, 40- 40 ., .,
Basophils . . < 19 15- 100 ., ..

DirrerentiAL Counts oN THICK Fitus
The use of thick films for differential counts has already been referred to
The disadvantage of the techmque is that 1t jis difficult to distingursh mono-
nuclears from large lymphocytes; on the other hand, the method has the
advantage that error due to an rregular distribution of the leucocyles is
prgb‘gbly mr'mmai, and Evmcc thf lcucocyj:s thcn:n,_schhes are C[DSnyLpJCKCd,
b e LR n barben = va fg thoe mars

\ . . ..

. . [

s
coated with silicone.

EOSINOPHIL COUNTS BY COUNTING-CHAMBER METHODS

Since the introduction of cortisone and A.C.T.H. mto climeat
medicme, the accurate counting of the eosimophils n the blood has
assumed some importance A number of diferent diluting Auids
have been proposed, and special hambers d d

The principles underlying the counting chamber or ** wet ™ method
of counting eosmophils have been well reviewed by Spiers (24)  Ideally,
the diluent should not onfy stan the cosinophil granules brightly and
distinctly, but 1t should cause lysis of the red cells and of all other types

of leucocytes

Duurng Frutos sor Eostvopinmt COuNTs

The acetone group of diluents, ntroduced by Dunger (10), consist of.
(@) an acid dye, such as cosit or phloune, (5) distlled water (o cause lysrs
of the red eelis and rupture of the kucocyte membranes (the rosmophils
scem more resistant than other leucocytes in_ this respect), 'f?f’.i(.)..aﬁ‘?ﬁf

" . P . . '
n - ' \
. .t . N .
cosmopmi granules
Pmp’,\"lme ‘¢l col was fitst introduced asa diluent by Randolph (19, 20) The
red cells gradually fade away In a dilution of 50°, (/) propylenc glycol,
while the feucocytes remain uninjured,  The gr:mulq o( l)_:cﬁx@:ﬁ}zll‘s t:l:
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Method. 0 05 ml (or 0-02 ml) of blood is added to 0:95 mi. (or
0 38 ml.) of diluting fluid so as to give a | in 20 dilution. After
mixing the suspension for not longer than 30 seconds, the counting
chamber is filled using a stout glass capillary or Pasteur pipette  The
eosinophuls may be counted as soon as they have settled, or the count
may be postponed for 30 minutes ot so if the counting chamber 1s placed
1n a moist chamber {(a Petr1 dish with cover containing 2 pledget of
damp cotton wool)

Counting Chamber A chamber with the Fuchs-Rosenthal ruling, as
used for cerebrospnal fluds, is suitable, Alternatively, a specially
designed chamber with a latger ruled area may be used (16).

The ruled area 1n a Fuchs-Rosenthal chamber 1s 2 4-mm square and
the chamber 1s 0:2 mm 1n depth (area 16 sq mm and volume
3 2cmm). With counts at the upper limit of the normal range (see
below) the whole ruled area should be surveyed and the total number of
cosinophils recorded  With lower counts, several fillings of the coun-
ting chamber must be surveyed It 1s convenient to use the 16-mm
objective and x 10 ecyepieces In a good clean preparation the
eosinophils should be easily identified, their granules stain deep red and
the cells containing them should be intact.

As m ordinary total leucocyte counts, the accuracy of the count is
largely determined by the number of cells counted In a serious
nvestigation 100 ceils should be looked upon as the mimimum, the
counting chamber being filled several times, W necessary The coeffi-
ctent of vartation due to the random distribution of the cells 1s approxi-
mately & 109, 1n a 100-cell count

Calculation, If N eosinophils are counted 1n 3-2 ¢ mm,, then the
total eosinophul count per ¢ mm = N;%z? (dilution)

=Nx625

Example 1f 100 cells are counted in the whole ruled area, total

eosinophil count = 625 per ¢ mm.

Diluting Fluid (10)

Eosin Olg
Acetone 10 ml
Distilled water 100 ml

Disintegration of the eosinophils takes place slowly 1n this diluting
fluid and delay before the count 1s made 1s thus permissible  However,
1t1s probably best to fill the counting chamber as soon as the blood 1s
diluted and to avoid prolonged mxing—in this way clumping of the
cosinophuls may be prevented (3)

Normat Range of Eosinophil Count
40 to 440 per c.mm (4, 17, 21).
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PLATELET COUNTS

Many methods for counting platelets have been published and th
number is doubtiess due to the real difficulty of counting small bod
which agglutinate and break up so easily, and which may be diffic
to distinguish from extraneous matter. No attempt will be made
review recommended methods in detail; the reader is referred to t
excellent reviews of Tocantins (27, 28) for technical and other deta
concerning mammahian platelets. In the present chapter two simp
techniques only will be described: Lempert's modification of Kriste
son’s method (13) and a method employing the formal-citrate dilutir
fluid used n red-cell counts Both methods are suitable for use wit
venous blood; Lempert’s method can also be used with capillary bloo

Lempert’s Modification of Kristenson’s Method (13)

Two solutions are required*
Solution 4 Sodium ctrate 10p
Mercuric chlonde 0:002g.
Brilliant cresy! blue 82g
The reagents are dissolved mn 100 m! of distulled water warmed tc
o
C.

Solution 8 Urea 200g
Dustilled water to 100 m!

Equal volumes of solutrons A and B are muxed when required  The
mixture will keep for several days, but must be filtered or centrifuged
before use

The patent’s ear 1s warmed by rubbng with fiar  The muxed stan
1s drawn up In a leucocyte-counting bulb pipette to the 0 5 mark  The
patient’s ear 15 pricked sufficiently deeply to obtain a free flow of blood
Blood 1s taken up nato the prpette so that the upper leve! of the diluting
flwd reaches the | O mark, and then the pipette s filled with stun up
to the 11 mark  The pipettc 1s shaken for 1 munute. The contents
of the pipette are remixed for 2 minutes before a Neubauer counting
chamber s filled  This 1s placed in a Petn dish containing a pledget
of damp cotton wool and allowed to stand for 20 munules to ) hour,
to ensure sedimentation of the platelets and iysis of the red eclls.

The platelets are counted under the 4-mm obj:cmlc The red cells

. . Cotuteq stnnmand
.. e '



PLATELET COUNTS “7
Calculation. 1f N be the number of platelets counted (in 80 small

N .
squares), the number in 1 c.mm. = 60 % 4,000 % 20 (dilution)

= N x 1,000.

Lempert’s method 1s fairly satisfactory, 1t has the advantage that the
platelets are counted directly, They do not seem to agglutinate, but they
are slow to settle in the counting chamber and may be ditficult to see. The
red cells sometimes haemolyse slowly, and 1t is usually best to leave the
preparation 1 the moist chamber for an hour before counting the platelets
The method 1s unreliable in the presence of many reticulocytes, for basophulic
matersal which may be confused with platelets 1s hberated when the reticulo-
cytes are hacmolysed

Other bodies which may be mustaken for platelets include fragments of
leucocyte P! seen 1n e mono-
cytic type, and ** Pappenhetmer bodies * (sce p 75)  Cytoplasmic fragments

. .

- . . oo -

PR . . .

-

It 15 essennial that the pipette and counting chamber be absolutely clean
and that the staining solution be filtered immediately before use  The urea
solution appears to lose its haemolytic power on keeping and should be
renewed every week or so

A Method Using a Formol-Citrate Diluent

In the method now to be described venous blood 1s added to the
diluting fimd 1n a proportion of § to 100, and the number of platelets
counted 1n a counting chamber

Diluting Flud 1%, (viv) formalin 1n 3°, trisodium citrate solution.
One or two drops of 1%, brilhant cresyl blue mn 1sotonic saline may be
added to each hitre of formol-citrate solution, but this 1s a matter of
personal choice  In any event the solution must be filtered immedaately
before use 10 ml are then delivered into a clean 1-oz. screw-capped
bottle.

Method Blood 1s withdrawn after a clean venepuncture into a
dry synnge using a short needle of 19 or 20 SW G bore  The needle
15 then detached from the syringe and a small volume of blood 1s dehvered
on to a watch-glass whose surface has been covered with paraffin wax
This blood 15 immedsately diluted 1 1n 100 1n the formol-citrate solution
A straight O 2-ml pipette cahbrated at 0 I and 0-2 ml 1s used to make
the dilution, the diluting fluid 1s taken up to the 0 !-ml. mark and 0 1 ml
of blood is then taken into the pipette so that the upper level of the
diluting flurd reaches the 0 2-ml mark The contents of the pipette
are washed mto the 9 9 ml of diluting fluid remaiing in the screw-
capped bottle The suspension of blood 15 immediately well mixed
by mnverting the bottle several times

The contents of the bottle are again mixed for at least 2 mmutes *
before a Neubauer counting chamber 1s filled with the suspension,
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;51;;5; ;tﬁlu; gnlxa;iss f:éﬁﬂlary or Pasteur pipette. The counting chamber
laced amber and left untouched for at least [0 minutes
to give time for the platelets to settle.

The preparation is_examined with the 4-mm. objective and x 6
or x 10 eyepieces, The platelets appear under ordinary illurnation
as small (but not minute) highly refractile particles, if viewed with the
cond?nscr racked down; they are usually well separated (for exceptions
to this, see later) and stain a very pale blue when viewed with 2 bright
light, 1f dye has been added to the diluting fluid.  The platelets are more
easily seen with the phase-contrast microscope (7), but this apparatus
is by no means essential.

The number of platelets 1n one or more areas of 1 sq. mm. should be
counted The total platelets counted should always exceed 100—
this number present in an area of 1 sq. mm. corresponds with a count
of 100,000 per ¢ mm.

Caleulation. I N be the number of platelets counted 1n an area of
1 sq. mm. (0-1 c.mm in volume), the number of platelets per c.mm.
=N X 10 x 100 (dilution)
=N x 1,000

The above simple method 1s satisfactory in practice. As 2 rule the
platelets are well separated and clumps are few., However, with high
counts, such as may be found after splenectomy, clumps may form

ing the blood 1 a si d syringe may help to prevent clumping.
Usually, however, 1t 1s unnecessary to use a sihconed syringe. The
platelets disintegrate only slowly in the diluting flusd and the suspensions
once difuted may as a rule be left for several hours without harm before
the counts are made.

The techmque described above 15 a practical one, for venovs blood
collected without special precaution can be used provided the dilution
for the platelet count 1s made as soon as the blood 1s withdrawn.  As
platelets clump rapidly in oxalated blood, it 1s useless to aftempt to
count platelets 1 oxalated blood collected 1 the ward and subsequenlly
submitted to the laboratory It 15, howeser, possible to do this if
Seq is used asan it Indeed, has such 2
remarkable property of presenting platelet clumping that perhaps the
best method of dealing with blood contaming rapidly clumping
platelets (as after splenectomy) 15 to collect the blood with 2 siliconed
synnge and to add 1t to Sequestrene before making the d}luuon for
the platelet count. It should be emphasized that, if difficulty fs
experenced in withdrawng blood from a e, 1t 1 pseless 10 try to
count the platelets 1n 1t A clean vencpuncture s essentral.

NORMAL RANGE OF PLATELET CoLNT

The results obtawned by the Lempert-Knstenson method and the
formolcttrate method are essentially symilar,  The normal range 1n
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CHAPTER ¢

MEASUREMENT AND CALCULATION
OF SIZE OF RED CELLS

* ABSOLUTE VALUES ”

Tue mean cell (corpuscular) volume (M.C.V.), mean cell {corpuscular
haemoglobin (M.CH.) and mean cell (corpuscular) hacmoglobu
concentration (M.C.H C)) are generally referred to as * absolut
valves ”. These values, calculated from the results of the red-cel
count, haemoglobm concentratron and packed cell volume, have beer
wxdc]y used in the fi of anaemia, and their d has
rendered obsolete the various ndices, such as the “colour indey”
which were dentved from comparson of the observed data with figures
arbitrarily assumed to be normal

However, although knowledge of the absolute values mn an anaemic
patient may be of definite scientific value, their calculation often fils
to contribute d y to an diag (sce Chapter 5). This
1s because macrocytosts or microcytosrs, for mstance, are not changes
specific to any particular type of anaemua and also because it 15 1n any
case extremely difficult to make accurate measurements  Nevertheless,
1t has to be admitted that the focusing of attention on the variations in
mean cell volumes and mean cell haemoglobin content and concen-
tration tn health and disease, and also the measurement of red-cell
dmmetcrs by Price-. Joncs, have made a significant contribution to. the

and of the even xf

based simply on cell arenow b

Calculation of Mean Cell Volume (M.C.V.}
If the pached cell volume and the number of red cells per c.mm are
known, the mean cell volume can be calculated:
g, if the packed celf volume 1s 45%, m ! ¢ mm. of blood
there are 0 45 cmm_ of red cells
-, If there are 5,000,000 red cells per c mm, they occupy a

volume of 0-45 ¢ mm.
045 c.mm 045 x 10°
.. Yolume of | cell = 50000000 T 5% 1P € pe
045 x 107
= — = 90 cp.

- 5
In practice, the packed cell volume as a percentage 15 dnaded by the
4
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The significance and accuracy of absolute values naturaily depends
upon the accuracy of the estimations from which they have been
derived.  As has already been mentioned, the error of the estimation
of packed cell volume can be reduced to small dimensions, not more
t}mn + l'%, 'and the same 1s more or less true of haemoglobin estima-
tlon.0 which m'th‘c very best hands has a minimum error of about
£ 2%. Thus it is possible to obtain a reasonably good estimate of
mean cell haemoglobin concentration. Unfortunately, the same
sannot Pifzid of the ca'lcula'lion of mean cell volume or mean cell

globin.  These depend for their accuracy largely
on the accuracy of the red-celi count. Now, although it is possible
to reduce the error of the count to small proportions, even to as hule
as = 2%, this can oaly be dane by counting thousands of cells, which
can rarely be carried out in practice. I the red-cell count is done 1n
a * routine * manner—with perhaps not more than 500 cells counted—
the potential error is so large that any calculation of mean cell volume
15 almost worthless.  An example will make this clear. The error of
a red-cell count comprising a count of S00 cells in 80 small squares
cannot be less than 4 8 8°, (see p. 17). Thus blood of real red-cell
count 5-0 million per c.mm. right appear to contain anything between
4-56 to 5-44 million red cells per c.mm. (4 2 @ hmuts),  If the packed
cell volume of the same blood was 47°), the mean celt volume would
appear to be within the range 103 ¢ «. to 86 ¢ ., with a 1 1n 20 chance of
being outside this range. Hence the above-mentioned blood might
or nught not seem to be abnormal, depending on chance selection of
the areas surveyed in the counting chamber  In fact, the average of
repeated observations on the same blood, or a single count based on
several thousand cells, 1s necessary to deternune reliably shight devianons
from the normal.

MEASUREMENT OF RED-CELL DIAMETERS

Normally, esen in health, there s a readily appreciable vartation 1n
diameter between a population of red cells 1t was largely owmng to
the work of Price-Jones (9) that this variation was placed on a quan-
wtative basis  He showed that 1f the diameters of a large number of
red celis were measured and the celfs grouped together in classes accor-
ding to their diameters, the frequency-distrsbutton curve of diameters
was of the * normal ** type  Price-Jones applted statistical methods
to this data and worked out the hmuts of normal sariation n preat
detail; he also demonstrated that characteristic deviatrons from the
normal were encountered 10 varous types of anzemia, This work
excited great mterest, and at one ume the drawing of a Price-Jones
curve was deemed an almost essential step i the insestigation of any
obscure case of anacmia—although the labout expended contributed
nothing to the understanding of the case and merely placed on paper
what was (o be seen by inspection of a stmned fitm*




nor shrunken 15 therefore required before measurements are undertaken,
Moreover, 1n 2n anaemsa such as severe pernicious anaemia 1t is extremely
difficult, 1f not to measure the many shaped

distribution curves to be obtawed as a rule. The accuracy of the estimation
of the mean cell diameter 1s hardly affected by ncreasing the number of cells
counted from 100 to 500, the standard deviation, however, will be reduced by
counting the larger number of cells

There exist at Jeast two other possible methods for the measurement
of red-cell diameters in additton to Price-Jones’s original technique
and later vanants of 1t, these are measurements by means of a micro-
meter scale mtroduced 1nto the microscope eyepiece and the use of the
diffraction (halometric) method, based on an entirely different principle.
Brief deseri of all three teck are gven below

THE PRICE-JONES TECHNIQUE

The basic principle of this techmique 1s the outlming with a sharp
pencil of the mdividual images of red cells projected on to a white
screen at a magnification of x 1,000 The outhnes are measured later
by means of a millimetre rule

In order that the cells be clearly seen, the film should be deeply stained
‘with eoswn after fixation 1n methanol It 1s convenient to place the microscope
horizontally and by means of a prism attached to the eyepiece or by means
Pehciie St/ bt it i iy e

lower power objectives the focus of the microscope 15 adjusted so that the
micrometer scale 1s projected sharply on to the prece of paper i the centre of
\k;: field The 2anm. o-mmmersion objective 15 next used and the image
pv SR ongialiie LL L LT DTTRR R e e

periphery of the fields, which are not mn sharp focus.
‘When the outhning of the cells has been completed, 1n perhaps an hour,
the diameters of each cell are measured using a glass mifhimetre scale which
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can be closely applied to the outhned cells The greatest and smallest
diameters of cach are measured to 0 5 mm . the mean of these two measure-
ments being accepted as the diameter of the cell. The calculated dizmeter
should be written within the drawing of each cell, as soon as it has been
measured.

. When the have been the d are grovped
inintervals of 0 25 ¢ The totals (frequencies) of each class-nterval may be
plotted on graph paper as a grouped frequency-distribution cunve.

Various modifications of Price-Jones’s technique have been proposed
in order to save time and to avoid the errors introduced by first outlining
the cells and then measunng the outline. It is possible to measure
directly the images of the projected cells with a glass or plastic rule and
to write directly on to the cells’ smages on the paper the mean of two
measurements at right angles. In this way the diameters of 500 cells
may be measured and scored within an hour At a magnification of
2,000 times a of 15 mm corresponds to 7-5 g Alter-
natively, the diameter may be measured by finding the best fit with a
series of black rings of difTerent 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 vertical position,
project the film on to a ground glass screen at a magmfication of X 2,000.
The diameters of the cell images are measured by means of a celluloid
protractor on which circles of a range of diameters are drawn  Finally,
it is possible to photograph the projected images of the cells and to
measure them at leisure (1).

Statistical Mecthod for Dealing with M of Red-Cell Di:
(after Price-Jones (9))

The accompanying table (Table VI) 1s based on Price-Jones's pro-
cedure and shows how 1t 1s possible to calculate the anithmetic mean (M),
the standard deviation (o) and the coeflicient of vanation (V) of the
drameters of the red cells of a sample of blood

Artthmetic Mean (M) The classantervals are tabulated m ¢olumn 1 and

d of n column 2 In‘_ordsr to obtam
BRrHP el

A ammatars

In the 13w, b, Sy

rmiddie of the range (in the particular case given
then to mark off in columi )
S R L .

‘The sum ( -duy 15 el w
the real and arbstrary mea .
umits  The true mean 15 thus 6 13 u

.
vIiwopy b e .

7.
¢ S%a:m”d Deviation (o) The standard deviatoon 15 4 measure of the
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TasLe V1

STATISTICAL MCTHOD FOR DEALING WITH MEASUREMENTS
F RED CCLL DIAMETERS

{ATier Price-Jones (9)]
1 | 2 . 4 s
Devthn mm
Afid-point of | Drrtrar
Iy mca; Product Product
Class mervals | Frequencies | © 1% (e | ExD Q@
| ® um“)‘ | ntersal units) g
55 | 10 . -5 0 |1 20
515 18 I -4 7 88
60 ’ 4z -3 ¢ 15 [ 378
6125 70 -2 { 1o | 2%
63 80 -1 80 | %0
[ ¢ —468 5
675 83 i o ) i
Garbitrary ! i !
n = A)
0 [ 82 -1 82 i 82
128 5 +2 . 102 2
15 3 +3 297
778 20 +4 '3
80 1 45 Lo
2484
o =4t
-50
Mttrue mean) A (atbitrary mean) g (0 254)
~ —011(0254)
~ -0 025
M= 6750025
- 67
. AR
o 491 (M - AP (O 254 v {l T
=491 001 (0 25u) 055 » 100
—49(@ 250
3 =220 25u)

N e e eed el et e e me
N . .
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scalter or dispersion of the diameters, both their range 1 size and thee
frequency distnibution.  The scatter about the mean imphies diameters less (=)
and diameters greater (++) than the mean diameter, In order to obtain some
quartity that varies with the overall dispersion, it is necessary to average
the deviatrons by a process that treats them as if they were all of the same
sign, and squanng is the stmplest process for this purpose.

Column 5 (Table VI} gives values for the squared deviations (column 3
multiphed by column 4), Addition of these products gives 2,454 which
divided by SOM — 2 01 Tha W amemn tr mae b —amnan S
trary mean (A . ' . -

This subtracte .
thus 2:2in0 | .

Coefficient of Varuation (V). The coeffictent of varatton measures the
degree of scatter of the distribution in relation to the mean value of the jtem
vatying. It is the standard deviation (o) expressed as a percentage of the
mean:te., V =% It 1s a measure of variability which 18 independent
of the umt in which the measurements have been made

In the example given, V =~—6A;—2~« =829

The diameter distributton cunve based on the above data is tlustrated 1
Fig. 9 {nght-hand curve)

No.

OF
CEWS
100,
80

60

DIAMETERS IN Y.
Fio 9 RD-Cets DiaMErir DisTRiBUNION CURVES (PRICE-Jones Curvrs)

hero-
Ommb 15 2 cune constructed from the blood of a mild case of hereditary sp!

cytosts —s¢e note added to legend fo Table ¥l ®---@ and m s====m ar¢
curves drawn from the blood of two pattents suffering from typical rmd.‘x:ry

3 s well sn
Phes indicate the maximun and minimuzm normal curses (data from Prive-Jone< {9

i

Normal Range for Red-Cell Diameter (Dry Films) (Price-Jones (9))
Mean cell dameter (MC D) 6 7-7 7 ¢ (mean 7-2u)

Standard deviation (o) 0 35-0:56 ¢ .,
CoefTicient of varmation (V) 5 3-7 37, (mean 6-37,)
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MEASUREMENT OF RED-CELL DIAMETERS BY THE
DIFFRACTION METHOD

The diffraction method for measuring the size of small objects was
first applied to the measurement of the diameters of red cells by Pyper
1 1919, The principle of the methed s that when a paratlel beam of
polychromatic hight 1s passed through a film of relatively opaque red
cells the light is diffracted by each individual red cell, the degree of
diffraction varymg with the cell diameter The individual spectra
appear to the human eye as a concentric compound spectrum surround-
10g the source of light, 1t may be progected as an tmage on a screen by
means of a convex lens.

Each diffraction pattern consists of a bright centre, surrounded by an
orange ning, and then the spectral colours i their natural sequence
from violet to red. Outside the red ring fainter green and red circles
may be seen

The size of the concentric spectral rings varies tnversely with the
diameters of the red cells and directly with the distance of the film from
the hight source  In macrocytic anaemias the spectral circles are smaller
than normal and 1n microcytic anaemuas they are larger  The distance
between the violet and red circles gives an expression of the degree of
anisocytosis. As the spectral rings are produced by the blending of
nings of different sizes depending upon the varying diameters of the red
cells, the smaller the degree of anisocytosts the narrower and clearer
are the bands; conversely, 1f there ts much vanation 1n cell size, the
sp:clral pattern 1s much less clear

The method of red-cell has been
widely used 1n clrmcal haematology, and though the method 1s hardly
precise, 1t has the great advantage of being extremely quick A well
spread film 1s required, and 1n the area examined the red cells should be
undistorted and just not overlapping  If the film s too thin, the spectra
are weak in mtensity Tt 1s best to examme an unstained film

Tt o SIRTORP VI S -

voltume by means of the diffraction techmique The results agree closely
BRSPS

S,
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appears as a black ring. This is viewed through an eyepiece into which

by . s

:‘nrs:}x;teglacr;uqromc(cr bsccale cahbx;j:ucd th'I mm In thisp\my the diameter
¢ black ring can be measured and the correspondtn,

caleulated from a formula, r s mean il dametec
- mathn

A e maartad "o thas af Dommmang /D Vo koo oacnens ¢ oL,

the film and the source of hight '

use of an eyepiece nucrometer are gllv.en mn the papers of Haden (4) and
Pyper (7). Haden found that Emmons’s ertometer and Pyper’s blood-cell
tester gave the best results

The diffraction method is certainiy a useful way of estimating red-
cell drameters approximately, and the experienced observer will be able
e e ol N caean L s alea Aanande
. N S0~
.~ . . - * the
information obtamed by the use of diffraction methods is often of
decistve use mn climcal haematology 1t is true that the method may
sometrmes cali ion to d Y Thus 15, however,
likely to be equally obvious to the experienced eye—aided perhaps by
an eyeprece mucrometer—when the film 1s viewed with the microscope-
Certarnly, the difftaction method of measuring diameters 1s no sub
stitute for microscopy, which reveals so much besides.

MEASUREMENT OF RED-CELL DIAMETERS WITH THE AID
OF AN EYEPIECE MICROMLTER

The eyeprece mucrometer scale can be usefully employed m the
measurement of cell dixmeters It has the advantage of directness
and simplicity and can be quickly apphed  However, when a relatively
large number of cells are to be measured 1t 1s simpler and quicker 10
progect them at a magaification of x 1,000 or x 2,000 and to measure
the images by one of the methods described carlier in this chapter

The scale of the eyeptece micrometer has to be caltbrated in relation
ta the objective, eyeprece and tube-length employed, before 1t can N
used  This s best done using a slide on which a scale, usually § mm. 18
G-Gl-mm (10 +.) meervals, has been engrased  AMernatnely, 1be
calibrations on a counting chamber can be utihzed (the side of a smallest
square 1s O 03 mm. i length),



EYEprrcg MICRO\IEIER 63
Itis SOMvenient ¢, have a ton\'ersiun 5
‘8, Using 4 a2.m .ob]cc nd x GC)CDICCCS

e dt. fameters of red cefyg €an be Measured 14 abo,
LT

0t mean lhal the obser, Tver shoulq
m ASUrE, 3 fay, s farge g 9u

Mean cop thicknegs can pe Calcutared g, o Knowfeqpe o the meg cetf
dumelcr and men cell volume, ASstumap, Ng the reg celt to sh n Cyhnder
Father thap 5 biconcaye gy On thyg ASUMplioy Ny M CT (or m, Trectly

Mcy
Mcaz,
1CAT, (Mean ¢ppy 2verage thickness)) MC D)
i S
ennnn.ﬂ ge:slrom 1762 S

Ity obwous that 5 figuse for MCT S show; abore, at the
st be ) ¢d upop o, only as an appmxxmat rneasurrmtm and u 15 doubtf T
*hether g o mlcu!:m on hag Ctical vajy,

ERENCES
) An.ms 954

C hmque ror the measurrmem of €rythro.
Ve dxamcms R Paity
2 Bocy. -

933 T ein p s emfaches Eny, hrocy cnmessgcml
fur knsch klinische 7, ecke (E Wachr,

0Cy tome, m) " Kin
12, m

3 Ewo‘ S, W s27.38 The Chaucat enumeler " Quars v Med,
21, 3"

4 Hapey

chin
» and B v C (1948) YA nmphﬁcd PriceJones
echmque " .I <l Farh
} Hey d Magrny, 1. C 1193 “Arg

N R p 38) " Difftaceon mcrh measurmg the dameter
9 1, l'!h: red blo od r,‘ell v .I d 17
Uiy

ES, 6) md Method of meﬂsurmg
eryrhrocytc diam, leters " J Barl 43, 9

! Pureg, (:947) " ﬂ'acuon meihod o ol‘ Measuring req bloog
Cells v fin Med 32,8

e
NOER, E (194 8) llmolys:s and Relalrd Phenomeng New Yor,
Grunc and g Tatton, (a) 18.(b) p,



64

T Rep CErrg
) PRICEJ NES, (l 34), Req 0od Cepy Dmrm-lm Ndop, Orforg
Un ncmty P
{10y Pm ONEs, C. ucuw J, M, Gobmnu, H M (1935;
amloglcal landa rds of h lth
40, 503
[())) Prye, Ag (92) “ f the Halo' Methog
mcasurmg lhe Meter of rcd blood corpu IScleg, * 'ncer, §i, 275
(12 T, Bams A1, (194 47) nau\elhc 0~d:/Tm lnmcllr'
ang, 18 7l
(13) Wl‘vmon E, M, M, (r 933) Bood of nor,
Jokns Ho, A Hoy,

‘mal mep, and Bomen Buly



CHAPTER §

USE OF BASIC HALMATOLOGICAL TECHNIQUES
IN CLINICAL MEDICINE

LitTee has been said 1n the foregoing chapters about the way in
which the simple techmques that have been described should be used
in clinical work. The problem presents in three ways® (a) the differen-
tiation of abnormal from normal blood findings; (b) the diagnosis of a
particular blood abnormality or disease, and {¢) the haematological
mvestigation of a patient who 1s to be studied 1n detait.  Each type of
problem needs a different approach.

DIFFERENTIATION OF ABNORMAL FROM NORMAL
BLoOoD FINDINGS

As the blood findings of the great majonty of patients investigated
are likely to be normal, a stmple and time-saving techmque 1s required.
In most instances 1t 1s sufficient to estimate the haemoglobin content
of capillary blood and to examine a staned blood film  These pro-
cedures the possible ** " test. Deter-
mination of the packed cell volume can be used mstead of haemoglobin
estimation 1f venous blood is available A red-cell count, however,
1s enttrely out of place as a dure, for 1t1s ible, by
visual methods of counting, to per[orm an accurate count quickly

Blood for a leucocyte count should be taken at the same time as that
for h: , but 1f the ytes appear normal 1a the
stamned film the total count need not be done, unless there 15 some specal
mdication for a study of the leucocytes, e g, 1 nfections when even a
normal total count may be of significance. Even 1f the haemoglobm
content or packed cell volume of the blood 15 normal. a film should be
made and stained  Although there may be no anaemua, mnspection
of the film may show the presence of unsuspected blood diseases,
eg, leukaema (particularly chmmc lymphatic leukaemia), muild

anaemia, lytic anaemua or
abnormalities such as elliptocytosis

DiaGNosis oF THE TYPE of BLooD DISORDER

For most clhinical purposes, when a patient’s blood has been shown
to be abnormal by the above simple screening tests, all that 1s required
15 an accurate haematological diagnosss. Usually this can be made
without elaborate tests, often, 1n fact, by stmple nspection of a blood

Pract Haem 65 2
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ﬁ.lm. Without attempting to elaborate the point too far, the diagnostic
signs to look for include the following: the intensity and uniformuty
of th? staining of the red gells: their size and variation in size (aniso-
cytosis); the degree to which they vary in shape (poikilocytosis); the
presence of fr ing cells (schi: ), spherocytes or target cells,
or immature red cells (giving rise to polychromasia); Howeli-Jolly
bodies or nucleated red cells; the various forms of punctate basophilia;
the presence of aut lutination or SV formation;
excess or deficiency of the leucocytes—and the presence of abnormal
or immature forms; and defi 'y, excess or morphological abnor
malities in the platelets. Quantitatne counts and * absolute values®
rarely give diagnostic information that cannot be appreciated from the
inspection, by a tramed observer, of a well spread and well stained
blood film.

Nevertheless, it 1s desirable to obtain some quantitative data on venous
blood: an estimation of the haemoglobin content or packed cell volume
—or both to confirm perhaps a suspi of iron defici d a
reticulocyte count are minimum requirements and should always be
carried out; and mn most instances, too, the totals of leucocytes and
platelets should be counted, if there is any suspicion from the stained
film that they may be abnormal.

Occasionally, no certain di is 1s possible without bone-marrov
biopsy. This aspect of d is 15 idered sef ly in Chapter 7
Tt is, of course, also true 1n haemolytic and haemorrhagie drsorders
and in the megaloblastic anaemias, that the exact dragnosis can ofter
be made only after detailed Jaboratory studies.

A total red-cell count rarely helps in diagnosis (for exceptions to thtt
statement, see below); the efror of the estimation (at least by visual
counting methods) 1s unasoidably Jarge (see p. 17), and calculation of
the absolute values, even if the data can be relied upon (see p. 56).
rarely gives mformation of decisive importance.  Knowledge that the
M.C.V 1s raised, for stance, does not help n differentiating a vt
megaloblastic anzemia from a haemolytic anaemia or from a macro-
cylic anaemia developing after hacmorrhage Certamly a red-celt
count usuaily gnes less informavon than does a reticulocyte count

There are, howerer, two types of case 1n which an accurate red-cell count

may be important 1n diagnosis*
(Z) in l'g?yr)rlmemm, In some patients, as & result of won deficiency
or haemorrhage, the haemoglobin and packed cell volume may be normal
. L aLa ad aatl msint mav he erossly raised, howeser, the diagnosis 13
and tymcally (1n poly-
s

" [ R g |
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As the diagnosis of the type of ansemia or abnormality present
usually depends upon a comprehension of the whole picture which the
film presents, the red cells, leucocytes and platelets should alt be
systematicaily examined, looking particularly for the abnormalities
listed on p. 66. An eycpiece fitted with a micrometer scale and cali-
brated for use with the oil-immersion lens should be hept on the
observer’s bench. It 15 a usefuf accessory, as an impression of micro-
cytosis or macrocytosis can be quickly confirmed by measuring the
diameters of selected cells.




CHAPTER 6

SUPPLEMENTARY OPTICAL AND STAINING
TECHNIQUES

EXAMINATION OF BLOOD CELLS IN PLASMA

Tt examination of a drop of blood sealed between a slide and cover-
glass 1s sometimes of considerable value.

The preparation may be examined in several ways' by ordmary
illumination, with or without the addttton of dyes such as Janus green
and neutml red (supmvnal stnlmng) by dark-ground illumination, or
by the p lly clean slides and cover-
glasses should be used and the blood allowed to spread out thinly
between them I the glass surfaces are free from dust, the blood
should spread out spontaneously and pressure, which is undestrable,
should not be necessary  The edges of the preparation should be sealed
with a melted mixture of equal parts of petroleum jelly and paraffin wax,

Rouleaux formation 1s usually seen 1n varying degrees in “ wet ™
preparations of whole blood  The abnormal irregular rouleaux seen in
haemolytic anaemas assoc:ated with marked sph:mcytos:s are charac-

tenistic A must be hed from rouleaux
formatmn (see p. 202) This 1s important as the presence of true
suggests the p of acquired h lytic anaema

Blood parasites such as 1ae and the h of relap-

sing fever may be seen i wet preparations of blood, the presence of
small numbers of the latter being revealed by occastonal slight agitatron
of groups of red cells Stckling of the red cells may also be seen
(see p 132)

If a warm stage 1s available, the motilty of the leucocytes can be
studied, usually only the show
movements Whitby and Hyncs (28) described the appcarance of

under dark-gi cytoplasmic particles such

as granules and muochondna can be readily seen Most workers,
however, have studned preparations stamed supravitally or have used
the ph Ad of the tech-
nique is given below Good 1ll y-stained cells
are given 11 Wiitby and Britton’s (27) text-] book

Supravital Technique

Chemically clean glassware ts essenttal The following stains are
required —

6



0 SUPPLEMENTARY TECHNIQUES

(I) A saturated solution of neutral red in absolute ethanol,

{7} A saturated solution of Janus green in absolute ethano!

