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Introduction

Blood trensfusion has become 2 comperetively
safe procedure and is now regsrded as invoaluable
in modern mediclne and surgery. The discovery of
blood groups, improved methods of collection,
storage and preservation of blood as well as
recent developments in cross-metching technigues
have all helped to reduce the risks atteched to
the trensfusion of blood.

in esrlier days, the main dlssdventrge was
lack of knowledge of -

(1, Aseptic technique

(2) Blood groups (comprtibility) and their

immunologlicel relstionships

(3) Cosgulation mechanism

(4) Methods of preservation and storage of

blood (blood banking)

These problems have been graduslly solved by
several workers 1in this field and as a result
there has been a marked incresse in the number of
transfuslons, ihls hes confronted present day
workers with a further problem, nsmely iso-
immunisetion which may be defined as immunisstion |

of an individual by antigens from the same species.

Blood Trensfusion Lefore the uviscovery of the

ABO Groups.

The/




the first suthenticated transfusion in man
as probably performed by Venis (1667) who
gsucecessfully transfused the blood of a lemb into =
youth. nis second snd third transfusions were
nlso carried out seemiﬁgly without any adverse
effect, but the patient of his fourth sttempted
transfusion died and he wsas cherged with murder.
following this incident, trensfusion was pro-
thibited and as a2 result, interest in trensfusion
censed for o century 2nd a half when Blundell(1lR18)
a London physiologlist and obstetriclen revived the
procedure, ne successfully transfused blood to
three patients with post-pesrtum ha@morrhage and
advocated trensfusion in the tresatment of acute
haemorrhage. ne aleo insisted thet human blood
was more effective than that of snimal origin.
Blundell's work led to an understanding of the
lrationale of transfusion. At the beginning of
the lest guarter of the nineteenth century, several
British °nd mmerican workers (Winants 1872,
barnes 1874, Gredle 1874, Sittel 1874, Hotz 1875)
practiced transfusion again with snimal blood end
wilthout sny due regerd to the previously established
fundamental principles regerding the indications
for blood transfusion and met with tne lnevitable
severe reactions. Because of these fatal repctionP

many/
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many of which were due.to incompatlblility, .blced
transfuslion practice was cnce more preocticslly

ab: ndoned during the last gusrter of the ninstzenth
century.

viscovery of the ABO Blood Groups and iheir

Application in Blood Transfusion

wvandsteiner (1900, 1901) first dlscovered the
sgplutination of the red cells of some individusls
by the sera of others and on the besis of such
reactions he clessified humen erythrocytes into
three difterent and distinet groups A, B, and 0,
Von wvecastello and Sturli (1902) discovered the
fourth group Ab, These epochal discoveries
helped to eliminate incompsatiblliiy, one of the
most difficult problems so far encountered.
Ottenberg (1911) first spnlied this knowledge of
ABEO blood groups in transfusion practice.

Discovery of Anticosgulants and Preservatlves

and the Uperation of Blood Bonks

Although the mein cause of fatal resctions
h=d been found as a.reault of the discovery of
the ABO blood groups and methods of prevention
had been demonstrated, inconvenience due to
coagulation and infection still persisted. io
avoid coegulation, Cerrel (1907) end Bernheim (1909

tried transfusion by bringing the blocd in direct

contact/
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contact with the intime of the blood vessels by
srterio-venous esnastomosis. This process waes
difficult and thus feiled to gain ponulsrity and
as 82 result few transfusions were carried out in
comparison with the need.

In 1914, sodium citrate vwas first introduced

as an anti-coagulant by Hustin (1914) end very soon

afterwards by Agote (1915), Lewisohn (1915) and
!Wail (1915) and thus it was possible to separste
the collection of blood from its injection, which
permitted for the first time, the so-c¢e2lled 'delayed
transfusion! (DeGwin et el. 1949). This pro-
icedure soon gained popularity and was used
extensively in %World War I.

Rous and Turner (1916) published their pioneer
work on the using of dextrose as a preservative of
blood for transfusion and, moking use of their
findings, Robertson (1918) opersted the first blood
bank in the cssuslty clesring stations of the Briti
Army.

After Vorld kar I, the principle of blood bank
had been tempor=rily forgotten until the third
decade of the present century while seversl Russian

investigators (Skundins and Barenboim, Skundine,

Russkov snd Ginsberg, cited by Kilduffe and DebBekey

In/

sh

s 1942;

Yudin 1936) revived the procedure using cadaver blood.
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In 1932, Skundins snd Barenboim demonstrated that

when cadavers were preserved at a temperature of r

1 to 2° above zero, the blood in the cadaver veasel$
preserved its "living properties® for six to seven |
hours. Following these studles, a varliety of methods
for the collection, preservation and storage of blood
for trensfusion have been developed.

During the Spsnish Civil war in 19356, the
Loyelist forces developed the trensportation of
preserved blood (Jorde 1939). The present form of
the Blood Transfusion Services has developed during|

eand sfter lorld “er II.

Aseptic Controls and Discovery of Pyrogens.

Gradusl development of aseptic techniques,
methods of sterilisation and closed systems of
withdrawal and transfusion of bloocd (Kolmer 1924,
Patton 1938, Sharpe 1939) have considersbly minimized
the hazards due to infection. Seibert (1923) first
observed thet a heat stable bacteriasl product (pyrogen)
was responsible for some of the febrile resctions
following even ABO compatible blood transfusion.
it was however found that these reactions could be
avolded if certain precsutions were taken.
rollowing the discoveries of the ABO groups,
anticoesgulants and preservatives and the development
of aseptic technliques and bescterial control, bloodf

!trnnafusions/
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|
trensfusions were practiced more frequently snd the
|
risk as a result of iso-immunisation then became

evident.

Iso-immunisetion in Man and Animels

The phenomenon of iso-immunisation was first
discovered by Ehrlich snd Morgenroth (1900). They |
observed that 1f the hsemolysed blood of one goat |
were injected to other goats, the sere of the in- |
:jected goats were characterised by the presence ofl
}mmune antibody (haemolysin). By this method of

immunisation, they were sble to prove that the red |
cells of individusl animals within the same speoieg
were of different serological properties. Iso- !

|
immunisation has since been practiced in many other

animals by the same procedure and remarkable
specificlty of red cells hss been observed. Altholgh
the discovery of the ABO blood groups coincided :
with the discovery of iso-immunisation, the finding.
in enimels could not be at first correlated with th
findings 1n man. in animels, every individual

was characterised by serologlcal specificity of its

red cells whereas in man it was limited to only

four main blood groups and subdivisions of group A,
first discovered by von Dungern and Hirszfeld (lmiji
Iso-immunisation in human beings was first reported
by Deinst (1905) who observed rising of anti-A end
anti-B/ '
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anti-B agglutinins in recently delivered women of
group U after the birth of infents belonging to
group A or B.

YThe phenomenon of iso-immunisation could not bj
explained successfully in men by repeated trans- :
:fusions even at 1gtar periods when the transfusionl
were carried out in greater numbers. Although it
Paa suspected on clinical grounds that patients
receiving repested transfusions showed a2 higher
incidence of severe reactions, the actusl proof of
1so-immunisation - the demonstration of atypical
immune antibodies - could not be supplied until
lately. Landsteiner and Levine (1927) used 2 new
immuno-logicel procedure namely, hetero-immunisation
and discovered the M, N, and P agglutinogens by

immunising rebbits with humen blood cells. These

discoveries served to bridge the gap between the
findings in men and animal and emphasised the 5
enrlogy of individueslity of human erythrocytes.

Discovery of Rh. factor and its Role in Transfusion

[

and Hsemolytic Disease of the Newborn.

During the period of 1921-40 a number of cases

were reported where heemolytic transfusion reactions
had occurred despite the transfusion of blood of '
Zecho 1936, Culbertson and Ratcliffe 1936, Neter 1986,

Levine and Stetson 1939)./

correct ABO groups (Unger 1921, Landsteiner et =21.1828,
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Levine & Stetson 1939). In some of these cases 1t|

was possible to demonstrate the presence of atypical

ntibodies. Most of these atypicel sntibodies weré
nrelated to ABO groups or MN factors though some
esignated es G, H, K, Q, (Andresen 1935) were
Probably essocleted with » agglutincgen. To
demonstrate additional factors by lmmunisstion of
animals Lendsteiner end Wiener(1937) injected
rabbits with Rhesus Monkey red cells which produced.
anti-M antlbodies. Gontinuing this line of work
Landsteiner and Wiener(1940) immunised rabbits and
later guinea-pigs with the bloocd of the monkey
Facacua rhesus and found that some of the antisera
thus produced sgglutinated the red cells of 85%

of white people. Those thaet were agglutinated
they called Rhesus positive and the remaining 15%
Rhesus negative 2nd to the new factor they applied

the symbol Rh.

The discovery of the Rh fasctor not only
Iaxplained the cause of hoemolytic trensfusion i
resction but also helped in understanding the
aetiology of heemolytlic disesse of the newborn,
which was hitherto obscure though some investigators
suggested that 1t might be the result of an antigen|
antibody resction. Darrow(1938) in describing

the pathogenisis of congenital haemolytic disease

.(haemolytic/
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|

‘(haemolytic disease of the newborn), had
]postulated the iso-immunisation of the mother to
foetal haemoglobin and thought that this led to
!the passage of resulting antibodies =zcross: the
1plaoental barrier into the blood streasm of the foeti
Levine and Stetson(1939) published an interesting
case report of a multipera group 0 woman who
delivered a 33 week stillbirth. For post-partum
heemorrhage, she was transfused with 500 ml. of her
'husband's blood (also of group 0). Immediately
Using = more sensitive method it wes found that her
serum contained sn antibody which asgglutinated the
red cells of her husband and those of 80 out of
104 group O donors. From this observation the
‘authors deduced "that the mother has been immunised
by a foetal antigen inherited from the father and
had recelved blood ageinst which she had already
formed sntibody". Thia observation slightly

differed from that of Darrow(1938) because it

'mentioned the possibility of immunising the mother
by & 'new' blood factor present in the foetus and
inherited from the father.