Before use 0-2 ml. of () is 2dded to 5 ml. of absolute ethanol and two
1-5-ml. volumes of this solution are delivered into separate test 1ubes
As it is convenient to work with at least two concentrations of Janus
green, 0-02 mi. and 0-05 ml. of solution (I/) are added, respectively,
to each of the two 1-5-ml. volumes of neutral-red solution.

Preparation of Shdes. Several drops of the staining mixture are
delivered by Pasteur pipette on to a clean slide so as to flood its surface;
the excess is allowed to drain back into the tube and the slide is dried
rapidly by waving it over a heated wire gauze. In this way an even
deposition of the dye is obtained, When dry, shdes may be stored
until required, but they must be protected from dust.

“ Setting up ™ the Specimen. A small drop of freshly drawn blood,
taken directly from a skin puncture or from a vein, or a drop of bone-
marrow aspirate, is placed on one or more prepared slides of each dye
concentration and covered by a cover-glass 5o as 10 obtain a moderately
thin film. The edges of the preparation are sealed with 2 misture of
equal parts of petrolenm jelly and paraffin wax. Staining is slow and
may need 20 1o 30 minutes, it is hastened by heeping the slides at 37°C.

Janus green which stams the mitochondna biue 15 the more (o\_xrc_ot; gh:
be .-mw stronger may be necessary w
obtan good staning. The thickness of the film of blood also affects the

staiming power of the dyes

Neutral red 1s much Jess towic, neutrophi! granules are staned yellowssh,
those of h ge-red and those of shils maroon  Vacuoles
may take up the stam, they appear as brght red spheres of varying size

7¢ and number as the preparation s kept
Th.ee' tend lo_n"n:r:nse 1n size and pumb _____‘P‘L‘ o AP it

- - ~ . . ~
e .

muhhlv_ of })’mphocyits, ete., can be obv;r\.!e_d m l}Axnlf;:?%:«J_l‘ip'JEE!x;.x.:
) () . v
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by Romanowsky or peroxidase staining. Although in the past this has
always been idered a purely acad: problem, the introduction of
anti-metabolites and A.C.T.H. and cortisone in the treatment of
leukzemiz has increased the importance of accuraie cytological
diagnosis.  The use of phase-contrast microscopy in counting platelets
has already been referred to,

The Peroxidase Reaction Applied to Blood Films

This reaction depends upon the presence of enzymes (peraxidases)
within the cytoplasm of leucocytes of the granulocyte series and to a
lesser extent of monacytes, Blood or bone-matrow films, after fivation,
are treated with benzidine and hydrogen peroxide and the benzidine
is ovidized by the peroxide in the presence of perovidase. Sodium
nitroprasside which forms a blue pound with oxidized benzidi
may be added to the benzidine, but 1t 1s not essential.

Solutions required—

1. Fixatve- absolute ethanol, mne parts; neutral formalin (40°

formaldehyde), one part.

If. A saturated aqueous solutton of benzidine.

IiT. A saturated agueous sofution of sodium nitroprusside
use one part of (JII is added to 99 parts of (1),

1V A freshly made solution of hydrogen peroxide ** 10 vols ™
drops (001 m).} are added to 10 ml. of distilled water.

Method. Fresh aw-dned films are required. These are fived for
1 minute i the formol-ethanol fixative sofution, washed n d|sullc'd
water and set upright to dry. One past of the perovide solution is
added to two parts of the mtroprusside-benzdine solution, and the slide

15 flooded with the muxture for § munute  The shde 15 then v.:;hcd
If the stalmng

Before
Teo

m distilled water and cxamined under the microscope.
15 sati y, the fes in the phuls should be stained a deep
blue-black. The prep: may be ied with 0 s

m dilute (1 1 20) Giemsa stain for

aqueons saframn for } minute or
7 ta 10 minutes

VALUE OF THE PEROXIDASE RUACTION

Develor and aduplt locyles give a postne staiming reaction,
T - e e e - POS)Il)ﬂ)‘
- in promond-

- re unformly

v L T
negative sn both aduft and immature cefls

The peroudase reaction 15 an interesting phenomenon, but 1s not
often of much practical vplue.  Owcastonally, a postiine reaction hetps
tod h between myeloblasts and Jymphoblasts, but as the most
1mmature mycloblasts give 2 negaine reachon, the test usually breaks

down just when 1115 most needed
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ADDITIONAL STAINING METHODS
Unna-Pappenheim Stain .

The Unna-Pappenheim combtnation of pyronin with methyl green
can be used to stan both dry- or wet-fixed films of peripheral blood or
aspirated bone-marrow Wet-fixed films give the more satisfactory
results. The pyronm stains bright red the cell components containing
ribonucleic acid, e g, the nucleoli and the cytoplasm of all types of
primitive cells and of mature cells, such as plasma cells, in which the
ribonucleic acid persists. The methyl green stains the chromatin
greeush black,

e 1 e A eee e g ot o amt o
tion —

Pyronn (BD H) . 03¢

M:(hyl green 07g

Glycel 20 mI

Absolute ethanol 2+5 ml

0 5% phenol in distilled water to 100 m].
The stains are ground with the glycerin and ethanol in a mortar and the
phenol-water added later  The solution 1s bouled for 2 minutes then filtered

After staimng, the shdes are ninsed 1n distilled water and dehydrated 1n

tertiary-butanol, cleared 1n xylol and mounted 1n neutral balsam or Gurr’s

medium  If differentiation s required, a rapid dip mto absolute ethanol,

m which pyronn 15 very soluble, suffices Dehydration 1n the butanol 1s
PR SOl Shouond

which m wet-

elongated red

n dry films the

¢ In certam

Tespects wet-fixation has definite advantages over dry-fixation Delicate

cells and structures are often better preserved, and in conjunction with f1bo-

nuclease the statn can be used as a hustochemical test In wet-fixed films

leucocytes are more globular, 1€, more nearly the shape in ife  The red
cells are badly distorted as a rule

Feulgen's Stain

The Fculgen reacnon 15 generally held to be a specific cytochcrmcal
test for deso: acid, an of nuclear
chromatin (22) When applied to films of bone-marrow or peripheral
blood the nucle: of the adult cell types stain most ntensely, and the
nucler of the pnminive cells least wtensely. The nucleoh do not stamn.
Howell-Jolty bodhes stam by this method, i €, they are Feulgen-positive,

L. e A o

. . ‘ O ' 4ml
. b

-
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and chromosormes stain particularly well, The stain is thus well suited
to the study of mitoses.

The best stanung results are obtained after wet-fixation with Susa's (ud,
but satisfactory staimng of dry-fixed films can be achiered. In 2 well stamed
Gieparation the nuclear chromati is sharply stained shades o
T H

. - . . .
. [

WALEr 10T 1U futuies, Hnsed M dislilled WAIEr and COUMErsLuned by
1mmerston for a few seconds 1n a 194 aqueous solution of hight green,

‘The chemistry of the Feulgen reaction is complex and has been the subject
of some controversy (22).

Staining with Sudan Black

Sudan black B. has been used by Shechan (25) and later by Ballf and
Kimbrough (1), and others, to stam the granules of leucocytes, many of
which appear to contain lipoid The results indicate a close paratlchism
between sudanophilia and a postitve p reaction, and Sudan-black
stainng may pethaps be used as a substitute for the enzyme reaction.  Fur-
ther details and references to the literature are guen in the above-mentroned
papers, and by Rhemngold and Wislocks (23)

THE STAI OF SIDEROCYTES

Siderocytes, or red cells containing gearules of iron which me
a positive Prussian-blue reaction, were described by Gruneberg {13) in
small numbers i the blood of normal rat, mouse and human embryos,
and n large numbers 1n mice with a congemtal anaemma.  They bawe
since been detected 1 adult human blood, chiefly after splencctomy.
They are found 1n nucleated as well as in non-nucleated red cells, but
only tn those in which haemoglobm 15 being formed. The granules
also stain by Romanowsky dyes (7, 19, 21) (Fig. 10). .

It now seems that siderotte granules are to be found normally in many
of the normoblasts of human bone-marrow and 1n marrow feticulo-
‘The exact reason for this 1s not yet clear; possibly the

cytes (8, 17)

e N, e R = " T“,I.m.n.m.. -:s-:oo;rgcyf

" . ' ) . ~ . . ¢ ndrouf
.. - . ' . N orfows tt

M - - . . «  athoun

. N L
after preparation
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and chremosomes stain particularly weli
1o the study of mitoses.

The best staining results are obtained aft
but satisfactory stamning of dry-fixed films co
preparation the nuclear chromatia is sha:
The results of Feulgen staining are xlluslrnfek

Method. The fo))owmg technique gives ¢
bkmdcrbo ﬁedm usnsf‘

Staining with Sudan Black

Sudan black B. has been used by Sheehan
Kimbrough (1), and others, to stun the grar
wiuch appear to contain lipord. The result:
between sudanophulia and a posttive peroud !
statning may perhaps be used as a substtuote fu
ther details and references to the hterature arc
papers, and by Rheingold and Wisfock: (23)

Siderocytes, or red cells contaming gr.
a postine Prussian-blue reaction, were desc.
small numbers in the blood of normal rat, r
and in large numbers 10 mice with a conge
since been detected 10 adult human blood.
‘They are found 1n nucleated as well as in 1
only in those 1n which haemoglobin is be!
also stain by Romanowsky dyes Y ARG

It now seems that stderotic granulcs areto’
of the normoblasts of human b TOv
~utec (R 17 The exact reason for this is 1
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siderotic granules of a normoblast represent iron taken into the cell in
excess of that required for immediate incorporation into haem. Cer-
tainly, siderotic granules far larger than normal are found in erythro-
blasts when there is impaired synthests of haemoglobin—as in Mediter-
ranean anaemia and similar syndromes (8), and in lead poisoning (20).
After splenectomy, siderocytes are nearly always found in the peripheral
blood, often in large numbers, but the exact role of the spleen in
relation to the numbers of circulating siderocytes is uncertain (6).

Method of Staining

Air-dried films are fixed with methanol for 10 to 20 minutes. When
dry, the slides are placed 1n a solution of 1% potassium ferrocyanide
in 0-1N-HCI, made by mixing equal wlumes of 2% potassium ferro-
cyanide and 0-28-HCI] immediately before use. The most consistent
results are obtained by carrying out the staining in a water-bath at
50° to 56°C.

After 10 minutes the slides are well washed in running tap water for
20 minutes, ninsed jn dustilled water and then weakly counterstained
with 0 1% aqueous safranm or 0-1% aqueous eosin for a few seconds.

Siderocytes contain one or more (rarely many) iron-containing
upevealy distnibuted granules, varying in size from about -5 i, down
to the hmits or;im lity (Fig 10)

b

HEINZ BODIES IN RED CELLS

Heinz (14), in 1890, was the first to describe in de!ad mclusmns
mred cells as the result of th of
ontheblood. Now stis known that * Hemnz ” bodes may be produced
by the actton on the blood ofa w:dc range of aromatic mtro- and amino-

e et e Al on mateas
pheral blood 1f the patient has undergone splenectomy.

Heinz bodies probably consist of denatured globin denved from
haemoglobm, Methaemoglobin is not usually formed under conditions
which favour Heinz-body formation {2) Recent reviews dealing with
Heinz bodies include those of Webster {26), Buckell and Richardson (5),
and Fertman and Fertman (10)

Demonstration of Heinz Bodies

Unstained Preparanan: Heinz bodies may be secen as refractile
objects in dry d films, if the 15 cut down by lowering
the nucToscope condeuser Thcy are also easily seen by dark-ground
lluminat; e size of the particles
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varies from I to 2 p. to half the size of the corpuscles  One or more may
be present in a single cell.  They are usually close to the cell membrane,
and in wet preparations may move around within the cells in a slow
Brownian movement,

Stained preparations. Methyl violet stains the bodies excellently.

Equal volumes of blood and 0-5°;, methy! violet in normal saline
are mixed together and the suspension allowed to stand for about 10
minutes at room temperature. Films may then be made or the sus-
pension of corpuscles viewed between slide and cover-glass. The
Heinz bodies stain an intense purple (Fig. 11). They also stain with
other basic dyes. With brilliant cresyl blue they stain fess intensely
than with methyl violet. However, they may be readily seen as pale
blue bodies in a well stamned reticulocyte preparation, if the preparation
is not counterstained.

If permanent preparations are required, the vitally stained films
should be fixed by exposure to formalin vapour for § to 10 minutes.
If films are fixed 1n methanol, the bodies are decolorized. Formalia-
fixed films may be counterstained with @ 19}, eosin or 0 19, safranin
after thoroughly washing in distilled water.

STAINING THICK BLOOD FILMS

The thick blood film 1s widely used in the diagnosis of malaria.
By this technique a relatively large volume of blood may be scrutinized
in a short time and parasites seen even if present 1n very small numbers.
Field's method of staining (11) 15 quich and usually satisfactory.  This
method and the modification proposed by Fenton and Innes (9) wili
be described.

Makiog Thick Films

Thick films are made by placing a small drop of blood in the centre
of a slide and spreading it out with a corner of a shide to cover an arca
about 15 mm. 1n diameter. The film 1s then allowed to dry thoroughly
for 30 minutes at 37 C before staming 1s attempted.  Absolutely fresh
films, although apparently dry, may wash off in the stamn

Field's Method (11)
Stain A (poly chromed methylene blue)

Methylene bluc 13
Dnsod’xum hydrogen phosphate (Na,HPO, 12H,0) 12 fS g
Potassium dihydrogen phosphate (KH,PO,) ‘go’mli’
Distilled water . s e
disodtum hydrogen phosphate are dusolv

hyfene blue and the
n ngcmxlm(:r)dl.‘suelkd water  The solution 15 then boiled am‘il evaporased g[r_!t:
water-bath almost to dryness in order to ™ polychrome the dyc !
potassium dihydrogen phosphate and 500 ml. of freshly botled distitled witter
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then be dissolved directly n the phosphate buffer solution. No evnpcmllmn
18 necessary.

Stain B (cosin)
Eosin

.. . . . . 13 g
Disodium hydrogen phosphate (Na,HPOQ,.12H,0} 26 ¢
Potassium dihydrogen phosphate (KH,PO,) . . 6:25¢g.
Distilled water . 500 ml,

The phosphates are dissolved in warm freshly boiled distilled water, and the
dye then added  The solution should be filtered after standing for 24 hours.

Method of Staining

The shde carrying the dned but otherwise unfixed film 15 dipped
mto Stain 4 for 1 to 2 seconds. It 1s then nnsed 1n buffered distilled
water (pH 6 8 to 7 0) until the stain ceases to flow from the film (5 to
10 seconds) Next 1t 1s dipped into Stamn B for 1 to 2 seconds and
ther ninsed rapidly (1 to 2 seconds) mn buffered distilled water The
shide s finally set upright to dry after the excess water has been shaken
off, 1t must not be blotted

Fenton and Innes’s Modification (9) of Field’s stain
Three staming solutions are required.

Stain A (polychromed methylene blue)
Solution I. Methylene blue 1g
Disodium hydrogen phosphate (Na,HPO, 12H,0) 5g

Distilled water 250 m]
- R ' ++ laced m
‘e - ' hours to
' . en

Solution Il Methylene blue 1g
Potassium dihydrogen phosphate (KH,PO,) 2g
Dustilled water 500 ml.
Two parts of Solution JI are added to one part of Solution I to give
Stain A4 The addition of Solution II assures that some unchanged methylene
blue 15 present in the mixture

Stawn B (eost)

Tamm cate 4 e,

lg
33g
: . 13g
500 ml
The pH of both stains should be 6 8.
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varies from [ fo 2 . to half the size of the corpuscles. One or more may
be present n a single cell.  They are usually close to the cell membrare,
and in wet preparations may move around within the cells in a stow
Brownian maovewment.

Stamed preparations.  Methyl violet stains the bodies excellently.

Equal volumes of blood and 0 5% methy] violet in normal sahne
are mixed together and the suspension allowed ta stand for about 10
minutes at room temperature. Films may then be made or the sus-
pension of corpuscles viewed between shde and cover-glass. The
Heinz bodies stain an intense purple (Fig. 11). They also stain with
other basic dyes. With brilliant cresyl blue they stain Jess intensely
than with methyl violet. However, they may be readily seen as pale
blue bodies in a well stained reticulocyte preparation, if the preparation
15 not counterstarned.

If permanent preparations are required, the vitally staed films
should be fixed by exposure to formalin vapour for 5 to 10 minutes
If films are fixed in methanol, the bodies are decolorized. Formabn-
fixed films may be counterstained with 0-1% eostn or 0-1% safranin
after thoroughly washing in distilled water.

STAINING THICK BLOOD FILMS

The thick blood film is widely used in the diagnosis of matana.
By this techmque a relatively Jarge volume of blood may be scrutintzed
in a short time and parasites seen even 1f present in very small numbers
Freld's method of staining (11) 15 quick and usually satisfactory. This
method and the modification proposed by Fenton and Innes (9) will
be described.

Making Thick Films

Thick films are made by placing a small drop of blood in the centre
of a slide and spreadmg 1t out With a corner of a shde to cover ap ared
about 15 mm. 1n drameter  The film 1s then allowed to dry thoroughly
for 30 minutes at 37°C. before staining 1s attempted ~ Absolutely fresh
films, although apparently dry, may wash off in the stan.

Field’s Method (11)
Stam A (poly chromed methylene biue)
Nathetana bl o . 13 ¢
) . 126c
6
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"
. . v . .
. T . ’ e, !
is necessary.
Smm B (eosin)
. 1-3 g
stodnum h)drogen phosph;n: (Na,HPO. lZH,O) .. 126 g
Potassium dihydrogen phosphate (KH, | PO‘) . . 625g.
Distilled water .. . - . . .. 500 mlL

The phosphates are dissolved 1n warm fn:shly bouled distilled water, and the
dye then added  The soluton should be filtered after standing for 24 hours

Method of Staiming

The shde carrying the dned but otherwise unfixed film is dipped
into Stain 4 for 1 to 2 seconds It is then ninsed in buffered distilled
water (pH 6+8 to 7 0) until the stain ceases to flow from the film (5 to
10 seconds) Next 1t 1s dipped 1to Stain B for 1 to 2 seconds and
then rinsed rapidly (1 to 2 seconds) 1n buffered distilled water. The
slide 1s finally set upright to dry after the excess water has been shaken
off; it must pot be blotted

Fenton and Innes’s Modification (9) of Field’s stain
Three staining solutions are required

Stain A (polychromed methylene blue)
Solution I Methylene blue lg
Disodium hydrogen phosphate (Na,HPO, le L,0) 5g.
Dustilled water 250 ml.

-~ aoe e

Solution 11, Methylene blue 1g
Potassium dihydrogen phosphate (KH,PO,) 2g
Distilled water . 500ml

Two parts of Solution II are added to one part of Sofution I to give
Stain A The addition of Solution II assures that some unchanged methylene
blue 13 present 1n the mixture

Stain B (eosin)

Fern s allms oL« aew oot 1o

8 n

The pH of both stamns should be 6 8
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vaties from 1 to 2 u. to half the size of the corpuscles. One or more may
be present 1n a single cell.  They are usually close to the cell membrane,
and in wet preparations may move around within the cells 1 a slow
Brownian movement.

Stained preparations. Methyl violet stains the bodies exceliently.

Equal volumes of blood and 0-5% methy! violet in normal saline
are mixed together and the suspension allowed to stand for about 10
minutes at room temperature  Films may then be made or the sus-
pension of corpuscles viewed between shde and cover-glass The
Heinz bodies stamn an intense purple (Fig 11). They also stam with
other basic dyes, With brlliant cresyl blue they stam less intenscly
than with methyl violet. However, they may be readily seen as pale
blue bodies in a well stained reticul I ion, 1f the prep
is not counterstained.

If permanent preparations are required, the vitally stained films
should be fixed by exposure to formalin vapour for 5 to 10 minutes
If films are fixed in methanol, the bodies are decolorized. Formahn-
fixed films may be counterstained with 0-1% eosin or 0+1% safranin
after thoroughly washing 1n distilled water.

STAINING THICK BLOOD FILMS

The thick blood film is widely nsed sn the diagnosis of malana
By this technique a relatively large volume of blood may be scrutinized
n a short trme and parasites seen even 1f present int very small numbers.
Field's method of staining (11) 1s quick and usually satisfactory. This
method and the modification proposed by Fenton and Innes (8) wilt
be described.

Making Thick Films
Thick films are made by placing a small drop of blood n the centré
of a sltde and soreading 1t out with a corner of a shde (o cover an aed

Field’s Method (11)
Stain A (polychromed methylene blue)

Methylene blue

. . 138
Disodium hydrogen phosphate (Na,HPO, 12H,0) lé g é.

Potassium dihydrogen phosphate (KH,PO,) S5 f-n :

Dfs"lkd water © v+ et .lean whnenhate are dissolved
waporated 1n 3
the dye

distilled water
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18 necessary

Stain B {eosin}

Eosmm B 3
Dnsodnun fydrogen phosph.uc (N:,HPO‘ lZILO) .oRe
Potasstum dihydrogen phosph:uc (Ml PO.) . 25
Distitied water . . . 500 mt,
The phosphates are dissobved 1 warm (mhly bored dutilled water, and the
dye then added  The sofution should be filterad after standing for 24 hours.

D
ol o]

Method of Statning

The shde carrymg the dried but otherwise unfived Slm is dipped
mto Stain A for 1 to 2 seconds Tt s then rinsed in buffered distilled
water {pH 6 § 10 7 0} untl the stan ceases 1o flow from the film (S 1o
10 seconds).  Next if s dipped into Stasn B for 1 to 2 seconds and
then rinsed rapidly (4 to Z seconds) m buffered distiled water. The
slude is finally set upnight to dry after the evcess water has been shaken
off; st must not be bloned

Fenton and Janes’s Modificstion (9) of Field’s stain
Three staming sofutions are required

Stam A (polychromed methviene blue}

Solation I Methylene blue ig
Drsodium fiydrogen phosphate (N2, HPO, IZH 0) g

Distilled water 250.mt

Tha coathutona bine cadnem mhoankate and des.Sad mtee noe mbamnd i

Solutsan n Mclhylcne blue ig
Potassium dxhydrogcn phosphate (KH PO, 2g
Distilled water . 500m.
Two paris of Solutton 3 are added 10 one part of Solution I to gve
Stam 4 The addstion of Sofution JT assures that some unchanged methylene
blue ss present w the mivture

Sramn B (easiny
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Stain C (dilute Leishman’s stain)

Buffer solution
Disodium hydrogen phosphate (Na,HPO,.12H,0, . .
Potassium diydrogen phosphate (l’(H,PéJ ! ).. . lggg
Distilled water ., . . . .- - .o 250 ml
The pH of this solutron should also be 6-8.
Leishman’s stan (p. 38) is duluted 1 in 50 in distilled water and 3 parts
per 100 of the above buffer added.

Method of Staining

R Vo L e )

for 10 to 15 minutes. They are then stood upright to dry without
further washing.

Successfully stained films should be faint purple-blue in colour,
transparent and contain no residual haemoglobin, The Jeucocytes,
platelets and parasttes should stand out against a colourless background
The nuclei of the Jeucocytes should be well preserved and stained
The cytoplasm of the parasites should be stained blue or grey-blue and
the chromatin dot 2 bright red, Schufiner’s dots, if present, should
stain intensely.

Fenton and Innes’s method, although a little more elaborate, seems
to give more consistently good results than does Field’s method.

REeLATIVE VALUE OF THICK AND THIN FiLMs
IN THE DIAGNOSIS OF MALARIA

Thick films are extremely useful when parasites are scanty, but the
identification of the parasites 15 less easy. Mixed infections may be
missed and there may be doubt as to the identification of any particulas
object, However, an experienced observer may be able to find and
recognize with certainty parasites even 1n badly stamed thick films,
whilst 1n a well stained film parasites should be easily recognized, event
by beginners  Five minutes spent in examining a thick film s equi-

T vVt L cie daake e ta whathar or nat ag obgect 1§ @ M3l

. ' 15 severe leucopenia.

Vo, o ! feast to estimate the
proportion of polymarphonuclear to mononuclear cells) much more
rapidly and more accurately than in thin films made from the same
blood (see also p. 46).
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CHAPTER 7
BONE-MARROW BIOPSY

Biorsy of bone-marrow 15 an indispensable adjunct to the study
of diseases of the blood and may be the only way in which a correct
diagnosis can be made. The method of surgical biopsy of the stemum,
1lium, tibia or nb has been largely superseded, but not quite replaced,
by needle (aspiration) biopsy of the sternum or other bones. Needle
biopsy has many advantages over the surgical method; it 15 simple,
safe, and relatively painless, and 1t can be repeated many times and even
performed on out-patients  Not only does 1t provide material for
making films but quite good sections of aspirated marrow fragments
can be obtaned. Surgical biopsy has several disadvantages and can
seldom be repeated (see p 84) However, 1t 1s capable of giving
decisive information when methods of aspiration fail and it has thus a
defimte place i diagnosis Bonc-marrow puncture seems to be safe in
almost all evenin thromb penic purpura.  However,
1t should never be attempted when there i |s a major disorder of cengula-
tion as 1n haemophiha.

Percutaneous trephine biopsy is 2 between the
and surgical-bopsy and ines some of the
of both. Either ** microtrephines ** of 2-mm. bore or less (4, 26) ot
targer trephunes, e g , that of Sacker and Novdmn (25} which has an 8-mam,
bore, can be used  The small microtrephines can be inserted into the
sternum, vertebral spines or ilac crest, but the Jarger trephines should
be used only on the ihac crest {see p 85) The various methods that
can be used for aspiration and biopsy of bone-marrow have been
reviewed recently by Berman (2)

TECHNIQUE OF NEEDLE (ASPIRATION) BIOPSY
OF THE BONE-MARROW
Sternal Punctore

The usual site for puncture 1s the manubrium or the first or second
preces of the body of the sternum  The manubnium contains rather
denser trabecular bone than does the body of the bane and, 1n elderly
subjects at least, tends to contain more fatty marrow than 1s found
elsewhere 1n the sternum (7) Tt is also sometimes less easy to be
certam that the needle pomnt bas reached the cavity of the bone
However, completely satsfactory samples are obtained more often
than not from the manubrium and there 1s the advantage that as the bone

81
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is punctured well above the Jeve
Atrdomal sramefiyian oo s ot 1 of thc_ .heart thc. consequences of

uge

Fig 12 SavaM (LEFT) AND KuMA (RIGHT) MARROW-PUNCTURE NEEDLES
(REDUCED X §)

(Reproduced from Disorders of the Blood by Stz Lionel Whitby and Dr C J €
Britton (1950), 6th Ed, p 703  Cherchifl, London )

A special needle is used for sternal puncture (Fig. 12). This should
be short and stout with a well fitting stilette, and must be provided with
an adjustable guard  The pauent lies on hus back in a semi-recumbent
position and the skin covering the upper part of the sternum is cleansed
with spint or todine  If hairy, the site must be shaved. The skin,
subcutaneous tissue and pertosteum overlying the site selected for the
puncture are carefully infilrated with a local anaesthetic such as
Xylocaine.

If the manubrium 18 selected, the site of the puncture should be about
1 cm. above the sterno-manubrial angle and slightly to one side of the
td-line: 1f the body of the bone 1s to be punctured, this should be done
opposite the second or third intercostal spaces shightly to one side of
the mid-line.

The guard on the needle 15 adjusted to about 12 to 15 mm. from the
needle point, depending on the thick of the sut tissue.
The needle 15 then pushed with a boring motion nto the cavity of the
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bone. The amount of force required varies, but may need to be con-
siderable, It is usually easy to appreciate when the cavity of the bone
has been entered, The stilette is then removed and a well fitting
§- or 2-mi. syringe used to suck up not more than 0-3 ml. of marraw
contents—bone-marrow diluted with a vatiable amount of blood.
As a rule material can be sucked mto the syringe without difficulty;
occasionally it may be necessary 1o re-jnsert the stlette and to push
the needle in a little farther and to suck again. If further attempts
at aspiration prove ing, itis hwhile trying the effect of greater
suction; a 5- or 10-mi. syringe may be used for this purpose,

Films should be made from the aspirated material without delay
{sec p. 86). The remainder of the material may then be delivered into
a suitable fixative for fustofogical sections (see p. 88).  The Hims should
be stained as soon as dry by the May-Griinwald-Giemsa technique,
or fixed for 10 to JO minutes in absolute methanol of it 1s necessary to
postpone staining for longer than a few hours.

Spinons-Process Puncture

The spinaus processes of the vertebrae can be punctured and good
samples of marrow may be obtaned from adults (15). Puncture is
not difficult, since the bones hie superficially, but rather more pressure
is required than for sternal puncture.  The needle should be passed into
the spine of a lumbar vertebra slightly lateral to the mud-iine 1 a direc-
tion at right angles to the stun surface, with the patient either sitting
up or lying on his side as for a tumbar puncture. Advantages of the
method are that the patient cannot see what is happening and that
several attempts at puacture and aspiration ¢an be made, if necessary,
in the same anaestheuzed area.

Tliae-Crest Punctare

The iliac crest 1s another site from which active marrow may be with-
drawn (29). The needle should be passed nto the cawity of the thum
perpendscular to the flat surface, 2 cra postenor and 2 om. inferior
10 the anterior supenor iliac spme.  As with spinous-process puncture
the_‘ bone i$ often appreciably harder to pierce than 13 the sternum,
P . e PR it .

CovpaRisam o THE DurmeT Sovs ror Nomie Poscsvee

Although there 13 normally considerable variation in the compesition
of cellular martow withdrawa from adjacent or different sites, the
general trend and type and maturity of haemopoiests and the balance
Pe!wcm erythropotess and leucopoiesis are simdar (9, 17). In practice
it is a distinet advantage to have a choice of several sites for punciure,
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particularly when puncture at the usual site results in a * dry tap”
or when blood alone is withdrawn. Aspiration at 2 different site may
yield cellular marrow or st h icion of a wid d change
affecting the bone-marrow, such as fibrosis or aplasia,

The actual type of aspirating needle used is  matter of persopal
preference, However, only needles designed for the purpose should
be used. They should be of hard stainless steel, about 7 to § cm, in
leggth with an outside bore of about 1-5 mm. They must be provided
with a well fitting stilette and have a guard the position of which can
be. adjusted on a spiral thread or kept in position by a lateral sctew
(Fig 12). The point of the needle and the edge of the bevel must be
kept well sharpened.

A novel type of needle has been described recently by Reddy (23)
It has a lateral cutting edge desigried to cut out a solid piece of marrow
when the needle 1s rotated  Reddy found the needle to be particularly
ir.;sc;l‘.ul in providing material for the demonstration of Leishman-Donovan

odies.

Needle Biopsy of the Bone-Marrow in Children

In the youngest children, from birth to 2 years, the medial aspect of
the upper end of the tibia just below the level of the tibial tubercle may
be punctured and active marrow withdrawn, In older children the
tibial cortical bone ts usually too dense and the marrow within normally
less active. Niac puncture is then the method of choice. Sternal
puncture, although possible, 1s not free from danger for the bone is
thin and the marrow cavities small, The dimenstons of the marrow
cavities in the sternum of children are given by Diwany (8)

MaRROW PUNCTURE IN LABORATORY ANIMALS
Details of techniques are described by McFadaean (16) [t 1s suggested
that the bone (posterior thac spine} be duilled with a dental dnil and bone-
marrow asprrated throngh the hole thus made, using a fine needle attached to
a smalt syringe

SURGICAL BIOPSY OF THE BONE-MARROW

As already mentioned, surgical propsy of the bone-marrow has
several disadvantages. the biopsy has to be carried out in an operating
theatre using a full aseptc technique and 1t can seldom be repeated;
1t may be dangerous if the patient has a bleeding diathests or granulo-
cytopema, and in leukaemia, particularly, the 1nciston maylf:ul 1o heal.
On the other hand, the method has the advantage of providing a rela'-
tvely large amouat of bone-marrow tissue from which, after decalci-
fication, sections may be cut  The method 15 thus particularly sudtable
for use in the demonstration of myelofibrosis, ostegsclerosts or meta-
static tumour deposits, condrtions n which 1t may prove 1mposstble to
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s

- obtain Y by aspirati For the study of cytalogy
it is, of course, passibie ta prepare films or imprint preparations feom
the material obtained by biopsy.

Biopsy may be carned out on the sternum, jliac crest or nb.  How-
ever, as biopsy of the sterpum often leaves an ugly scar which the
patient can see, the latter two sites seem preferable  Particularly good
sections can be obtained if a short segment of a nib 15 removed (10).

PERCUTANEQUS TREPHINE BIOPSY OF THE
BONE-MARROW

Tiirkel and Bethell (26) descnbed a microtrephine of about 2-mm
bore which could be passed through a hollow introducing needle only
slightly larger than a marrow aspirating needle  No skin incision is
necessary and the wnstrument can be safely used on the sternum, A
rather simifar instrument for combined biopsy and aspiration was
bed later by B & and dale (4] However, the cylinders
of bone and underlying marrow obtained by these trephmes are smalt,
and they are apt to break up whie bemg prepared for sectioning.
Larger trephines seem to be more valuable 1n practice, and their vse is
hardly more disagreeable to the pattent  The Sacker-Nordin trephine
(25) (Fig, 13), which can be safely used on the iliac crest, provides
as a rule sufficient matensal for an accurate diagnoss (Figs 14 and 16)
The nstrument can be inserted under Tocal anaesthesia, but as a small
skim incision 15 necessary the biopsy 15 best performed in the operating

theatre where full aseptic precautions can be taken

&
&y
:I!?

FiG 13 Treemne roR BOvE OR Bowi-Marrow Biapsy,
DESIGNED BY DRs L S SACKER AND B E C NoroiN

{Reproduced from the Lancet, §, 347, 1954 )

EXAMINATION OF ASPIRATED BONE-MARROW

‘The volume of marrow which may be aspirated by puncture is limited,
and the more matenal aspirated the greater is the proportion of con-
tammating blood; hence there 1s for most purposes httle if any advantage,
in aspirating more than ¢ 2 ml. of marrow flud, P
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The material aspitated can be dealt with in a Jeast four ways*
(2) films can be made of the material as aspirated; (5) films can be made
after concentration; {c) ** particle smears ** can be made, and (d) histo-
lagical sections can be cut,

Bone-Marrow Films
Careful ion is ial and it is desirable, if possible, to

concentrate the marrow cells at the expense of the blood by which they
are diluted.

The following sumple device 15 generally satisfactory. Drops of the
aspirate are delivered on to the slides about [ cm. from one end and
most of the blood 1s then sucked off with a fine Pasteur pipette applied
to the edge of cach drop. The 1rregularly shaped marrow fragments
tend to adhere to the shide and most of them are left behind. A film
3 to 5 cm. 1n Iength is then made of the marrow fragments and the
Temaining blood by means of a smooth-cdged glass spreader of not
more than 2 cm. in width (Fig. 15).  The marrow fragments are dragged
behind the spreader and leave a trail of cells behind them. (It is in

become mcorporated in a differential count.)

The ion can be dered satisfactory only when marrow
particles as well as free marrow cells can be seen in stained fitms, 23
is usual with the above technique  No attempt is made to squash the
matrow particles.  Their st hether hy dar or hypei-
cellular—can be readily appreciated without recourse to squashing, and
their iron content revealed by staining with potassiem Terrocyamie ¥
acid solution (see p 75)

Bone-marrow films cau be fixed and stamed with Romanowsky
dyes by exactly the same techniques as for peripheral blo?d films
(p. 39). Thorough fixatron (at least 20 mrutes ia metharnol) is essen-
tial if high-quality staining 15 required

Concentration of Bone-Marrow by Centrifugation

Several workers have used centrifugation techmques in an attempt
to concentrate the marrow cells and 10 assess the relative distribution
of marrow cells, peripheral blood and fat 1 aspirated maugxal.
Limarzi (14), for instance, devised 2 method for centrifuging h:panmzid
aspitated matrow mn a Wintrobe haematocnit tnbe, Yellow fat”,
“ red fat , plasma, marrow cells and mature red cells separate from
above downwards. The marrow-cell layer is used for preparing films
and for differential coants. X

Although concentration of poorly cellular samples 15 useful, it ;;

y when the asp d material is of average or incfeas
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Fic 17 SECTION OF ASPIRATED BONE-MARROW PARTICLES PREPARED
BY THE METHOD OF RAMAN (1955) > 60
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A METHOD OF PREPARING HISTOLOGICAL SECTIONS OF
ASPIRATED BONE-MARROW PARTICLES (Raman (22))

Fixative

Abs?lute ethanol js dilated with an equal volume of 15% (vv)
formalin. The mixture hasa specific gravity of 0-93, almost exactly the
same as that of human fat. When a marrow aspirate is added to this
ﬁxa}ive, the blood remains 1n suspension while the marraw particles
rapidly sediment, Even fatty marrow settles down in a few seconds.

Method

0-25 ml. of bone-marrow aspirate is added to 20 ml, of the fixafive
in a screw-capped bottle, and thoroughly mixed, It is then allowed to
fix avernight.

The following morning, the sedi is 1 d by i
The coarser marrow fragments are thea picked out with a Pasteur
pipette and teat, after they have re-settled to the bottom of the bottle,
which usually takes only 2 few seconds They are then transferred to
a centrifuge tube provided with a rubber bung, and containing 70%
{v/V) ethanol. The material 15 subsequently dehydrated with two
changes of absolute ethanol, being left for 1 hour i each. The ethanol
is drained off and replaced with a 2-5% solution of collodion (Necol)
in equal parts of absolute ethanol and ether, and left overnight. The
embedding in Necol is necessary to hold the fragments together before
they are finally embedded 1n paraffin wax.

On the third day, the excess Necol 1s dramned off and replaced with
2to 3 ml of chloroform to harden the collodion  After 30 seconds
the aggregated mass of fragments m the Neco} 1s displaced by gently
warming the tp of the tube over a very weak flame. The mass of
fragments 15 then cleared with two changes of benzene and embedded in
paraffin wax

A METHOD OF STAINING SECTIONS OF BONE-MaRROW BY
MaY-GRUNWALD-GIEMSA STAIN

The many different techniques which are m use for stanng by
R ky dyes are evids of the real Ity n ob satis-
factory stamning of sectioned matertal

The following method gtves quite good results, It may be fxpphcd
to aspirated marrow fragments, trephine or postmortem material. 1If
decalcification 15 necessary, the results are less satisfactory. T)u_n
preces of the biopsy material are fixed as soon as possible 1 Helly's
flud® for 12 to 18 hours. They are then washed wn runming water
overmght before being decalcified (should this be required), dehydrated
and embedded tn paraffin wax w the usual way. The sections when cut

* ¥ ssim dichromate, 2 S g , mercuric chlorde, 5 &4
om0 ormmiaehyde) 5 o ciled watér, 100
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should be first placed in Lugol’s iodine for 2 minutes and then 1 59,
sodium thiosulphate for 2 mmutes  They are washed in several changes
of distilled water and then rinsed 1n distilled water buflered to pH 6-8

The sections are staned for 1 hour tn May-Grunwald stain diluted
with an equal volume of buffered distilled water, and then transferred
without washing into Gremsa stain diluted with 19 volumes of buffered
distilled water and left for 2 hours. The sections become grossly
overstamed and deep blue 1n colour, they are rinsed in buflered distilled
water before differentiation.

The sections are differentiated by covering with a small volume of
glycenin-ether (Gurr) freshly diluted with four parts of absolute ethanol.
Differentratton takes place quickly and 1s usually adequate 1n a few
seconds. The section s next dehydrated by a rapid dip 1n absolute
ethanot, cleared 1n xylol and finally mounted tn Gurr’s neutral mounting
medium  The use of glycenn-ether helps to prevent * blueing ™ of the
section during dehydration

In a successfully statned section the cytoplasm of primitive cells
should be blue, that of my and d hils pale
pink, the eosinophil granules should be bright red and the cytoplasm
of the red cells orange Neutrophil granules are usually not easily
visible

Quantitative Cell Counts on Aspirated Bone-Marrow

A number of figures for the cell content of aspirated normal marrow
have been given 1n the Iiterature (21, 27) That the vaniation 1s extremely
wide 15 hardly surprising, 1n view of the tendency of the marrow cells
10 adhere 1 clumps of varying stze and the uncontrollable factor of
dilution with peripheral blood, which according to Berlin, Hennessy
and Gartland (1) may amount to 40 to 100°, 1n 0 25- to 0 5-m! bone-
marrow samples

For the above reasons quantitative cell counts seem hardly worth
carrying out  The degree of cellularity can be assessed within broad
limuts as increased, normal or reduced by mspection of a stamed film
containing marrow particles (see also p 86), and for practical pur-
poses this seems all that 15 necessary

Differential Cell Counts on Aspirated Bone-Marrow; the * Myelogram **

Most workers perform differenttal counts on marrow films and by
presenting the data in the form of a myelogram express the mcidence
of the vanous cell types as percentages Such figures are unfor-
Tunately not as accurate as they might appear It must not be forgotten
that films made from aspirated materal include cells from the peripheral
blood as well as from the bone-marrow, and that the varying dilution
with blood 1nvolves an error for which no compensation 1s possible,

In additson, the more fixed and primutive cells, and large cells such as™™
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megakaryocytes, tend 1o resist aspiration and remain in the marrow or
embedded in marrow fragments  Those whtch are aspirated tend to be
most irregularly distributed; many are carried to the tail of the film,
Pontoni (19) the term “ ! ™ for a diffe
count performed on aspirated matenial and restricted the use of the * myelo-
gram ” to differential counts made when fully ripered letcocytes are excluded,
a more correct usage, His leuco-erythrogenetic ratio based on his “ myelo-
gram ” 15 simifarly 2 better expression of the relative proportions of leuco-
poicsis to erythropotesis than is the more commonly used myeloid-erythroid
ratio which'1s based on counts from which mature leucocytes are not
excluded (5).

Ideally, differential counts should be performed on sectioned

‘material, but the great difFiculties in identification make this tmpractical

- Fadem and Yalow (9) recommended that differential counts be done
on preparations made by the particle-smear techni As ioned
on p. 86, a fairly reliable method is to count the cells in the trails of
cells left behind the marrow particles as they are carried to the tail when
afilmisspread. Dameshek, Henstell and Valentine (6) gave interesting
figures for parallel counts made on sections and on smears, and other
observations are given 1 Osgood and Seaman's review (21). Osgood
and Seaman also d: the unavoidab istical errors ‘mvo)vcd
in performng differential counts, and the necessity for counting large
numbers of cells, particularly if an attempt 1s being made to assess the
frequency of cells present in only small numbers. A further drfficulty
is the impossibility of accurately dividing nto arbitrary classes cells of
which every gradation of development may be seen

For all the reasons referred to above, and because of the nqtur{ﬂly
variegated pattern of the bone-marrow and the jrregular distribution
of the marrow cells when spread in films, differential cell counts on
marrow aspirated from normal subjects indicate a very v.zide Tange ;’f
normality, a range so wide that mnor degrees of deviation from tht
normal occurring 1 disease are difficult to establish.

The normal values given 1 Table VII are based upon the data of
several anthors (9, 11, 12, 13, 18,21) They can only be taken as ;ﬂ
approxumate guide. The proportion of fatty to ceflular marrow in the
sternum of healthy adults was given by Berman and Axelrod (3 as
21 to 52%,

Reporting on Bone-Marrow Films -
The first thing to do is to look with the naked eye at a sclection o.
shdes and to choose from them several of the best spread films wt?e
taining easily visible marrow particles  The particles §hould tpcn b
with a low-pi (16-mm.) oby with particular rel :]m;xic
to their cellularity, an estimate of whether the marrow 1§ hypop! nsud;
normoplastic or hyperplastic can usual}y be made wuhq;!mn; "t
dufficulty, of sufficient particles are available for study
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Tasie VI

NORMAL RANGES FOR DIFFERENTIAL COUNTS ON
ASPIRATED BONE-MARROW (9, 11, 12, 13, 18, 21)

Reticulum cells | 012%
Haemocytoblasts 1014
Myeloblasts .0 1-3:5%
- Pronl\yelm'ylz! 0 5-5%
~ Myelocytes .
‘neutrophil 5-20%
cosnophil I o 1-3
basophil 0-0 5%
Mzmmytloﬂ;yles |
young forms or
stab forms | 1o
- Polymorphonucicars ! )
neutrophit 1-252,
cosinophil 0 2-3%,
basophil 0-0 5%
Lymphocytes 5-202%
Monocytes g—?})%n
Megakaryocytes 0%
Plasma cells 013 5%
 Pronormoblasts 0 5-5%
- Normoblasts
polychromatic 2-20%
pyknotic® 2-105,
Myelowd-erythroud ratio 2518 1

* The term * pyknonc ™ 1s preferred to * orthochromatic * as a description of the
most mature normoblasts Cells with fully ripened cytoplasm (orthochromatic

1n the strict sense) are rarely met with 1n normal bone-marrow

step 1s to select for detaded examunation—still using the 16-mm
objective—a highly cellular area of the film where the nucleated cells
are well stained and well spread  Areas such as these can usually be
found towards the tails of films 1n the viciuty of marrow particles
The cells i these cellular areas should be exammed first with the 4-mm
objective and finally with the oil-tmmersion 2-mmobjective and X 6
eyepieces A look-out should be made at an early stage of the
examination for megakaryocytes, which are most often found towards
thec tail of the film

backed by a knowledge of the patient’s
Peripheral blood count and his history, will usually enable a diagnosis
1o be made without recourse to a differential count. A detailed
“myelogram ” 15, m fact, not often requred m clmical practice
A descrption of the general cellulanty of the marrow, and the type of
erythropoiesss and the general matunify_ of the erythropoielic and
eucoporetic cells, and perhaps an estimate_of the erythrod-myeloid.
Tabio based on a count of 200 to 500 cells, are all that are usually needed
when Teporting on bone-matrow films made for diagnostic purposes,

This 15 not to say that detailed differential counts are never useful
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and need never be done. In leukaemia, n agranulocytosis and in
myelomaiosis, for instance, the proportion of pnmitive fo maturing
cells is important for record or scientific purposes, if not for diagnosis
On the other hand, time is often much better spent in examining a series
of slides than in performing a detailed differential count on the first
Tew hundred cells seen. A wide search may, for 1nstance, 1n a case of
obscure ia, settle the di: by ling isolated groups of
metastatic carcinoma cells.
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CHAPTER 8

LABORATORY METHODS USED IN THE
INVESTIGATION OF THE HAEMOLYTIC ANAEMIAS

THE‘laboratory tests used in the investigation of the haemolytic
anaemias can be divided into five categories: (a) the demonstration
in vitro of an increase in the sensitivity of the patient’s red cells to certain
tests for haemolysis; (b) tests for abnormal antibodies adsorbed to the
red cells of a patient or free in his serum; (c) the study of the survival
in vivo of the patient’s red cells or of normal red cells transfused to him;
(d) tests for sickling of the red cells and for abnormal types of haemo-
globin; {e) the d ration of an i d ion of products
of haemoglobin catabolism.

The first four techniques to be described—the measurement of red-
cell osmotic fragility, the osmotic fragility test after incubation of blood
at 37°C. for 24 hours, the autohaemolysis test and the mechaaical-
fragilty test—are chiefly used in the investigation of the congenital
h Lyti short ion of the significance of each

A
test follows the description of the method.

OSMOTIC FRAGILITY

Principle.  The method to be described 1s based upon that of Parpart
and co-workers (43). Hypotonic salne buffered to pH 7-4 is used,
and the blood is added to the hypotonic solutions in the proportion qf
1to 100 The test 1s carrted out at room temperature and haemolysis

read photoelectrically

Reagents

A stock solution of buffered sodium chlonde (A.R.), osmotically
equivalent to 10% NaCl, 15 made as follows: NaCl, 180 g.; Na,HPO,,
27-31 g., and NaH,PO,,2H,0, 4 86 g are dissolved 1n distilled water
and the final volume adjusted to 2 hitres. This solution will keep for
months without detertoration 1 a well stoppered bottle. In preparing
hype for use tt is ient to make first a 1% solution
from the 10% stock solution, by dilution with dstilled water, Dilu-
tions equivalent to O 85, 0 75, 0-65, 0:60, 0 55, 0-50, 0 45, 0-40, 0-35,
0-30, 0-:20 and 0-10% NaCl are convenient test concentrations.
Intermediate concentrations such as 0 475°, and 0-5259, are seful
in critical work

ch lxs convement to make up 50 ml. of each dilution. The solutions

9
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keep well at 4°C for some weeks, but they should be discarded if moulds
develop.

ot
\/}{epofinized%ousﬁod or defibrinated blood may be used;

range of hypotonic solutions. The tubes are allowed to stand at room
temperature(20°C.) for at least 30 minutes, then remixed and centnfuged
for 5 munutes at 2,000 r.p.m. The amount of haemolysis in each tube
is then compared with that 1n the 1009 lysis tube (0 1% NaCl), using
2 photoelectric colorimeter provided wnh a yellow-green (Ilford 625)
filter. The supernatant from the 0-85%, NaCl tube is used as the blank.
Usually the supernatants can be poured by decantation mto the
colorimeter cell. With a good colorimeter as ittle as 1% Iysis can be
estimated  The depth of the cell should be such that the reading on the
colorimeter scale for complete lysts does not exceed 50 (optical density
0 5). Ifnecessary, measured volumes of the supernatants can be diluted
with an equal volume of 0-10% NaCl or the blood to sahne dilution
made 1 to 200 at the start of the test

The blccd may be added to the hypotome solutions by means of a

pipette d to deliver 0-05 ml (Fig. 18).

Wxth lhls mstrument almost exactly equal amounts of blood can be
added to each tube, but skill and practice are needed. Alternatively,
straight pipettes cahbmled to contain 0 05 m! may be used, but this
method, although accurate 1f a dry prpette 15 used for each addition,
1s tedious. A more rapxd but far less accurate method is to add one
*drop ™ of blood to each tube

A ——

————————

[ =

FiG 18  Guass-CAPILLARY AUTOMATIC PtPETTES

FACTORS AFFECTING OsMoOTIC-FRAGILITY TESTS
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PH of the blood-saline suspension, and (c) the temperature at which
the tests are carried out.

Ammncm s amart 4 eee e el R

Rrcine catutinn  Dlnmanan 6o anfe = oaqace oon o Liasd

fore, 1t 15 recommended that the blood should be mixed until bright red, as
occurs durng defibrination.  Finally, for really accurate work the estumations
should always be carrted out at the same temperature, though for most
Ppurposes *“ room temperature  1s sufficiently constant.

The extent of the effect of pH and temperature on osmotic fragility 15
illustrated 1n the paper of Parpart and co-workers (43). The effect of pH1s
more important, here a suft of 0 1 of a pH umit 1s equivalent to altermg the
tonicity by 0 017, the fragilty of the red cells being increased by a fall
m pH. A nse i temperature decreases the fragility, a rise of 5°C. being
PO ST Rt vt S SRS T 4

order to arrest the b lysts, but this seems y

practice. -
Further details of the factors which affect and control the haemolysis of
red cells in hypotonic soluttans are given by Ponder (45), Guest (22), and

Hendry (25)
RECORDING THE RESULTS OF OsuoTic-FRAGILITY TESTS

Most workers have not been content to record merely the )zighes:
cancentration of saline at which haemolysss 1s just detectable (* 1imtial
Iysis or mummum resistance) and the highest concentration of salne
1 whtch haemolysis appears to be complete (** complete ™ lysis of
maximum resistance} It 1s useful also to record the concentration
of saline caustng 50° lysis, 1e, the median corpuscular fragitty
{M.CF)(54). .

When a range of hypotonic soluttons has been used a fragility
curve * may be drawn by plotting on graph paper the percentage of
haemolysis 10 each tube against the corresponding concentration 0
salt solution In normal subjects an almost symmetrical sigmoid
curve results (Fig 19) In disease, however, deviations f‘(‘om the
normal type of curve are found, e g, curves with fong ™ tarts > due 0
a small proportion of very fragile cells -
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OsMOTIC FRAGILITY AFTER INCUBATION AT 37°C.
FOR 24 Hours

Method

Defibrinated biood shonld be used, care being taken to ensure that
ghe sample is stenle. Duplicate 2-ml. volumes of blood are incubated
in sterile S-ml. screw-capped bottles (It is useful to set up the samples
m duplicate, so that in the rare event of a sample being infected, as
shown by the haemoglobin bemg markedly reduced, the whole expen-
ment need not be spoilt.) After 24 hours, the contents of the two
bottles are usually pooled after thoroughly mixing the sedimented
corpuscles in the overlying serum, and the fragility 1s then estimated as
previously described. As the fragility may be found to be markedly
mcreased, 1t ts advisable to set up addional hypotonic seluttons,
contaming 0 7 and 0-8% NaCl as well as a tube contamng 0:85%
NaCl. In addition, 2 solution equivalent to 1-2%, NaCl should bt
used for sometimes, as in hereditary spherocytosis, lysis may take place
i @ 859, NaCl, wm ths case the sup of the tube "
1-2%, NaCl can be used as the * blank ™ 1 the colonmetne estymation.

The incubation fragiity test 15 convemently combined with the
estimatton of the amount of spontaneous autohaemolysis (see later)

Normal Range of Osmotic Fragility after 24 hours at 37°C.:

0-209, NaCl 91-100% haemolysis
030% . §0-100°% -
0355 ., 72-100° “
040% 65-100% "
045% ., 54- 96%, »
0 500, , 36- 889 ”
055%, 5- T0% "
0-60°% ., 0- 40% “
0655 . - 19% "
070% . 0- 9% -
075% - 2% »
085% . 0% ”

SIGNIFICANCE OF OswoTIC FRAGILITY TESTS ON INCUBATED Broop
It has been found that the red cells of patients with hetv;d}&atyasng;f;‘z‘:; .
cytosis and at least one type of 1 Dl
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undergo, when incubated, a_greater increase 1 osmotic fragdity than do
normal red cells (49) (an 20). 1t may prove possible, therefore, by the

O HOURS

i T

24 HOURS

of o2 03 ©04 05 ©O6 O7 OB O
% NoC!
FiG 20 Osworic. FRAGILITY CURVES BEFORE AND AFTER INCUBATING
E BLoop AT 37°C FoR 24 Hours
me patients surrmng from (a) hereditary spherocytosis x - - = - X, (5) @ o,
d {¢) o o congenital non-spherocytic haemolyt anaemia The shaded
areas represent the normal range

AUTOHAEMOLYSIS (HAEMOLYSIS AFTER INCUBATION
OF BLOOD AT 37°C. FOR 24 OR 48 HOURS)
Method
Sterife defibrinated blood 1s used  Four 2-m! samples are delivered
into sterile 5-mi screw-capped bottles They are placed m the meu-
Bator and left undisturbed for 24 hours  The contents of cach bottle
are then gently mixed by mverston. Two of the bottles are then
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seplaced at 37°C. and incubated for another 24 hours. The contents
of Athe remaining two bottles are pooled, a sample removed for the
estimation of osmotic fragility, a further sample used for the estimation
of tl}e packed cell volume (P.C.V.) and the remainder centrifuged to
obtain the supernatant serum.

Thg amount of spontaneovs lysis is estimated by means of a photo-
electric colorimeter  As a rule it 15 convenient to make 1 10 25 of
1 in 50 dilutions of the incubated serum in 0 049 (v/v) ammonia
An appropriate dilution of the pre-incubation serum is used as a blank,
and a 1 10 100 or I in 200 dilution of the whole blood in 0-04%, (v}

ia serves as a standard  The p i ysis, aflowing
for the change 1n packed cell volume resulting from incubation, is cal
culated as follows (49)—

100-P.CY
~P.CV.
Percentage haemolysss = R, R:D){(l 4 X100 =R'LDOR°P>< 4J

R, = reading in colonmeter of diluted whole blood,

R, = reading in colormeter of diluted serum at time T (ie. at
24 or 48 hours),

P.C.V.; = packed cel! volume at time T

Normal Range of Autohaemolysis: Lysis at 24 hours == 0-0-5%.
Lysis at 48 hours = 0 4-3 §%,.

SIONHCANCE OF INCREASED AUTOHAEMOLYSIS

Little o no lyss takes place when norma) blood 15 incubated for 24 hours
under stenle conditions, and the amount present after 48 bovrs js small (49)
1f glucose 15 added so that it 15 present throughout the incubation the
development of lysis 1s markedly slowed  In hereditary spherocylosis, how-
ever, Jysis takes place earber and progresses more rapidly than normal and
the same 1s true of bload from patients with acqured haemolytic anaemia
with spherocytosis and n at Jeast one type of congertal non-spherocylic
faemelyti anaerma  An accelerated rate of autohzemalyus may slso be
observed 10 haemolytie anaemsa caused by chemicals such as acetylphenyl-
hydrazine and, most charactenstically, paroxysmal nocturnal haemo-
globunuria . -

.
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MECHANICAL FRAGILITY

Principle. Red cells are susceptible to mechanical trauma and
may be haemolysed readily in vitro by shaking with glass beads  Inthe
mechanical fragility test the amount of lysis of the blood under test is
compared with that of a normal control blood

Method

Either defibrinated or heparinized blood may be used. The first
step is to adjust the packed cell volume to 45% by withdrawal or
addition of serum or plasma, as may be pecessary. 2-ml. volumes
are then delivered into two 80 ¥ 10 mm. tubes of about 5 ml. capacity.
Four glass beads, about 4 mm 1n dameter, are added to the blood
and the tubes closed with tightly fitung rubber bungs. They are then
rotated at 33 r.p m. for 60 minutes at room temperature At the end
of this time the contents of the two tubes are pooled, and 1 to 100
dilutions of the blood are made in 0 04°, ammonia and normal saline,
respectively, A 1 to 100 dilution m saline of a pre-rotation sample is
used as a blank, and the dilution 1n 0 045, ammona gives a value for
100% lysis. The amount of lysis 1s then determined 1n a photoelectnic
colorimeter using a yellow-green (Iiford 625) filter

It is important to set up duplicate samples of a normal blood as a
contro] whenever the mechanical fragility of a patient’s blood is being
estimated.

Normal range: 2-59, haemolysis

SIGNIFICANCE OF THE MECHANICAL FRAGILITY TesT

o tea b (- - -t

P

oy

The mechamical fraglity test, although 1t provides interesting information,
seems hardly likely to be used as a routme laboratory method  The actual
technique needs careful standardization and the fact that several different
types of red-cell abnormality lead to an increased susceptibihity to mechanical
trauma reduces its diagnostic value

SEROLOGICAL METHODS FOR THE INVESTIGATION OF
THE. ACQUIRED HAEMOLYTIC ANAEMIAS AND HAEMOLYTIC
DISEASE OF THE NEWBORN

Xl.is now realized that 1n most cases of acquired haemolytic anaemia
the increased haemolysts 1s brought about by the development by the
batient of auto-antibodies directed agaimst his own red cells The
d:m?nstraﬁon of auto-antibodres adsorbed to the patient’s red cells or

Tee in his serum 1s thus of considerable diagnostic imvortance.  Some
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of the techniques which will be described below are also applicable
to the investigation of haemolytic discase of the newborn.

Auto-antibodes itize red cells to antiglobulin serum and often
cause them to aggfutinate and, less commonly, to haemolyse, Some
general points of technique will be dealt with first; next, the direct
and indirect antiglobulin tests will be described, and finally tests for
agglutinating and haemolytic antibodies.

Collection of Samples of Blood and Serum

The mini ial requi are the patient’s serum separated
from blood allowed to clot at 37°C, and a suspension of freshly taken
red cells. If high-titre cold bodies are suspected, it is advisabl
using a needle and short length of rubber tubing, to deliver the patient’s
blood directly mto a contamer {¢ g, @ 30-ml. screw-capped glass bottle)
previously warmed to 37°C. If thi 15 done, unhaemolysed serum can
be regularly obtained. The patient’s red cells may be obtained from
oxalated, citrated or heparinized blood or from blood alfowed to clot
at 37°C.  If cold antibodes, active at room temperature or above, arc
present, and the direct antiglobulin test is to be carned out, it 1s welt
to deliver some blood ditectly into a large volume of sahne warmed
to 37°C. and to wash the corpuscles without delay.

When samples are sent by post, 1t is best to send separa}:ly
(a) serum (separated at 37°C.) and (b) whole blood to which sufficient
acid-citrate-dextrose (ACD) solution has been added fo prevent
coagulation.

Storage of Samples

Serum 1s best stored at ~—20°C or below n small (1~ to 2-ml ) volumes
Red cells can be kept for as long as 2 to 3 weeks at 4°C. if M’:D i
used as an anticoagulant, or for longer pertads if frozen at —20 C.
citrate-glycerol mixtures (5) They cannot be kept for more than a few
hours when washed and suspended in saline
P ion of Red-Cell I
Before use, the red cells should be washed i three Changef_f’f 2 13555

' )

Strength of Red-Cell Suspensions Used int Titrations
0 5gm X{O% suspensions of red cells in saline are swtable for agbgllcu::‘n:::;:l:

tests. For haemolysis tests a stronger (47,) cunccn(lmlmn 15 desiral

to demonstrate (by colour) munor degreesjof haemolysis
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Preparation of Serial Dilutions of Patient’s Sera

Several methods are avadable for making sersal dilutions of sera-
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Fourfold Dilutions Using a Drop Method

The “drop™ method 1s uscful when fourfold dilutions of the patient's
serum are to be made, a method of dilution which 18 economical 1 tubes
and 1s adequate for most pus

rposes
comparing the effect of different temperatures on agglutination,
of the different sensitivities of several types of cells, 1t Is convenent to make
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AGGLUTINATION TESTS 105

the serum dilutions 10 & series of 75x 10-mm. tubes and to delver by the
drop method subsamples of each dilution into the 75x8-mm tubes used
for the agglutination tests (Fig 22) The master dilutions can be made by
the drop method or 1if greater accuracy 1s desired using separate pipettes for
each ddutton.

The diluent should be saline for agglutination tests or undiluted fresh
normal serum compatible with the red cells used for haemolysis tests, The
rnormal serum serves as a source of complement

Size of Tubes

Tha t'ea AP 4 b

READING AGGLUTINATION AND/OR HAEMOLYSIS
Agglutination

This may be read. Ily, as 1 tests carrred
out on tiles, microscopically, as in antibody titrations m albumin; or
macroscoprcally, using a concave mirror, as in reading the results of
cold-agglutimin titrations  In each case the results are scored as
follows:

Tile Tests
+++4-+ 15 the strongest Imost l
occurrng 1n a matter of seconds, + 15 a weak reaction but unquestion-

ably different from the control—1t may not be apparent until 5 mnytes
gxave elapsed, +, ++ and +++ are intermediate reactions of

the cell

.. ance of

agglutination visible to the naked eye can be recorded (62) This

method of reading 15 useful m companing the degree of sensitization of

several batches of red cells or the avidity of different antiglobulin sera
1n agglutinating a single sample of sensitized cells.

Tube Tests

‘When read smacroscopically with a concave murror after gently
tesuspending the deposited cells, +-+-+ 1s intense agglutination
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which results in a button of cells which remains undispersed when the
}ube is inverted; a 4 reaction is a distinct granularity, persisting after
inverting 'the tube, compared with the coutrol saline suspension;
+, ++ and -+-+ are mtermediate degrees of agglutination vistble
to the naked eye.

A good idea of the presence or absence of agplutination can be
obtamed by inspection of the deposit of sedimented cells; a perfectly
smooth round button suggests no lutination whilst aggl i
1s shown by varying degrees of irregularity, * graininess * or dispersion
of the deposit. The presence or absence of agglutination, however,
must be confirmed microscopically or by inversion of the tubes.

When read rmicroscopreally, + agglutination is recorded when uai-
formly distributed but widely separated small agglutinates (3 to 6 cells)
are present 1n a sea of unagglutinated corpuscles. (Faor the differences
between weak agglutrnation and rouleaux formation see p. 202.)

The agghimin utre 1s recorded as the reciprocal of the highest final
serum dilution (after allowmg for the addition of the corpuscles) in

which there s 3 agglutination,

QUANTITATIVE MEASUREMENT OF AGGLUTINATION

Quantitattve methods of reading the results of agglutination tests are
desirable n comparing sera or the agglutmability of cells The simplest
method is to describe the degree of agglutination n each tube by 2 figure (47),
eg, +-t+ =10, ++ - 8 + = 5+ or (+) = 3, weak (W) or trace =
The figures for each tube are added together to give the titration ™ score** o1
the serum  The score may then be multiplied by the number of tubes (in 2
doubling ditution) 1 which agglutinatron has occurred  The final figure
gives a measure of the ttre as well as of the intensity of agglutination

The accuracy of the above method is unfortunately not high, for 1he
visual of 1s subject to personal error,
even If the readings are made by a single observer  Neverthelcss, the method
suffices for most purposes

Two alternauve methods of readmg agglutination will be mentioned
Carlinfants and Molla (4) placed refatively large volumes of serum difution
and cell suspension tn narrow bore tubes $o as to give Columns about 3 et
The suspensions were allowed to agglubmate and sediment

n heght
of | atant sedimenting
undisturbed for 4 hours, The Sﬂi’,’"‘i‘i{nmrﬂe‘u?ﬁmz of a suspension
. s of
ton-
. ches
. - ells
. ¢ . . L hat
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transformed 1nto probuts. The HD,,, the haemagglutination dose ageluti-
nating 50% of cells, can be tead off a strarght fine fitted to the probuts,

Haemolysis

Ths is read i after ifuging the fons and
compating the colour of lhc supernatant with that of the control.
444+ represents complete haemolysis; 4 is definite but weak
haemolysis compared with that of the control; + 15 a pale-red super-
natant, and 4+ and ++-+- deep-red supernatants.

The haemolytic tire 13 given by the reciprocal of the highest final
serum dllulmn causing haemolysxs.

H: lysi: can be r:ad i}

ERTRE

ly, if sufficient supernatant is

puscles have been added serve as blanks
Preparation of Anubody-Smsnlzed Red Cells

T e pmmnat mamn aef } Ae mmomily e mammdead —ann

Preparation of Cold- Anhbod)-Absorbed Normal Serum

Noveat b - et

sually sufhcient
DETECTION OF INCOMPLETE ANTIBODIES:
THE ANTIGLOBULIN (COOMBS) TEST
Principle of Antiglobulin Test

The antiglobulin test was mtmduud by Coombs, Mourant and |
Race (6) in 1945 as a method of d
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ie. .anut:gdxcs adsorb'cd by Rh-positive red cells but not capable ol

undergo agglutination when sub ly suspended in an anti-hut
globuln serum (Coombs’s serum) prepared by immunizing a rabbit
against human serum (see p. 125).

The same principle had been employed in 1908 by Moreschi (38),
who demonstrated that red cells sensttized with heterologous sera could
be agglutinated by antibodies formed against the heterologous protein
This work, however, had been forgotten. The antiglobulin test has
proved to be a sensitive method of detecting the warm and cold auto-
antibodies of acquired haemolytic anaemia.

Qualitative Direct Test

The patient’s red cells are washed three times in a large volume of
saline warmed to 37°C. A 10 to 20% suspension of cells in saline is
then made and one drop 1s mixed on a translucent rectangular tile with
a drop of potent antiglobulin serum diluted to the point of maximum
avidity (see below). A further drop of the patient’s ccll suspension 15
added to a drop of saline as a control. The suspensions are gently
rocked from time to time and are viewed with the naked eye or with
a hand lens. At the end of 5 menutes, or 7 minutes at the most, the
results are read, llumnating the tile from below by means of an electric
lamp. As controls, normal unsensitized cells and cells previously
weakly sensitized 1n an anti-D serum should be suspended in the anti-
globulin serum; the former suspenston acts as a control for the spectficity
and the latter as a control for the sensitivity of the reaction.

Warm saline is recommended as the washing solution so that if the
patient’s red cells are aut i d—as m acquired h !
amaerua associated with high-thermal Iitude cold
the agglutinin may be washed off and a smooth suspension of cells
obtained. There scems to be no nisk of washing off mcomplete cold
antibodies by using saline warmed to 37°C.

.

Quantitative Direct Test

The qualitative test described above 15 deficient n two respects:
1t grves only a rough idea of the strength of sensttization and 1t assumes
(erroncously) that corpuscles sensitized with dfferent types of antibody
react equaily readily with a single dilution of antiglobulin serum It
is preferable, therefore, to use 2 stmple quantitative antiglobulin test
i the of suspected cases of acquired haemolytic anaemia.

Method, Serial fourfold dilutions of the antiglobulin scrum are
made 1n saline by means of a drop method. One drop of each difution
(usually 110 4 to 1 1n 4,096) 1s dchvercq by means of a fine Pasteur
pipette serially on to a large opalescent tile; one drop of salie serves
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as a control. One drop of a 10 to 20%, red-cell suspension is added
to each dilution of the antiglobulin serum and to the saline control.
The suspenstons are then mixed in succession using the corner of a
glass shde, starting with the control and finishing with the highest
concentration of the antiglobulin setum. A series of dilutions of the
antiglobulin serum are also set out for the control normatl cells and con-
trol sensitized cells, respectively

The results are read after 5 to 7 minutes, and scored from -+ +
to 4 (see page 105). Tlustrations are given 1n Table IX and Fig 23.