Levine end Ketzin(1940) reported seversl

| additional instences of transfusion reactions

assocliated/

18 .

following the transfusion, she had = severe reaction.
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|
agsociated with lso-immunisstion to the Rh factor

'during pregnancy and were able to show that the
Icaae of Levine and Stetson(1939) was the result of
nh -immunisstion. Wiener and Peters(1940) using
‘antl-ﬁh.-rabbit serum prepsred by Landsteiner snd

Wiener(1940) established that four caeses of

in the Rh system. In three of these cases the
sera were shown to contain an agglutinin for the
Rhrpositive humen erythrocytes which corresponded
in agglutinating properties to the anti-Rh-rabbit
sera of Landstelner snd Wlener. Levine, Katzin
;and Burnham(1941) end Levine, Ketzin, Burnham snd
'Vogel(1941) were then sble to demonstrate that
fth-immunisetion was of importance in the setiology
of erythroblastosis foetalis (hasemolytic disease
of the newborn) and of some stillbirths end

miscarriages. In a strtisticel study, Levine

and his associstes(1941) found that 91 of 111

as compared with only 15% Rh-negative in the
populstion at large, and that 100% of 66 fathers

end 58 affected infants were Kh-posltive as

compsred with 85% Rh-positive individusls in the

|population. Of the Rh-negative mothers about

|
| 50%/

haemolytic resctions following repeated transfusions

of ABO compatible blood, were due to incompatibilit:

mothers of erythroblastotic infante were Rh-negativ

y
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0% showed snti-Rh agglutinins when tested two
months after delivery of sn infant with erythro-
tblastoslis foetalls. 1t thus appeared that sbout
90% of the cases of erythroblsstosis foetalis
could be accounted for on the basis of 1so-
immunisation due to the kh factor.

Varieties of Rh

The importence of the Rh factor was soon
realised and several Americen and British workers
carried out s great number of investigations and
demonstrated that all anti-Rh sera were not
identical in every respect. Levine(1942) showed
that one serum which agglutinated 87% of bloods
emong the population in New York contained two
agglutinins which he designated Kh,; and Rhg.
I\%orking with new testing sera, Wiener(1944a) found

8ix principle genes which he c¢alled rh, Rho, Rh',

Rh", Rh Rh,. Of these genes, Rhj is the one

1°
responsible for the antlgen detected by the
original rabbit and guinea pig anti-Rh sers. The
8ix genes in the series give rise to six sntigens
'producing six antisers - anti-Rh, gnti-ﬁh', enti-Rh",
anti-kh, , snti-Rh, and enti-Hr (Levine 1941).

'Yhe latter (Rh reversed) was used by Wiener to
signify sera which reascted with Rh-negative bloods
i.e. (rh/rh etec.).

The British Classification of Rhesus Blood Groups
About/
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was reclessifying the Rhesus blcod groups, Race and
Taeylor(1943) and Race, Taylor, Boorman and Dodd(194;
in this country using a strong anti-Hr serum had
produced s similar classification of the Rh genes,
Fisher (ecited by Race 1944) then noticed that if

a gene was positive with snti-Hr serum it was
negative with anti-Rh'! serum., He supnosed that
the antigens responsible for these rerctions were
ellelomorphlic genes which he labelled ¢ and C
respectively. He further suggested that the
anti-Rho serum was produced bj a gene D which had
an allelomorph 4 and that snti-Kh" serum was the
result of & gene B with an 2llelomorph e. This
theory presupposed the existence of three locl on
the chromosome which are responsible for the th
cheracteristies. This new scheme using the
letters Cc, Dd, snd Ee instead of hho etc. was
published by Race(1944) and 1s known as the Fisher-
Race classification.

Now the Kh chromosomes could be combined in
eight different ways nemely, CDe, c¢DE, cde, cDe,
cdB, Cde, CDs, Cds.

The main difference between %“iener's and
Fisher'!s theory may be summerised in the words of

Mourant(1957) that each of the Rh antigens "rescts

[
|

specifically/

About the seme time as Wiener(1l©44a) in America
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specifically with a single well-defined antibody

or hesemocagglutinin. While sntigenically these
entities are distinct, genetically they are
invariably trensmitted in groups of at lesst two
snd usuelly of three of more. Wiener regards

each genetically combined group of sntigens as a
single sntigen and considers thet 1t 1s transmitted
by a single gene, whereass Fisher and Rsce regard
each elementary antigen ss the product, probably,
of o seperate gene."

Since it 1s swkward to speak of "big C, big D,
little e", certain short symbols for the verious
combinations of elementary genes are widely used.
These short symbols, Wlener's snd Fisher's
nomenclstures of the Rh gene combinstions end theilr
frequencies for an English populetion (Race, Mouran

et 21.1948) are shown in the following table
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Short symbol Gene combinations Freguency
“iener Fisher

Rl th CDe 0.4078
r rh cde 0.3886
R2 Rh8 cDE 00,1411
Ro Rho cle C.0287
R" Rh" cdi 00,0119
R? Rh? Cde 0.0088
Rz ha CDE rare

Hy Rhy CdE rare

Fisher's and VWiener's terminology of the

antibodies corresponding to the six el-

:ementary Rh antligens are given below

Fisher's terminology

Viener's terminology

anti-C
anti-D
anti-E
enti-o
anti-d

anti-e

snti-rh!
anti-Rh
0
anti-rh"
enti-hr!'
anti-Hro

anti-hr"

Fisher's nomenclature will be primarily

followed throughout the text unless other-

iwise stated. (Vhere the term Rh-positive

or Rh-negative has been used, it should

elweys be regarded as "D-positive" or

"D-negative" respectively).

The/
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The discovery of anti-e by Mourant(1945)
supported Fisher's hypothesis. Anti-d wass first
reported by Diemond(1946) =nd subseguently by
Hill end Hﬁbqnman(19481 and since it hed been
found mixed with other antibodies and also for 1ts
infrequent occurrence, Wiener(1950) expressed
doubt about ite exlistence.

Rosenfield and his associntes(19563) discovere$
2 new Rh entigenf: with the sers of # hremophllicc
who had recelved 35 previous trensfusions.
fece and Senger(1954) suggested that “"anti-f
sand the entigen it determined would easily and
comfortably fit in with whet was 2lresdy known
of the Rh system if only 2 fourth series of
allelomorphic antigen were postulated". After
the discovery of three pairs of elimentary
entigens Dd, Ce, EBe, (excluding the recently
discovered f antigen) seversl other qlleldmorpha
have been reported by different workers e.g.

C% (Cellender & Race,1946), ¢V, CY (Race and his
co-workers,1948j, C* (Stratton and Renton,1954)
as third, fourth, fifth and sixth allelororphs
respectively at the 1éei of Ce; D" (Stratton,1946)
as the third sntigen sllelomorphic to Dd4;

g% (Cepprellini et 21.(1950) end e* (Gilbey,1950)
a8 the third and fourth allelomorphs to Ee locus.

Of these sllelomorphs, only C* end DY are
importsnt/
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importent. There are therefore, three sets of
‘1mportant alleles or entigens cc¥e, Dud, Ee;
Ithe various genes excluding DY occur in 12
different combinations on each chromosome and

these chromosomes fre in order of freguency

CDe, cde, ¢DE, c¢De, C*De, cdss, Cde, CDE, C"de, CdE

c¥D&, C¥aE. Since esch cell in sdult organism
has two such chromosomes there are 12(12+1)=78

<
possible genotypes of which 26 mesjor types can be

recognised,

Discovery of Methods for Detectlon of Incomplete

Antibodies.

During the first four yesrs of Kh work, the
workers in this fleld were puzzled because, even
instances of proven hsemolytic trensfusion
reasotions or definite erythroblastosis foetslis,
the serum of the affected individusl failed to
disclose Rh sgglutinins. Diomond(1944s) first
noted ﬁhet 2 concentrated globulin preparation
from an Kh antisesrum was cepable of inactiveting
an anti-Rh saline-acting antibody of high titre.
He elso observed a prozone effect in this
preperation., ihese observations suggested that
there might be a 'new' type of Rh antibody which
not only differed from the original Rh antibody -~
agglutinin - but also had some inhiblitory effect

on the latter. Further study on this subject by
Race(1944)/

in’
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Rece(1944) and Wiener(1944b) expleined the nature
of thls phenomenon. Both observers noted the
'blocking! effect of this type of antibody on
saline agglutinin; Race and Wiener called it
incomplete and blocking antibody respectively.

Followlng these observations three principle
methods for the detection of incomplete antibodiles
were developed nemely, Albumin method (Diamond and
Denton,1945), Anti-human globulin method (Coombs
et al, 1945) and Bnzyme-trested cell method
(Pickles 1946; Morton and Plckles 1947).

Discovery of New Blood Group Systems other than Rh.,

During the World War II, blood transfusion
had been practised to a large extent snd this had

led to the better understending of 1ts velue as s

therapeutic wespon. With the post-wer reorganisation

of the Blood Transfusion Services, blood hes becomeé
more readlly available and it 1s now being used for
a variety of conditions. It has been proved to
be a 1life saving procedure in scute heemorrhage;
in some cases of blcod dyscrasiss it is the only
methed of prcoclonging the life of the patient.
Moreover, blood trsnsfusion has played & grest role
in the development of cardisc and thorascic surgery
in recent years. All these factors sre responsible
for the encrmous increrse in the number of trans-
:fusions during the post-war period. The

knowledge/
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‘ |
| knowledge of the aetiology of intragroup trens- |
:fusion resctions and haemolytlic diseasse of the {
newborn and the application of the newly discovered
and more sensitive methods (especiclly Coombs' !
technique) heve led to the discovery of several
new blood fasctors in recent yeers.