-3
3
. g‘f‘?ﬁt

FIG 23 PHOTOGRAPH OF ANTiGLOBULIN REACTIONS CARRIED OUT USING
VaRious DILUTIONS OF AN ANTOGLOBULIN SERUM (SEE ALsO TABLE IX)
Upper series Red cells sensitized with a normal incomplete cold antibody
Lower series Red cells sensitized with incomplete anti-D
The dilutions of the antiglobulin serum ranged from 1 1n 4 to { 1n 4,096 The red-
cell suspension on the extreme right is the control, with saline substituted for
antiglobulin serum

The tile techmque described above 1s convenient and sensitive, the
results are clear-cut and easily read, and agglutinatton develops quickly.
However, the reaction can be carrted out mn tubes This s the best
method when only small volumes of cells are available. For example,
when an agglutinin titration has been carried out using a 1°, suspension
of corpuscles, the cells can be washed 1n the ongmal tubes after the
agglutination has been read and an equal volume of appropnately
diluted antiglobulin serum added to each deposit of washed cells
After resuspension and cubatton for 30 to 60 minutes at 37°C,
agglutination can be assessed iy, or 1ly using
2 concave mirror
hAnhglobulm sera vary in their potency, and it must not be assumed

SRS S AP Y -

¥

cells by warm are usually d best
tefatively highly diluted antiglobulin sera (prozone type of reaction)
(Table IX) cells sensitized by cold antibodies, on the other hand,
always seem to be aggluumated most strongly in relatively strong
concentrations of antiglobulin serum (Table IX) (13).
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ToE y Groputv Nevtrarzavion Test (17 10
Princyple. By add’~~ -
globulin serum,
reactton i acqui
very smll conce

wiaket— '
: CE .
1 .
M : haemo
2 wmnuanit
Difutions ¢f .
geobitn  (Etmis Unet pnass thse pmses SR
Saline IO G
4% pglobutin. 2, 1} C}\ /z;\

trumiy med

J— 5}1] 5’\7 (]

Teat celle H 1 1 1

Celis
sengtizet § ! t 3 ) 1 1 3
with oat-D.

Cagls
aemyitized 1 ! 1 ! ! 1 t
with cold
onidosy
Fi6 28 DIAGRAM ILLUSIRATING THE USE OF ANTIGLOBULIN SERUM
70 WHICH DILUTIONS OF ¥ (Grans e 0

o . .

Methad  Eaurfold dituuons of a 4% solunon of human v gtak 1o -2
made m saltne ranone ~



v, . - . -

- . . . . «
50 that when the saline 15 removed after the finat washings the packed gefls at
the bottom of the tubes can be used without ary further manipulation )

e O B
€200 0%

PP,

P BT AN s S
- s s - '»,/{"‘

Fio. 25 PHOTOGRAPH OF ANTIGLOBLLIN REACTIONS CaARRIED QUT WitH
AN ANTIGLOBULIN SEPUM TO WHICH VAPYING AMOUNTY OF HuMAN.
¥ GLOBULIN MAD BEEN ADDED (SEE ALSO TABLE X)
Upper sertes Red cells sensttized with o normal wcomplete cold antsbody
- Lower series Red cells sensitized with incomplete anti-D
The difutions of 4%, 7 globulin vaned from 1 4 t0 1 :n 4096  The red<ell
suspension on the extreme night ts chie cantrol, with saline substituted for ¥ globulin

‘The absorptions should be repeated until the anuglobubn serum, dituted
1o 1ts point of maximum avidity, no longer agglutinates the cells used to absorb
it With cells sensitized with ant-D, as many as exght absorptions may be
needed (using two volumes of cells to one volume of antiglobulin serum
(Crawford and Motllson (7)), buy with celis seasitized with cold antibodses
fewes absorphons will usually prove sufficient

In practice, 1t 15 not always necessary 10 absorb the antiglobulin serum

! i order to whether two are reacting with the
same component i the serum  For instance, a reaction apparertly of the
cold-antibody type may be compared with that of known cold-antibody-
PR/t s Lo x LT R RO AR

warked duminution n the strength of the agglutnation by the antiglobuhn
zrmum of bath types of cells irrespective of the cells used for absorbing the
i

SIGNIRCANCE OF THE DIRECT ANTIGLOBULIN TEST 1N THE
i Diagnosis oF ACQUIRED HAEMOLYTIC ANARMIA
A positive direct antiglobulin test 15 a vajuable pomnter to the
DPresence of quto-antibodies  Howener, a postive test canaot be taken
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to be necessarily diagnostic of acquired haemolytic anaemia, het,
on the other hand, does a negative fest exclude the diagnosis. The
sensitivity of the test creates pitfalls n intetpretation Exctuding
false positive tests due to the use of inad fy absorbed antiglob
sera, positive fests may occasionally be given by the blood of patients
suffering from a variety of diseases or even by that of a normal
subject.

One type of postive reaction is due to sensitization occurteng i vitro
1, for smstance, clotted or defibrinated normal blood is allowed to stand in
a refnigerator at 4°C. and the antiglobulin test 1s subsequently carried out on
red cells obtained from the chitled blood, the reaction miy be posttive duc to
adsorption of the mcomplete cold antibodies normaily present in human
sera {11). Cells obtamed from chilled oxalated or heparimized blood are less
likely to give this type of positive reaction as the presence of anticoagulants,
mhibits However, by cold fes 1s not the
only cause of unexpected posttive antiglobulin seactions, In some snstances,
the reaction will be found to be posstive even 1f the possibility of chilling
it vitro has been excluded by collecting the patient’s blood directly into saline
warmed to 37°C  The cause of ths type of "non-spmfc ” rection 1s

¢ n LU L AR Al e

reduced, but this. does not seem tQ be e of all; Although abnormal
IR O T ER LS T e

F thaca natisnte 1t does

Falsely negative reactions may be due to three main causes: m?
antiglobulin serum may be relatively impotent and only capable :d
detectng strongly sensitized corpuscles: the corpuscles 10 be mih
may have been fusuffictently washed free of plasma or serum, and the
antiglobulin serum may have been used at an inapproprate difution.

ttmes found in patients who other-
frffgafﬁwhzeiff;ﬁnirz’igzt);ﬁolync ana‘;?nm of 1h_=. av.ii?:

Unexpecte:
Pty

‘ - -
; failed to do so, My be QUOU 48 di Eldupl wu w d . et
r::ruatine methods of myestigation 1n a_particulas mstance w bclm;: iven:ss
observation provides the explanation for other fatlures remains to 3
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INDIRECT ANTIGLOBULIN TESTS

* The serum of patients suffering from acquired haemolytic anaemia
may som:umes be shown to contain free auto-antibodies. However,
warm bl by the indirect antiglobulin test, are usually
found only in sera from patients suffering from a serious degree of
haemolysis On the other hand, antibodies detectable by enzyme-
treated red cells may be found in the sera of most patients, even if they
are 1a clinical and hacma!ologlcnl remission (13) If the hacmolync
anaemia 1s of the cold type, cold are
usually readily demonstrable by means of the anuglobulm test in the
sera of most patients,*

The foll g points must be dered when ing to detect,
by means of the antiglobulin reaction, antibodies 1 the sera of patients
with acquired h lytic anaerma  the for

sensitization; the optimum pH, the necessity for fresh serum, the
specificity of the antibodies and the appropriate type(s) of normal
red cells that must be used, the concentration of red cells to be added
to the serum and the duration of sensitization, and the optimum dilu-
tion of the antiglobulin serum

Optimum Temperature
volume of warm saline, as a preparation for centrifugation, before being
removed from the water-bath ) Tests set up at 0° to 4*C usually give less

valuable information, as positive results are produced by the incomplete
cold antibodies present 1 normal sera

Omimum H

Necessity for Fresh Serum

Cold antibodies fail to sensitize red cells to antiglobulin serum if the serum
used for the sensitization has been previously beated at 56°C for 5 minutes
or longer. I: seems possﬂﬂe that all fcur l‘racuons ol‘ complemcnl are

‘Lhe adsorption and fixation of warm antibodies composed of y-globulin
18 ot infiuenced by the presence of complement, and tests can be carried out
©€Ven on heatunactivated sera.
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Specificity of the Antibodies

L3t N .

Totan L

Concentration of the Red Cells and the Duration of Sensitization
If supplies of serum permut, 1t 15 probably best to use at least § drops
for each test and to add to the serum 1 drop of a 20 to 302 suspension of
washed normal red cells  Incubation at 37°C, or the selected temperature,
flfglildjbe pml‘ongdefor at least s, Red cells scns'flizcd by warm

R o e ol A~ am e ok o

R LD ATa at vram

Optimum Dilution of Antiglobulin Serum

As described on page 109, red cells sensitized by rm antibodies are
! Dl S i b

Junvd ana 1w ve

PROCEDURE FOR THE DETECTION BY THE ANTIGLOBULIN
REACTION OF WARM OR COLD ANTIBODIES IN THE SERA
OF PATIENTS WITH ACQUIRED HAEMOLYTIC ANAEMIA
Based on the considerations outhned 1 the preceding paragraphs
the following suspensrons should be set up.
Tube (1), patient’s serum 5 vol (5 drops) + 20 to 30°%, suspensior
of normal group-O CDe/cDE red cells 1 vol. (1 drop)
Incubate for 2 hours at 37'C,

Tube (2), as Tube (i), but at 20°C ’
(3), as Tube (1), but with the serum previously acidified with

2 one-tenth volume of 0 25 n-HCIL

(4), as Tube (3), but at 20°C.
(5), as Tube (1), but with an equal volume of fresh normal

v serum added to the patient’s serum.
(6), as Tube (5), but at 20°C.



)
h SPECIFICTTY OF AN ANTIBODY nuz
Tube (7), as Tube (5), but with the sera acidified with a one-tenth
volume of 0-25 N-HCL .
»  {8), as Tube (7), but at 20°C.
‘. (9), as Tube (3), but using patient’s serum which has been
inactivated at 56°C. for 30 minutes.
» (10, as Tube (9), but at 20°C
»  (11), as Tube (1), but with normal serum instead of the patient’s

serum,
s (12), as Tube (11), but at 20°C
»  (13), as Tube (3), but with normal serum instead of the patient’s
serum,
w  (14), as Tube (13), but at 20'C.

All the tubes are allowed to stand at 37°C (or 20°C.) for at least
! hours, the cells being gently resuspended in the serum from time to
ime At the end of 2 hours the tubes are inspected for agglutination
ot haemolysis. The cells are washed in three changes of saline and
igglutination tests then carried out on a translucent tile, as described
m page 108, using a potent antiglobuhn scrum diluted 1 in 4 and
| 1n 64

If antibody 1s detected, the next step 1s to fitrate 1t and determine,
f possible, whether 1t has a defimte spearficity (see below)

DETERMINATION OF THE SPECIFICITY OF THE ANTIBODY IN A
PATIENT’S SERUM OR 1N AN ELUATE OF His Rep Cetis
A e e e meeee 3 e e L bt b -

TITRATING ANTIBODIES BY THE INDIRECT ANTIGLOBULIN MeTHOD
Warm Antibodies
Doubling or fourfold dilutions of the patient’s serum are made 1n saline,
SO 25 to give serum dilutions ranging from undiluted serum to 1 101,024,
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To each tube is added an equal volume of a 29 suspernsto
2 n of washed
CDe/eDE red colls, Aler 2hours at 3776, the tabes e ieniroae
:flﬂ?mmm {f any) and the cells washed (hree times in a large volume of
1 sﬁpphes of the serum are sufficient, it 15 best to use 75 b
A X 10-mm. tubes
araﬁ_i' re'hfn{‘ely lc‘«'rge' « . 0-25-ml) volumes for the utration. Sufficiént

Cold Antibodies
Cold antib can only be 1y titrated by the antiglobuln
method if fresh normal human serum is used as a diluent instead of saline
(sec Table XI). The normal serum must first be absorbed at 0°C. $0 as to
remove the &on'nal :ncomplc(e cold antibodies 1t probably contans (see
IRV PRI S AR P i

tenbine ~f warm

DEeTECTION AND TITRATION OF INCOMPLETE WARM ANTIBODIES
USING ALBUMIN AND SERUM-ALBUMIN MEDIA
Durect Tests. Red cells which have absorbed farge amounts of warm
sy ! Pt v g

an crenanded

serum an equal volume of a 1 to 2 suspenston of NOMIAl BIUUP-U L wrcjt s
corpuscles i 20% albummn  The presence or absence of agglutnation 1
read lly after the has been at 37°C. for
2hours. [tisessenualto $et up a suspension of the normal celfs in & normal

- -

.o

volume of the normal cells suspended 1 &V o dbullin,  anb =Xt "
(ncubated for 2 hours at 37°C and the results read mcroscopically.

The patient’s red cells can be substituted for normal cells and trations
carmed out as above (17, 42)  However, 2s the patient’s cells are prqbably
already sensttized and thus likely to undergo spontancous agglutination 18
the normal serum used as diluent, the interpretation of ntranon values 18

open to argument
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INCOMPLETE COLD ANTIBODIES
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DETECTION AND TITRATION OF INCOMPLETE ANTIBODIES
USING ENZYME-TREATED RED CELLS

En{yme-trcfltcd red cells were introduced as reagents for the
d of pl bodies by Morton and Pickles (39, 40)
Most workers have used trypsin in the investigation of cases of acquired
haemolytic anaemia, but similar results are obtained with other enzymes,
such as papain and ficin,

Method.  Doubling or fourfold dilutions of the paticat's scrum
are made 1n saline so as to give serum dilutions ranging from 1 in !
to 1in 256  The tubes are placed in the water-bath at 37°C. and equal
volumes of a 19 suspension of the enzyme-treated red cells are added
to each tube and mixed with the serum dilutions. The deposited cells
are resuspended after 1 hour and readings finally made after 2 hours’
incubati Aggluti 18 rel; easy to read 1)
using a concave mirror and the method seems more sensitive than
the serum-albumm method of titratron.

B ot am bt tha carnme

Trypsinized red cells not uncommonly react with antibody components
whirh gannnt ha datortad ha tha ind rare antenleholn ta

1variably (27), present n only low concentrations

PrePARATION OF ENzvmE-TrEaTeD ReD CELLS

Preparation of Trypsin Solution

Crystalline trypstn (Armour) 15 satisfactory A 1% solution 1s made by
weighing out a few mg of the powder and dssolving tn the appropn;lte
volume of 0 05N-HCL, The solution keeps for a week or more at 4°C.
A 0-1% solution 1s then made by diluting one part of the stock solution
with mine parts of 1sotonic pH 7 7 phosphate bufler (1 63% Na,HPO, anhyd ,
90 $ parts, 2 34%, NaH,PO, 2H,0, 9 5 parts) o

Trypsiuzation of Red Cells 0 2 ml of packed washed normal group-!
CDefeDE cells 1s added to ! ml. of the 0 19, trypsin solution  The mixture
1s wncubated for 1 hour at 37°C and the trypsinized corpuscles are then
washed 11 at least two changes of salne

Preparation of Papain Solution {21} ki

1 g. of papain* is suspended in 100 m! of sahne  After frequent shaking
the sguspcx‘t’sxg‘:l 1s allowed to stand overmght at 4°C. The supeqa!:n}t:ol:
then decanted into small (5-ml) bottles and kept frozen at - 20 C,ﬂ_ o
use, one volume of the papatn solution 1s diluted with nme volumes of buf nﬂ
saline at pH 7 3 (0 9472, Na,HPO,, three parts, 0 507% KH,PO,, t;nc:fn N
One part of the phosphate buffer 1s added to nme parts of normal sahme

+ Obtainable from Buddle and Sawyer Ltd , 4 Grafion Street, London W1
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Preparation of Ficin Solution*

25 mg of Ficm (Merck) are dissolved in 2 5 ml of 1s0-0smotic phosphate
buffer at pH 7-3 to 7 § (2 34°, NaH,P0,,2H,0, 20 parts, 1-63% Na,HPQ,,
80 parts). The solution 1s stable for at least 2 weeks when stored at 4°C
If frozen, 1t probably retamns its potency for long periods

Ficvuzation of Red Cells  Red cells are well washed in three changes of
saline and a 2% saline suspension made  To mine parts of this suspension
are added one part of the 1°, ficin solution  After the muxture has been
allowed to stand for 5 munutes at 37°C, the red cells ar¢ re-washed 1n at
Teast two changes of saline  The enzyme-treated cells can be stored at 4°C
for up to 12 hours before use

DETECTION AND TITRATION OF IN-SALINE-
AGGLUTINATING (COMPLETE) ANTIBODIES

Agelti )

warm are rarely d n the sera
of patients with acquired haemolytic anaemua, they are, however, not
unknown (13) Cold antibodies, on the other hand, exist typcally
2s agglutimins
Warm Agglutinins

These can be titrated by making doubling or fourfold dilutions of
the patient’s serum in salme and adding to each tube an equal volume
of 2 19 suspension of washed group-O CDe/cDEred cells ~ Agglutina-
tion is read macroscopically, with the aid of a concave mitror, of micro-
scopically, after incubation for 2 hours at 37°C

Cold Agglutinins

Doubling or fourfold dilutions are made 1n saline to give serum
dilutions ranging from 1 1n 1 to 1in 2,048 (or igher) Equal volumes
Ofbﬂ 1% suspension of normal group-O cotpuscles are added to each
tube.

The suspensions are allowed to stand for 2 hours at 20°C (room
\ and the then read Ily with the
aud of 2 concave murror after gently inverting the tubes two or three
limes to resuspend the sedimented corpuscles (see p. 105) The sus-
pensions are then remixed and the rack of tubes placed in the

* The solution 15 intensely powonous If aceidentally swallowed, 1t causes
$MI0US necrosts of mucous membranes
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refrigerator at 4°C.  After chilling for at least 2 hours the agglutinn
titres are re-read as quickly as possible before the tubes have had time
to warm up appreciably. Finally, the rack of tubes is placed mn the
water-bath at 37°C., and the cells pended.  They are ined for
agglutination after a further 1 hour’s incubation,

Normal les vary m their b by the cold
antibodies of acquired haemolytic anaemia, even though this variation in
sensitivity—which may be more than foutfold—does not seem to be accoun-
table by the presence or absence of known blood-group antigens, 1t is
preferable, therefore, to use blood from the same normal donor whenever
red cells are required for cold-agglutinin titratrons.

DETECTION AND TITRATION OF HAEMOLYTIC ANTIBODIES

Warm Haemolysins

Antibodies capable of bringing about the haemolysis of normal red
cells have seldom been detected n the sera of patients with acquited
haemolytic anaemua (13). Haemolytic factors causing the lysis of
trypsimized or paroxysmal nocturnal haemoglobinuria (P.NH) red
cells are met with more frequently

2 1.3 . ad b maalins Amthbiao ar fanrfold

USRS SR

Cold H: (Excluding the Donath-Landsteiner Antibody)
Sera containing cold antibodies at jugh titres can mearly nl\vayslbc

shown to be potentially haemolytic. Nevertheless, normal corpusc es

are as a rule only haemolysed 1 acidified sera (10, 14).

-

s\;s;xnsmn comes nto contact with the side of the fube, Lus Ly yswn o 2
lead to hacmolysts. Haemolytic high-utre cofd antibodies

Titrasson of Cold Haemalysins.
may be titrated by making doublitng ot
serttm in acidified fresh normal human ser
of 0-25 N-HCH, and addmg to the seum diftstions e

fourfold dilutrons of the patient's
um {contaming 10% by wlun'n;
qual volumes of a 47¢



DONATH-ULANDSTEINER HAEMOLYSIN {23

o raancan AF mamal e m £ anem tantae Tha b b AMaiad an poand

wo N i ~
~ PR . : .
corpuscles are very strongly agglutinated and less strongly haemalysed by
hugh-titre cold antibodies.” The haemofysin titre at 20 C., nevertheless,
considerably exceeds that of normal red cells, and no acidification of the
serum is necessary 1o de U PNH. are
remarkably sensttive to haemolysts and the hacmolysin titre at 20 C. is often
@3 great, or may even exceed, the agglutinm titre as measured with normat
Rd‘ eells {13).

e

P T I o a

DETECTION AND TITRATION OF THE
DONATIL.LANDSTEINER HAEMOLYSIN

The Donath-Land: antibody of p 1 cold b lob
uria differs from the h lytic cold anttbodies referred to ly
10 that it is relatively far mare lytic towards normal cells. Moreover,
hacmolysis always seems 1o ocevr 1o unacidified serum  The antibody
causes aggl and o tobulter serum to about
the same titre as it causes haemolysis

Qualitative Donath-Landsteiner Test
Samples of the patient’s blood are deltvered directly 1ato twa tubes
or “ bijou ™ bottles previously warmed n the 37°C water-bath  One
sample is lelt to clot at 37°C , the other 1s placed immediately 1n crushed
fee 21 0°C., aud left undisturbed for 30 minutes  The tube or bottle is
then replaced in the water-bath at 37°C without disturbeng the clot.
¢ samples are re-exammed when the clots have retracted In
h: b 1a the serum exp d by the clot
which was chilled before 1t was warmed should be tmged deeply red
with haemoglobin, the serum of the sample kept at 37°C should be
entirely free {rom haemoglobin

Tndirect Donath-Landsteiner Test

Serum from the patient 15 obtamed from blood altowed to tiot
vodisturbed at 37°C One volume of a 50%, suspepsion of washed
normal group-O red cells s added to nine volumes of patient’s unacidified
serum. The suspenston 15 chlled 1n crushed ree at 0°C, for 30 munutes,
then placed 1 the water-bath at 37°C. The tube 15 centeifuged after
60 minutes at 37°C

Haemo]ysis visible 1o the naked cye mndicates a postive test, *
30me cases haemolysis occurs within - te or so of warming,

- #
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additional tube containing patient’s serum diluted wath an equal
volume of normal serum should be subjected to the same procedur
to aflow for the possibility that the patient's serum is deficient in com-
plement, A further control tube, kept strictly at 37°C  throughow,
should show no haemolysis.

Titration of the Donath-Landsteiner Antibody

Doubhing or fourfold dilutions of the patient’s serum are made mn fresh
normal human serum. An equal volume of a 4% suspension of washed
group-O corpuscles is added to each tube and the tubes then immersed it
crushed ice 2t 0°C,  After 30 nunutes the tubes are placed in the water-bsth
at 37°C, and the deposited cells ded. They are d afler

1 hour's and or

ELUTION OF ANTIBODIES FROM SENSITIZED RED CELLS

The preparation of potent antibod: ining efuates from the red
cells of pahients with acquired haemolytic anaemia 1s an esseotal step
in the of the ificity of the antibodi Eluates are

probably best made from red-cell stromata, Kidd's (29) acid-elution
and Mitchell's (35) techmiques both yield potent eluates of wam
antibodies.

Kidd’s (29) Method

R P o 3
N-HC1, ustng bromphenol blue as an external indicator ly
Acid-elutron is continued for 10 to 15 minutes at room femf’::f?::'ﬁbm

fugation and the supernatant, dsudlly & SURIY BTOWIL LML Ssbimny &2
contain the eluted antibodses

Mitchell’s Method (35) e and e
fitchel! (35) studied the refationship betwecn temperatu

opﬁlf,f e O and that clntes a5 satisfactory a3 $hose

mac . "

wnde o i

37 . o
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primary inoculation 0-5 ml. of human group-O serum is injected intes.
peritoneally. The following day 0-1 or 0-2 ml. of serunt, diluted in
1 or 2 m}. of saline, is slowly injected intravenously. The rabbit should
be bied 5o 10 days fater.  The intraperitoneal and intravenous inoculs.
tions should be repeated at intervals of 4 to 6 weeks.

Rabbits can usually be bled satisfactorily from their ear veins. The
blood is placed at 37°C. so that the clot may retract. The separated
serum is then freed from suspended cells by centri ion, and inacti-
vated by heating at 56°C. for 30 minutes.

Absorption of Serum

The serum js then absorbed with human ted cells which have been
washed with at least six washings in a large volume of saline, Two
absorptions should be carcied out: first, with an equal volum; of
packed group-O eells, and secondly, with group-A,B cells or with 2
mixture of A, cells and B cells. The cefl-serum suspensions should be
left for at least 1 hour at 4°C before centrifuging. .

The absorbed rabbit serum must be tested for its specificty and
potency 'When dluted 1 in 4 1t should not agglutinate washed nosmal
human red cells and 1t should be capable of agglutinating red cells
delit ly weakly itrzed with dies such as anti-D or the
1ncomplete cold antibody present n normal sera. It shou‘ld be titrated
with both types of antibody and optimum difutions determined for cach.
If the serum is shown to be bath sensitive and properly absvﬂzcd, i
may be brought into use It should be stored frozen at 720 C. in
volumes not exceeding 2 mf It keeps w‘eﬂ frozen, but rapidly loses

t of kept at 4°C, when diluted in saline.

P aermatie method of treatment of the rmune .'“E’E’:Lii"ii“ﬁ"ﬁ‘;i'
10,
0¥

e . + the

TITRATION OF SERUM COMPLEMENT

bling dilutions of freshly obtamed sera are made in saline SO 35 o give
c-Rs-udnhﬁmnc fanene from L m § to I n 128 0 Smi yolgfj_wzuﬁ i
' | ' dod an
L 1 wath
' oy eells
R . v o boof
v ) = erume
. t then

cell suspensions are Placed UL WE 22 L, vty v
cerninfuced 4y -4 e el twq CODS
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@) 1Ifa Warm nntibody is Present, wh, Is jts Specificity 2
Test wiyy apanel of cojy; of known Lenotype ang carry oy absorpron
Xperimenys.
(4a) Are haemolync Components Present?
Titrate o 37°C, with N7 and PNy celfs, HsIng norma!
Serum g5 dilueny,
(5) Are there any other Serologieat nbnormaluics?
Estimarion of serum complemen;.
Ern'man'on of Serum Proteis; Separanop by Paper el rophoresis
Titration of Imlﬂrophile (an/i-:/leep) Antibodies. Agglutination and
camplemenlﬁxalmu lests for anti-yirgt antibodres gug antihodes ,
againsy Srreplacoccu.r MG,
N cells - normaf £10Up-O req cells, 7, celfs _ trypsinized normal
8roup-0 req cells; PN cells — Paroxyspgf nocturnal huemagloblnum
red cells; py o Donzrh-Landstemer

Paroxysmal nocturng) haemcglobinuna IS A rare pyt Temarkabl
dxsorder, Aapparently acquired, which the Pattent’s red cepys an
abnorma”y sensitive to haemclysxs by normat constituents of Plasmy
(13, 44)  The diseage can pe Sumply and Teltably diagnosed by means
of the acid-serum (Hams (23)) test

Acid-Serym Test
Principle The batient’s req cells are €xposed at 37 ¢ to the action
of normg| or the Patient’s owp setum sutably acidifieq to the optimum
7

tousea sample of normay seru,
the haemolysxs of PNH
fresh. Their hacmolytrc
if frozen at ~20°C

Method 0-5-m} SAMples of fresh normal serym
serum are acidified by the additton of one-tenth voly,
of 02 N-HC} After carefy) mxng, the acidified serum
water-bath gt 37°C and 005 m {or one large * dro,

andfor patient’s
mes (0 05 ml)
is placed 1n the
P ") of a 507,
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suspension of patient’s washed red cells 1s added to each tube. The
tubes are centnfuged after incubation at 37°C. for 1 hour. In

1 nocturnal k fot ia the cells 1n the acidified serum
will have undergone definite, although mcomplete, lysis. No lysis,
or at the most a trace of lysis, should be visible in the unacidified sample
As essential controls, additional tubes of unacaidified and acidified
serum, fespectively, should be set up and normal red cells nstead
of patent’s cells added to them No lysis should be visible in esther
tube

%
LySis)
70
" CASE 33
50
40
CASE 32
30 CASE 33
201 HM case 32
104
HM
[ 7 I3 7 s
oM

Fic 26 Tue Erfect o pH ON THE HAEMOLYSIS i1 itro OF PN H
RED Certs By NoRMAL Human SERa

The red cells of three patents (Cases 32, 33 and H M), of different sensiwity,
were used and two fresh nprmal sera, one serum being more potent than the other

Sigmficance of the Test

.E‘e actd-serum test, carried out with proper controls, 1s positive only i
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OTHER TESTS FOR PAROXYSMAL NOCTURNAL HAEMOGLOBINURIA
A .Thg * heat. resl{»tanc_e_ test > of Hegglin and Mater (24) in which clotted
s

o ‘.4 . . N
with acquired haemolytic anaemia and very marked spherocytosis may under-
£0 equally rapid hagm‘rjlys:s (13). P.N.H, red cells are also remarkably
E s Al i i ST RN

\

n
added to st He proposed that this reaction might also be used as a specific
test for the drsease.

THE ESTIMATION OF THE LIFE-SPAN OF RED CELLS IN VHO

The Differential Agglutination Method of Ashby
Frinciple

The recipient is transfused with red cells of a different but com-
patible blood group; e.g, group-O red cells may be transfused to a
group-A or -B or -AB recipient, group-ON cells to a group-OM or
-OMN reciprent, and Rh-negative cells to an Rh-positive recipient.
The resulting muxture of cells may be separated m virro if they are sus-
pended 1n a potent agglutinating serum in which the recipient’s red
cells are agglutinated but not those of the donor. For example, when
group-O blood has been transfused to a group-A recipient, the group-A
cells can be agglutinated by an ant-A serum, but the donor’s group-0
cells remain 1 a dispersed suspension Stmularly, when group-ON
blood 1s transfused to a group-OMN recipieat, the recipieat’s cells can
be agglutinated by an anti-M serum, leaving the donor’s group-ON
cells unagglutinated.

It 15 possible to carry out the differentral agglufination 18 2 quan-
titative way and to count the unagglutinated cells with an accuracy
hardly less than that for ordinary red-cell counts. However, it Is
absolutely essential to use a highly avid agglutnaung serum. 1bts
usually restricts the method to tracing the survival of group-O blqog
given to a group-A or -B, or -AB recipient, using an anti-A or anti-
serum, or of group-ON blood g en fo a group-OMN or -OM TCC'P"":'
using powdered anti-M serum (Lederle} Ful] details of the use of 1171 it
differential agglutination method are gnen by Mollison (36) .bﬂ;
techruque now to be described 15 shightly modified from that descrt
by Dacie and Molhson (16)

Method . .
01 ml of venous blood 15 added to 4 9 ml. of 3% sodium citfate

solution to make a | 1 50 dilution. One volume of t?\e s'\lspcns!lz:
15 then added to one volume of the appropnate agglutinating ser
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ma75 x 10 mm. tube provided with a well fitting rubber bung; 0 25 ml,
volumes are suitable.

1t 1s good practice to do the test in dupleate 1f sufficient serum is
avallable The serum should be used undiluted, or dilated in several
volumes of saline, if necessary, to the concentration at whech agglutma-

used, the best results will be obtained 1f there are less than 10,000 free
cells per ¢ mm , when blood contaimng 5,000,000 red cells per ¢ mm,
is agglutinated by the techmgue to be described

The diunion of blood 1n citrate and serum {now 1 m 100) 15 feft at
toom temperature for at least 2 hours, and then centnifuged at about
1,500 rp m. (about 300 g) for 1 minute The tubes are then quite
vigorously shaken so that not only are the unagglutinated cells resus-
pended but the button of agglutinated cells becomes broken up 1nto
small but still visible fragments. After waiting for not more than
1 munute, during which time the lacgest clumps of agglutinated cells
sink to the bottom of the tube, the upper three-quarters of the sus-
Ppension, consisting of free cells and small clumps only, 1s removed
by a Pasteur pipette into a fresh tube  This tube 1s corked and the
conteats centnifuged for 1 minute as before  The button of deposited
eells 15 then well muxed with the supernatant fluid by a standard pro-

ure—50 inversions through an angle of 90 to 120 at the rate of
one per second. A counting chamber 1s then filled from the upper
layers of the cell suspenston, thus minimizing the number of agglutinates
withdrawn,

After waiting for at least 2 minutes for the cells to settle, a red-cell
count 15 performed in the usual way, counting ** free ™ cells only  The
s¢lls (usually ughtly agglutinated) in the few clumps which may be seen
Meignored ‘The number of unagglunnable {donor) cells present may
be expressed in absolute numbers or as a percentage of the number
present at the conclusion of the transfusion

If anyi-M powder 1s used imnstead of a liqud agglutinating serum,
the powder 1gself may be added by means of 2 small wooden spatula
f‘wiljpxcli) toa 1150 or 110 100 dhlution of the patient’s whole blood

n 1

#er e,mm

The Ragio-Chromium ('Ce) Method
Sodium chromate containing a smal! amount of ¥Cr has recently
Del:;\ Used 1 the study of the life-span of red cells in wivo. The red
ches of one person can be transfused, after taggmg in witro with the
Tomum, to another recipient, or re-injected into the douor.“ Only
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a small volume of blood (fess than 20 ml.) need be tagged, and the method
has the.added advantage over the Ashby method that the ife-span of
the patient’s own cells can be studied in their normal environment.
'.rhe risk of transmitting serum hepatitis to the recipient is also chminated
in auto-transfusions.

‘The chramitem s thaneks Zu sty ool A
to impair . .
of the chr. . . .
in estimating red-cell survival. Full details of the techmque and 2
normat range for the survival of ¥iCr-treated red ceils is given by
Mollison and Veall (37) and Donohue and co-workers (18).

DEMONSTRATION OF SICKLING

The sickling phenomenon may be simply demonstrated by sealing
a thin ** wet ”* film of the patient’s blood between slide and cover-glass
by means of a petrofeum jelly and paraffin wax mixture, and then
incubating the preparation at 37°C.  Sickling develops in the various
types of sickle-cell anaemia and also mn the sickle-cell trait as the
oxygen m the blood is gradually used up. In sickle-cell anzemis
well marked sickhing is usually vistble after mcubation for an hour of
less at 37°C.; filamentous forms are conspicuous In the trait the
process 1s stower and the sickling change less severe, * hally-leaf”
forms being charactenisttc  Up to 12 hours’ mncubation may be neces-
sary for the changes to develop  They can, however, be hastened by
the addition of reducing agents to the blood The method recom-
mended by Itano and Pauling (28) 1s a reliable one.

Method Using a Reducing Agent

Regured 4 0-114M-Na 3,0, (sodum dithiontte)

£ 0 [144-Na,HPO, (disodium hydrogen phosphate}

The two reagents are mixed together to give a final pH of about
6-8, about 2 volumes of 4 to 3 volumes of B are required. .

The sodwm dithonte solutton should be made up on the day t is
required and the appropriate amount of sodium phosphate solution
added just before vse.

About 0 05 ml, of the reagent ts added to a very smail drop of blood
(0 01 ml.) on a shde and the nuxture immediately cosered with a cover-
glass and sealed with petroleum jelly-paraffin wax mixtuse

PHYSICO-CHEMICAL METHODS USEFUL IN 'ﬂl?
INVESTIGATION OF ABNORMAL HAFMOGLOBINS
Brief accounts will be guen (@) of a method for the deternunation

tron by alkali, and () of a method of paper
ectro l'f!c o denaxurixll ] (!ytc T atron of the human haemo-

P PP
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glotins  The first stage of either method is the preparation of con-
d free b Tobin <ol

Preparing the Yaemoglobin Solutions

METHOD FOR THE QUANTITATIVE MEASUREMENT OF THE RaTE
OF ALKALI DENATURATION
Principle  ‘The alkaline h: is by the in-
creasing optical density of a solution of haemoglobin in red (640 my. ) ight
after the addition of alkali ~ As the absorption due to alkaline haematin
at 600 to 650 mp. 1s much greater than that of oxyhaemoglobin, the
development of the alkaline haematin can be accurately recorded.
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Fic 27 DENATURATION RATES OF HAIMOGLOBIN BY ALKALI
Sicklecll trat Mo fostal haemoglobin presens (2 normal resulty
jor) . 12% foe!
5, 8e ot aaemia (chiid sed | yea) 21, fostal hacmoglobin present

rd biood from normal full-term mfan! 74% foetal hacmogtobin
present (from White and Beaven (59))

oo w>

. e
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Method (57)

4:R w1 af tha hanmeanlalio oot o oo o

.

are dvided by the total density increment and the resultant values plotted
on the lo; s of serm-l st time, a linear plot, representing
. FP Atk ki

FILTER-PAPER ELECTROPHORESIS OF HUMAN HAEMOGLOBINS

Principle.  Small differences 1n the 1so-electric pomnts of the vanous
human haemoglobins allow their separation by electrophoresis. The
differences 1n behaviour between adult and foetal haemogiobn is shght,
but sickle-cell | globin and b lobin-D move more slowly
towards the anode than normal | lobin on paper el phoresi:
at the alkaline side of the 1so-clectric pomnts. Haemoglobm-C hat
even less anodic mobylity than haemoglobins-S and -D under these
conditions, and that of haemoglobin-E lies between hn:mog]obxp-s
and haemoglobin-C  The mobility of haemoglobin-G 1s yntermediate
between that of } lobmn-F and h; lobin-S, whilst that of the
recently studied haemoglobin-H s greater even than that of haemo-
globm-A (51, 59) (Table XII).

Method
Haemoglobin Solution
Altkough b bin and > il fL
electrophoresis, the carboxy compound is prefer-

behave simularly on paper

le and readily resolved Solutions of carboty-
o fommn

able as 1t 1s very
LSRR P ctrnmafree

- - EETN concen-

. . \ moude

. W + « hrough

- . + loutas

a film,
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Apparatus

Panar chema (L4 IR ans )
) . ) .. . .
1 . Sy wue Lt ue srame and paper, and an g he s
provided (Fig. 28) ' i

Buffer. Barbitone buffer at pH §+6 of 1ontc strength 7)=005

Barbitone sodium . . 5g
Hydrated sodium acetate .. 333
0-1 n-sulphuric acd ., o 342ml
Hydrated copper sulphate P img

Water to . P .. . 1 Jure
Potential and Current. A potential of 100 to 240 volts is apphed across
the paper, the current being S to 10 milamps. Dry-cells or a stabilized
mams D C, supply are suitable.

Fic 28  APPARATUS FOR ELECTROPHORESIS OF HAIMOGLOBIN SOLUTIONS
- ¢ show

- - 20 volt
LI vat the

. " b
. ; Paper
. Winte, Beaven and M Elis 1o CIBA Foundation Symposium on
L W G o Electrophoresis (1956)  Churchill, London

Setnung Up the Test
Lines are drawn with penc] across e:{ch paper, strip, bc(\\:cn‘_l!if fg:é;f‘
P p £ <

ng
. . vond



ELECTROPHORESIS OF HAEMOGLOBINS 37
equilibretion of buffer over the paper allowed to take place for 1 hour.
A b p ARt ot e DR pielier'e

mixture, etc., the other 13 lhe unknown solution under t:sl. Inclusion of
such markers greatly
as condittons for observation of absolule mobilities are difficult to achieve
16 paper electrophoresis.

?
£

w9

Fic 29 ResuLts of PAP[R-STI]‘P Eumcrnoxms oF HumaN HAEMOGLOBINS
PH 8 6

'n\e arrow marks the placc of ongin (l) ncrmal (A) h;lemcg!obm {2)=sickle-

s zlam), $-C drsease S plus Cy

Exammnation of Results
At the end of the separation, the strips are removed and hung up to dry m



and the background Yery lighs. They are then dr, d rende, if
ina Mixtyre Of liguig Daraffip and 1.pp, manaph!hal n o trang ot

A direey Tecordn,y of the densuy along the pre, "Pare, d paper Stps cqp be
made by an aurcmaucally-rec Ording d, lens; ucmeter (JI)

© relative prcpomons of the € com Mponensg Which m:xtun: h:u been
resolved cqp, be dete, CMMhined by, Measurng lh a c under ach peag in the
dEnSlly rmcmg bym ans of o Planime ter,

EVIDENCE OF INCREASE D 1A EMOGLOBIN Ca TABOLIS'H
BStlmafIOﬂ

Methods for the of Plasmy b Tubjp, Plasma haemg.
8lobin and faecay and ypy nary urob:lmogen and for the detection of
Urinary p, Osideriy Will be descrp, ed.  The spectroscopic demog.

d on p. 215,

aem,
Stration of methaemalbumin in ppy asma js descrspe,

Prin:lp/e
Serum (or plasma) IS treated with g 1320t12e ulphamlzc acid, wyep
the addition of AMmonjyy, M sulphate and alcop 10 prec, Ipitate Proteiy

he reg olour produced IS compareq ;. ing phutoelectncc lorimeter with

that of an artificia] stand:u-d( mg, methy} re, ber litre a¢ PH4.63
¢ colour of this sop, utro, acc rat ely ma Iches the coIaur Obtained
with the diazo re. Cagent in 5 fina}

Whe; g of bthrubm
volume of 10m

Methog Goy
I'ml, of DPlasma T serum 5 treated |, N a ceny, trifuge 4 tube (or, better, 1n a
Elass.gy,, ered lube) with 0 S mi of diazo re, Teagent I the diazo feagent
18 carefyty « p red the ® Plasma, a5 rhc tube aliogeq 1o stand for 5
W Momeny 3 posmvc "d > \an d Bergh re, Teact uon {tf pre. resent) may
1 at the |, d junction I Saty, rat ed a, mmomum sulphate
and 8 py) % (vjvy Cthano} 4 re add TXture 13 54,
thoroughly mixed, aligyy, to he mrs slde for 0 mu tes, and then h‘lltrtd
'nder ¢, conditiong the dlu the clos; APProvimages
The coloyy Of the clea, flltrate 1 compared lhe smndard mcn(mncd
above (‘ 004 mg of bilirupyp 0 a volum, ( xo mi), using Ereen fifter
ford 624)
a If the noentration ora Z0biliry by, test appears 1o 0 be mory tha
twice lha m the stap, d a su:table dﬂutmn of the angmal plasma with 3

U be mad, ©, and the ¢ Procedure

hosphate bu lTer Solyyp, low) g
:;pea;t’cd‘ Sin ce thig mvolvcs d:luncn of the e plasma feg, | mn J or I jp),
the resylpy, ANt reading . rnumphcd b lh d:luuon lhcl Obviously
feteric plasmg should be dilut,

Caleulation
letaelerrnr Colorimerey
iitubin Reading of test < ogs . 100
Mg per 109 my - Reading o srandard !
Reading of tes

Reading ol‘ srandard "4
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Solutions
Stoch Standard Methyl-Red Solution 290 mg. of pure methyl red are

Diazo Reagent, Thus 1s made by mixing two solutions, 4 and B
Solution A 18 made by dissolving § g of sulphanlic acid i 250 ml.
of N-hydrochloric acid, and makeng the volume up to
1 litre wth water.

mt of water.
Ammonium Sulphate  Saturated solution

oF S; BILIRUBIN CONCENTRATIONS
In the haemolytic anaemtas the serum-bilirubm concentration usually bes
between 1 to 3 mg per 100 ml however, the

may remain within the normal range, despite a considerable increase in the
tate of haemolysis The direct van den Bergh reaction 1s usually negative
Serum concentrattons exceeding 5 mg per 100 m! and/or the presence of
drrect-reacting pigment suggest the presence of hver disease,

ESTIMATION OF PLASMA HAEMOGLOBIN
The method described below 1s 2 modification of that of Bing and Baker (1)

Principle

LI PN

must be scrupulously clean
Method

01 ml of plasma (or a larger volume of an appropriate dilution of the
plasma, see later) 1s added to 2'ml of the benzidine reagent and ! ml of the

hydrogen peroude solution 1n a large fest tube A control tube, 1n which
O 1m) of distilled water 1s substituted for the plasma, and a standard tube,
e [ Tloeeoer AN

' N A T Coe e . .
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using the colour developed by the control tube blank.

(H;gn)i] 6%14) ﬁllcrlis Suitable, 252 blank. A Bluegreen
the haemoglobin content of the plasma ta be tested 15 abnormally hy

the plasma should be diluted untel it is just visibly tinged with haemnglgbxfh‘

Reagents

. Benzidine Solution, 05 g of pure benzdine dihydrochlonide (Merck)
is dissolved tn 15 ml. of hot (not boiling) distilled water, and thea 25 m! of
95'/,V(v[v) ethanot and 10 ml, of glacial acetic acid are added. The benudine
solution will keep for several weeks in a dark bottle at 4°C.

. Hydrogen Pero.yide‘ ,0-672 (v{v) solution, prepared by diluting a 3%
{** 10 vols ™) solution with distilled water before use.

Normal Range
1 to 4 mg. haemoglobm per 100 ml. plasma (8).

SIGNIFICANCE OF RAISED PLASMA-HAEMOGLOBIN CONCENTRATIONS

The ph h t is rased in lytic anaemias

1n which hnemo]ysns occurs predominantly i the bjood stream (intravascular

haemolysis), Thus marked haemogiobnaerma, with or without haemo-
1 1 lbuuts

globmuria, is typically found in
cold haemoglobinura, blackwater fever, etc  Lesser amounts gf haemo-

concenirations are normal. It must be emphasized that the presence Of
excess haemoglobm 1n the plasma 1s a reliable sign of mtravascular haemo-
lysis only if the observer can be sure that the lysts has not been caused during
or after the withdrawal of the blood

ESTIMATION OF UROBILINOGEN IN FAECES
Principle
The stercobilin pigments of the faeces are reduced to urobilinogen,
which is extracted with water. The solution s then treated with
Ehtlich’s dimethylammobenzaldehyde reagent to produce a pink colour
which can be compared with either a natural or an artificial standacd.

Method (30) o .

. . . .
carbanate solutar, diluted to thE MAIK Wit Walés wuy sudte
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Pl Al af e Faarne Clnea 4wl af £ a b denihlana aad oand

that of the test.

Calculation

Urobilinogen  { _ Reading of test—Reading of blank , 100
{mp. per 4’" Readwg of standard X 000387 % V* X5

100 g L _Reading of test—Reading of blank

faeces) Reading of standard XVt x 387
* Final volume of the coloured solution (1)
Solutions

Ferrous Sulphate. 20 g of FeSO, 7TH,O are dissolved in distilled water
and made up to 1

2 5 N-Sodwm Hydroxide 10 g of NaOH are dissolved 1n water and
made up to 100 mi

Ehrlick’s  Dimethylanunobenzaldehyde Reagent 07 g of p-dimethyl-
ammobenzaldehyde is dissolved in a mixture of 150 ml of concentrated
hydrochloric 2c1d and 100 m! of water

fodmm Acetate  Saturated solution of sodum acetate -

made up to 100 ml

THE STANDARD OF WATSON, SCHWARTZ, SBOROV AND BERTIE (55)

Aean e a4 s R bow it e o

A QUALITATIVE TEST FOR UROBILINOGEN AND
UROBILIN IN URINE (30)

Zinc Test

To Sml of urine are added 2 drops of 0 1 N-1odine solution followed
by S ml, of a 10%, (w/v) suspension of zinc acetate n ethanol. The
Tuxture is allowed to settle and in the clear supernatant a green
fuorescence becomes apparent 1f urobilin or urobihnogen 1s present.
Ita spectroscope 1s available, the flud may be examuned for the broad
2bsorption band (due to urobilin) at the green-blue junction

Q o may be carried out using
Ehrheh’s reagent, dimethylaminobenzaldehyde, as described for the
Sstmation of urobilinogen 1n faeces oo
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SIGNIFICANCE OF ESTIMATIONS OF UROBILINOGEN EXCRETION
IN HAEMOLYTIC ANAEMIA
L L e
v

haemolysis are probably better determined by red-cell survival studies rather
than by the rel 3! of the amount of pigment
excreted.

The amount of urobilin in the urme is not a rehiable index of haemolyss,
bil fon of liver dysft rather than 2

for 1s an
sign of increased red-cell destruction,

DEMONSTRATION OF HAEMOSIDERIN IN URINE
Method

LSO A Pl SV BN S § S
¢ . .

. '
. ) - e
i the acid-potasstum ferrocyanide solution and atlowed to stand af room
temperature for 5 to 10 minutes, The suspension s then re-centrifuged.
The depostt is transferred to a shde, covered with a cover-glass and examined
under the ricroscope using the 4-mm, objectrve.  Haemosiderin, if present,
appears m the form of isofated or grouped blue-staining granules, usually
from 1 to 3 p. 1n size.

If a permanent preparation 1s requured, the unstamed urmary deposit
15 allowed to dry m the arr It is then stained by the same technique as 18
used to statn blood films for siderocytes (p. 75). The deposit 1s first fixed
by dipping the slide tn methanol for 10 to 20 minutes. It 15 stained tn freshly
prepared acid-potassium ferrocyantde solution for 10 mmutes i the 56 "C.
water-bath ~ The shde 1s then washed in runmng water for 20 sinutcs,
nnsed 1 distifled water and finally counterstatned with 0 124 saframin or
eosin.
SIGNIFICANCE OF Harmosmesanvrsa (13)

Tab. and the

3115 3 valuable sign of
Tl g ot vheg

dertnunia s the

of
presence of haemoglobin n the glomerular ﬁhm_g\

and the tron it contans then re-excrefed
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CHAPTER 9
L.E. CELLS AND LEUCOCYTE AGGLUTININS
THE LE.-CELL PHENOMENON

Two hitherto unrecognized types of blood cell were described in
pone-mnrrow preparations by Hargraves, Richmond and Morton (5}
in 1948 as the “ Tart * cell and the L.E. cell, respectively. It is now
generally accepted that L.E. cells can be demonstrated, with possible
rare exceptions (7a), oaly in b row and pertpheral-blood prepara-
tions of patients suffertng from di inated lupus eryth
(D.L.E) (6). The presence of ** Tart " cells, on the other hand, seems
#nat ta be correlated with any particular disease. They may n fact be
found 1n health.

The L.E.-cell phenomenon depends on the presence i plasma of
a y globulm, the L.E. factor, which has the property of causing i vitro
lysis of the nuclei of neutrophil polymorph 1 and sub
phagocytosis of the lysed nucle: by other neutrophils, The mechanism
of the reaction 1s uncertain, one hypothests is that the L.E. factor
releases from combmation with an hibitor an enzyme, desoxyfibo-
nuclease, which 1s normally present in leticocytes and which has the
property of causing depolymenization of the desoxynbonucleic acid of
the nucler of neutrophuls (8). It 1s well known that L.E. cells cannot be
found 1n films made from blood or bone-marrow tmmediately on with-
drawal of the specimen; on the contrary they develop only on incubation
i vitro, increasing i numbers up to 1} to 2 hours. It scems in fact
possible that only the nucler of dead cells can be acted upon (12).

Coagulatton has been thought to be important for their development,
and Lee, Schwartz and Pariser (10) suggested that a_substance derived
from blood platelets, Iiberated during clotiing, activates the L.E.¢elt
factor .

d d using

Although the L.E.-cell can be
citrated, oxalated, heparimized or defibrnated blood (7), there 15 reason

to belteve that anticoagulants act as ihibutors and that L.E cefls can be
most frequently demonstrated, n the largest numbers, if clotted or
defibrinated blood 1s used (4, 9) L
L.E. cells can also be d d 1f normal yles are susp
1 the serum of a pattent with D L.E. (see below).  Although it 1s con-
venient 10 use human leucocytes for this test, it has been claimed'lhal the
Jeucocytes from certain amimals, such as the chicken, horse, guinta-pig
and dog, are more sensitive to the L.E. factor than human cells (1).
146
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Tofxep 17



ical ang Oratosy Spects of, E haye recentyy
well re, by H rey a, teapues (¢ Y concluded hat
although LE <ells are o be foung in the Majorsty Patients suﬂ':rmg
from p (79 o 0L 96 pe Sonajly Studied pa (s), d exam;
natio; have be mage bcforcaposmvc Fesult 55 ¢ tained e
Stressed gy the g, Ay ba egaty Ughout the Hiness jn o smaj}
Propory; n of Patieng wha 5. PCAr clinycaly to ing f, '™ typical

io, p) Suffer,
ute Dy E The resujts of hundregs of tests for LE ¢
OR patients stffering from other diseases Were uniformyy Begatyye,

Y-statneq Preparayong the [ Pears ag 4
neulroph: n thy CYtoplagm T which 15 a large spheryc: lbody (the LE
'0dy) whic) s ‘s Of pale Purple The ny, s ingesting
I ‘cacyte uallyd‘splacedl $ide apg Y appear [0 be wr,
2round S mater;gp (F: 30) Th Iy, allhough

T

Larely 5 Monocye o €osin
The « Tare ne cell 15 5 monocyn.\mrcly a n:urrophxl~wh:ch has
Dhag°cywscd another cefy or he of another el (Fig 3.
The phagocymscd Mater,;) MOst often Tesembles 5 lymphoeyte nucleus,
in Which cage a definye Muclear Pattern cap pe seen (Frg 31, houev:r,
2 common alternagy, o form 1s 5 Pyknote Nucleys Smaller thay an LE,
body, ang Staiming 3, more tensely (Fig 33) alr,
the sigmﬁcancc of *“ Tare » Cells 15 noy knowp

2 he
lcucoqlc I3 almoge !Varaply o feutroph,) polymorphonuclcar, very
el Ophil

DL’MO\STRATIDN OFLE Cgg

Two Ways of demonstrzmng the L g ~cell ph:nomcnon Will be deg.
Cribeg . @ Using deﬁbnnarcd whole blood from the Patient ang %) Ustag
ent”

e patien feucocyres btained f mal subjece
Methe, ®) 15 used whep the enr's freshyy withdr, lood 45 not
Aailap) 1 be Successfyy, Tied oyt of beey

Sored g, 0nths ap (e} ecent] ly descripeq alternapya technque
12), ich g Claimed "8hly effecy, 3 Cubate

o tmple and ), ghly e,
for'y to Zhours a dmp of blood from the Patient i contact wyp adrieq

® blaod 55 defibrinteg 02 100.m; coneat flagk s describeq o
P2 orpy a0y othey qually successry) method 19559 ml of plogg

" “Taggn 2parenyyy Tefers to e name of ghe Patient ig whop, Cells of ghyg type
Were firgy Seen,



148 L.E. CELLS AND LEUCOCYTE AGGLUTINING

are convenient volumes. The clot is removed and the sample is then
incubated in the conical flask for 2 howrs at 37°C. Two 75 X8-mm.
tubes are filled with the incubated blood and centrifuged at 3,000 r.p.m.
(about 1,500 g) for 5 minutes. The bufly coats fram each tube, with
1 to 2 mm. of underlying packed red cells and overlying serum, are
then carefully transferred, using a Pasteur prpette into a Wintrobe
haematocrit tube The latter tube 15 contrifuped withowt delay at
3,000 r.p.m. for 5 minutes. Films are made of the buffy coat and dried
as quickly as possible by waving in the ait  They are fixed in methanol
and stained with a Romanowsky dye

Method Using the Patient’s Serum and Normal Leucocytes

Patient’s Serum

This is obtaned from blood allowed to clot undisturbed at room
temperature or at 37°C. or from defibrinated blood. It should be
stored frazen at —~26°C. until used

Normal Leucocyte Suspension

5 ml. of freshly-drawn group-O blood are delivered into a containgr
w which [ mg. of heparin has been dned,  After mixing, the bleed is
centrifuged at 3,000 r.p m for S minutes, The lower half of the column
of pached red cells 15 then removed with a Pasteur pipette and discarded;
the remaining red cells and the supernatans plasma are re-mived, placed
1 a tube of about 8-mm, bore and allowed to sediment at 37°C.  The
removal of some of the red cells renders the blood anaemic and increases
the rate of sedimentation,

The blood 15 allowed to sediment until } to 2 ml. of plasma are aval-
able  This usuvally takes 30 to 60 minutes  The sux,wm:nam'pk»sm::i
containing leucocytes, platelets and 2 small number of red cells, is place:
ima75x10-mm tube and washed three times 1n sakne. It 15 important
to centnifuge the leucocyte suspension at a slow speed (500-1,000 r‘pm%
and for no longer than 5 minutes. Before saline 15 added, 1t esscnu?‘
to resuspend, by tapping the tube, the butten of Jeucocytes 1n the sma
volume of flwd that semains after the supernatant fluid has been poured
off. The leucocyte button 15 ded 10 the flud m the
tube after the final washing and 1s then ready for use

Techmgue of Test o containg te
f the serum to be tested 1s added to the tube contanin

smlalxlmvo(;m;he of the resuspended washed leucacytes. The mmu;c
is mcubated at 37°C. for 2 hours. The tube is then centrifuged and l‘:
supernatant serum removed by Pasteur pipette,  The deposit of lre_t;f“ -
cytes is broken up by gently sucking 18 wp and down the p}pc(l‘e_. : il e
of the Jencocyte suspension are then made, and are dried, fixed a!
stained with 2 Romanowsky dye in the usual way.
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research, if not in routine practice. However, it is doubtful whether
the best method of demonstrating the antibodies has yet been dis-
covered. The techniques suggested up till now, although simple
in theory, need to be very carefully carried out, and the results must
always be compared in parallel with those obtained with coutrol
normal sera. 'The sigmificance of positive leuco-agglutinia tests in
patients with leucopetua remains to be determined. The agglutinins
may act as auto-teuco-agglutinins but this has not been proved. The
possibility that they represent intra-group 1so-leucocyte antibodies has
notbeenexcluded, and it is perhaps significant that most patients in whom
Jeuco-agglutinins have been observed had previously been transfused.
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CHAPTER 10
INVESTIGATION OF THE HAEMORRHAGIC DISORDERS

IN this chapter will be described the laboratory techniques which
may be used in the investigation and differentration of the haemorrhagic
disorders, with some 1ndications as to the value of the tests and the
order in which, 1n the author's opinton, they should be undertaken,
The igation of the blood 1 will be described
first, and this will be followed by a description of methods for measuring
the bleeding time and studymg the blood platelets No attempt
will be made to describe the theory of blood coagulation in detail,
The nomenclature used conforms to the usual Brtish practice (6, 7)

INVESTIGATION OF THE BLOOD-COAGULATION MECHANISM
Collection of Blood

Blood should be taken from a vem nto a syringe, preferably coated
with silicone,* using a relatively short needle of 19 or 20 SW.G  The
venepuncture must be a *“ clean ” one and the blood should be with-
drawn slowly without allowing frothing to occur It 1s convenent to
distibute the blood mto tubes as follows, after detaching the needle
from the synnge

(1) Four 1-ml. samples are delvered into smali (75x8-mm ) tubes,
previously warmed at 37°C, for the measurement of the whole-blood
coagulation time, (2) 3 to 4 m! are placed m a 75x12-mm tube
containing several glass beads to provide a source of serum—the tube
should be mverted several trmes before the blood has firmly clotted,
(3) the remainder 1s citrated by adding nine parts of blood to one part
of 3-89, trisodsum citrate 1n 2 stliconed centrifuge tube

The serum from the tube contaimng the glass beads 1s used mn the
thromboplastin-generation test, and the citrated plasma 1s required
for the measurement of ** prothrombin ** time, as a reagent in the
thromboplastin-generation test, and as a source of platelets Pooled
serum from the coagulatron tubes can be used for the prothrombin-
consumption test A small volume of blood should also be delivered
9n10a waxed watch glass so that the platelets can be counted and blood
filmg prepared (see p 37)  Alternatively, a measured volume of blood
can be delivered 1nto a bottle contaiing Sequestrene (see p. 3)

*Seep 222 for the preparation of sificoned apparatus
151 -
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THE WHOLE-BLOOD COAGULATION TIME

The estimation in vitro of the coagulation time of blood js an arficial
pmcesiure. and the results depend very much wpon the particular
technique used. Amongst the variables which need to be controlled
are the method of obtaining the blood, the size and nature of the vessel
into which the blood is placed, the temperature, and how the end-
point of coagulation is determined

Only by the use of venous blood s it possible 1o measure the
coagulation time at all reliably. A method based on that of Lee and
‘White (22) will be described i detail. However, the method of Dale
and Laidlaw (8) will afso be described because 1t may be necessary
to use peripheral blood, even if 1t is less satisfactory, should a clean

¢ prove to be impracticable in small children.

Method Based on that of Lee and White (22)

Venous blood 13 withdrawn into a dry syringe and, after detaching
the needle, 1-ml. volumes are delivered into four clean unsihiconed
tubes of 8-mm. internal bore previously warmed to 37°C. (It is im~
matetial for ths test whether or not the syringe is sihconed.) A stop-
watch is started as soon as the blood enters the syringe. The fubes 1n
rotation are then gently tilted every munute unbl one can be tilted
through an angle greater than 90° without spilng the blood. The
Temawning tubes are then examuned at half-munute intervals (or, if the
coagulation time 1s abnormally prolonged, at longer ratervals). The
coagulation time 15 taken as the average of the clottng times in all four
tubes or, alternatively, if the coagulation time 1s greatly prolonged, as
1he time necessary for the blood to clot m at least two of the four tubes.

Chemucally clean tubes are essentral and the venepuncture must
be carned out and the blood handled as described on p. 151, )

It is important to control the temperature as the speed of clatting
inct s with the p t 15 about twice as fast at 37°C. as at
average room temperature (20°C.)  For this reason it is best ‘xf the
patient can be brought to the iaboratory. If thus 15 impracticable,
a glass jat with a pierced metal id, contaning water at 37°C, can
be taken to the bedside  The tubes, which should be rimmed, may be
dropped through the holes in (he hid and supported by their fums.
A separate hole for a thermometer 15 useful.

at room p are fess ¥y I
dless d and the temp isell 18 too sanable  The

,;llc of (hel must be dized, for blood clots faster 1o
narrow tubes because of the mcreased surface of blood 1n contact with
the wall of the contaner, The tubes must be perfectly clean and there
seems RO poInt 1a ustag, in routine mveshgalions, tubes coated with

silicone s0 as to retard coagulatton !
The exact measurement of the end-pomnt is a matter of some difficulty
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Blood clots first at the periphery in contact with the glass contaner and
at the surface exposed to atr. [t clots last in its centre. It 15 essential,
therefore, in reading the end-point to ult the tubes gently and always
in the same way if standard results are to be achieved

When coagulation is markedly prolonged, as it may be 1n haemo-
philia, the reading of the end-point 1s particularly difficult, Quick
and co-workers (34), for instance, cited 10 minutes as the time of com-
mencing coagulation of a particular sample of haemophilic blood,
although coagulation was not complete enough to form a solid clot
untd 2 hours had elapsed

Normal Range for the \Vhole-Blood Coagulation Time Estimated by
Lee and White's Method (22, 27)

5to 11 minutes (usually 6 to 9 mnutes) at 37 C

Method of Dale and Laidlaw (9}
A warmed ear or finger 1s deeply punctured, 50 as 1o obtam a free
R . e [ DD i
. 1
. . c
tube 1s then grasped at each end by forceps the blades of wiich are
covered by 2 short length of rubber tubing and 1s dipped 1nto water
warmed to 37°C  The tube 1s stowly tilted up and down and the move-

PRI - e Lo,

the water-bath or beaker 1n which the tube 1s immersed

A rapid flow of blood from the puncture 15 absolutely essential, and
1f squeezing or mampulation 15 required to obtam the blood the test
should be abandoned The method 15 undoubtedly wsensitive and
should not be used if venous blood can be obtained It may give
rormal results at a time when the Lee and White method shows a
defimte prolongation 1n clotting time

The normal coagulation time s up to 3 minutes

SIGNIFICANCE OF THE MEASUREMENT OF THE WHOLE-BLOOD
CoAGULATION TIME

The estimation i witro of the whole-blood coagulation time 1s enly
of hruted value even if a careful techmque 1s followed.  As only small
amounts of thrombin are required to clot fibrinogen, the test is inevit-
ably msensitive  For instance, the coagulation mechansim may be
Zossly impaired by drugs such as Tromexan or dicoumarol, or in
h Philia, without this ly raising the 1

tme above™ -
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the normal range, Similarly, fibrinogen must be m: i

before the l:!lood fails to clot because !%f ﬁbrinogcnop::i}::dly deicent
The (e?t'ls “‘ non-specific ” in the sense that several quite distinct

abnormalities, \f sufficiently severe, lead to a prolongation of the whole-

})lood coagulation time, However, it is relatively sensitive to defects

in the mechanisms which act at an early stage of coagulation For

this reasoix prolongatijon of the whole-blood eoagulation time (other

SV e

Hhae shat

' .
or (more rarely) the presence of cirenfating anticoagulants.

RECALCIFICATION TIME (“CALCIUM TIME™)

Principle. 1{ calcium 15 added to aitrated plasma, a fibrin clot
develops after a vanable interval of time. The time which elapses
between the addition of the calcium and the appearance of the clot is
the recaleification time.

Method

Citrated blood is obtained, as described on p 151, and hghtly centri-
fuged 1n a silicone coated tube at a speed of 1,000 r.pm (about 200 g
for not fonger than 2 minutes to obtain plasma rick in platelets.  0-1 ml
of the plasma and 0-1 m), of saline are delivered nto a chemically-clean
75 x8-mm. tube previously warmed to 37°C. m a water-bath, 0-1 ml
of 0-025 m-calaium chlonde is then added to the mixture and a stop-
watch 1s started  The time taken for the plasma to clot 1s recorded.

Normal Range (6): 90 to 250 seconds.

SIGNIFICANCE OF THE RECALCIFICATION TiME

Like the whole-blood coagulation time this simple test 1s wherently
naccurate and difficult to standardize. The results are affected by the
numbers of platelets present to 2 greater extent than 1s the whole-bloed
coagulation time It 15 imperative, therefore, that the plasma used
for the test be obtained from hghtly centrifuged blood  Itis alsounpor-
tant 10 use siliconed glasswate up to the time of the actual test—which
33 carmed out in a plam glass tube—because contact with a water-
wettable surface shortens the } time derably, The
test should be carred out as soon as possible after the blood 1s collected
because of the possibibity of activanon of the platelets on storage with
consequent shortening of the recalaification time (173)

The recalcification time 15 prolonged 1 afl the conditions 1n which
the whole-blood coagulation time s prolanged, and also the presence
of thrombocytopema. The test, being essentrally non-specific, has no
particular chimical importance However, it does form the basis of the
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The Quick One-Stage Test -

0:1 ml of plasma is delivered to the bottom of a 75 X8-mm. tube
placed in a water-bath at 37°C. and Q-1 ml. of the brain-extract sus-
pension added to it After a delay of 1 minute, 0-1 ml. of warmed
0-025:r-calcium chioride is added and the contents of the tube are
quickly mixed. A stop-watch is started and the tube 15 carefully
watched with the lower end just below the surface of the water. A
fibrin clot appearing quite suddenly within a second or two marhs the
end-point. The test should be repeated once or twice, the tube being
hfted clear of the water a few seconds before the end-point is expected
in order to facilitate inspection. The average time for the appearance
of the fibrin is recorded as the prothrombin time. A normal control
plasma should be tested in the same way at the same time.

In the above technique, 3-89, sodium citrate or dry ammonium and
potassium oxalate mixture (2) is substituted for the sodium oxalate
solution recommended by Quick (33) and human brain for rabbit
brain. One advantage of using human brain is that large batches of
thromboplastin can be made at the same time, 1f suitably stored, their
potency will keep for months (see later).

Reagents

Patient’s and Control Plasma The blood must be obtained by a
clean venepuncture. There 1s no need to use a siliconed syninge or
glassware unless other tests, such as the thromboplastin-generation test,
are 10 be carried out on the same blood The blood may be citrated
{p. 151) or, alternatively, 5 ml. of venous blood may be added to 10 mg.
of potasstum and ammonium oxalate mixture and gently mixed with the

i lant by several of the tube Part of the sample

can then be used for I fobin or PCV , etc The
cittated or oxalated blood should be centrifuged without delay at 1,500
r.p.m. for 5 to 10 minutes  The supernatant plasma 1s then removed;
if not used at once it should be placed in the refrigerator at 4°C. where
1t may remarn for several hours  With oxalated plasma the test should
be carned out with as little delay as posstble, however, with cnraged
plasma there seems 1o be less need to hurry, because of the relative
stability of Factor V 1n citrated plasma  In any case, the estrmations
must be carried out on the day the plasma is collected

Human Bram Extract. An acetone extract of brain 15 generally
vsed (for preparation, see p 160) 0 3 g of the dry bramn extract 5
suspended 1 5 ml. of saline and heated to 37°C for 15 10 30 nunutes,
with occasional shaking, so as to get the active matenial into solutio.
The coarse particles ase allowed to sediment and the opalescent super-
aatant s used for the test.  The solution may be kept for a day or two
2t 4°C or longerif frozen at —20°C

Norma} Range of Prothrombin Time: 10-14 seconds.
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SIGNIFICANCE OF RESULTS OBTAINED BY THE
Qunck ONe-STAGE TEST

The speed of clotting in the prothrombin-time test depends on the
concentrations of Factor V and Factor VII in the plasma as well as
on that of prothrombin Indeed, the increased prothrombin time
caused by dicournarol or Tromexan 1s due more to deficiency of Factor
VII than to reduction 1n prothrombin concentration {10). This 1s
probably also true of the prolonged prothrombin times sometimes found
in severe liver disease,  The one-stage prothrombin-time test 1s there-

P St P
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brain extract is rehiable (28). From the laboratory point of view the
one-stage test occupies an important place m the rontine investigation
of coagulation disorders, for 1f 1t gives a normal result major deficienctes
of Factor V and Factor VII can be excluded

CLOTTING TIME IN SECONDS

L
1020 30 40 50 60 ™ 80 90 100

CONCENTRATION OF PLASMA (%)

Fio 35 PronmoMen-Tie Duunion Curve

The graph illustrates the effect on 1ts prothrombin ime of the progressive dilution
of a normal plasma with saline

Recording Results of the Prothrombm-Time Test

The resuits of the test can be recorded in one of three ways: (I) as a
time mn seconds, (II) as a “prothrombin” 1adex (P.L), eg,
Proliromibin_ time of control plasma
otnrombin_ time ot control plasme
Prothrombin time of patient’s plasma X100, (D) as a percen!iilgc
based on the results of previously constructed dilution curves made "
diluting normat plasma with saline using the same batch of brain ex



160 HAEMORRHAGIC DISORDERS

Method (111) works well in practice and seems to be most generally used
Method (IT) is also quite reliable (28), but care must be taken not to
confuse a P.L d as a p with | ge of “ pro-
thrombin activity ” based on Method (111) ‘The effect on the pro-
thrombin time of progressive dilution of a normal plasma with sahne
is illustrated in Fig. 35  If the clotting times are plotted on ordinary
graph paper against the reciprocals of the plasma dilutions the obser-
vations approXimate to a straight line. 1f a series of different normal
plasmas are diluted, the prothrombin times estimated, and the results
plotted as above, then an approximate range of percentage prothrombin
activity can be read off for any particular observed clotting time;
e.g., clotting time 18 sec., prothrombin actvity = 21 to 309, The
standardization requires to be repeated for each new batch of thrombo-
plastin,

Preparation of Humpn-Brain Exiract X

A human bramn freshly obtamed from the postmortem room Is
stapped completely of its covering membranes and blood vessels.
It 15 then cut into small preces and macerated n acetone jn a mortar.
After the acetone has been changed several times a non-adhesne
granular material remams  Tis 1s crude ** acetone-bram ™ extract.