Callender and Rece(1946) found the Lutheran
antibody in the serum of a pstient suffering from
lupus erythematosus diffusus who hea had several
trensfusions. Coombs, Mourant and Race(1946)
reported the first example of anti-Kell in the
serum of a mother of a child suffering from
haemolytic disease. The authors designated the
antigen recognised by this antibody as Kell
factor (K). Levine et 21.(1949) first reported
the reciprocal factor Cellano(k). This was
recognised by the dlscovery of an antibody in the |
serum of a mother of a child with mild hecemolytic

disease which could not be sccounted for by the |
| other blood factors. Only 5 of the 2,495 persons
tested were found to be Cellano negative; four of
these were retested with anti-Kell serum and found|
to be Kell-positive. These findings established
the reciorocal relationship between these two factors.
Mourent(1946) first discovered Lewls factor Le%,
detectable by an antiserum anti-Le®, which sgglutinated
about 20% of the Caucasian bloods. Andresen(1948)

reported the antiserum L9 which is now known as

anti-LeP and/
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and recognised the sntigen La?,

Sanger and Race(1947) described anti-5 end
showed that it was from an antigen associrted with
M and N factors.An § fsasctor asllelormorphic to S
was first reported by Levine et a2l1.(1951). The
antibodies anti-8 and antl-s (recognising S 2nd s
factors respectively) though related to the MN
system, have been found only in human serum.

Rare instances of erythrocytes showing very wesk

M or N agglutinocgens have been reported suggesting
the presence of the subgroups Ng, M_, Ms, but these
are of little clinicel importsnce (Crome,1935;
Friedenreich snd Lsurisden,1938; Dunsford, Ikin
end Mourant,1953,) The very high incidence
factor U has recently been found to be related to
the Ss system (Greenwalt et 21.1954). Erythro-
icytes of individuals who lack U are therefore uu
homozygous, do not resect with anti-3 or anti-s:
the symbol 8” has been proposed.

Cutbush, Mollison 2nd Parkin(1950) discovered
the Duffy (Fy) blood group snd the antibody was
found in 2 man suffering from hsemophillia who had
hed several blood transfusions. The Fy® antigen
is present in sbout 65% of the population. The
reciprocnl factor Fyb wag recognised by Ikin et al.
(1951); a woman was found two deys after delivery

to have an entibody for her husband's and child's
. erythrocytes/
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erythrocytes which did not correspond to 2ny
known blood group antigens; no evidence of
| heemolytic diseasse was found in the child and in
studies with a2 larger peanel of red cells of
various individuals its reclorocel(sllelic)
relation to Fya wae discovered. Allen, Diamond
and Niedzlela(1951) discovered Kidd blood group.
dhe antibody was detected in the serum of
Mrs., Kidd, a multiparous womsn whose sixth child
was the first in the famlly toc suffer from
haemolytic disease. The antigen recognised by
this sntibody is known as Jk~. The entithetical
antibody Jdk° wes first found by Plaut snd his
assoclates(1953). It was present in s womon who
had a rigor following a transfusion after =
miscarrisge. She hed hed one previous transfusio
after her second delivery.

In eddition to the nine blocod group systems,
2 number of additionel blood factors have been
reported, but these sre not cliniecelly importent
because the 2ntigens by which they sre reccgnised
are nearly alweys absent(private family antigen)
or nearly always present(public entigen).

The totsl number of different blocd types
may be calculated by permutation snd combinatiocon
of the recognisable major types of nine main

blood group systems as follows:
Blood group system/

[
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Blood group system ke jor types thet cen
be recognised
ABO 6
Rh 26
MNSs g
Lewis )
Luthersn 2
Kell O
Duffy S
Kidd &
P 2

Total major types Ex28 x99 x5x2x3
x3x3x2= 454,806

These figures do not inelude D%, oV, &Y, C*,

Ma, HE’ Hc, et. nor the gistinctions mede by

anti-d and the new antisers anti-f. They

also dc not include the ‘private family' or

'public' antigens.

Problem

In preactice only & few of the blood foctors,
mentioned abovo; are taken inte sccount in the
cross matching tests for routine blood treansfusion
and therefore the chance of giving 'exactly
homologous' blocd 1s very remote.

It 1s importent to find out the sctual
incidence of immunisstion against blood fectors
which are not routinely screened becsuse such
immunisations do not usually give rise to
immediste complication, snd doubt has been
expressed ib many quaerters that blood transfusion
is prscticed more frequently nowadays then 1is

sctually needed without due regard to the
possibility/
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poselbllity of remote conseguences.

8o far the incidence of i1so-immunisation due
to blood trsnsfusion hes been studied mostly on
selected c2ses giving rise to transfusion reaction%
or cross msestching difficulties. From the results
of such investigetions it 1s difficult to nmssess
the rctual figure of iso-immunisation becsuse,
after blood trensfusion antibodies may develop
without giving rise to sny reaction, and these
entibodies ore likely to remaln undetected unless
the patient requires further blocd transfusion in
the future, and even then if proper screening
tests esre not done.

The present study 1s therefore asn attempt to
find out the sctusl incidence of iso-immunisstion

after routine blcod trensfusions by examining the

@

pre- and post—trensfusion samples of the recipient
agerinst o number of c¢linicslly lmportent blood
group antigens. Another purpose wes to compsare
the different methods for the detection of blood
group entibodles and also to see the effect of
blood transfusion on so-celled naturally occurring
irregular antibodies e.g. anti-M, anti-F, anti-

Lewis, etc.
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MATERIALS AND METHODS

3aline
Sterile physiological saline (0.9 gm# sodium
chloride), hereasfter referred to as soline.

Saline-Citrate Mixture

A mixture of 2 perts of saline snd one pert
of 35.8% sodium citrste solution.

Albumin Solution

30% solution of bovine albumin (Armour
Laborstories).

A 20% working solution wes mede by taking
2 ml, of 0% bovine albumin solution =nd sdding to
it 1 ml. of saline-citrate mixture.

Phosghate Buffer

/10 phosphate buffer, pH 7.7.

Proteolytic Enzymes

(A) Crystelline Trypsin (Armour Laboratories)
Batch No. 15347.

A stock solution of 1% crystalline trypsin
was mede in N/20 hydrochloric acid.

(B) Powdered Pepain (B.D.H.) Bsteh No.
439808/560601.,

Coombs'! Serum

Anti-human globulin serum - prepcered from
rabbit.

The stock serum was diluted vith seline to
its previously determined working strength e=ch
dey, and sny portion of this diluted serum

remaining/
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remaining after each deys work, was discsrded.
“hen not in use, the stock reegent and working
solution were kept frozen at -20°C.

Blood Group Anti-sers

(1) Stendsrd anti-A, enti-B and saline
anti-D sera.

(2) AB%1-8; =B, -¢; -u, -M, -N, -La%, -Le%,
-k, end anti-Fy 2,

“hen the presence of an antibody wes detected
in a petient's serum the recipient's and Donor's
cells (when avallebtle) were further tested =against
these antibodles to obtein as complete a genotype
as possible. All these entisera vwhen not in use,
vere kept frozen at -20°C.

Standard Test Cells

Group o"Rlﬁl’ Rlﬁz, and rr cells, selected
elso to include 28 many o8 possible of the
clinicelly important blood group entiens, obtalne
each day by finger prick from donor pcnel.

The cells were collected into gredusted
centrifuge tubes contasining seline-citrate mixture
centrifuged at 3000 rpm. for 10 minutes, =2nd the
supernstant fluid replaced with sesline; the

washing was repeated three times.

Seline and Albumin Suspension of Test Cells

2% suspensions were msde by adding O.1 ml.

of the previously weshed pscked cells to b ml. of
each/
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each medlia end they were used in saline and
elbumin methods respectively.

#hen not in use, these cell suspensions were
stored at 4°C. and any portion left after esch
deys work was discerded.

RECIPIENT'S ELOOD

Fre-Transfuslon Samples

ihese 1ncluded sll blood snecimens sent to
the Reglonsal Elood irsnsfusion Uentre for routine
compatibility tests from 4 surgical, & medical =nd
S gynaecological wards. A11 the specimens
received from these wards were tested for the
presence of antibodies and sre classed as Pre-
transfusion samples whether the pstient hsd hed
previous transfusions or not. After withdrawal,
these specimens were kept at 4°C, until tested -
usually 24 to 36 hours later.

A portion of the cells and seéerum waes removed
by means of a pasteur pipette from the pstient's
clotted specimen, trensferred to another tube =nd
centrifuged. The serum was seprrated and tested
for the presence of antibody while the cells were
washed three times in saline and were used for
determination of ABO groups, Kh type =2nd in
sutoagglutination control, A portion of the
cells was preserved 1in glycerol-citrate mixture

at/
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at -20°C. for determination of the genotype when

required (becsuse, in cese of incompatible trens-

Laj

:fusion, 1t is difficult to determine the recipient
genotype from the post-transfusion sample). The
method for freezing red cell in presence of
glycerol is discussed in Pert 11,

Post-Transfusion Samples

(A) First Examinstion - 10 to 14 days after
the patient hed received a blood transfusion, a
sample of aebout 10 ml., of blood was withdrawn
using s dry sterile syringe. ‘he blood was
sllowed to clot at room temperasture for one hour
and the tube was then centrifuged znd the serum
separated and tested for the presence of sntibody.

(B) Second Exemination - In sbout half of the
ceses, (the patient being still in the hospital)
it was possible to tske snother sample of blood
between 26th and 35th day following transfusion.
These samples were obtsined and tested as described
under first exsmination.

Detection of Antibodies

An initisl screening test for the detection
of antibodies wes carried out on each serum using
the following methods:

1) Seline

2) Albumin

3) Indirect anti-humen globulin(Coombs' test)
4) snzyme/
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4) Enzyme treated cell
(A) Trypsin
(B) Papain
Methods 1, 2, & snd 4A asre the ssme as
recommended in MRC Memo., No. 27.
The method 4B using pepaln trested cells 1s
s simple modified method described later.
Saline Method

0.02 ml. of a g% suspension of each type of
standard test cells were placed sepsrately in
three 3'x §" test tubes. Equal volumes of serum
under test were added to e2ach tube and the contentps
mixed by gentle shaking. Three sets of tests
were set up at three different temperstures,
4°C., room temperature and 37°C. After two hours
incubation the results were read mecroscopically
and confirmed by reading under the low power of a
microscope. For microscopical examinstion a
small amount of sedimented cell was trensferred
on to a clean slide with the stem of a pasteur
pipette to give an even film.,

Controls with D-positive end D-negative cells
against weak saline enti-D serum were set up and
thelr results were read before the tests. In
addition, sutoapgglutinin controls were put up
with patient's own cells and serum.

Albumin Method
Tests/
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Tests were carried out and resd in e similar
manner to that described in caese of ssline method,
except that the red cells were suspended in 20%
bovine a2lbumin solution instead of 1in saline.

indirect Anti-human Globg;;n Method

Sensitization of cells: One volume (0.02)

of a 50% saline suspension of washed stendard test
cells was placed into three separate test tubes
(5"x&") and five volumes of serum under test
added to each. The tubes were then incubeted
for two hours at 3790,

Vashing of sensitized cells: After two

hours incubation, the cells were washed four times
in excess of ssline end finally resuspended to
give an approximstely 10% seline suspension.

Ireetment of washed sensitized cells with

anti-human globulin serum: One drop of the 10%

cell suspension wes added to one drop of diluted
working solution of Coombs' serum on a chemically
clesn slide; eand mixed by gently rotating the
slide. After one minute, the slide was inspected
for agglutination by gently tilting it backward
and forward; 1if no agglutinetion wes observed
the slide was replaced on the bench until the
control test showed weak sgglutinetion of the red
cells (-ususlly 5 to 7 minutes).

Controls -

In/
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In parallel to the tests, three sets of
positive and negative controls were put up, using
known weak incomplete anti-D, -K and anti-Fy"” sers

For sensitizstion, the cells of the control
series were incubated at the same tempersture and
for the same period of time es the tests., .

Special rrecautions

In order to avold false positive and falsé
negative results, the following precautions were
taken.

As anti-human globulin combines with human
globulin at any state not only with antibody
globulin fixed to the red cells, meticulous care
was taken to avold its contamination with even
minute trace of human serum. in diluting the
serum care was taken so that the spparatus used
was not conteminated in any way. svery time
freshly prepared passteur pipettes were used for
diluting anti-human globulin serum and delivery of
washed sensitized cells.

The mieroscopic slides used for the final
stage of the test were scrubbed well with sosp and
hot water and then rinsed thoroughly under running
water. Finally they were drled with clean linen
not used for any other purpose.

Direct Anti-humsn Globulin Method

Direct anti-human globulin tests were done

on red cells of all post transfusion samples.

A/
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A portion of the recipient's red cells was

| thoroughly washed four times in large volumes of
saline. Une drop of the 10% saline suspension
of the washed cells was mixed on a chemicelly
clean slide with a drop of sultably diluted anti-
human globulin serum, left for a minute and then
gently rocked and observed to see if any
agglutinetion occurred. As contrecls, cells
known to be unsensitized and cells sensitized with
known weak anti-D, anti-K end anti-Fya were also
washed and treated with anti-humen globulin serum,
The observaticn for agglutination was continued
fer aporoximately 7 minutes with eccasional
gentle rocking of the slide,

| Irypsin-ireated Cell Method

On the day of use, one part of stock
solution of ecrystalline trypsin was diluted with
nine parts of M/10 phosphate buffer pH Te7s
For trypsination of cells, 4 volumes of diluted
trypsin solution were added separately to one
volume of each type of packed standard test cells
which have been washed three times, The tubes
were incubated in the water bath at 37°C. After
one hour incubation the cells were washed once
and resuspended in saline to give approximately a
5% suspension.

To avoid non-specific cold agglutinin reactio

the/
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' the cell suspension and the serum under test were
placed sepsrately at 37°C. for 10 minutes. Then
equal volumes of serum and cell suspension were
mixed and incubated in the water bath st 37°C. for
further one hour and the results were read as in
the cese of the saline method. Controls with
D-positive and D-negative cells against weak
incomplete anti-D sers were put up in identical
conditions as the tests, and the results of ;
controls were read before those of the tests.
The activity of the stock trypsin solution
was found to be quite satisfactory up to eight
weeks after which slight deteriorsation in its
acitivity wes observed and therefore fresh stock

solutions were prepered at the end of that period.

Papsin Method

The following simplified papein method was
used by Tribedli and Crosbile (an unpublished
observation) in an investigation in which they
tested 1,116 random blood ssmples for Rh(D)
| typing, 540 sera of antenstal cases for the
detection of antibodles and 84 specimens involving
240 bottles of blood for compatibility testing and
found that the results obtained by this pepain
method were better than these by albumin method
and compared favourably with those of indirect

Coombs! technigue.
During/
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During the present investlgation it was found
thet when red cells were treated with szline
suspension of papaln without the addition of an
activator or buffer, and incubsted with an anti-
serum for a few minutes at room temperature, good
agglutination was observed. Preliminary tests
were carried out to determine the strength of
pepaein solution and time of exposure of the red
cells to the action of papain which would best
suit the required conditions namely, & simple
technique which would give the maximum specific
agglutination in a time which compared favourably
with the existing standard methods. From the
results of these tests it was decided to use a
solution of 1% papein and incubate the red cells
(10% seline suspension) for a minimum time of 5
minutes. It was found that non-specific
agglutination appeered after 2 to 4 hours when
the cells were exposed to papein solution, but
they retained their speciflcity for 24 hours if
weshed once within that perilod. A washed cell
suspenzion was therefore prepered by adding 1%
panain solution to a 10% suspenzion of test cells,
incubating at room temperature for 5 to 10 minuteq
and washing once with ssline. It should be
mentioned in this connection that when cell

suspensions were to be used socn after the
addition/
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- addition of pepaln,as in Rh (D) typingz and cross-
matching tests, unwashed pspaln treasted cells were
found to give satisfactory results.

ihe activity of the pepsin socluticn stored
at 4°C, remsined satisfactory up to 24 hours after
preperation, but after thils period it began to
deteriorete rapidly. Fresh papein solution was
therefore prepsred daily by distributing 0.1 mg.
of powdered papsin into sepsrate stopoered tubes,
and each day, 10 ml. of saline was sdded to one
tube. The tube was then shaken to obtein an even
suspension and centrifuged to get rid of particuls
matters. The supernstant was trensferred to =
fresh tube and kept at 4°C. when not in use.
| This constituted the working pepain solution for
24 hours.
Technigue

0.02 ml, of 10% suspension of pepainised
standard test cells were placed separately in
three 3"xZ" test tubes end equal volumes of
patients serum added to each tube. The contents
were mixed by shaking and incubated at 37°C. for
one hour. The results were read macroscoplically
by tilting the tubes and confirmed by microscople
reading. (After sddition of the serum to the
papeinised cell, agglutinetion was observed
within 10 minutes but for the sske of convenlience,

1 hour

te
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1 hour incubation period wss selected for the
present series).

The following controls were set up with the
tests.
l. Positive control

Bqual volumes of 10% suspension of papsinised
group O, CDe/CDe cells in ssline and weak incomple
anti-D.
2. Negetive control

Bgual volumes of 10% suspension of papainised
group O, cde/cde cells in saline and weak incomple
anti-D,
Titration

“hen any antibody was found it was titrated
against appropriaté cells by using a2 doubling
dilution method and the results are expressed in
terms of arbitrary scale as recommended in MKC
memo., No.27.

The last tube giving at least a (+) reaction
(elumps of 8 to 12 cells) 1s recorded as the titre

Identiflcation of Antibodies

¥hen an antibody was detected in reclpient's
serum, the following methods were used for 1ts
identification.
1. Genotyping of the reciplent's cells as fully
as possible.
2 Genotyping of the donor's oeixs suspected to

contalin/

te
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contain the offending antigen.

S Testing the serum against a panel of cells,
some containing and some without the
antigen eagalinst which the antibody wes
suspected.

4, Absorption and Blution Technigues.

Genotyping of the Keciplent's and Donor's Cells

The cells of the recipient and donor (when
avallable) were genotyped with regard to the

antigens of the ABO, MNS, Khesus, Lewls, Kell

and Duffy blood group systems. #ith the |
exceptions of anti-A, anti-BE and anti-D, 211 the f
sera used were rare end therefore used in small
guantities. Pasteur pipettes were masrked to
deliver0.008 ml. and used for both sera and cells.
Saline method was carrled out in cases of all anti-
sera except onti-Kell end enti-Duffy in which
Coombs' method was used. For the tests of A, B,
O, M, N, Le® and Leb entigens the tubes were
incubated at room temperature snd in all other

cases, at 37°C,

For Rhesus blood factors five antisera =nti-D,

-C, -, -¢, and anti-e were used and the prcbable

teble.