The granular materal 1s dned 1n an evacuated desiccator and when
dry 0 3-g. 2mounts are placed n a number of 75x12-mm tubes
provided with cotton-wool plugs These are stored 1n an evncua(gd
desiccator at 4°C untif used. Under these circuntstances they retait
their potency for months  The destceator must be re-evacuated each
time 1t 1s opened to remove a tube.

Ust OF THE QUICK ONE-STAGE PROTHROMBIN-TIME TeST IN THE
DETECTION OF FACTOR-V OR FACTOR-VII DERICTENCY

Qualitative Tests
Deficiency of Factor V can be demonstrated it two ways
.o

2t Alarenn A Ane yatsmE

ial ering in the tage p vme e
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MMttt otoefe e T ec- VI the addition
- . tally shorten the

wan (“ Tromexan-
plasma *’) as a substrate and cump:mng lhc cﬂ'ect ol‘ adding 1o 1t one-tenth
volumes of normal plasma and the patent’s plasma, respectively. If the
patient’s plasma lacks Factor VII, the one-stage prothrombin time of the
Iromexan plasma will be shortened to a substantially less extent, if at all,
by the patient’s plasma compared with the normal plasma.

Quantitative Test for Factor-V Deficiency
,.9ne volume of normal plasm:

s added to nune volumes of Factor-V

CLOTTING TIME IN SECONDS

Sc' e & 20 40 6o 8 100
FACTOR V ()

Fic 36 GraPH ILLUSTRATING THE ESTIMATION OF FACTOR V
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Quantitative Test for Factor-VIi Deficiency

One volume of parmal plasma is added to nine volumes of Tromexan
plasma, and the tage T bin time esti d. ‘The test plasma 1s
then substituted for the normal plasma  If the clotting time with the fest
plasma ts donger thart with the normal pasma, difutions of the normal plasma
are made in saline and the one-stage prothrombin times of the Tromexan
plasma, to which the dilutions of normal plasma have been added, estimated.
A curve can then be constructed from which the approxmate concentration
of Factor VII in the test plasma can be read off.

Principle of the Method of Ovren (291 and b) -

This method differs from that of Quick in that Factor ¥ and fibnnogen
are added to the test plasma which is used difuted The method is a
sensitive one and, although more complicated than that of Quick, it
1s particularly useful when tests cannot be carried out within a shert
while of the blood being collected

Method

02 m! of prothrombin-free 0x plasma is mixed ;n a 10-mm tube
with 0:2 ml. of diluted test (or control) plasma and 0-2 ml, of thrombo-
plastin solution. After S munutes at 37°C., 0-2 ml, of the caleym
chloride solution 1s added, and the clotting time of the mixture measured
by means of a stop-watch,

Recording Results
The clotung ume of the test plasma can be converted into ** per cent
prothrombin and proconvertin (Factor VII) acuvity * from a correlation
graph  Normal plasma 1s diluted from 1yn 10 to | m 100 1n veronal
buffer contaming 30 mg per 100 ml. of potassium oxalate and the clot-
LN 4 4 1 s deiiltad ca thia earane naranranfl
) A
. 15
technique for following the progress of a patient on anticosgutnt
therapy 1t 15 convenent to construct a calibration graph using as the
normal plasma the patient’s plasma withdrawn before the start of treat-

ment,

—ra

Reagents
Test and Control Plastas

4 5ml of venous blood are rendered incoagutable by addn,
0 5 ml. of 2°, potassium oxalate (292)  After centnfugation,
plasma 15 diluted with nine volumes of the veronal buffer

g the blood to
one votume of

Prothrombur-Free Ox Plasma N s of fiesh
reagent supplies Factor V and fibrinogen mne_volumes
ole:‘l‘;od agrcc ren(li?r:d ncoagulable with one volume of 2 57 Fﬂ‘ﬁi:i’":
oxalate. Prothrombin and Factor VII are then remm:gl by mt’é‘snfnd N

plasma once through a clanfying filter-pad containg 20%;, asbes!
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through a filter contatning 50% asbestos (29b) The pH of the plasma 1s
adjusted to 7 3 by the addition 6f 0 5 N-HCl using an external indicator. The
plasma ts then stored frozen at —20°C, 1n small, e g, 2- or 4-m! volumes
1t retans its potency for several months

Alternatively, oxalated ox plasma adsorbed with barium sulphate® may
be used in the test as a source of Factor V and fibrinogen mstead of filtered
ox plasma
Thromboplastin (saline extract of human bran)

Human brain is freed from 1ts membranes and blood vessels 1t 18 washed

cach test
Veronal Buffer, pH 7 35, see p 221

Calewm Chloride

The optimal should be for each batch of ox
plasma 0 03m-CaCl, 15 usually satisfactory

ESTIMATION OF PROTHROMBIN BY A
TWO-STAGE METHOD (3, 6)

e gtennt g nddad fa grivarad plagma which te than papat
. G e e <
N [ [ BT
o, et Nl N
against the times of sub-sampling, they form a curve showing as a rule a sha
nise in thrombin content, then a fall  The area under the curves given by
a normal and the test plasma are compared

Thrombin 15 normally very rapidly generated, but 1t 1s almost as rapidly
destroyed as the result of the action of plasma antithrombin It has to be
assumed for the purposes of the test that the antithrombin activity of the
normal and test plasma are simular  When Factors V and VII are deficient,
the generation of thrombin 15 slow, but 1t persists longer so that the area
under the curve obtained experimentally 1s not greatly reduced In true
Prathrombin deficiency, on the other band, thrombin s generated at the normal
Tate, but 1t never achieves a high concentration and disappears unusually
quickly (3) (Fig 37)

Method

04 ml of citrated fresh normal plasma 1s placed m a 75 12-mm tube
10 3 water-bath at 37°C and 0 4 ml of bramn extract 1s added to1t _ A scries
of ten 75 x 12-mm tubes contarning © 4 mil of human ar bovine fibrnogen
solubon at a concentration of 100 to 200 mg per 10D m) are also placed m

* 50 mg of bariuh sulphate are added per 1 m! of plasma The adsorbed
plasma 15 centrifuged after 10 to 15 minutes at 37°C  X-ray barum sulphate ts
Suttable but 1t should be first washed twice 1n 0 0Q5m-tisadium citrate to remove
the finer particles  (Biggs, personal communication)
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lh; water-bath.  After allowing several minutes for the temperature of the
mixture to reach that of the water-bath, 0 4 m] of 0 025M-CaCl, 15 added,
A stop-watch 1s started at the moment of the addition of the caleam, and 30
and 60 seconds fater, and subsequently at I-minute ntervals, sub-samples of
the mixture are_transferred to the tubes contamning the Hibrinogen, The
clotting times of the fibrinogen samples are recorded, and the expertment
continued wanl tha P et i

ta - . .
plasmas . . '
as quick .
and pressed agamnst the side of the tube so as to squecze the clot. An
inexperienced worker will find the help of an assistant, who can record the
fibtinogen clotting times, an advantage,

7
b

5 A

UNITS OF THROMBIN

3 4 35§ 1 &8
TIME IN MINUTES

o
rod

FIG 37 ESTIMATION OF PROTHROMBIN BY A TWo-STaGE MeTHOD
t
Result with normal plasma  Curve B Result wath plasma from a patient
r?:‘::sn:z Tromexayy Curve C Result with the plasma of a patient suﬂ'enr;g from
true prothrombin deficiency  (Redrawn from Biggs and Douglas (1953))

f thrombin {(p 157),
e fibrmogen clotting times, converted to units of

ar::lotted nggfnsl the times of sub-sampling on anthmeucal graph m‘;“scd

The whole experiment 1s repeated usl}r;g the test plasm‘a The arcns‘ ;:Cazea d

by the two b graphs are % reas

he small squares on the graph paper

with 2 planimeter or by counting the S vt o o by ot plssma

prothrombin percentage 15 BIVeN BY s inder curve given by normal plasma
> 100,
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THE PROTHROMBIN CONSUMPTION TEST
Prnciple.  During normat lati hrombis duction (and
p bi ization) after the blood or plasma has
clotted. If the serum is tested 1 hour after coagulation, it will be found
that practically afl the prothrombin has been “ consumed ”. In most
disorders of coagul and in thrombocytopenia, the formation of
*intansic ™ thromboplastin is 1mpaired (24), and this leads to incom-
plete utilization of prothrombin, even though the blood or plasma may
clot 1n the normal time
The prothrombin consumption test has been widely used chinically
(26, 35, 37) as 2 measure of prothrombin consumed; it 1s a fairly delicate
—but quite non-specific—measure of clotung efficiency. In the test
described below the prothrombin in plasma, and in serum, is measured
by a two-stage procedure.

Reagents

I Curated plasma (see p. 151} -

I Serum. This s separated from clotted blood 1 hour after coagu-
lation has taken place It should be obtained from the blood used
for the whole-blood coagulation time, not from blood clotted m the
presence of glass beads | hour after coagulation 1s selected as a
standard time to carry out the test I the actual estimation cannot be
carried out 1 hour after clotung, the serum should be citrated with a
one-tenth volume of 3 8°; (w/v) trisodium citrate so as to inhibit
further conversion of prothrombin

0 Human bram extract {p 160)

IV, 0 025m-calctum chloride

V. Human or bovine fibrinogen, at a concentration of 150 to 200 mg.
pet |

Method

Suffictent calcium chloride solution and fibrninogen are placed 1n the
water-bath at 37°C before the actual test1s started 0 I ml of plasma
13 then delivered nto a 75 <12-mm tube and O 1 ml. of brain extract
addedto 1t After waiting a minute or so for the plasma and thrombo-
plastin to warm, 0 1 ml of O 025v-calcium chlonde is added to the
mixture and a stop-watch started. ALl'ter :anctl 60 seconds, 0 2 ml.

Far, Re . PRI PRIp

clot  The clot has to be removed on a wooden swab-stick before the
fibnnogen 1s added (It 1s convenient to put the swab-stick i the J
at the start of the experiment )
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The test is repeated in exactly the same way using serum instead of
plasma. Nat\:\mlly, in this instance, there will be no clot to remove
before the fibrinogen is added, except perhaps in severe Raemophifiacs.

Reporting Results

The relationship between the plasma and serum clotting times is
expressed as an index; ie., prothrombin consumption index P.Ccl)
_ plasma clotting time 0,

serum clotting time
This method of reporting suffers from the fact that fow percentages are
normal, whilst a value of 100% is grossly abnormal. For this reason
some workers are content to record stmply the clotting time using serum
as the ** serum prothrombin time ™ or ** serum prothrombin activity

3.

Normat Range of Prothrombin Consumption Index (P.C.1.): @ to 409,
{serum prothrombin time >30 seconds).

THE THROMBOPLASTIN-GENERATION TEST (4)

Principle  Four components essential for the formation of thrombo-
plastin 1 plasma are prepared separately and thesr ability to form
thromboplastin when mixed and incubated together tested by adding
sub-samples of the mixture to normal prothrombin-containing plasma.
The four components are (a) Factor V and antihaemophtitc globuhn
{AHG), as contained in AHOH),-treated plasma; (b) Factor VII and
Christmas factor (as contamned in serum); (c) washed platelets, and
(d) calum. By varying the source of the separate components a, &
and ¢, it 1s posuible to test the clotung efficiency of each; e.g , a patient’s
plasma or serum can be tested for the presence of AHG or Chnistnas
factor or & patient's platelets tested for their abiity 1o take partin the

formation of thromboplastin

Reagents
Plasma  Both normal plasma and the patient s plasma are treated in
the following way The blood should be coflected with a sﬂlc‘ontd
syringe. and added to a one-tenth volume of 3 8%, trisodium citrate
n a sthiconed tube {p 151).  The plasma serves as a sousce of platelets
as well as of AHG and Factor V. and provides the substrate on which
the thromboplastin actvity is tested

Part of the plasma 15 centrifuged at 2,000 to 3,000 rpm for
15 nunutes, and to 1 m} of this plasma s added 0 1 m! of afumimum-
hydroxide gel (p 221)  After mixing and affowing the musture to stand
at 37°C for 5 minutes. the plasma 1 agars centrifuged, and the super-
natant preserved 1t should contain Factor V and AHG, but little or no
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prothrombin or Factor VII--if brain extract and calcium are added
to it, the clotting time should lie between 60 and 240 seconds. The
AI(QH),-treated plasma 15 diluted ! 1 $ i veronal buffer at pH 7-35
{p. 221) before use

Serum  This should be obtained as deseribed on p 151, making sure
that the blood is brought effectively mta contact with the glass surface
of the tube during the inihal stages of clotting  After being allowed to
stand for 2 to 4 hours at 37°C,, the separated serum 1s centrifuged to
free it of suspended cells  It1s diluted L 1 10 in veronal buffer before
use. Both normal serum and patient’s serum are required

Platefets. The patient’s plasma can be used as a source of platelets
1 they are hnown to be normal  If nat, a suspension of platelets from
2 porma! subject must be prepared When dealing with a patient
suffering from haemophhia there is @ theoretical advantage 1n using the
patient’s platelets, for 1t is difficult to wash platelets completely free from
plasma, which normally contains AHG ~ However, 1n practice, normal
platelets are satisfactory

10 ml. of citrated plasma (of normal platelet count) collected nto a
sthiconed tube, are required to supply suflicient platelets  The plasma
is first centrifuged at a relatively slow speed (e.g, 1,500 r.pm) for
10 minutes and the platelet-nich supernatant pfasma then transferred
to a clean siliconed tube and centrifuged at a hugher speed, e g, 3,000
tpm. for 15 minutes The deposited platelets are washed twice with
saline, breaking up the deposit each time with a wooden swab-stick.
The platelets are finally resuspended 1n a volume of saline one-third
of the volume of the plasma from which they were denived  The platelet
suspension may be kept frozen at -20°C for several days, or perhaps
even weeks, before being used, without apparently losing its potency
The supernatant plasma 1s preserved and used as substrate (see later).

Calerum 0 025m-calcrum chlonide

SuBsTITUTES FDR PIATELETS

The possibility of using a bran extract d4s & more permanent substitute
for platelets has been invesugated bv Bell and Alton (Za) Prelimmnary
trialy with the extract are encouraging It 1s made as follows

1 g of acetone-dried human brain {sce p 160) 15 subjected to a further
extraction with 20 ml of acetone and the muxture centrifuged after being
allowed to stand at room temperature for 2 hours  The supernatant is dis-
garded and the sedimented brain ussue dried n an evacuated desiccator

tnal )
More recently, Newlands and Wild (282) have used soybean phospho
10 place of platelets and have found ths to be satisfactory in the d
aemophilia and Christmas discase. .

S
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Method

0-1 ml. of normal citrated plasma is delivered 1nto six 75 x 12-mm,
tubes placed in a water-bath at 37°C. As mentioned above, if the
platelet suspension has been made from normal plasma, the residual
plasma can be vsed as substrate. —

In another tube are placed 0 2-ml. volumes of: (d) the AYOH),-
treated plasma (1 {n 5); (5) serum (1 in 10); and () platelet suspension,
After allowing the mixture to warm to the temperature of the water-
bath, 0-2 mi. of §-025x-calcium chiotide is added and a stop-watch
started. At l-minute intervals, 0 1 ml of the incubating mixture is
transferred to sucessive tubes containing plasma, and at the same time,
using the other hand, 0-1 mf. of 0-025M-calcium chioride solution is
added to successtve tubes. The clotting times of the plasma samples
are recorded,

Recording Results

1t is usually sufficient to record the substrate clotting times in seconds
corresponding with the period of incubation of the mixture forming
thromboplastin (Table Xill)  Alternatively, the clotting times of the
plasma samples can be converted mnte “per cent thromboplastin
activity ™ as follows:

Using normal reagents, after 4 to 5 minutes' incubation, sufficient thrombo-
plastim 55 usvally generated i the incubation mixture to cause the plasma
substrate to clot 1n 8 to 10 seconds,  If the incubation mikture 1s then placed
1n jeeswater at this point to stow down the further progress of the reaction

and dilutions made of it~—ranging from 5%, to 50%—the plasma clotting
times correspond to the dilutions can be determuned

A curve is obtamed which can be used m subsequent work to convert clottng
times to per cent thromboplastin activity

PracricAL USE OF THE THROMBOPLASTIN-GENERATION TEST (32)

The great virtue of the thromboplastin-generatian test 18 that it allows
the effi of diffe of the clotting system o be tested
separately ¢ In haemophiha, for wstance, 1t will be found that thrombo-
plastin gcn:\rauon 15 more or less subnormal 1f plasma derived fronj the
patient 15 used (the other reagents being derived from a normal subject),
whereas 1t 18 porma) of Ins serum 15 used m Christmas disease, the
exact opposite will be found } Indeed, by this test it 15 possible 10
demonstrate minor degrees of haemophilia (AHG deficienicy} which
do pot seem 1o be demonstrable with certajnty by any other laboratory
test yet available The data obtamed from tests carried out on three
patients suffering from haemophufia, Chustmas disease and from 2

I i P ly, are ol d i Table XU

As 1 the recalefication-ime test {p 154} the thromboplastin-
generation test can be used to study the effect of adding normal of
pathofogical AltOH),-treated plasmia, of serum, in \anous concentra-
nons to the patient’s A)(OH),-treated plasma, or serum.
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REPRESENTATIVE RESULTS OF THROMBOPLASTIN-GENERATION
TESTS IN HAEMOPHILIA, CHRISTMAS DISCASE AND* 1IN
THE PRESENCE OF A CIRCULATING ANT[COAGULAN'r 2

Miture i Incubation time at 37°C (mmutes)
of .
reagents K I \ s | 6
\ Haemophitia
Normal plasma
Patient’s scrum ¢ 2 ! 8 T 7 7
Normal platelets H
Panems lasma | |
Normal serum } [ 3 028 27 28 28
Normal platelets ' 1
Normal plasma H
Normal serum l an 10 LN 9%
Normal platelets | ! | !
{
| Chuistmas Disease
Normal plastta ‘
Patient’s serum l L ¥4 25 20 22
Normal platelets 1 |
Patient’s plasma |
Nor m oy Y 10 8 8 | 9 9
Nocmal platelets I ‘
Normal plasma 1 ' i
ormal serum [ 15 9% 8] 9 \ 9
Normal platelets | ! |
I
| Creulating Anticoagulant
Normal plasmia .
Patient’s serum } \ 37 16 2 2 o2 124
Normal platelets | ‘
Patient’s plasma
Normal serum 1 70 60 60 60 45 45
Normal platelets | i
Normal plasma } e T P
Normal platelets | ‘ | ‘ ]
Equal parts of |
no;mal plasma | ‘
and patient's 1
plasma ) 60 40 26 23 22 2

Normal serum
Normal platelets
—_—

i
i
|
-

‘The recorded figures represent the clottmg times tn seconds of thc Subslm(t
to ahich the samples of the incubaUoTTI(ure have been ad

Pl
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ASSAY OF ANTIHAIMOPHILIC GLOBULIN (AHG)

L L L L J Ot U D I TO VS

tes
as

n . . L ' -
method is less claborate, but a supply of plasma from a known severely-
affected haemoptuliac is required, However, not more than 1 ml, of this
plasma 13 used 1n each test and as it can be kept frozen at —20°C, for several
weeks at least without spoiling, the test 1s quite a pracucal one,  The method
is described below

Pitney’s Method (30)

a standard normal plasma

Reagents
1. Haemophilic Plasma. Blood 1s withdrawn from a severely affected
haemophihac and added to a one-tenth volume of 3 8% sodium citrate. It
1s centrifuged without delay at 3,000 rpm, for I$ munutes The super-
natant plasma 1s then stored frozen at —20°C 1n 1-ml vofumes Before
the actual test a 1-ml. volume 1s adsorbed with 0 1 ml. of aluminium-hydrovde
gel (see p. 221) The plasma supplies Factor V and shogld cor:!,am only
. SEEECE 6 et Banean W antrenty

4°C. 1n the meanwhile
HI. Platelet Suspension  This 1s obtained as for the thromboplastin-
neration test (p 167)

£ 5 r each assay  The

~~g 15 treated with
10 give concen-
tton is referred to

. - ntains 1 5, AHG,
. ined, i1streated

‘ ), 11020, 11040

1V, Normal Plasma  This must be obtaned fg_ﬂﬂ fo;

Method
~ nlasma (), 0 1 mi. of
\ 3 1mi, of
) 1mlof
P . . . to 37°C.
' . R 1 statted
' . ‘1 mt of
thrombo-
1 1o clot,

topetmd bmsmanhill
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using each difution of (71°), 1 then plotted on graph paper against the corre-
sponding AHG content (t e, the dilution of the normal plasma). This gives
a calibration curve against which the activity of the patient’s (test) plasma
can be Compilred.

B A

DETECTION OF CIRCULATING ANTICOAGULANTS

Circulating anticoagulants other than drugs guen therapeutically
are rarely found in blood (17) Howewver, as the spontaneously-
occurnng anti may be ble for serious or even fatal
b, hilia-lk their d mn the lab 'y must
be considered. The most common type of anticoagulant prevents
the formation of blood thromboplastin but has no action on formed
hromboplastin, proth bin or thromb Heparin or heparin-like
material with an antithrombin activity, spontaneously present 1n blood,
18 met with excesswvely rarely

The anticoagulants have been detected tn three groups of patients*
1n haemophilia or Christmas disease, followtng pregnancy, and
elderly patients, sometimes complicating a variety of other 1llnesses

DEMONSTRATION OF AN ANTICOAGULANT BY ADDING THE
PATIENT’s PLASMA TO NORMAL BLOOD OR PLASMA

. " i

Principle. A
clinical symp 1s always d with a p
clotting time,  If thus 1 50, the effect of mpung the patient’s blood with
normal blood can be studied A small proportion (e g, 1 part 1n 10)
of normal blood added to a haemophilic patient's blood will reduce the
cloting time to normal  In the presence of a circulating anticoagulant,
on the other hand, the clotting time of the normal blosd will be pro-
longed, rather than that of the patent shortened, mm muxing tests.
Simifar tests can be carned out—often more conveniently—usmng
citrated plasma from the patient and from a normal subject.

ty potent to cause
| hole-blood

Method (6)

With Whole Blood ~Samples of blood from the patient and from the
normal control are collected 1n stliconed synnges and each 1s delivered
into a sithconed tube chutled n 1ce-water, Five 75 X 8-ram. coagulation
tubes (not siliconed) are placed 1n a water-bath at 37°C. Usmng a
siliconed pipette, 1 ml, 0 9 ml, 0-5 ml and 0-1 ml of the patient's
blood are delivered into tubes 1 to 4, respectively, and, without delay,
01ml,0-5ml,09mland 1 m! of normal blood are delivered into
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tubes 2 10 5, reSpectively, The contents of the tubes are immediately
mixed by inversion and their clotiing times measured 1a the usual way.

Wuh Cnral’e? Plasma.  Lightly centrifuged (* low-spun 7} citeated
plasma from the patient and from a normal controt are prepared wsing
sificoned ghassware.  The 1wo plasmas are then mixed in the same
proportions as-for the whole-blood method. The tubes are placed at
37°C. and the mixtures then recalcified by adding an equal volume of
0-025u-calcium chloride to each plasma mixture. The clotting times
are recorded.

The anticoagulant effect may i be more defintte if the
plasma muxtures are alfowed to stand for a time at 37°C, before vecal
cification, Therefore, if the results of the test are negative or indecisive,
it should be repeated, recalcifying after 15 minutes® sncybation.

DEMONSTRATION DF AN ANTICOAGULANT USING THE
THROMBOPLASTIN-GENERATION TEsT

' : T - " 'n be detected 1 both the patient’s
‘ n.  Using esther reagent, therefore,
An mmmediate sepacation from
ws be made, for i the former the
N latter the AYOH)treated plasma,
1f the anticoagulant 1s present only in plasma, differentition from haemo-
phila can be made if st can be shown that normal plasma (even in bigh

concentration) does not correct the imparred thromboplastin generation

DEMONSTRATION OF HEPARIN-LIKE ACTIVITY IN Prasva

P’iﬂ{'lp’f . R T S ] th sha thrambin.

fibrinogen rea

thrombin {6)
nt o Ct

COUSBUERE 01 .« mtnerm moms Sun Astortodd Wy Asmomstrating that the

ESTIMATION OF FIBRINOGIN (AS FIBRIN}Y
horide and the
wple. Otalated plasma 1s clotted with cafeum ¢
ﬁbﬁ:;mp{;escwcd, This 1s then digested with sulphunc acd :'md
selenium dioude. The protein nitrogen is estimated, as ammomum
sulphate, with Nessler's solution  The nitrogen figures, muliphed

by 6-25, gwe the app protem
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Method (King (19))

The colour produced 1s using a
provided with a blue-green (fiford 623) filter, with that produced by 5 ml. of
a standard ammonium chlonde solution, contang 0 01 mg of mtrogen
per mi, to which 3 ml. of Nessler’s solution have been added

Calculation
Fibrin (g per 100 m! plasma)
_ Reading of test 005 100 & 25
~ Réading of standard ™ ‘o1 1,000
Reading of test
= Réading of standard * © 3125

Solutions

50% (v/v) sulphuric acid contaiming 1%, selemum oxide (Ref 19, p 12)
Nessler's reagent (Ref 19, p 10)

Normal Range of Plasma Fibrinogen: 200-400 mg. per 100 ml

DEMONSTRATION OF EXCESSIVE FIBRINOLYSIS

Principle. Patient’s diluted plasma 1s clotted by thrombia or calcium
chlonide, and mcubated at 37°C for 24 hours  Dilutions of a normal
plasma are set up at the same tume and lysts of the clots mn the two sets
of preparations Jooked for and compared (6) This method sets a
high threshold for fibrmolytic actwvity but 1s useful charcally Normal
plasma-clots do not as a rule undergo any lysis

Analternative and more sensttive low-temperature technique has been
described (12) by which normal plasma can be shown to have fibrno-
Iytic activity 1f the plasma 1s kept cold before the tests are set up.

Method (6)

0e - - R e R T Y
to g . tred:
@1 L of
buffe ered
sali ition

(see . sium
chloride  The contents of the tubes are mixed by inversion and the six
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Method
Rather more than § ml. of blood are withdrawn int i
h . of 0 a d .
gzuod is cz(x_rcfully delivered without delay into a clean test-tubcc’,?lll-:in §:ml,1:-|hr:
th ﬂl‘t:;ir:f jgevi P!,E‘Pf}‘? into t}:e graduated centrifuge tube. The glass rod

. . N

d fmuuee Of 30 10f the ciot to draun, the volume of expressed serum and cells

18 read off directly from the graduations on the tube. The volume expressed

asa of 5 ml. the of the clot.
The rantrifitos tnha and wad smaies Ly ~Loot o1 - -

Normal Limits of Clot Retraction (23)
In 50 subyects (27 men and 23 women) retraction varied from 48%; to 64%
with a mean of 54 7%  The statistical imuts (& 30) were 44510 65°57,

SIGNIFICANCE OF CLOT-RETRACTION MEASUREMENT

The relative failure to retract of clots formed in platelet-deficient
blood or plasma is well known, and the clot retraction test has been
widely used as a measure of platelet function  Other factors, in addition
to the platelets, which affect retraction are the temperature-—retraction
1s faster and more complete as the temperature 1s rarsed to 42°C.; the
volume of red ceils and leucocytes which play a passive obstructive
role—there 1s an almost hinear inverse relationship between the volume
of packed cells and clot ion, and the of fibrinogen,
to which clot retraction ts inversely refated (8).

TESTS FOR PLATELET ANTIBODICS

1t now seems likely that ** idiopattuc ** thrombocytopenic purpura

may be brought about by the formation of anti-platelet antibodies (1)
ation of the antibodies in vitro

A number of i for the d
have been devised (13, 14, 16, 20, 21, 25, 36, 38, 39) None appears
to be completely satisfactory,

latelet agglutis than

It 15 clearly less easy to d
red-cell agglutimns  There are several reasons for this: the patient’s
platelets on which antibody mught be adsorbed—and hence demon-
strable, perhaps by an antiglobulin technique-—are usually present only
in small numbers 1 the blood of the patient and are thus difficult to
work with; antibody free mn the serum scems usually to be present,
if at all, 1n such small amounts that minor dfgrscs of agglun{ml'lon

tra-platelet

have to be pted as besng sigmifi -y group
may be a source of confusion, finally. agglutination of platelets 1s Jess

casy to see than aggluunation of red cells.
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volume of 0 33n-curic acid
Harmington (15) stresses that as platelets vary mn lh‘elr sensitivity to
Pk b St SRt S B A0 - St it il R P

final platelet concentration

1ulls (3Y) added preserved human platelets and diluted normal setum
(as a source of complement) to the test serum which had been previously
adsorbed with barium sulphate The platelet suspension 1s sncubated at
AT g e g RS At i :

volumes of the patien’s plasma and the platelet-rich normal plasma aro

exchange resin (1RC-50)
More recently, Malinvaud and Dausset (25) have recommended that the
suspension of platelets 1 the patient’s serum be agitated for' 30 mnutes at
To0m temperature using a shaker designed for the Khne test {110 movements
pe; nunute),

B T L J TPV U DU

unproven (1)  Finally, attempts have been made to demonstrate antibodies _
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::ﬁg:‘r!vsd_nfohpletelel‘s‘ by means ?f the antiglobuhn reaction  Although
L W P -4 ey T L0

strate the corresponding drug-induced agghitinating and Iytic platelet
antibodies.

TABLE XIV

INVESTIGATION OF A HAEMORRHAGIC DISORDER

Patient’s name No
Date Diagnosis
1 Haemoglobin Bload film
(/100 ml)
Platelet count Platelet morphology
(femm)

3 Whole-blood coagulation
time {mun ) (Lee-White,
37°C)

3a  Bleeding time (mun)
(Duke)

4a One-stage prothrombin
time (humap brain) (see }

+ 1/10 vol fresh normal
plasma (sec )

+ 1/10+v0) normal serum
{sec)

4b Prothrombin -consumption |
st

1 mn plasma tme {séc)

1 min, serum time (sec )

Prothrombin - consumption
index (P C1) (%)
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Taue XIV (contenued)

Tncubation time {min )

lastin- 1 o
MThm‘Tsl:Ornsnnscncmlon 112|354l5l:}d3|91m

| Clotting tumes (sec )

RERED
i

Pateent’s scrum

]

Pauent's plasma [ |
!

Normal platciets |

Normal plasma |
Patient’s serumn 1
Normal platelets b

Patient’s plasma
Normal serum
Normal platclets

Normal plasma
Normal serum
Normal platelets

Normal plasma
Normal serum
Patient's platelets

4d Tests for anticoagulants

4 Thrombun-fibrnogen
seaction time (sec) |

4 Fibrinogen
(mg 100 mt)

1
52 Clot retraction (%) |
(Macfarlane, 37 C)

(Hess

)

Capillary resls(ance test |
est)
i

Other tests

Conclusion
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PRACTICAL ASPECTS OF THE LABORATORY DIAGN
OF A HAEMORRHAGIC DISORDER Gnosts
In fhc following "section a scheme is suggested for the laboratory
investigation of a patient suspected of suffeting from a haemorrhagic
disorder. The recommended procedures are given in italics.
1. He lobin estimation and insp of a staned blood film
The diagnosis may be obvious at this stage, as in leukaemia.

2. Platelet count.

3. Whole-blood clotting tume, bleedng time and capillary resistance
fest. Inmost instances it should be possible by this stage to have
decided whether the patient is suffering from (2) a coagulation or
(&) a platelet andfor vascular defect.  (The personal and family
Iastory of the patjent and the clinical findings may also be of
help 1n deciding to which category the patient belongs.)

4. If a coagulation defect is suspected, proceed as follows:

4a. One-stage * prothrombmn™ time, 1f prolonged, carry
‘ out: (1) qualitative tests for Factor V and Factor VII;
(HT) two-stage estimation of prothrombin. -

onsumpfion fest
w aant Thic chauld snablp 3

{Table XIIT)

43 Tests for circulating anticoagulants,  1f, using the thrombo-
plastin-generation test, a defect is demonstrated in the
patent’s serum as well as in hus plasma, the presence of

a circulating anbicoagulant 15 possible  Try the effect of
adding normal plasma or serum to the patient’s plasma
or serum preparations used in the thromboplasitn-
generation test, and carry out other tests for circulating
anticoagulants and for heparin-hke substances
Tests for abnormal fibrinolysis and thrombufibrmogen
regefion tnie
»4f.  Esumation of plasma fibrinogen
if a platelet andfor capillary defect is suspected proceed as follows:
Sa  Clot retraction test and prothrombm-consumption 1est
5b  Test for plaselet function n the thromboplastin-generation
test.” Compare the felative potency of preparations of
normal platefets and the patient’s platelets.
Sc.  Tests for platelet antibodies.
The most useful tests for routine diagnostic purposes are those
numbered 1, 2, 3, 42 and 4¢. A suitable laboratory work sheet for the
recording of the results of the tests Is illustrated 1 Table XIY.

qe
.

5.
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BLOOD GROUPS AND THE LABORATORY ASPECTS ¢!
OF BLOOD TRANSFUSION gw“v_q

No attempt will be made to give a detasled survey of the human
blood groups. In this chapter will be described only some essentral
basic facts and selected practical techniques useful sn the management

M it ae . - . .

PN

graph ot Race and Sanger (26)

THE HUMAN BLOOD GROUPS

It 15 now realized that human red cells contain far more mheritable
blood-group antigens than was at one time thought At least mne
well defined systems of antigens are recognized at the present time;
these are, in order of discovery, the ABO, MNSs, P, Rh, Lutheran,
Kell, Lewis, Duffy and Kidd blood-group systems Fortunately, 3‘3&
only the ABO and Rh systems are of major clinical importance, the :
othess are of less importance because the corresponding antiboties® wph
are either not present normally or occur only rarely, and, because, when L,\k
present, they usually react only at low temperatures

Tue ABO BLOOD-GROUP SYSTEM

There are only four main groups, 3¢, AB, A, B, and O, but sub-
groups of A and AB also exst  Shghtly over 209 of group'* A™
and - AB " subjects belong to group A, and A,B, respectively, the
remaimnder belong to group A, and A B

The serum of a group-O person normally contains anubodses (anti-A.
and anti-B) which ate absorbed by, and cause the agglutination of, both
A and B cells, that of a group-A person contams anu-B, that of a
2roup-B person anti-A, and that of a group-AB person neither
antt-A nior anti-B (Table XV)  Ant-A and antB ate not normally .
present in the cord blood of newborn nfants, but are formed in the
first 3 to 6 months of post-natal hfe For this reason 1t 1s not quite
clear whether they should be looked upon as naturally-occurring,
ABl-A and anti-B, although active at 37°C, normally cause more
xSmEnse agglutination and act 1 higher dilutions at temperatures below

7°C. Their temperature are thus between
183
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those of ““ warm " antibodies such as anti-Rh and non- ific "
antibodies (see p. 203). specific ** cold

Taste XV
T}!E ABO ANTIGENS AND AGGLUTININS

s
anu-B (8)

‘ Agglutinins Agglut
Blood group ] norr:\:lslg' p:senl oﬁs?o‘rgﬁ;
T present in serum
AB ! none " anu-H (2,) (rare
AsB , none ) , (25-30% of sera)
ﬁ‘ | :n:.,g % ann( IH (2,) (rare]
+ nti- ] ~295 af )
B anti-A (x + %) ‘ anti-H (;,) (rare)
o antrA (x + o) ] none
| |
| [

Subgroups of A

Anti-A sera from group-B subjects nearly always contain two anti-
bodses acting on group-A red cells, « and «,. « agglutinates A,, A,,
A Band A,B cells, but «, only agglutinates A, and A, B cells. The net
result 15 that group-A, and -A,B cells are less strongly agglutinated
by anti-A sera than are group-A, and -A,B cells, Stll weaker
reacting forms of A exist, € g, A, and A, but these appear to be very
rare. Intermediate forms between A, and A, are also thought to occur.

The existence of the subgroups of group A has a practical beanng,
for no serum can be deemed sauisfactory for blood-grouping until 1t
has been shown to give strong reactions with the relatively weakly
reacting group-A, blood.

Antibody teacting only with A, and AB cells (rx‘.) oc‘c\;_xfxfp:llz" ?_cfuz

€
[
v
y

R

Immune Types of Anti-A and Anti-B
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very sensiive . h b (PN H) red cells 1s
accepted as a relable criterion (8), Some human sera, however, are un-
doubtedly much more active in haemolysing normal red cells than others of
similar agglutinin content,

The strongly haemolytic sera are commonly referred to as * immune

Mcrnops oF ABO Grouping

Principle, The red cells are tested for their agglutinability at room
temperature by sera containing ighly potent anti-A and ants-B, respec-
tively. The agglutimation can be carried out on tiles or n tubes

The Tile Technique

Agglutination is rapid on flat or slightly concave surfaces, and the
method 1s particularly useful when only a few samples of bleod are to
be grouped

One drop of each grouping serum and one drop of sahne are delivered
to two of the on a white p: lain tile, the ties are
labefled, respectively, ““ant-A ™" and “ant-B™  One drop of an
approximate 5% suspension of the red cells to be tested ts added to
each grouping serum and the cell suspensions then muxed by gently
tocking the tile. After 5 minutes or less the results may be read;
they are usually clear-cut and mdisputable  If doubtful, the presence
or absence of agglutination may be checked by transferring the sus-
pension on to a glass slide and viewing under the low powers of a
microscope

Controls. Tt 15 tmportant to set up controls ustng known group-A,,
-B and -O red cells The group-A, and -B cells test the sensitwvity
of the grouping sera and the O red cells, which should not be aggluti-
nated, guard agamst the possibility of false positive reactions (see
later) 1t 55 essential to have available agglutimating sera capable of
agglutinating A, cells distinctly within a few mumnutes, if the sera are
sufficiently potent, 1t 1s an advantage, as recommended above, to add
one volume of satme to the grouping serum on the tile 50 as to minimize
rouleaux formation

The tile method 1s sensitive and accurate, but agglutination of the
Very rare weakly reacting forms of group A, such as A, may be missed
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Room temperature (15 to 2§°C.) rather than 37°C. 15 chosen as the
temperature for the test, as this is the optimum for the normal aggluti-
nating type of anti-A or anti-B.

The Tube Technique

The tube method is slower than the tile technique, but it is more
suitable for the grouping of large numbers of samples. The results can
be read pically or micr pically. It is thus better adapted
than s the tile technigue for detecting the rare weakly reacting cells

The tests can be carried out in 50 X6-mm, or 75 % 8-mm. serological
tubes, Qne drop of each grouping serum is added to two tubes labelled
anti-A and anti-B, respectively. One drop of salme 15 2dded to each
tube and then one drop of a 1 to 2% suspension of the red ceils to be
tested. The suspensions are mixed by tapping the tubes which are
then left undisturbed for 2 houts at room temperature. The presence
or absence of agglutination can be determined by inspection of the
button af deposited cells using a concave mirror, folfowed by gentle
resuspension  Doubtful reactions should be assessed by transferring
the cell-serum suspension to a glass shde and viewsng 1t under the Jow
powers of the microscope, As a rule, if the agglutinating sera are
avid, i e., cause rapid intense agglutination, the reactions are absolutely
clear-cut and can be read preally with confid

Controls  Itis 1, as 1n the tile tech to set up controls,
using known group-A,. -B and -O blood

CHECKING THE ABQ GRour BY TESTING FOR ANTI-A AND ANTI-B
.. LR R 3

subgroups of A

Selection of Grouping Sera

clot at 37°C. and then, after the serum has started to separaie, pleu
in a refrigerator overmght for the clot to retract, and for any cold agplu-
timins present to be at least partally absorbed The serum I then
centrifuged to free 1t from suspended cells, nactvated at 56°C. for
10 minutes, Seitz-filtered and finally bottled 1n 1 to 2-ml volumes T}lc
stenile sera should be kept frozen at —~20°C. until used, It 1s essential
to keep the sera free from bactersl growth, which may cause non-
specific “'bacteriogenic ” agglutination ). N

i transfuston centres where large numbers of
arena!i;:ls:l:!lelyfgf slse‘stﬁ:;gl,nm select avid grouping sera with a tre sufficre!

f samples
tly
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bigh for routine purposes. Altermnatively, the agglutinin titre of a serum may be
ratsed ly by the sulx or mnt tnjection of com-
mercnally prepared A or B substances. Ruses in titre of 2 to 64 times have been
recorded (27)  Such sera also develop a strong avidity for the corresponding
red cells and cause very raprd 2gglutination in tile tests (32).

Causes of False-Positive Reactions in ABO Grouping

In addition to the bacteriogenic agglutination mentioned above,
there are several other possible causes of falsely positive agglutination:
rouleaux ion simul truc 1 ion by
non-specific cold agglutining, and infected red cells

Rouleawx Formation

This should rarely be a source of trouble No serum which causes
rouleaux with normal cells should be used for grouping, and the volume
of sahine added to the serum serves as an extra precaution. However,
m dealing with red cells from a pauent whose serum contains high

ions of 1glob , a5 11 multiple ! sufficient
patient’s serum rmught be carried over in the red-cell suspenston to cause
marked rouleaux. It 15 important, therefore, 1n such a case to wash
the patient’s cells thoronghly in sahine before attempting to group them.

Cold Agglunnins

These may be also a cause of trouble  If the pauent's serum contains
agglutiuns active at room temperature, 1t 18 tmperative in order to
obtan a smooth suspension that his red cells be carefully washed in
several changes of saline warmed to 37°C before they are added to the
grouping serum  In acquired haemolytic anaemua caused by warm
auto-antibodies, highly sensiized cells reacting strongly with anti-
globulin serum may undergo auto-agglutination n normal serum,
even after thorough washing  However, the presence of salne in the
grouping test should 1n most cases be sufficient to prevent this. In
doubt, tests for anti-A and anti-B 1n the patient’s serum should help to
clear up any difficulty

The grouping sera themselves must not contmn any non-specific
cold agglutimin active at the of the 1 Y.

Infected Red Cells
. Infection of a red-cell suspension by certain bactena may result
in the cells becommng agglutinable by normal adult human sera*
(Hubener-Th F; h ph Such cells mught
4Ppear to be group AB when in realty they were group O In view
of thys possibility groupings should be carried out as soon as possible
after the blood has been collected or, 1f delay 15 unavoidable, the blood
* Infection i 3ho 15 thought 1o be the cause of the rare phenomenon of poly-

2gglutinabilty  Polyagelutimable red cells undergo agglutmation in most human
T3 except that of young infants (26), Al
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should always be kept at4°C.  If sterility cannot be guaranteed blood s
best stored as a clot rather than as blood to which an anticoagulant
has been added. On no account should red cells be stored as a saline
suspension.

Causes of False-Negative Reactions in ABO Grouping

Failure of agglutination to take place is usually due to impotent
sera. Loss of potency results if sera are carelessly left at room tem-
perature or stored frozen in large volumes so that repeated freezings
and thawings are required. Another possible cause of a false-negative
reaction is the use of fresh rather than heat-mactivated sera, This
may lead to rapid haemolysis being mistaken for absence of agglutina-
tion.

DIrFERENTIATION OF GROUP A, rrRoM GROUP A,
Principle.  Anti-A serum from a group-B subject contains two anti-
bodies, and «,. If such a serum is absorbed with A, cells, « is removed;
«, remains.  The absorbed (,) serum then reacts only with A, cells

Method
1 volume of anti-A serum 1s added to an equal volume of washed
packed A, cells, The cells are mixed in the serum and the suspension
allowed 10 stand undisturbed at 4°C for 1 hour. It is then centnifuged
and the supernatant serum tested for its power of agglutinating known
A, and A, cells The A, cells should sull be agglutinated (although
less strongly than before because of the removal of a); the A, cells
should not be agglutinated at all. If they are apglutinated the absorp-
tion should be rep d. The are usyally ) t  However,
cells which give weak reactions with the absorbed sera may be encoun-
tered, these may possibly belong to a type * intermediate ™ between
A, and A, 31)
Groun-A, and -A, cells can also be duferentiated 1n other ways
¥

. .

TeSTS FOR SECRETION OF A OR B SUBSTANCF
HT4ad ks addad p anti-A OF antiB serum

the antibodies have been

ors (they are Lex positive,
ance, or H substance Gf
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Method
An antt-A or anti-B serum 1s diluted so that 1t gives good visible agglutina-

hours and are then inspected for agglutination  If the saliva contains A or B
substanices, agglotination 1s usually inhibited 1n all the tubes except the satine-
control tube.

H substance can be demonstrated 1 a similar way using eel serum or the
naterally occurring incomplete cold antibody as a source of anti-H (6),

TITRATION OF ANTI-A OR ANTI-B AGGLUTININS

Principle.  Semal dilutions of the sera are made 1 saline, and equal
volumes of a saline suspension of washed group-A,, -A, or -B red cells
added. Agglutination 1s read after the suspensions have been allowed
to stand for 2 hours at room temperature

Method

L L . f .

ml volumes of serum or saline are suitable for use with 75 X8-mm.
tbes It 15 convenient to retan the surplus volume of diluted serum
from tube No 9 (which otherwise would be discarded) so that 1f the
serum 1s found to contan very high-titre agglutinins further dilutions
may be made

The red cells used for the utration should be freshly withdrawn or
obtamed from blood which has been stored 10 ACD at 4°C for not
more than a few days

After washing in two changes of saline, a 1% suspension 1s prepared
An equal volume of this 1°, suspension 1s added to each of the serum
dilutions and to the saline-control tube  After thorough muing, the
Suspensions are aflowed to stand undisturbed at room temperature
{15 to 25°C ) for 2 hours

Agglutination 15 then looked for ily or
as described on p 106

The agglutimn nitre 1s usvally recorded (by blood-group serologists)
as the reciprocal of the highest serum ditution which gives + agglutina.
tion  This figure does not take into account the volume of red cells
added. Lre——
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Ei_ther A, or A, cells can be used. In the selecting of a serum for
routine blood grouping, its reaction with A, cells is particularly impos-
tant. Hence, there is some advantage in using A, cells for titration of
anti-A.

DEMONSTRATION OF HAEMOLYSIS BY ANTI-A OR ANTIB

Principle.  Group-A (or -B) cells are suspended in fresh undiluted
anti-A or (anti-B) serum or 1n serum serially diluted in a source of
complement. Haemolysis 1s looked for after incubation for 2 hours
at 37°C.

Method

Qualitative Test. One volume of a S0% suspension of washed
group-A, (or -B) red cells is suspended in nine volumes of fresh anti-A
(or -B) serum  The mixture is incubated at 37°C. for 2 hours, then
centrifuged and the supernatant inspected for haemolysis. The serum
should be tested within a day or so of collection,

Turation of Haemolysin

o oas s

mmspected for haemolysis B o ia ma f cnataeeans ke tn he af tha tame

pauent’s serum) 1s essential,

DEMONSTRATION OF INCOMPLETE ANTI-A OR ANTE-B

v euthar galiva

when serum 3s nsed s a diluent but NOL WHEN SANNE 12 uks.

Method Using Salna (5)

o fiese b £ am e 120 and (O

e-half
. =1 the
. . ' . . P 10ne-
. o . . . tube,
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Alter 2 hours the cells are washed in several changes of sakme and an
antiglobulin test 1s carried out.  The antiglobulin serum should be used at a
dilutton not exceeding 1 1n 4

THE RH BLOOD GROUPS

The Rh Antigens

There are thought to be at least three systems of allelomorphic genes
situated close together in the same chromosome The commen
alternative antigens to which they give nise are, in Fisher’s notation,
Corc,Dord, and Eore Recently a further system, F and { has
been postulated Less common alternative antigens are Cv, Cv, Cv,
and C, DY, Evand E*. The large number of antigens involved means
that many different combinations are possible. Leaving aside the less
well known or rarer vanants the common alternative genes for C, ¢ and
C*, Dand d, and E and ¢ can be combined 1n a chromosome 1n twelve
ways These are in the order of therr frequency CDe, cde, ¢DE, cDe,
C*De, cdE, Cde, CDE, C*de, CdE, C*DE and C*dE In pairs these

For clinical purposes the combination cde/nic s called Rh-ncg;mv:
{D-negative), all the rest are Rh-positive (D-p )
used short symbols corrcspondmg with the common al\d less rare
chromosomes are given 1n Table XVI,

TasLE XVI

THE Ra CHROMOSOMES IN ORDER OF FREQUENCY (FISHER
OMENCLATURE) AND THE CORRESPON]
SHORT NOTATIONS (26)

Fisher Short

N
|

PRACTICAL IMPORTANCE OF Rr ANTIGENS

The Rh antigens are of practical importance because, although the
T d with rare (13), do not or~ -~
naturally, they not uncommonly develop.(a) as the result of dif”
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in the Rh blood-group antt

gens of a foetus and 1ts mother, and () a5
;he. result of transfusion of blood containing Rh antigens' \vhicgl )tht
efcxple.nt lacks. Anti-D is most frequently formed, but many examples
of anti-E and anti-C, anti-c and anti-C*, and anti-e are known.

Rh Grouping of Transfusion R
he?:%{;ggg‘iﬂg:lgl; lrar}sfuseg, it Is essential to determine whether
b -negative and to give him blood of the correspon-
ng type, 1., D-positive or D-negative, respectively. It is not neces:
sary for most purposes, nor would it be practical, to find what his other
fgsg;;gle:; aor:” Even if a patient’s genotype were accurately known,
nstances not be easy to find blood of exactly the same
genotype, even if the matching was confined ta the ABO and Rh groups
In gre}nst‘usmn work the best that can be done as a routine is to give the
ip D-positive or D-neg bload, as required, and to carry out
a careful crass-matching test to guard against the presence of antibodues
such as anti-E or anti-c which might have been developed as the result
of past p fes or app Iy b fi {sec also
p. 201).

However, there are certain patients in whom it is important to know
the Rh genotype- e.g., 1n patients suffering from acquired haemolytic
anaemia when 1t 1s desirable to try to identify the specificity (1f any) of
the auto-antibodses; and in patients who need repeated transfusions—
itis desirable to transfuse such patients with blood of the same Rh geno-
type as far as 1s practicable  Although they are not candidates for
transfusfon, the husbands of women who have given birth (o infaats
suffering from haemolytic disease of the newborn, should have their
blood genotyped, far, m order to give a prognosts of future pregnancres,
1t 13 essential to know whether the husband is heterozypous or homo-
zygous for the immumzing antigen

Rh-Grouping of Transfusion Donors
When grouping blood donors for ther Rh groups 1t 1s essential to
test D-neganve red cells against antt-E and ant-C semd as well, to
indentify the small proportion who are of the genolype cdEjede or
Cdejede and whose blood should not be used to transfuse D-negative
ICCIPICHIS In practice, 1n order to conserve rare sera it 1§ convenent
to use the more easily obtaned anti-D + ant:-C and anti-D + antr-E
sera 1 place of pure anti-C or pure antt-E, and to test only those cells
whieh fail to react with ant-D I the genatypes cdEjedde and' C’:Ii»ﬂnle

FTSN ' N
with an incomplete anti~D known to react with 13 ceity (i)
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‘.\\E‘“ODS OF Rh GROU"\\G

Three echniques it be desct! 1bed: wbe methods using (@2 complete
(m-s:mne-agg\ulma\mg) antr! or B an mcomp\uc (m—a\humm—
ngg\u\mm’mg\ anti-Dy and Chown's c:xp\\\ary-mbc mc(\\od 3.8

Tobe Me\hod sing S tinc Anti-
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tubes, 3 3 drop of 70 o SUS! nstont of the test 4 cefl nown
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After makiP hat the celts are W 11 mut with , the bes
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toasiides a gently sptead hthed stemofl Pasteut
pipette-

Asit1s & ental fof the ready T gt nof agglutt? 101 ew the
cells n @ K syt 1on, 200 (-3 col f cnatant
serum should first be p 10O th pasteut P! fore 1S up
(which ™ cut off 1@ ersely) 13 4P o the cell depostt al

yery SO 1 cotur 1! dra nto the f
agg\u\ma\e are easty oken B 5t ustiB er: f low utre,
care an peniencs ar y for the mterP” ! f its

15 aboy 1 for ag Tutin?

1emperd! n
As 2 ruie e geactions are absotutely dearcut 3 potent anuD
\3 doubt{ul rcacuon/whcn the control
o This

Le T

no secked VY whethet the doub\(u\\y agg\mm:ncd cells
e agg\u\mmed by anug\obu\m serum (winch they should ve f they
a D

The Grouptng Serum
This shoutd e a PUTC anuD sexum, 1S atrey of pOSS\b\c, exceedind 16.
Wt agg\uunmcs r cells, 5O much the better “The serem may hav

4°C. 'A\lcm:nwe\y, salwa f100 secretors of A andjot B can'be used,
put this has the d;sadvamage of entailing some dilunuod of 1he serum

Pracy e B B
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echnique is ugeq 33 With the Saline ant-p, €xcept
t an tUme Sma]] drop) of 30/ bovine albumy,
15 addeq 10 each tube, The tubes arq iney bated ro§°2 hours at 37,

ence o absence of ngglu!inanon is then g,

ha Tecently

n a, ternagve techm'que for ugse With incomplcle anti-p pag
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tton may f much there is any 3
should pe i e cells - ¢ more |,

1 tube

2ddition, 4 t tup
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RELATVE MerITS OF THE SEROLOGICAL Tust TECUNIQUE
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15 about 12 tmes less frequent than 18 CDeIcDE 1f pure anti-C
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Low's method of using papain (20a), which obwviates the necessity of
pre-treatment of the test cells with the enzyme, 1s referred to on p. 194.

TITRATION OF RH ANTIBODIES

Rh antibodies may be titrated 1n several ways (a) using dilutions
of the serum in sahine and normal red cells, (b) using dilutions of the
serum in saline and enzyme-treated red cells; () using dilutions of the
serum in normal human group-AB (or compatible) serum and normal
red cells suspended in 209, bovine albumin  (The preparation of the
cell suspensions 1s described on p 102.)

Titration {n Saline

Doubling ditutions of the serum are made n saline using a marked
Pasteur pipette calibrated to deliver about 0 05-ml volumes It is
convenient to use 50X 6-mm serological tubes and to set them m a
wooden block Nine tubes, giving a range of serum dilutions from
1in 1 to 1 in 256, are generally sufficient; a tenth tube to which saline
alone js added serves as a control 0 05 ml. of a 19, salipe suspension
of the selected red cells (e g, group O CDe/e DE) 15 added to each tube*
After gently tapping the tubes to mix the cells 1n the serum, the block
of tubes 1s placed in the incubator at 37°C. and left undisturbed for
at — e T . e e v

the presénce of’mcomplc‘te (b!bck;ng) antibody may be suspected
More often than not ant1-I) 15 present i the incomplete form and little
or no agglutination takes place even 1n the first tube Incomplete

each tube, re-incubating for 30 mnutes and examining for agglutination
However, 1t is usually more convenent to set up at the start a duplicate
titration using ether trypsinized cells or cells suspended 1n albumm.

Titration in Saline Using Trypsinized {or Papainized) Cells
Exactly the same procedure 1s followed as that described in the
Previous section except that enzyme-treated red cells are substituted
* If more than one type of cell 15 to be tested 1t 15 advisable and more accurate to

make pumary duutions of the serum m 7Sx8-mm tubes, and 10 delver 0 02 or
© 05-m! subsamples of each drlution mto small serofogical tubes
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pure anti-C¥, and anti-e are also available, the extra possibifities are
reduced to five (26). A knowledge of the reactions of the blood of other
members of the family may help in excluding some of the possible
combinations

DETECTION OF RH ANTIBODIES

Several methods are available for the detection and titration of Rh
antibodies  For the detection of antibodies as in the routine examina-
tion of the sera of antenatal patients, there is a choice of two reliable
techniques: (@) the indirect antiglobulin method and (b} a method
employing enzyme-treated red cells. Both methods are suitable for
the detection of the rarer Rh antibodies as well as anti-D.

Indirect Antiglobulin Method

To 5 or 10 drops of the patient’s serum is added 1 drop of a 30 to
50% suspension n saline of Rh-positive cells  The mixture is incubated
at 37°C. for 2 hours and the cells are then tested for their agglutmability
by antiglobulin serum, as described on p. 108. The antiglobulin serum
must be diluted to its point of maximum avidity (usually 1 in 16 to
1in 64),

As a)screening test, 1t 18 best to use a sample of group-O CDe/cDE
red cells (or separately, group-O CDe/CDe and group-O 'cDE/cDE
cells) which have the necessar  * Lo N etin anhlE
and anti-e as well as anti-D.
added to normal serum and
anti-D ot th

n 15 obtamed, 1t must not be assumed that this 15
ncgsls’::ors:l‘;'vz:eg g:]:"annatll,j) (uro}?or that matter an antibody within the Rh
system), 1n both antenatal and transfusion work ant-£ and anti-C are ngt
infrequently found, usually tn combination with anti-D, but occasionally by
themselves  Antic (by tself) 1s also mot very uncommon Prehminary

Method Using Enzyme-Treated Red Cells (18, 25)

The chosen test cells {e g , group O CDeje DE) may be .'wtrxf1 upon Zy;
et trypsin or papan {see p. 120}, One volume (2 or 3 lropf) d
a 2%, suspension m saline of the treated cells 15 addcd}o an equal \éz: un:e
of serum placed n a tube setn a water-bath at 37 C. The \'\’x 13 am
examned for agglutination, using 2 concaye muror, after 2 do:crrsum
37°C It 1s essental to set up controls of normal serum an serum
known to contamm a small amount of ant-D; 1t is also \;on W IC'
setng up, as additonal controls, duplicate tubes to \\h:rc"cg:i:x.ed
treated Rh-negative cells are added.  The test must be carefully
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outat 37°C , for many sera contam sufficient non-specific cold agglutinin
to cause agglutination of enzyme-treated red cells at room temperature,
Thaca” A aLamca bt e e Lol

[ b ' P
Low’s method of using papan (20a), which obwates the necessity of
pre-treatment of the test cells with the enzyme, 1s referred to on p. 194

TITRATION OF RIt ANTIBODIES

Rh antibodies may be titrated 1 several ways. (g) using dilutions
of the serum in saline and normat red cells, (b) using dilutions of the
serum 1n sahine and enzyme-treated red cells, (c) using difutions of the
serum in normat human group-AB (or compatible) serum and normal
ted cells suspended an 20%, bovine albumin. (The preparation of the
cell suspensions is described on p 102}

Titration in Salme

Doubling dilutions of the serum are made tn saline using a marked
Pasteur pipette calibrated to delver about 0 05-m! volumes It is
conventent to use 50X 6-mm serological tubes and to set them in a
wooden block. Nine tubes, mving a range of serum dilutions from
lin1 to 1 in 256, are generally sufficient, a tenth tube to which salne
alone 1s added serves as a control 0 05 ml, of a 1°, saline suspension
of the selected red cells (¢ g , group O CDefc DE)1s added to each tube*.
After gently tapping the tubes to mux the cells in the serum, the block
of tubes is placed 1n the mcubator at 37°C and left undisturbed for
2 hours. The presence or absence of agglutination 1s then determined
microscopically, as described on p 193 Occasionally, agglutination
may be partially or completely mhibited m the first 2 or 3 tubes, if so
the presence of incomplete (blocking) antibody may be suspected

More often than not anti-D 1s present 1n the mcomplete form and tittle
of no agglutination takes place even in the first tube Incomplete
e P . - . . .

each tube, re-incubating for 30 munutes and examning for agglutination
However, it 1s usually more conventent to set up at the start a duplicate
titration using erther trypsinized cells or cells suspended m albunun.

Titration in Saline Using Trypsinized (or Papainized) Cells
Exactly the same procedure 15 followed as that described mn the
Previous section except that enzyme-treated red cells are substituted

* I more than one type of cell 1s to be tested 1t 1s advisable and more accurate to
Make prmary dilutions of the serum i 75X 8-mm_tubes, and to deliver 0 02 or
0 05-ml subsamples of each dilution into small serological tut
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for the nor 5 V

for the r(:‘i :‘arl“?::!‘l'smﬂl:{x\?lai\; car‘cf{!‘uft_lf lak;npto cnsurc}haf t_hc
can wsuafly -

the result is

specific aggl L

I_f normal human serum is used as diluent instead of saline, thené;h:;;;;r
titre is usually enhanced (15). Low's method (20a) using papain
activated by cysteine is referred to on p, 194,

Titration in Serum-Albumin

Serial doubling dilutions of the serum are made in normal group-AB
serum; if group-O cells are wsed, normal serum of any ABO group will
do.  The control tube contains normat serum only, An equal volume
of a 1% suspension 1n 20%, albumin (see p. 103) of the selected test cells
(e &, group O CDejeDE) is added to each serum dilution and to the
normal serum in the contro) tube, and after ensuring that the ccll sus-
pension and serum dilutions are well mixed, the tubes are aliowed fo
stand undisturbed for 2 hours at 37°C.  Agglutination is determined

ndneacanatn "osl vay

should prevent k if for true

As well as being used as a diluent for the test serum, normal serum can be
used as a substitute for the albumn,  The method, hawever, seems to be less
sensitive than the serum plus albumin techmique 1t has been clarmed that the
the pH of the normaf serum used as

can be y
diluent to approximately pH 7 0 (2)

RELATIVE VALUE OF THE METHODS UsInG
ALBUMIN AND ENZYME-TREATED CELLS

The method using enzyme-treated cells gives tighter and more
definite agglutination than the serum-alburmun method The end-
point s also easter 1o read, and the agglutinm hitres are hikely to be tagher
than with albunun,  Occasionally, too, methods using enzyme-treated
of antibodses that fail 1o cause agglutina-

cells der the p
uon 1n serum-albumin medw Prozones resutting m fatlure of
m gh of serum seem more likely to

occur 1n the albumin method  On the other hand, as has been men-
t10ned, the sensitivity of enzyme-treated ceils, particularly their aggluti
nation by pecific cold bodies at high

1s a2 drawback to therr use

ALTERNATIVES TO ALBUMIN 1N Ri-ANTIBODY TITRATIONS
Various substitutes for albumin have been supgested from time {0 time”
ep écl:mn (12), Dextran (i4). and polyvinylpsrrolidone YD) 2
Alll'lough the above media have an adsantage over albumn wr sensimty,
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their value is diminished by the increased tendency to cause non-specific
agglutination and rouleaux formation

DETECTION OF Rit ANTIBODY WHEN PResent
IN VERY SMALL AMOUNTS
Smalt amounts of ant-Rh can be detected reliably by the indirect antie
mla e e anlt A1 e-3 o amioa f W

Plnbnt n taes o

it 1s clumed, sncreases the agglutinating titre of the anti-D to a greater extent
than does normal serum  Another very sensitive technigue 13 to carry out
antiglobukin tests on trypsimzed cells (29)  This method needs very careful
controlling using normal sera and cells negative for the antigens being sought.

THE REMAINING BLOGD-GROUP SYSTEMS

Blood grouping for the MNSs, P, Lutheran, Kell, Lewss, Duffy
and Kidd antigens, and the d of the cor ibodi
follows the general lines described 1n the foregoing discussion on antt-
Rh. Tube techmgues using small voluzmes of sera are generally employ~
ed, for the antibodies are rarely available at high titres and supplies
are usually precious,  The effect of trypsin on the different antigens has
been studied by Morton and Pickles (25) and Unger and Katz (30)
Brief notes on cach blood-group system follow A full description is
10 be found in Race and Sanger’s monograph (26)

THE MNSs BLOOD-GROUP SYSTEM

In England about 28 4% of people are group M. 49 6% group MN and
22% group N, 54 7% are S-positine and 45 3°, S-negative

Grouping for M and N s best done at room temperature when rabbit
seraareused  Controls of known M, N and MN cells are essential  Human
an:n-M" or anti-N sera are rare byt not unknown Some s¢em to be
Pt TRttt S A N ' gme setm.to e

Who have had many transfusions, more rarely has the antibody been detected
i the sera of women who have given birth to children suffering from haemo-
tc disease  Such antibodies are generally most active at 37°C , they may
eust ag or as 1t best detected by the anti-
globulin reaction

THE P BLOOD GROUP
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of P-negative cells and known P-posttive cells are i
A essential. P
cells are sometimes classified according to the degree to »thchptg:;u;:

value.

Anti-P is a potentially haemolytic antibody, causing weak haemolysis of
normal cells, but much stronger haemolysis of trypsigxzed or P.N.Hf cells
On rare occasions its activity extends up to 37°C, and 1t has then been found
to be a cause of transfusion reactions (23).

THE LUTHERAN BLOOD GROUP
R élzgu& D’II-Z%LOI' Enghsh.blc’od samples are Lutheran-posttine (Lufa+))
- TAlmemo mmmeatadveds N 4 aae Sy examples of an anti-
' ome sera seem to have
ature. The sera so far
Albumin and trypsin
ated neither sensitized

THE KELL BLOOD GROUP

R gy Y RT]

Ky tha

é]obulln test
Kell agglutination should be carned out on fresh blood samples as it seems

possible that the antigen detestorates unusually rapidly on storage (26)

THE LEWIS BLOOD-GROUP SYSTEM
v 1ge= 4--42-4 Jea and Leb, 1t 18 possible to possess
*ly not both, at least tn aduits, ) €., to be
-} About 22% of the population of
on-secretors of A, B or H substances

abent 72% are Le(a—b-+) and 6% Leta—b—). o een

t

. " A -
haemolysed
THE DUFFY BLOOD-GROUP SYSTEM
T : + -+ cms mame ewics Eraand Fub In England about 65 7%
! co o .y and 17 2% B B
[T ) - = st beng found in patients
. ~ ntibody usually occurs i an

t agglutination tn sahne of
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albumin and treatment with trypsin seems to destroy the antigen (25, 30}
However, sensitization may be readily demonstrated by the antiglobulin
feaction

THE KIDD BLOOD-GROUP SYST!

- P e N

EM

Race and Sanger (26) mention that stronger reactions may be obtained by
carrying out antiglobulin tests on trypsmized cells (29)

“PRIVATE "

BLOOD FACTORS (20, 26)

f T— [P WPy N

chosen at random It 15 important, therefore, 1 attempting to demonstrate
an antbody always to include 1n the panef of test cells those of the actuat
blood donor(s) {or of the husband) who might have been responsible for the
immunization

THE CROSS-MATCHING TEST IN BLOOD TRANSFUSION

1t 15 essential to catry out a cross-matching test between the serum
of the recipient and the cells of the donor before every blood transfusion
Only if the degree of urgency 1s such that no delay at all 15 possible,
18 it justifiable to break this rule (see later)

The cross-matching test 15 carnied out for two purposes {a) to guard
against a mstake 1n ABO ot Rh ,{b)to d iy
occutring or immune antibodies 1n the patient’s serum, active against
the donor’s cells, whose presence could not be anticipated  As no
smgle test 15 capable of disclosing both types of mcompatibility satis-
(acxonly, at least two tests have to be carried out as a routtne  Those
recommended are (I) the “ saline match ™ carried out at room tem-
g;:zlurc and (I) an indirect antiglobulin test, sensitiang the cells at

Patient’s Cells and Serum

Blood from the patient should be obtained if possible a day or two
before the transfusion 15 needed so that hs cells may be grouped un-
hurnedly, with proper controls, and blood of corresponding ABO and
Rh group obtamed. Serum 1s preferred to plasma for matching pur-
Doses as strong rouleaux formation, which might be a source of con-
fuston, 15 far less likely to occur

Doror's Biood
A few drops of blood are withdrawn from the transfusion bottle or
pilot bottle, using a sterile syringe or Pasteur pipette. The cells_§hould
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then be washed in at least ane change of saline and a stron !

5 (3010 507
and a weak (I to 2%) suspension in saline made. The tests wi:k)x
these celfs should be set up without delay.

L TuE SAuNE CROSS-MATCH (NON-URGENT CaSEs)

One volume {e.g,, 3 drops) of the patient’s serum 18 placed in a
75X8-mm tube and the same volume of a 1 to 2%} suspension of
donor’s washed cells added to it.  After mixing, the tube is left undis-
turbed fo( 2 hours, Part of the deposit of sedimented corpuscles is
then d ymery pically for agglutination, as described on p 193,

The saline cross-match 1s carried out at room temperature rather than
at 37°C. because the naturally-occursing anti-A and anti-B react better
at the lower temperature (The agplutinin titre at 37°C. is on the average
about half that at 18°C. (17).) Sahne rather than bovine albumin
ts used as a suspending medwm, because in albumin anti-A or anti-B
activity 1s reduced to about one-quarter of the activity in saline (17);
this may even result in misstng ABO incompatibility altogether.