Testing the serum egainst 2 psnel of cells

r
genotype was determined from the exnected frequencT
|
y

When an sntibody was detected, its specificit

could be 'guessed'/
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tguessed! from the nature of 1its reesction (e.g.
thermal amplitude, whether active only by Coombs'
technique etc.) and from the genotypes of the
recipient's and donor's red cells. However,

the srecificity of the antiserum was confirmed by
testing it ageinst es many as possible group O

cells some of which contained the suspected antigen

|
|

and the rest without it.

Absorption and Elution Technigues

In one case (Case No. 267, see later) two
antibodies with different specificities were
detected and both of them were active at 37°C.

For isolation of these antibodlies the following
procedure was used:

One ml., of w=shed packed cells (containing
the appropriate entigen) end 1 ml. of serum under
test were put in a test tube snd cspped; this was
then incubsted st 37°C. for 24 hours. The
supernatant was removed and tested for the presence

of antibody with specially selected cells to see

whether the absorption was complete or not. The
red cells were washed three times in large volumes
of saline, previously chilled at 4°C., The last |
washing was retained and tested asgeinst red cells

with corresponding antigens to show that the

washing had removed all uncombined antibody.

After the last washing, all supernatent saline

was/ ;
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wes removed, 0.5 ml. of fresh saline added and the
contents mixed by shaking. The tube was then
placed in e weter bath at 56°C. for & minutes snd
agltrnted at frequent intervals, To avoid cooling
the tube was spun quickly in centrifuge bucket
conteining weter at 56°Ct The supernatant - the
eluste, was removed lmmediately snd the tests with

the elnate were carried out ss soon as poseible,

RESULTS/
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RESULTS

Pre-tronsfusion Series

Screening tests for the detection of anti-
tbodies were carrled out on the sera of 712 patients
using the test cells and methods described above. |

The following antibodies were detected.,

Iype of antibody Number of cases i
1. Non-specilfic cold 569
agglutinins

2. Speecific irregular
cold agzlutinins

(a) Anti-Lewis 11

(b) Anti-P 2
Se 2nti-D )

Non-specific cold agglutinins

The ncn-specific cold sgglutinins, detected
in the sera of 569 patients (sporoximately 79% of
all cases) were active only at 4°cC., Every serum
showing =2 cold sgglutinin, rescted with the
patient's own cells as well as wilth those in the !
cell penel, and the resctions were reversible.

Titretions for ccld agglutinins were carried out

against patient's own saline suspended celis eand

in three cases the titres vere especlelly high ss ‘

follows: |

Case Number Diagnosis Titre
14 Hoemolytic sanaemls 1:256 |
51 Multiple myeloms 1:128
129 Chronic lymphatic leukesemia 1:128 |

In/
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In the remaining cases, the cold agglutinin
titres varied from 1:4 to 1:32: the higher end
points (within this range) being.obtained in
group A, B, and AB 2s compared to those in group O
individuals.

Anti-Lewls éntibodies

Of the 11 antiLewis antibodles detected, 8
were anti-Lea, 2 anti-Leb and one was a mixture
of anti-Le" and anti-Leb. All these antibodies
were sctive at room temperature and only one serum
containing anti-Le® hsemolysed trypsinised
Le(a+) cells at 37°C.

Seven of these patients with anti-Lewils
antibodies in their sera were males - two of whom
had been transfused with blood before, while five
had no history of transfusion or injection of
blood. Gly'two of the four female patients hed in-
scurred the risk of immunisation, one had been
pregnant and the other had a history of pregnanéy
and previous transfusion.

Anti-P antibodies

Neither of the two male patients who had
enti-r antibodies in their sera had ever been
trensfused or injected with blood. The anti-
:bodies in both the cases vere active at room
tempersasture.

Anti-D antibodies
The/
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The antl-D antibodies were detected in the
sera of one male snd one female patient both of

whom were Rh negative. The mele patient had

recelved two pints of whole blood seven years
’previously without any adverse effect. Although
the Rh type of the transfused blood had not been
recorded, it may be sssumed thet at lesat one of
the donors was uh(i_!‘) positive. The femsle
patient had never been transfused or injected with
blood and none of her two children suffered from F
haemolytic disease of the newborn. Blood
samples from the éhildren could not be obtained
but as her husband was Rn(D) positive, it may be
assumed that the pregnancy wes the cause of
immunisatlion in her cease.

The antibodies in both instances were of the
incomplete type and were detectable by albumin,
indirect Coombs' test and enzyme treested cell
techniques, The titres obtained in pre- and
post-transfusion samples are compared in Tsble VI
(see later).

Post-transfusion Series

Out of the 712 cases of the pre-transfusion
series, only 359 patients received blood trans-
:fusions during the present investigation. ‘
Seven of these transfused patients died and 30

cases were discharged before the time for taking
the/
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the pcst-transfusion samples were due, leaving in }
all 302 patients whose sera could be examlined after
transfusion and these comprise the post-transfusion
series.

A short sccount of the patients comprising the

post-transfusion series

The distributions of ABO groups and Rh types
of the patients in this series are shown in Table 1.

The ocecurrence of both ABO groups and Rh

types are well in agreement with those expected ;
4
in this country. The age of the patlents 1in this|

1
series ranged from & to 82 years.

Table 1

ABC KRh(D)positive Rh(d)negative Total Fercentage
Group

0 116 22 138 45,7%

A 106 21 127 42,1%

B 25 3 28 9.3%
nB 8 1 ¢ 2.9%
Total 255 (84%) 47 (16%) 302  100%

The cases were not specially selected

but since one of the medical werds 1s
sssociated with a haemstological research
unit, 2 relstively high proportion of
pntient; suffering from blood dyscresias

has been included.

The history of previous transfusion, pregnancy
and distribution of sex of the patients in this

series are shown in Teble 11.
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TABLE 11

127 patients with

history of pregnancy

T N

L e S R T S ——

Sex No history | 68 patients with history

of trans+< of previous trensfusion

:fusion or Transfusion:Transfuaion - Pregnancy |Total
I
pregnancy alone 1& pregnancy alone :
J 1
]
I
Female 58 15 : 16 111 :200
]
Male 75 27 / - - :102
133 42 ; 16 111 b B02
] 1

The high incidence of females (200) is due
in part to the inclusion of patients from
three gynaecological wards; 127 female
patients were parous - 29 primipara and the

rest multipers as shown in Fig. 1. (P.44)

It will be seen in the above table that 135 patients
(75 male and 58 female) had no history suggestive of
immunisation prior to the present transfusion.

58 patients (27 mele and 31 female) had history of
previous blood transfusions, but the amount of blood
each patient had received, could not be ascertalned.
The number of, and the approximate intervals between

the transfusions in these 58 cases sre shown in Fig. 2. (P.44)
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It will be seen that & patlients had only one
transfusion, 15 received 2 or 5 at short intervals
while 12 received the same number butthe intervals|
between them were longer. in 25 c¢eses of
multiple transfusions (more than three) the

intervals were variable.

Present Transfuslon

Altogether, during the present investigation,
916 bottles of whole blood (each bottle containing
110 ml, of ACD solution and 400 ml, of blood) and
E8 bottles of packed cells were transfused. The
duration of storage of whole blood before trans-
ifusion veried from the date of collection to 21
days. The maximum amount of blood given to a
single patlent was 17 bottles, while the majority
of the patients received 2 to 4 bottles of blood
as shown in Fig, 3. (P.44)

14 cases recelved 2 to 5 transfusions at
intervals of 1 or 2 days and their blood samples
were obtalned on the 10th to the 14th day follow-
:ing the last transfusion. Several transfusions
were gilven to three patlients of aplastic anaemia
at Intervals of 3 to 4 months. Although the
sera of these three patients were tested after

every transfusion, (% or 4 times during this

study period), esch wes considered as one casse in

present investigation.
There/ ‘
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Fig.2, shows the number of and intervals between
previous transfusions. Transfusions durlng
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Fig.3, shows the number of bottles of blood trans-
:fused to 302 patients during the present
investigation.
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There were symptoms and signs suggestive of

haemolytic reactions as a result of the present

transfusion in three cases, but in the serum of '
only one of these patients could an immune antibod
be detected (Case 281 - see later). J

Six immune antlbodies which could not be
found in the pre-transfusion samples, were detected
in each of six patient's serum during the screening
of 302 post-transfusion samples. These are shown
in Table III. (P.46)

Case &.

A woman aged 45, was admitted to the gynese-
:cologlcal ward with menorrhagia. She had four
normal pregnancies but had never been trensfused
or injected wilth blood. Cn examination, her
haemoglobin was found to be 7.4 gm.% and two
bottles of whole blood were transfused, followed
three days later by a further two bottles, No
obvious 11l-effects were observed after trensfusion.
In the pre-transfusion sample no antibody was
detected; neither was there any difficulty in the
cross matching test.

Preliminary screening of the post-transfusion
sample (10th day following the last transfusion)
showed agglutination with standard cell No. 2
(Table iV) by Coombs' technique only. (The test
was repeated at a later date with papain treated

nalla and the natient's serum which had been

stored/
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TABLE III.
Case Ase Sex Uiagnosis History of History of ABO ah{o)
Yo. previous pregnancy Gp. e
transfusion
.3 45 Fomale™ Lonorriagia Nil 4+0 0 +va
14, 28 Female  Haemolytic 2 bottles il o +ve
anacmia 9 months
praviously
152. 2u lale Cholocystitis Nil -— A +vo
211. 65 Lale peptic uloer 2 bottles -— o +ve

5 years previocusly

267, 30 Lale Peptic ulcer 2 bottles 7 years = 0 -ve
previously.

281, 49 Female  Appendicitis 2 bottles 3 years 6 +1 [+] -ve
) previously

Present transfusion

4 bottles, 2 bottlas
each time at an
intoerval of I days.

5 bottles

3 bottles

5 bottles during
operation, 2 bottlas
5 days later.