Difficulties: Abnormal Reactions Not Due to ABO Incompatibility

Rouleaux. As the sera may be obtaned from severely-ll patients,
some fi { d with a rmsed servm-globuhn
) 15 not mireq; Dextran given to a patient before
his serum 15 obtamed for the matching test also causes exaggerated
rouleaux formation  The diffe i of raul f from
weak agglutinauon may not be too easy, although expenience helps
10 overcome the difficulty I in doubt, the addition of another volume
of salme to the cell suspension on the shde ads differentiation by
causing the rouleaux to break up to a greater or lesser extent

The differences between rouleaux formation and weak agglutination
way be summarized as follows  Roufeaus formation affects neatly alf
the cells present, large clumps are not usvally seen bus the side-to-ide
adherence of the cells giving rise to many intermngling columns s a
conspicuous feature.  HWeak agglurmation affects only 2 small propor-
tion of cells, large clumps are not formed but the small clumps that are
present are widely separated m a field of free unagglutinated cefls,
the cells adhere to each other at all angles (Figs. 38 and 39).

Cold Agglutir (o) ily, true aggh 15 brought about
by cold agglunnins  First, ABO ncompatibifity has to be cxcluded
by showmg that the agplutination disappears if the tube s placed at

37°C. and by rechecking the ABO groups of bath donor and rectprent,
dly, 1f ABO ity is excluded, steps must be taken to

identy the agglutinin e may be a nouspecific cold agelutipn

1f so, 1t will also agglutimate the patent’s washed celis, and other red
cells irrespectrve of blood group, or it may be a speofic cold agglutimn
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Fio 33 PHOTOMICROGRAPH OF A SUSPENSION OF BLoob CELLS IN
SeRuM, SHOWING A Mmor DEGRER oF ROULEAUX FORMATION > 150

The numerous small rouleaux are characteristically relatively evenly spaced
throughout the field and do not vary greatly m size
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FIG 39, PHOTOMICROGRAPH OF A 4 Susrension or BLoob Ceuis N Seum,
SHOWING WEAK AGGLUTINATION > 150
‘The small agglutinates are more irregularly distributed than me rouleaux and vary
ore msze  There are also more free el
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equivocal in' Ppatients suspected on chnical grounds of having formed
immune antibodues. N

CROSS-MATCHING FOR URGENT TRANSFUSIONS

There seems to be no way of cross-matching blood rapidly with
perfect safety. However, ABO incompatibility and large (and con-

qi ly serious) of i pl body {e.g, anti-Rh)
can be detected fairly reliably by the above-described techniques if the
cells and serum are allowed to stand in contact for as lutle as 15 minutes,
In urgent cases it is recommended that saline and antiglobultn cross-
matches should be set up, as described above. After a minimum of
15 minutes the saline match 15 rexd microscopically after centrifuging
the tube slawly at 500 to 1,000 r.pm for a minute ot so  If the cells
appear compatible the blood can be refeased, if the clinician is demanding
it, and the antiglobulin cross-match proceeded with. By the time the
blood has reached the patient the result of this test should also be known.
It should be possible to allow more adeq time for cr hil
tests performed on any subsequent bottles the patient is to receive.
A descnption of alternative cross-matching tests which may be used
1 urgent cases, including * skde ” techniques using albuoun, is given
by Dodge (10).

If there is absolutel
cases, a bottle of gro

patient is a woman,
unless he 15 known to have been transfused previously when he should

recetve group-O Rh-negative blood if this is available  If the patient’s
group 1s known wath absolute certainty, he can, of course, be given
blood of his own group.

- B I R

THE INVESTIGATION OF TRANSFUSION REACTIONS

“ Transfusion reactions ” vary widely i type and 1 severity  They
have many different causes and considerable experience and sometimes
special techmques may be required to efucidate them. Broadly speaking
they can be classified in two groups, those produced by serological
mcompatibility resulting m destruction of the transfused red cells
(occastonally the recipient’s cells), and those not due to this cause
in the second category are included a wide vanety of conditions such
as febrile reactions due to pyrogens m the anticoagulant solution or
apparatus, urticarial or other reactions due to sensitity to prolemn,
cardiac embarrassment dee to too rapid transfusion, and sudden

death doe to air embolism. A consideration of cases of this sort is
beyond the scope of this book The laboratory worher 1s deeply

co [ - £ orassinndon nrdor tn establish
. = oatibihity,
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eq 1 in patients susp 3 on clinical grounds of having formed
immune antibodies.

CROSS-MATCHING FOR URGENT TRANSEUSIONS

There seems to be no way of cross-matching blood rapidly with
perfect safety. However, ABO incompatibility and Jarge (and con-

quently serious) of i ) body (eg, anti-Rh)
can be detected fairly reliably by the above-described techniques if the
cells and serum are allowed to stand in contact for as ittle as 15 minutes
In urgent cases it is recommended that saline and antiglobulin cross-
matches should be set up, as described above. After a mintmum of
15 minutes the saline match 1s read microscopically after centrifuging
the tube slowly at 500 to 1,000 r.p.m. for a minute or so. If the cefls
appear compatible the blood can be released, if the clinician is demanding
it, and the antiglobul tch p ded with. By the time the
blood has reached the patient the result of this test should also be known.
It should be possible to aliow more ad time for hi
tests performed on any subsequent bottles the patient is to receive.
A descripion of alternative cross-matching tests which may be used
m urgent cases, including * slide * techniques using albumin, is given
by Dodge (10).

1f there 15 absolutely no time for a cross-match, e.g., in * desperate "
cases, a bottle of group-O Rh-negative blood should be issued, 1f the
patient is a woman. 1f a man, group-O Rh-positive blood can be given
unless he 1s known to have been transfused previously when he shoul'd
receive gtoup-O Rh-negative blood if this is available. If the patent’s
group 15 known with absolute centainty, he can, of course, be given
blood of his own group.

THE INVESTIGATION OF TRANSFUSION REACTIONS

* Transfuston reactions " vary widely 1 type and in seventy They
have many different causes and considerable experience and sometimes
special technigues may be required to elucidate them  Broadly spcakm%
they can be clasmfied 1 two groups, those produced by seroIOE‘CliI‘
meompatibility resultmg in destruchion of the transfused 'red cells
(occasionally the recipient’s cells), and those not due to gh‘\s <::xusc{1
in the second category are included a wide vatiety of conditions suc]
as febnile reactions due 1o pyrogens in the antncoagu]ant solution or
apparatus, urticanal or other reactions due to sensitivity to pro;;m,
cardiac embarrassment due to too rapid transfusion, and sudden
death due to mr embolsm A consideration of cases of this ;ur( ;s
beyond the scope of this book The laboratory worker 13 cbr‘p‘{
concerned, however, 1n the investigation of reactions in o.rd.-.r to cs(: ; 1(5
first, whether a particular reaction 15 due to serological incompatibilitys
and secondly, to find out why this has occurred
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The incident should be investigated more o less as follows, depending
upon the circumstances:

1. The transfusion should be stopped, or at least brought almost
to a standstill, as soon as there 15 a suspicion that there 1s something
senously wrong, and that this may be due to some kind of incom-
patibiity leading to haemolysts.

2. A sample of venous blood should be collected from a vein well
away from the transfusion site. This blood should be withdrawn
slowly into a dry syninge, part should be delivered 1nto a bottle con-
taming heparin ot a small volume of 3:8%; sodium citrate solution and
part placed in a plain bottle and atlowed to clot  Every care should be
taken to avoid haemolysis during collection  Instructions should be
given that the next specimen of unine passed by the patient should be
saved and the blood bottle preserved if not yet disconnected from the
patient.  Enquiry should be made a3 to how the blood has been treated;
whether 1t has been warmed and how long 1t has been out of the
refrigerator, etc.

3. On return to the laboratory part of the patient’s hepanauzed or
caitrated blood should be immediately centnifuged and the supernatant
plasma nspected  If there 1s no evidence of free haemoglobin or
obvious increase in bitrubin, 1t 15 not likely that there has been any
serious degree of haemolysis The presence or absence of oxyhaemo-
globmn, methaemalbumin or mncreased ilirubin 10 the plasma naturally
depends on the rate the blood was being transfused before the sample
was taken and the rate of haemolysis.

A small drop of the recipient’s blood should be placed on a shde and
allowed to spread out under a cover-glass If incompatible blood
has been admumstered and not yet entirely destroyed, small clumps of
agglutinated (donor) cells may be visible A direct antiglobulin test
should also be carmed out on the recipient's blood The test will
probably be positive 1f incompatible donor cells are still circulating m
relatively large numbers

A sample of the donor's blood should also be centrifuged and the
supernatant plasma mspected for haemolysis, If there 1s any suggestion
that the blood was 1nfected, 1t should be cultured  The age of the blood

"should be ascertained.

4. If 1t seems possible that the haemolysis was due to serological
ncompatibility, the next step 1s to try to find the cause This should
be done 1n several stages

() Blood from the donor and the reciptent should be re-grouped,
and saline and antiglobulin cross-matching tests performed agan,
They may show straightaway that some gross error has been commutted
If the results of these tests are negative or doubtful, a cross-matching
test using trypsinized or papaimzed donor cells should be set up and
incubated at 37°C.

Pre-transfusion serum should be used, if available; if serum

4



206 BLOOD TRANSFUSION

£ 1 hil

withdrawn after is employed, i may be missed
because the causal antibodies may have been completely absorbed m vive
by the donor’s blood.  Similarly, pre-transfusion corpuscles should be
used fgr re-grouping the patient if they are available. Confusion
may arise if blood is used which has been withdrawn from the patient
after an incompatible transfusion. Under these circumstances it is
possible for a group-A subject, transfused with B cells, to appear to
belt.x}g to group AB, or an Rh-negative person, transfused with Rh-
positive cells, to appear to be Rh-positive, because the recipient’s
and donor’s cells may be present together.

(b} If the cross-matching tests are clearly negative, 1t is unlikely,
although not 1mpossible, that the haemolytic reaction is due to haemo-
lysis of the donor's corpuscles. The next step is to consider the
posstbility that haemolysis of the patient’s corpuscles has taken place,
perhaps due to immune anti-A (or anti-B) being transfused in group-O
blood given to group-A (or -B) recipients. The anti-A (of anti-B)
titre of the transfused plasma should be ascertained and tests carried

out for anti-A (ot -B) k lysin and for p dies (see
p. 190) In paroxysmal nocturnal haemoglobinuria the patient’s red
cells are extraordinanly sensttive to isoh ysin,  Evensmail volumes

of plasma may precipitate a haemolytic episode (7).

If group-O blood has, in fact, been given to a group-A or -B reciprent
the osmotic fragility of the recipient’s blood should be measured and
blood films stained. An increase in osmotic fragility and the presence
of spherocytes are ponters to the haemolytic reaction betng due to the
transfuston of immune antt-A or ants-B (11).

(c) It may be possible to determine the cause of the haemolytic
reaction by measuring the survival of the transfused corpuscles by means
of the differentral-agglutination method (p. 130} By the use of antt-A,
anti-B, anti-M or ant-Rh sera it 15 often possible to demonstrate
unequivocally that the transfused corpuscles are present m the expected
numbers (approxumately 300,000 to 400,000 per ¢ mm. i adults per
500 ml. of aitrated blood transfused) 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 1t may even
be possible to prove without doubt that the haemolysts has been due
enticely to destruction of the pattent’s own cells. A survival study may
also demonstrate mmnor or “* stlent * degrees of blood destruction of
insufficient rapidity to cause gl or a fi nse
1n plasma-bilirubin concentration .

(d) If the patent 1s not seen until after the wmncident and if no donor

blood 15 avalable, the cause of an mcompatible transfusion may l?c
revealed by an increase m titre of an 1s0-anttbody present in the patient’s
serum, €.g., a many-fold nise 10 anu-A 1n a group-B subject, which
reaches a peak I to 2 weeks after transfusion, 1s a clear indication that
the recipient had recerved group-A blood
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‘The introduction of the technique of labelling red cells with radio-
chromium (3!Cr) has provided a further valuable tool for the investi-
gation of obscure transfusion reactions.  In a patient who has recovered
from a transfusion reaction, it is now possible to tag a few ml. of the
blood beheved to be incompatible and to follow accurately (without
harm to the patient) its survival after intravenous injection and thus to
confirm or refute its incompatibiity (23)
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CHAPTER 12
MISCELLANEOUS TESTS

ESTIMATION OF THE ERYTHROCYTE SEDIMENTATION
RATE (E.S.R.))

ALtHOUGH an 1 test, the of the er Y
sedimentation rate has been widely used 1n clinical medicine  Many
methods for its measurement have been dewised (11, 17), differing 1n
tespect of the anticoagulant used, the volume of blood employed, the
dimensions of the tube 1n which the measurement 1s carried out, the
time allowed for sedimentation to take place, and the method of record-
ng the results. Two methods witl be described

{1) Method of Westergren (22}

The Westergren tube 1s a straight glass tube 30 cm. n leagth and
2-5 mm. 1n diameter, 1t 1s calibrated tn mm from 0 to 200 mm

Venous blood 1s difuted with a one-fifth volume of 3 8°, tnsodum
atrate  The sample 15 well mixed and the blood 15 then drawn up 1nto
the Westergren tube to the 200-mm mark  The tube 1s placed exactly
vertical and left undisturbed for 60 minutes  The height of the clear
plasma above the upper limt of the column of sedmmenting red cells 1s
then read to the nearest mm  This figure in mm - per hour 1s the ES R.
A second reading can be taken at the end of a further 60 minutes

{2) Method of Wintrobe and Landsberg (24)

In this method dry mixed ammonsum and potassium oxalates (p 219)
are used as the anticoagulant at a concentration of 2 g permt  The
tube used 15 a standard Wintrobe haematocrit tube  The sample 1s
well mixed and the tube then filled to the 100-mm. mark  The height
of the column of supernatant plasma 1t mm 15 then read at the end of
60 minutes and recorded as the ES R Frnally, the haematocnit tube
may be centnifuged for 30 minutes at 3,000 r pm and the packed cell
volume measured The sedimentation rate can then be * corrected ™
for anaemua using Wintrobe and Landsberg’s (24) chart and values
obtamed corresponding with packed cell volumes of 47%, and 429/ in
men and women, respectively A

209
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Normal Range

Men (Westergren's method) ;:z lg mm. fn ; gour,
mm. in 2 howss,

(Wintrobe and Landsberg’s method) 0to 9 mm in ] hour.
Womten (Westergren's method) 4to 7mm.in | hour.
1210 17 mm. in 2 hours.

(Wintrobe and Landsberg's method) 0 to 20 mm. in 1 hour.

MEcHaNisst oF ERYTHROCYTE SEDIMENTATION

The phenomenon of erythrocyte sed has been ively
investigated (11, 21}

The rate of fall of the red cells depends very fargely upon their power
of forming rouleaux, large clumps which sediment much more rapidly
than single cells. This property 15 mainly controlled by the concen-
trations of fibnnogen and to a lesser extent of globukn in the plasma,
Defibrinated blood sediments extremely slowly, not more than 1 mm.
per hour, unless the serum-globulin concentration 15 raised or thete is
an Ity high globulin-albumin ratto. Red-cell factors, hawever,

i
also play a part (12, 19).

Gases seral ‘readings are useful  Probably the most saustactory method of
. . | R

© rate of sedimen~

no anticoaguiant

A nise in femperas

- - deviavon of 1he

. . ibe 25 mm or

t not less than 100 mm.  Ihese ana other modifying
s {11) and reviewed by Nichols
cells, so-catled * stratified
nee of many

greater, and the hegh
factors are considered in full by Ham and Cui
({7} A poor dehneation of the upper fayer of red
sedimentation ”, has been attnibuted by Stephens €20} to the prese

reticulocytes
t ESR and plasma siscosity ¢ considered by
The r:lauonshn\p»bc e oo "nl:ml ncrease 1 paratlel, but when
ste of fail of the roufeaux becomes
Le optweighing the enhancing effect

of the collord or protein on rouleaus tormation
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WESTERGREN AND WINTROBE AND LANDSBERG's METHODS
COMPARED

S o

. B - « .
Ehe nOIMal readings when ine 1esulls with e westergren method are
definitely abnormal (7,9).  Goldberg, Glynn and Bywaters (9), who observed
that heparinized blood as well as ovalated blood might sometimes sediment
unexpectedly slowly, found that the addition of sodim citrate increased the
rate of sedimentation,
‘Wintrobe and Eandsberg’s method has the theoretical advantage of allowing
cun'ecuon for anzemia should this be present , However, there 13 doubt
R b i - e te g e i

purposes

THE PAUL-BUNNELL TEST FOR HETEROPHILE ANTIBODY

The presence of by 1i at y high
titres in the sera of patients suﬁ”enng from glandular fever (mf:cuous
mononucleosts) was desenibed in 1932 by Paul and Bunnell (18)
Absorpion methods for between the glandul
antibodies and the naturally occurning ones, and those of serum sick-
ness, have since been widely used (3)  The technique described below
is based on that of Barrett (1)

The following reagents are required

I 1 ml of the patient’s serum, previously inactivated by heating
at 56°C for 30 mnutes

2. Guimea-mg kidney emulsion (see p 214)

3 A 2%, autoclaved ox red-cell suspension (see p. 214).

4. A freshly prepared 0 4°, saline suspenston of washed sheep
red cells. The sheep blood should preferably be not more
than 7 days old e
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MeTyop

. Three 0:25-ml. votumes of patient’s inactivated serum are delis
into three smal! tubes, 4, Band C. 1-0ml. of saline 1s added (gct{:bf:r;d
©+75 mi. of salifie and 6-3 ml. of guinea-pig kidney emulsion are addcd'
to tube B, and } mi, of ox-cell suspension is added to tube €. The
contents of the three tubes are mixed and then placed in the refugerator
at 4°C. for at Jeast 2 hours or overnight. The tubes are then cmr;xfugvd
and the supernatants retatned. One in five dilutions in satine of un-
absorbed serum and of the serum absorbed with guinea-pig Aidney
and ox red cells, respectively, are thus obtained.

A Screening Test

0-25 ml. of a 0-49; sheep-cell suépension 15 added to 0-25 ml. of
the serum absorbed with guinea-pig kidney (from tube B). After
leaving .the tube at room temperature for 15 munutes, it is centrifuged
for 2 minutes at 1,000 r.pan.  An attempt is then made to re-suspend
the deposit by gently tapping the tube If the deposit re-suspends
easily and there 13 no macroscopic agglutination when the contents of
the tube are viewed with a concave murrar, the whole test is considered
to be negative. If there Is agglutination, a quantitative test should be
carried out

The Quantitative Test
0 . . . '
COumus Tuvw vo wuai e L i
of the 0 4°, sheep-cell suspension are then added to each tube, giving
final serum diutions of from I 1n {0 (tube {) to 1 1 2,560 (tube 9).
After miing their contents the tubes ate incubated for 2 hours at 37 C
before the results are read A standardized method for reading the
end-point should be adopted. Macroscopic reading ustng a concave
murror 1s recommended (p. 106)  Serum known to contamn glandular-
fever antibodies should be absorbed and titrated as a control for the
potency of the absorbents and the agglutinabuhity of the sheep red cells.
The following figures are given as examples of typical results
Unabsorbed serum, end paat tube 7, tire 640.
Gutnea-pig kidney absorbed serum, end point tube 7; titre 640
o - B = das —sanba 4 Ggre 80
Suc . fever, the anubody
- artiallyy absorbed by

being . . . .
the ox cells  The naturally occurniog antibody is absorbed by guinea-

pig kidney, but not by ox cells, and that of serum stckness 1s absorbed
by both reagents

Unabsarbed serum, end point tube 3, titre 40
bsorbed serum, no aggl m ube §.

Gi 4
Ox-celi arbasorbcd serum, end pownt tube 3; tetre 40
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This is 2 normal result, and the screen test would have been negative,

The absorbing power of the guinea-pig kidney emulsion and the
ox cells must be tested with known positive and negative sera from time
to time  Barrett (1) stated that each will keep for at least 6 months
if stored at 4°C,

The antibodies normally = = . *
of the Forssman type, 1¢
spmd,m gnimal tssues

TECHNICAL FACTORS AFFECTING RESULTS

1p . The le antibody of glandular fever ts a warm
antibody and there 15 no pornt in exposing the cell-serum suspensions
to temperatures below 37°C  Indeed, agglutination due to cold anu-
bodies and not ta the glandular-fever anttbody may cause confusion
if the titrations are placed at 4°C before the results are read (26)
Varying Sensutivity of the Sheep Red Cells A cause of difficulty in
setial studies 1s the comparatively wide vanation 1n sensitivity between
ooe sample of sheep red cells and the next Zarofonetis and Oster
{25) tested 24 sera with the red cells from 24 different sheep They
found the titres given by the most sensitive cells to be from 4 to 16 times
those given by the least sensitive cells

INTERPRETATION OF RESULTS
The Paul-Bunnell test 15 generally looked upon as a most useful aid
[t S e T e Tasnts

Antibodies are often present as early as the fourth to sixth day of the
disease (2) and are almost always found by the 21st day (14) They
disappear as a rule within 4 to 5 months (2)
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Two points need further consideration: (a} the frequency of negame
reacuions 1a glandular fever; and (5} the sheep-cel! agelutin titee (n health
ani the s.pccxﬁ_cuy of pqsinvc reactions

. . . .
that they may be missed or may produce I fons when
with the naturally occurning antibody -at surular titces.  For all the above
reasons 1t 15 difficult to state categonically that any particular patient has not
or will not produce antibodtes

The hmis of the titre of heterophife antibodies present in health are
1il-defined, largely because of differences in the techniques used to demon-
strate them.  Fortunately, thus 1s of hutle because 1 th
of glandular fever 1t 15 only the antibody not absorbed by guinea-pig hadney
which 1s of sigmficance

In connection with the posstbility of false posmve'r:acuons Ba'frcl'r:s n

. SR R AP A, it Pl v

Ao e m Ame e S el AimamnstiC
' . iibe
ngh
concentrations gtving the typical reactions o‘t !;landul:lr tever are ever tound
n other diseases | 1] d by ! fi

n
______ L ben en thaca Faund 1

presence of glandular-fever antibody (15)

X ND
PREPARATION OF GUINEA-PIG KIDNEY SUSPENSION A
Heatep Ox Rep-Cerl SuspEnsioy (after Barrett (1)
1 e e £ lnt o et
. . . v

et P s
' . ' . ] D e
LI . . o .
y : ) . "o e
O Red-Cell Suspension. Wt «us g oo for 20 munutes When

and a 30% suspenston is autoctaved at
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cool, the suspension 1s strained through mushin and 1its packed cell volume
estimated.  The packed cell volume s then adjusted to 2027 with saling, and
an equal volume of 19 phenol-saline added to give a 10% suspension,  Itis
diluted to a 43 suspension before use,

The abulity of the suspension to absorb the glandular-fever antibody must
be tested with known positive sera from time to time

SPECTROSCOPIC EXAMINATION OF BLOOD
FOR METHAEMOGLOBIN AND SULPHAEMOGLOBIN

Method. Blood 1s diluted | 1 § or 1 m 10 with water and then
centeifuged. The clear solution 15 examined preferably m daghght
in a glass cell or tube, using a hand spectroscope It 15 ymportant that
the greatest possible depth or of solutron with
visiblity should be examned, and that a careful search should be made
{with varying depths or concentrations of solution) for absorption
bands in the red part of the spectrum (620 to 630 mye)  If bands are
seen, the solution should be treated with a drop of yellow ammontum
sulphide. A band due to i lobin will then d L af
sulphaemoglobin is present, its band persists  For comparison, laked
blood may be treated with potassium ferncyamde solution, which will
cause the formatton of methaemoglobin A sample of sulphaemo-
gYobin may be prepared from blood (10 ml of 1 1n a 100 dilution) by
addmg to 1t phenythydrazine hydrochlonde solution (0 1 ml of a
0 19 solutién) and a drop of water saturated with hydrogen sulphide.
The unknown and the known pigments may then be compared i a
reversion spectroscope

The absorption band in the red due to methaemoglobin 1s at the
wavelength 630 my {cf, methaematbumm at 624 mu } (Fig 40)

Meth fobm and h are formed intraceliularly,
they are not found 1n plasma except under very exceptional circum-
stances (e.g, when intense h tobin o1 1ph lob

= fi ion 1s d with h lysis)

SPECTROSCOPIC EXAMINATION OF PIASMA FOR METHAEMALBUMIN

The plasma 1s freed from suspended cells and platelets by centri-
fuging at 3,000 r pm for 15 to 30 munutes It 1s then viewed 1n bright
daylight with 2 hand spectroscope using the greatest possible depth of
plasma consmstent with visthiity Methaemalburmin gives a rather
weak band 1n the red (at 623 mu) (Fig 40)  As oxyhaemoglobn is
usually present as well, its charactenistic bands 1n the yellow-green
may also be visible  The posttion of the methaemalbumin absorption
band 1n the red can readily be differentiated from that of methaemo-
globin by means of a reversion spectroscope

Presumptive evidence of the presence of small quantsties of methaem-
albumin, gving an absorption band too weak to recogmze, ca. *
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obt.aineq by con\'erti.ng the pigment to an ammonium haemochromagen
which gives 2 more intense band in the green (Schumm’s test).
ScHuMM's Test

Method, The serum (or plasma) is covered with 2 layer of ether.
A one-tenth volume of d yettow i Iphide is added

TORANGE vetow T
' RED N GREEN . BLUE woLer
.

ONX YHAEMOGLOBIN,

Al N
E ; A L] CARBOX Y HAEMAGLOBIY,
!

: c
b E . M METHAEPTOGLOBIN.

SULLHEPOGLOBI. .
i doked dlood}

i
[l
L
7
[3 . REDUCED MAENMIGLOBIN.
[N
[F :
!
UL

l ! o HAEMOCHRONOGEN.

; in iy SNV 4 M THAIIALBUMIN,
[l et e g (2 plasma)

FiG 40 ABSORPTION SPICTRA OF DERIVATIVES OF HUMAN HALMOGLOBIN
S W sbefonbens Oovye S oo 656 3my, Dar580mp
and G at 430 8 mu
nel Whitby and Dr C J C
1, London

and mixed with the serum, which 1s then viewed with a hand spectro-
scope, If methaemalbumn 1s present, a relatvely intense narrow
absorptton band will be seen 1n the green (at 558 my ) (Fig 40)

e P S R T L
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CHAPTER 13
APPENDICES
APPENDIX I: PREPARATION OF CERTAIN REAGENTS

Charrer |
Anticogulants
Ammonum and potassum oxalate muixture
Ammonm ovalate 12g
Potassium oxalate 08 g
Distilled water t0 100 ml.

04 mi. (or 0 2 mL.) of the solution, contaiming 8 mg {or 4 mg.) of the
mixed salts, 15 delivered tnto small bottles or tubes marked at the 4-ml (or
2-mL)level. The bottles or tubes are then placed in an oven at a temperature
not exceeding 80 C for the oxalate solution to dry

S (di-sod salt of tet tic acid (EDTA))
(@) Dry sali A 10% (wiv) sotution s made n distilled water 0 03-ml.
volumes are then delivered by pipettc into small bottles or tubes marked at
the 4-ml. level. (If desired, 2 Pasteur pipette calibrated to deliver S0 drops
e el e b+ gad 2 As? me 4 Aomma afa VAT SN DA -8

Soduom eitrate (Na,CH,0,, 2H,0)

A 3 837 (w/v) solution 18 made in disulled water Convenient (eg,
10-mL) volumes should be distnbuted tnto small bottles and steriized by
autochving (2),

Heparin

Poudered hepanin 1s dissolved 1n distifled water at a concentration of 4 mg.
perml. 0 25 mt of this solutron contaning | mg of hepann) 15 delivered
into tubes and bottles which are thn placed 1n an incubator at 37°C for
therr contents 10 dry 1 mg. of hepann 1s sufficsient to prevent the
coagulation of 5 to 10 mi of blood for at least 24 hours

CHAPTER 2
Thomson’s Inorganic Grey Solution
Chrome alum (Cr,{SO,), K504, 24H,0 (Analary) 16 67 g.
Copper sulphate (CuSO,, SH,O (Analary) 3333 g,
Cobalt ammomum sulphate (CoSO, (NF,),SO,, 67,0
(recryst 1) 19 50 g..
Polassxum dichromate (K,Cr,0, (Analar)) . . 012,
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The salts are dissolved n distilled water at room temperature and the
resultant solutton allowed to age for 6 weeks in a glass-stoppered bottle.
The freshly prepared solution 1s shghtly pink in colour, but by the time
ageing is completed, 1t becomes an even grey. The pH should then be 2+64.

e solution can be kept at room temperature for many months without
deterioration, It can be used as a permanent standard in haemoglobino-
metry (see p. 29)

Gibson and Harrison’s Artificial Haemoglobin Standard
61

Chromium potasstum sulphate (CrK(SQ,),, 12H,0) 11-61 g
Cobaltous sulphate (anhydrous) (CoSO,) .. . 131 g
Potassium dichromate (K,Cr,0,) .. . 069 g,

Distilled water . .. . .. .- .. to 500 ml,

1-8 ml of N-sulphunc acid are added to the dissolved salts and the

wmixture is heated to boiling. After boiling for 1 minute, the solution 1s
cooled and the volume made up fo 1 hitre with dstilled water.

The chromium potassium sulphate crystals must be free from any signs of

100 ml. {based on tron determtnations) when used as deseribed on p 31

CHAPTER 8
FORMULAE OF PHOSPHATE AND CrrRaTe-HCI BUFrERS UseD
1N ELUTION OF ANTIBODIES
Kidd's Method

0 066 m-phosphate buffer, pH 5 7
KH,PO, (0 908%) . 50 ml
0 066 N-NaOH . 372 mi
0 1 Mecitrate-HCl buffer, pH 3 2
Na,C,H,0,, 11H,0 (2 631°) 45 m!
0 1 N-HCI . 55 ml
Mitchell’s Method
Dualysts buffers 0 5 M-KH,PO, 0 INKOH 9:1:’:’1’[!;:{
1002, pH 54 38 25 ml. 43 ml | lure
Igm,gHSAi 76 5 ml 86 ml 1 htre
1006, pH 56 14 75 mb 129 mt 1 htre
Eluting bufler Nalt,PO,, 210 1\71.1150.
7015 pH 57 27% 24%
{15 parts) (1 part)
Isa-asmotic phosphate bufler, pH 7 4
a NaH,PO,, 2H,0 (2 34*,) ;g rl:]\}

Na,HPO, (1 63%)



PREPARATION OF GLASSWARE 221

CuapPTER 10
Sodum curate,

See p 219,
Calewm chloride

A 0 025M solution s made by dissolving 2 77 g of the anhydrous salt
in 1 litre of disttlled water,

Alwmmum-hydroxide gel (1)

50 ml, of ammona (Sp. G. G 88) are diluted with S0 m! of dsstilled water
and then poured into 600 ml of distilled water at 63°C. containing 22 g of
ammomum sulphate, The temperature 1s brought rapudly to 58°C and the

0 88 ml. of diluted ammonia, subsequent washings are carried out with plain
distilled water,  After the washing has been completed the final precipitate 1s
suspended 1n the least amount of water that ss required to make a gelatnous
suspension that can be pipetted

For use as an absorbent for prothrombin, etc, one drop (0 025 ml)
15 added to 1 ml of plasma The midture 1s mcubated at 37°C for
5 minutes and then centnifuged A one-stage prothrombm time carried
out on the supernatant should exceed 60 seconds, if 1t does not, the absorption
must be repeated

Veronal buffer, pH 7 35
0 l M-sodium diethy] barbiturate (C,H,,O,N,Na} 570 ml
01 ~-HCI 430 ml
Sodwm chlonde 5 67
Before wse the buffer 1s diluted with an equal yolume of 0 9 NaCl

APPENDIX 2: PREPARATION OF GLASSWARE
Flask for the Defibrination of Blood

A 100-m? conical flask is provided with a central glass rod oo to the bottom
end of v.hxch are fused pieces ol' glass capnllary (Fig 41) The rod 1|s kcpE

v

LAY
from smalf clots
Glass-Capillary Automatic Pipettes

. Small automatic prpettes (3) made to deliver small volumes, e, 0 05
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Fi¢ 41 Fras roR DEfigRiNATING 10 T SO Mp of Broop

The cenmraf gfass rod has had some small pteces of drawn-out glass captiisry fused
10 sts jowes end

Siliconed Glassware
A 10°, (viv) solution of siticone, M 441 (1.C 1), is made n petroleum
ether  The clean glisswaie or syninges to be copted are ymmersed in the
flud and allowed to drmn dry (It 1s advisable to wear rubber gloves
and to prepare the apparatus m a fume cupboard provided with an exhavst
fan} The coated glassware 15 then aflowed to soak oversght in distilled
water, rmsed 11 a change of distifled water and finally allowed fo diy in an

wncubator.
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APPENDIX 3: METHODS OF CLUANING SUIDLS
AND APPARATUS

Aew Slides

These should be placed in dichromate cleaning flund for at least 48 hours,
(The cleaning flmd consists of rotassium dichromate, 20 g, dissohed in
10m! of distilled water, 1o which 13 then added 900 ml of concentrated
siphunc acid) The treated shides are well washed in funning water,
fnsed n distilfed water and stored until used 1n 95°, ethanol  They should

dried with a clean linen cloth and carefully wiped frec from dust before
they are used,

Ditty Shides

When discarded, they should be placed 1n an antiseptic such as 1 2¢, solu~
tion of Chioros (§ C.I) They should then be washed m vunning fap water
and placed in a commercial detergent solution, & g. Brylvanz (G T Gurr),
2nd botled for 20 munutes  After @ wash 1 tap water, the shdes shoufd be
fsed 1n 3% hydrochlonic acid and then washed 1n hot runming tap water
Finatty, they should be rinsed 1n distiled water before being dricd with a
clean finen cloth

Chemleat Apparatus and Glassware

The apparatus should be washed in runming 1ap water and then boled 1n
a detergent solution, ninsed in acd and washed i hot runmng tap water,
& desnibed above. Alternatnely, the apparatus can be soaked in
debromate.sufphunc acid mreture

APPENDIX 4: THE STERILIZATION OF SYRINGES
AND NEEDLES
Syminges and Needles

SYTINEES OF 10mt ) wal av 190 el mmac s And cimae 10 A 2 (@ W £ 4

ang B .
)
Fy .

g .

! .

g eedles should be well cleaned with @ pledget of wool on a stick or
I, 25 10 g throat swab, and the fumen cleared with a wire stilfette,

Needles and Rubber Tubing
trancedles wath olwe mounts and of gauge 16, as used for giving blood
Tanstusians, are suitable for use when relatively large (e g , S0-ml } volumes
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FiG 42 STERUE SYRINGE AND NEEDLE
1t 15 convenent to sterilize syringe and needle separately

o ey

P o ! N YA | s S i 8 5 ey e

s
(e B30 |

Fic 4 Srmu Nsrm_z AND TuanG FOR THE COLLECTION
0 T0 50 ML OF BLOOD

The needle has an ohvc mount and should be of about 16§ WG
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