3 bottles

4 bottles

intinodies
detected

Anti=K

inti=o

Anti-Le”

Anti=Fy®
(ARti=b)

inti-Fy"

Table ILI. Type of immme antibodies detected for the first timo in the post-transfusion specimens of six patients

with a short history in each case.

intibody in parenthesis indicates that it was detscted in pre-transfusion sample.

Miusband of this patient was Kell-mezative.

Cuse jo. 3 | Cuse .io.l4 | Cuse .0.152

o.2ll] Ceso J0.267

Case (04281

—

Standard test ocells . o a IC 'I;P dalCTP|] S AICTEP

saAalCTPr

S alC'TP

Houle 3, RyRy (C0ofCie), WNS, P, Kk, Lo (a=b#), Fy(a=) [ = - - - = -+ + + 4] == = -~

-+ 4 4+ 4

9424 0, HjH, (CDe/oDE)s Mes Py K, Le (atb=), Py(a=)| == + = M =+ + + 3] ==+ - &

Debe 3, rr (cdofede), ds, P, kk, Lo (a=b+), Fy(u+) | = = = = =] =+ + + +| == 4 - =

a

Table IV, 5, 4, IC, T, sad P indiocate salise, albudin, iadirsct Coo ba', tryssia wad pupala

+ = applutiostion
= = _Jo arrlutiaation

"ragt with papain treated cells wus 1one later usias the rozen asom

wiaods respoctivaly.
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stored at -2000., end the result was positive),
The bloocd groups and genotypes of the patient

husband and four donors and the resction of her

serum with donors' cells (by Coombs' method) are

shown below.

Genotype Reaction with patient's serum

by indirept Coombs' method

| Patient 0, CDe/cde, MN, kk, Le(a-b+), Fy(a+)
Husband A, CDe/CDe, N, kk, Le(a-b-), Fy(a+)
Donors 1. 0, CDe/cde, MN, kk, Le(a-b-', Fy(a-) Negative
2. 0, CDe/cde. N, K, Le(a-b+), Fy(a+) Positive
3. 0, CDe/CDe, MN, kk, Le(a-b+), Fy(a+) Negative
L. 0, CDe/cde, M, kk, le(a+b-), Fy(a+) Negative

It was found that the patient's serum

agglutinated the red cells of donor 2. From the

with standard cells and donor's erythrocytes, it
apoeared that the santibody wss anti-Kell.

For confirmation, 10 group O, Kell-negative
and 4 group O, Kell-positive cells were tested
ageinst petient's serum by indirect Coombs'

method and the resctions sre shown below.

Red cells Reactions with Patient's serum
Positive Negative
Kell-positive 4 0 4
Kell-negative 0 10 10
4 10 14

The/

| genotypes and the resctions of the patient's serum

|
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The 'exact' probability of the antlbody being
anti-Kell = 1,001 to 1.

the titre agalnst standerd cell number 2. by
indirect Ccombs' method was 1:32.

Case 14,

An unmarried womsn, aged 28, was admitted to
the medical ward as a case of haemolytic anesemia
with 6.5 gm.? haemoglobin., 9 months prior to the
present admission, she had a2 transfusion of two
bottles of group O, D-positive blood without eny
sponarent 111 effect.

On admission, a direct Coombs' test on her
red cells was negative: no immune antibody could
be demonstrated in her serum but the non-specific
cold agglutinin titre was high (1:256). Five
bottles of blood were transfused and there was no
untovard effect.

On the 1l3th day following the present trans-
:fusion, her serum was found to agglutinate sll
three standerd cells (Table IV) as well as her own
cells, by the slbumin, indirect Coombs', trypsin
and papain methods. The direct Coombs' test was
now found to be positive. It was noted that
reactions against standard cell Nos., 1 and 3 were
much stronger than that with No., 2. ‘The geno-
ttype of the patient was =

0, CDhe/cde, MN, ik, Le(atb-), Fy(s+).

From/
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from the reuctions of the serum with the
standard cells it appesred that the antlibody might
be anti-e, showing a 'dosage effect's

the titres of thls antibody egainst e/e and |

B/e cells by different methods were as follows:

Cells Albumin Indirect Trypsin Paprin
method Coombs' method method method |
e/ 1:4 1:32 1:16 1:64
e/e 1:8 1:128 1:128 1:8512

The specifilclity of the antibody wes confirmed
by testing the sera against a peanel of 535 group 0 F
cells, ten of which were Rh-negative (cde/cde) and
4% were Rh(D)positive. All the Rh-negastive end
41 Rh-positive bloods were agglutinatéd by the sers.
The two Rh-positive bloods which gave negative
reactions were cDi/cDE,

Note:

This 1s 2 cnse of auto-immunisation because
the paetient herself was 'e' positive. The
negrtive result on the pre-transfusion sample may
probably be due to the quiescent stage of the
disease at that period of examination.

Case 162

A man aged 20, suffering from cholecystitis,
was admitted to the surgical ward for operation.
He had never been transfused or injected with
blood.

Anti-Le®/
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l

Anti-Le® entibody was found in the pre- ‘
transfusion sample but no immune antibedy could be
detected. i

On the 1lth day following the transfusion of
three pints of group A, D-positive blood an
antibedy wos detected in his serum which reacted
against standard cell Nos. 2 and 3 (Table IV) by
indirect Coombs'! and pepsin methods. The patient'!s
genotype was -

A, CDe/CDe, N, K, Le(a=b-), Fy(ai.

From these reactions against the stsndard cells
and the genotype of the patient, it was suspected
that the antibody might be enti-¢ or anti-s. On
testing the sera ageinst c-positive but s-negative
cells & positive resction was obtsined. The
specificity of the antibody anti-c was further
confirmed by testing the serum ageinst 7 c-positive
(4,¢/c snd 3,C/c) and 5 c-negative (C/C) cells

with the following results:

Red cells Resctions with patient's serum
Positive | Negative
c-positive y 0 . §
c-negative 0 5 5
7 5 12

'Exact'! probabllity = 792 to 1.

Naturally occurring anti-Le® did not interfere
with the tests, as it did not show any resction =t
37°C., (although it was active at room temperature).

On/
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On the 26th day following the trensfuslon,
another fresh sample wes tested but no appreciasble
change in the antibody titre was observed; the
results of titrstions on both days are shown below,

By indirect By papein
Coombeg' methed method

Titre on 11lth day

following transfusion 1:32 1:128
Titre of 26th day

follo»ing transfusion 1:52 1:64
Case 211

A man aged 85, waes admitted to the surgical
ward with heematemesis, and subsequently disgnosed
ns a case of perforated pentic ulcer., He had had
a transfusion of two bottles of blood about 5 yearr
ego without any adverse effect. On admission, no
antibody could be detected in the pre-transfusion
sample. During the operation, 5 bottles of group
D-positive blcocod were transfused followed filve days
later by another two bottles.

On the 10th day following the last transfusion
his serum agglutinated standard cell Nos. 1 and 3
by all the methods used as shown in Table IV,
Patlient's genotype was - O, CDe/CDe, N, ki,
Le(a-b-), Fy(a+).

From the reactions sgeinst the stendard cells),
it eprenred that the antibody was either anti-P or

b

enti-Le". The serum was tested against P-positive

but /
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but Leb—negntive celle and no agglutination was
observed. Blood samples from three of the donors
(of present trensfusion) were avallable snd tested
agelnst patient's post-transfusion serum. The

results are shown below.

Donor Genotype Reaction with patient's «orus
1. 0, CDe,cde, MN, kk, Le{a-b+', Fy'a- Positive
2. 0, CDe/ode, N, kk, Le(a=b+), Fyla+) Positive
3. 0, CDe/CDe, ¥, kk, Le{a-b-, Fy(a+} Kegztive

The pest transfusion sample agglutinsted the
cells of donors 1 and 2.

Pinslly the serum was tested asgainst 13 group
cells with known Lewils grcup and the results were

as follows:

Red cells Reaction with patient's serum
Posltive Negative
Le(a+b-) 0 6
Le(a-b-) 0 2
Le(a-b+) 5 0

'Exact' probability for OIB —=1287 to 1.
510

The/
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The speeifieity of the antibedy as anti-LeP
was thus confirmed.

The titres of the antibody sgsiust group O,
Le(a-b+) cells by different methods were sg follow
Saline Albumin Indirect Coombs' Trypsin Fapein

1:8 1:16 1:€4 1:32 1:64

Case 267

A 30 year old man, suffering from peptic
ulcer was admitted to the surgical ward for
gastrectomy. He hed had a2 transfusion of 2 bottl
of blood 7 years previously and in his pre-trans-

:fusion sample (in relation to the present trans-

.
-

:fusion) anti-D antibody was detected. This cese
has alresndy been referred to, in the pre-trans-
:fusion series.

During operation, 3 bottles of group A,
D-negntive whole blood were transfused and there
was no adverse reaction. On the 12th day follow-
ting the present transfuslon, an additional immune
antibody was demonstrested in the patient's serum
in eddition to the rising of snti-D titre (see
later). The patient's serum agglutinated stander
cell Nos. 1 and 2 by albumin, indirect Coombs',
trypsin and pepsin method end No. & by indirect
Coombs' and papain methods (see Table 1IV). The

genotype of the patient wes - A, cde/cde, MN, kk,

d

Le(a-b+), Fy(a-)., Blood samples from two of the
donors (of the present transfusion) were |

obtailned/



obtained and tested against patient's serum with

the following results:

Donor

Genotype Reaction with patient's sorun
1. A, cde/ode, M, Kk, Le{a~b~,, Fyla- Negative
2, A, cde/cde, W, kk, Le(a~b+), Fyla+) Positive

The patient's serum agglutinated the cells of
. donor 2. From the nature of these reactions it
epreared that the new antibody wes anti-FyB.

The antibody wes absorbed by treating the
serum with D-negative, Fy®-positive group O cells
and finally eluted. the eluate was tested with
7 Fy®-positive and 4 Fyf-negative group ¢ cells by
indirect Coombs' and Pepein methods and all the
Fy®-positive cells were found to be agglutinated
while no rerction was observed with any of the

Fy%-negative cells.

Case 281

A married woman aged 49, was admitted to the
surgical ward with eppendicitis, She had six
pregnencies and between the third and fourth a

miscarriage. She had a transfusion of two

bottles of group O, D-negatlive blood three years

previously/
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previously and there was no reaction.

On admission, no antibody could be detected
in her serum. During the operation, four bottles
of group 0, D-negastive blood were transfused and
a few hours sfter completion of the transfusion she
complained of feeling cold and had a slight rigor.
the following morning she passed reddish brown |
urine which contained urobilin; the serum bili-
:rubin content was 5 mg.%. Her condition settled
within 24 hours and recovery was uneventful.

" The compatibility test wes repeated with the
pre-transfusion serum and wes still found to be
negative, neither could any antibody be demonstrated
in the lmmediate pocst-transfusion sample.

On the 10 dey following the present trans-
:fusion, her serum agglutinated the standard cell
No. 3 (Table IV) at first by the papain method
only. The indirect Coombs' test was repested but
the result was negative. Using different
dilutions of Coombs' serum the test was positive

as shown below:

Red Cells Diflutions of Coombs' serum
1/2[1/41/8|1/16|1/32|1/64[1/128

Rh(D) sensitized
cells - - - + +++ [+ ++ | + +

Stendard Cell
No. & sensit-
ized with the PO T S - - = -
serum of
Caao . 281

The/
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The genotype of the patient was - O, cde/cde,!
MN, K, Le(a+b-), Fy(a-).
From the patient's genotype and the reaction
of her serum with the standard cells it appeared

thet the entibody might be anti-Fy®. The

specificity of the enti-serum was confirmed by

testing it sgainst 7 Fy®-positive and 6 Fya—negatiye
group O cells with the following results:

|
i
|

Red cells Reactions with patient's serum
Positive [ Negative
Fy(e+) 7 0 7
Fy(e-) 0 6 6
- 6 13
'wxact' probablility = 1716 to 1.

Note:

It has been found in this case that the
dilution of Coombs' serum optimum for the detection

of Rh-antibodies is not the seme as for anti-Fy2,

Effect of blood transfusion on the antibodies

detected in patlient's sers prior to the present

transfusion

277 patients with non-specific cold agglutini%s
in their sera (detected in the pre-transfusion
samples) received blood tranfusion during the
present investigation. In only one case (No. 14,
dable III, o case of hesemolytic ansemia) was there
8 rise in cold agglutinin titre 1in the post-trans-

ifusion ssmple. The titre in this instance, rose
to / I
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to 1:1024 from its pre-transfusion level of 1:286.

Seven out of 11 patients who had anti-Lewis
antibodies in thelr sera, were transfused, six
with one or two bottles of Lewis incomp=tible
and one wilth one bottle of Lewls compatible bloed,

The Lewis blood groups of these 7 patients
and those of their donors are shown in Table V in
which anti-Lewls 1so-2gglutinin titres of pre-
and post-transfusion samples have been compeared.
It will be seen that there was no appreciable
change in titres after the transfusion. It was
also observed that there was no change in thermsal
amplitude of these agglutinins and there was no
reaction in any of these cases followling trans-
:fusion.
Table V - (page 59).
Anti-D

Two bottles of D-negative blood were trons-
ifused to esch of the two patients showing anti-D
antibodies 1in pre-transfusion samples. One of
these cases (Case 267, Teble II1) developed snti-
Fy® as a result of present trensfusion and hes
already been described. In both cases a rise in
anti-D titre in post transfusion samples was ob-

:served and this 1s shown in Table VI {page 59).

It/
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It was thought that this rise of antibody
titres might be due to weakly reascting D antigen
and therefore all four donors' cells were tested
for D¥ by indirect Coombs' method, but all of them
were found to be D“~-negative.

In 148 cases including case No.152 (Table(III)
it was possible to obtain samples again on or
about the 4th week following transfusions.

No antibody other then those found in previous
examinations, was detected, nor was there eny
change in titre of anti-c¢ entibody (in Case 152).

Table V/
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Table V. The effects of transfuslons of compatible and
incompatible blood (of Lewis group) on the
naturally ocfurring anti-Lewis antibodies.

Case No. 178 received Lewis compatible blood.
Case Pstient's| Antibodies Donor's | Amount| Pre-trens | Post-trans
No. | Lewis in patient's| Lewis of -fusion -fusion
group serum group blood | titre titre
trans-} !
fused
41 | Le(e-b-) | anti-Le® Le(a-b#| & 1:16 1:16
Le(=2+b-)
80 | Le(a-b-) | anti-Le? Le(a+b-)| & 1:32 1:16
Le(a~b+ %-

178 | Le(a=b-) | snti-Le® Le(s-b-) 1 1:4 1:8

202 | Le(a-b-) | anti-Le? * " "

249 | Le(a-b~) anti-LeP Le(a-b+) g 1:16 1:32

Le(s-b+
286 | Le(a-b=-) anti-Le® Le(a+b~) g 1:4 1:8
Le(a=-b-) -

300 | Le(a-b-) | anti-LeP Le(a-b+) 1 134 1:4

(* bottles,)

Table VI. The effects of transfusion of D-negative blood

on anti-D titres in two cases who were
previously immunised.

Case No. Samples Methods

Albumin |Indirect |Trypsin | Papain
Coombs'
267. Pre-transfusion 1:4 13132 1:16 1:64
Post-transfusion 13132 1:1024 1:612 1:1024
271. Pre-transfusion 12 1:8 1l:4 1:8
Post-transfusion 1:32 1:812 1:51¢2 1:812
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DISCUSSION

| Antigenicity of different blood factors and their

role in iso-immunisstion

Advances made by sever2l workers during the
last few years in the methods of detection of iso-
antibodies and their application to the study of
iso-immunisetion have led to a great development
in blood group serology. Iso-immunisation 28 a
result of blood trensfusion, may occur if the
trensfused blood contains an antigen which the
recipient lacks. Hesemolytic transfusion reactions
mey be avoided by proper cross matching tests buf
the methods used at present sre not sufficient to
prevent iso-immunisstion due to one or other of
the new blood factors. As there are no corres-
tponding natural antibodies against the majority
of these antigens blood which appesrs to be suit-
:able may not be homologous with regerd to all
these new blood fectors, Thus, it is evident
that the incidence of iso-immunissation ageinst
certain blood factors (which 2re not at present
routinely screened in the cross metching test)
will steadily rise with the incressing number of
transfusions. If immunisetion occurs against e
common or multiple blood factors, there will be

difficulty in obteining suitable blcod if reguired
for/
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for such reciplients in the future. Moreover,
iso-immunisation of female patients in this way
before or during the childbearing period may cause
hsemolytic disesse of the newborn in any future
pregnancy.

Under these circumstences, 1t would be desire-
table to prevent such immunisation entirely, but
this could only be achieved by giving "exactly"

homologous blood, which is impracticesble due to

e

multiplicity of blood group antigens. Fortunatelj
however, all the blood factors are not equally
antigenic and a2 selection can be made. For this
purpose it is necessery to know which are the more
sntigenic ones snd the actual risk involved if a
perticular antigen is not screened.

The most reliable method of determining the
antigenicity of a2 blood factor is the experimental
immunisation of humsn volunteers or clinically the
antigenicity may be sssessed from the relastive
proportions of different blood group antibodies
which occur as a result of incompestible trans-
tfusion and/or pregnency.

The present status of our knowledge about

the main blocd group systems is well explained in

!

the survey of Molliscn (1956) as shown in Table VI

Table VII /
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Table VII

The main blood group systems and thelr clinical

importance (Mollison 1966)

Occurrence of anti-
bodies in persons
who have never been

Known to have
caused hsem-
olytic trans-

Known to have
caused hasem-
olytic disesse

System pregnant or trans- fusion of the newborn
fused or injected reaction
with human blood
ABO Regular Yes (common) | Yes (mild form
common
Rh Extremely rare Yes (common) Yes (common)
MNS Rare Yes (rare) Yes (very rare)
P Occasional Yes (very No
rare)
Lutheran | Extremely rare Yes (very No
rare)
Kell Not yet described Yes Yes (very rare)
(occasional)
Lewis Occasional Yes (rare) No
Duffy Extremely rare Yes (rare) Doubtful
Kidd Not yet described Yes (very Doubtful
rere)

On the clinical and experimental evidence, all the

factors of the nine main blood group systems may be

classified into two broed divisions -

(1) those which give rise to iso-immunisation more

readily e.g. A and B asntigens of the ABO groups

and D antigen of the Rh system.

(2)

those which give rise to iso-immunisetion less

frequently e.g. C,E,c,d,e and f antigens of the

Rh system and all the antigens of MNS,P,Lutheran,

Kell, Lewls, Duffy snd Kidd systems.
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Blood factors giving rise to iso-immunisstion

more readily

ABO system: The ABO groups are by fer the most

dengercus in blood transfusion practice, becsuse
of the constant presence of naturel 1so-agglutinins
in this systemn, The method of detection and pre-
:vention of complications due to ABU blood groups
is however reletively simple and becsuse of this,
difficulties should not erise except from clerical
and technicsl errors. Where ABO incompatible
blood has inadvertently been transfused, 1t has
been reported (Thalhimer,1921; W#iener,1941;
Mollison and Young,1941l; Boorman, Dodd and
uollison,lg«ss; Wellace,1950) that there was a
rise of isc-agglutinin titres in every case and
the immune characteristics of the iso-agglutinins
in such cases have been demonstrated. It has
slso been noticed by some of the authors (%iener,
1941; Mollison snd Young,1941l; Waellace,1960)
that there may be an initisl f211 in the titre
immediately after an incompatible transfusicn
followed by 2 steady rise reaching a pesk some
time during the second week. Heemolytic disesse
of the newborn, though of milder degree, may also
occur due to ABCO incompatibility. These observ-
tations suggest that A and B factors of the ABO
system act 23 strong antigens. Whether this

esction/
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action is due to strong antigenicity of these
factors or due to previous stimulstion of the
recipients against these group specific substences
is not known. However the current reports
(Hubinont,1950; W#iener,1951=2) suggest that iso-
agglutinins ocour as a consequence of 1mmuniaation
with blood group A and B substances, which are
wildely distributed in nature so that contsct with
them es they occur in foods, inhaled materiels,
danders, dusts, micro-orgenisms etc., is slmost
universal,

D antigen of the Rh gystem: It is not usual for

natﬁrally occurring Rh sntibodles to be present

in human sera (although occesionally reported e.g.
anti-D by Grove-Rasmussen and Levine,1954; santi-E
by Stratton,1953 snd Rece and Senger,1954). So
the detection and prevention of immunisation
sgainst Rh fectors sre rather compliceated. With
the wide application of screening of the D antigen
during recent years, sensitization ageinst this
antigen, as s result of blood trrnsfusion, hss
considerably diminished (end no c¢mse of such
sensltisation as a result of transfuslon during
the present investigation, was detected). How-
tever, sufficient information about the antigenicif
of the D fector may be obtained from the meny

reports published in the literature since its
discovery/.

Ly
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discovery. Although the c¢linicsl importance of
the Rh(D) factor was realised just after its
discovery, preceutions against trensfusion of
D-positive blood to D-negative persons could not
be undertaken lmmedistely, because enti-kKh (anti-D
sera were not easily available and moreover, the
Blocd Trensfusion Services were not so well
organised at that time. Ag a result, during the
earllier days, even after the discovery of Rh(D)
factor, there were a certaln number of cases of
Rh(D) incompatible blcocod transfusions. Reports
have spresred on retrospective exeminstions of
some of these cases. At first there was no
agreement among the various workers asbout the
incidence of sensitizetion due to D-antigen.
Wiener(1945s, 1945b, 1946a) stated that between
1l in 50 and 1 in 25 Rh-negative persons who are
exposed to Rh(D) antig&ns become immunised. He
further stated that the incidence of sensitizstion
due tc Rh-positive pregnancy and by transfusion 1s
about the same. Unger(1946) observed thet when
repeated trensfusions of the Rh-positive blood are
gilven to Rh-negative patients the response to the
Rh(D) antigen develops in spproximately 1 in 26
patients. DeGwin(1945) in a2 serles of 5,386
consequtive blood transfusions, found that 6.6%

I
of the Rh-negative patients were immunised against|
Rh(D) factor/.
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Rh(D) factor. Diamond(1946) on the other hand,

demonstrated anti-D antibodies in 50% of the
Rh-negative individuals in a series of 2,500 servige-
:men who had transfusions under war-time condition
without regard to Rh type. Ross (quoted by
Hattersley,1947) in a smaller series found anti-D
antibodies in nearly 50% of Rh-negative bloods.

In a similer survey, Hattersley(1947) examined the
blood of groups of servicemen whe had at some time
in the past received transfusions presumably with-
:out the benefit of Rh typing, and he found 55%
of the Hh-negstive people immunised. Plckles in
an unpublished observation, cited by Mollison(1956)
demonstrated snti-D entibody in 50% of the Rh-
negative individuals after a single transfusion.
The discrepencies in these results may be explained
by the fact that in some of the earlier investig-
tations, methods for detection of incomplete
entibodies had not been included.

In immunisation following pregnancy, the D
antigen is responsible for approximately 90% of
cases of haemolytic disecse of the newborn.

In sddition to the above findings about the
entigenicity of the D factor, further evidence may
be accumulated from the work of several authors
(Diamond,1944b, Hill and his essociates,1945,

Gold and Turcenu,l1947, Wiener,1949) who carried
out/
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out experiments by Injecting small amounts of
D-positive blood into D-negative volunteers.
Different authors adopted different courses of
injections and found that individuals vary widely
in responding to antibody formation. In review-
iing the results of experimental immunisation
against D antigen, Mollison(1951) concluded that
"in order to provoke the formation of anti-Rh with
the least possible number of injections an interval
of four months should be left between the first and
second iInjection; ten days after the second inject-
:ion almost 407 of the subjects may be expected to
produce antibody". The results of the present
study support this observation (ec.f. CosesZll, 267
and 281, Taeble III).

Experimental lmmunisation cennot be compsred
directly with sensitization as a result of routine
blood transfusion because, (1) the condition or
disease for which patients are admitted to hos-
:pitel may influence the result (c.f. Case 14,
Table III), (2) the intervals between the inject-
:ions of blood into volunteers can be controlled,
(&) the smount and age of the blocd can also be
controlled according to the need in cese of
voluntary immunisation wheress in routine trans-
:fusions this is not practicable. However, it

may be concluded from the sbove c¢linical and ex-
sperimental/
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experimental findings that sporoximeately 507 of
the people may produce anti-bL =fter o asingle treans-
tfusion end it h=s generslly been accepted thet in
sddition to ABC groups, the D antigen of the Rh
system must be considered in all cross matching

tests,

Blood fretors giving rise teo iso-immunisation

less frecuently

“hile the importence of antigenicity of D
factor hes been established beyond doubt, no
definlte concluslons have been resched sbout the
relative entigenicity of the other fectors of the
Rh system and other new blocd factors. Originelly
it was thought thet sensitization due to these sc-
called 'less entigenlc' fasctors was very rare and
ilener(1654) steted that sensitlzetion due to C,
®, ¢, o, Fy, K, 5 etec., are the nature of 'medical
curiosities’'. Following the publicetions of
numerous reports on ceseg of iso-immunisation
against these blood factors by seversl workers
during recent yesrs, 1t hes been found thst these
entl ens are not 8o 'weak' ns they were origineslly
thought to be. In a series resulting mainly from
trensfusions Spelser end Kolbl(1962) detected 92
cases with anti-D antibodies and 40 with antibodles
other then pure snti-D, In similar series of

Vogel(1954) end thet of Kellner(l955) the pro-
:portion/
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proportion of pure anti-D to antisers other than
pure anti-D (exeluding enti-A, -B, -0 or -H, un-
:identified antibodies, high titre cold egglutinins
and panagglutinine) was 95:105 snd 24:37 respective-
ily. These latter sntibodies included anti-C, -
(in addition to anti-D+enti-C end anti-D+enti-E),
-c%, -¢, -e, =K, -Fya, -Fyb, -Jke, -M, =N, -8,
-Les, =Leb and anti-P. Levine et 21(1966) in
reviewing the results of these series and comparin#
them with thet of their own (a series comprised of
partielly selected samples) stated that anti-c,
anti-& and anti-Kell can no longer be considered
rere asntibodies. As for anti-Kell this is con-
:firmed by the findings of Grove-Rasmussen et =al.
(1954) and Bowley(1955) who repcrted 36 and 28
cases respectively during the last few years.
Melone and Dunsford (1951) reported 12 cases of
pure anti-E as a result of pregnancy and transfusio¢n.
Anti-c sera 1s rather a common finding and 1t is
one of the four masin Rh antibodies that are used
in routine genotyping. However, Levine and his
assocliates (1956) found 177 atypical antibodies
(other then anti-D, -CD and anti-DE) and 43 of
them were anti-c. The antigenicity of C and E
in relation to D factor may be understood from
the observations of Race (MRC Memo., No.27) that

most Kh-positive bloods belong to CDe/cde or
CDe/CDe,/
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CDe/CDe, but those individuals of type cde/cde who |
form anti-Rh 60% form snti-D, snd anti-D4anti-C
occurs together in sbout 30% of all enti-Rh sera
and anti-D+anti-& in about 2%

A limited number of investigations havé been
carried out to immunise volunteers against blood
factors other thsn D. Van Loghem(1947) was able
to produce anti-C eand enti-£ without anti-D in

Rh-negative (cde/cde) volunteers by repe~ted in-
:jections of Cde/cde and cds/cde cells respectively.
Jones et al.(1954) tried to produce anfi-c and
anti-E in sultable Rh-positive recipients by
giving injections every third week, but amongst
a totel of 32 volunteers injected over a period
of one and a half years not one produced the de- |
tsired antibody. On the other hand Johns et al.
(1954) succeeded in producing anti-c in 2 out of
9 volunteers who were given repeated injections
of e=positive blood over a pericd of 10 months.
These authors slso gsve e-positive blood to =
volunteer of the probasble genotype c¢DE/cDE;

after six years anti-e was found for the first
time. Van Loghem and his associates(1953)
peinted out thet the order of antigenicity within
the Rh system to be D>E >C and d< e< c¢. Race
end Senger(1954) sttenmpted to immunise volunteers

egainst a number of blocd group antigens. Most
of/
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of the volunteers were given 4 injections of 1 ml.{
of bloo& at 3 months intervals; none of them . ‘
produced antibody and these results are given
below.
21 MS/MS volunteers falled to produce anti-s
- 34 CDe/chE volunteers failed to produce anti-d
18 candidates failed to produce anti-Fy"
13 candidates falled to produce anti-Fy°
16 candidates failed to produce anti-Jk® 1
12 candidates falled to produce anti-ka
From the above findings it can be stated that
though volunteers sre immunised with difficulty by
injection of these 'less antlgenic' blood factors,
sensitization due to these antigens as 2 result of
blood@ transfusion is not rare; Although the
antibodies against most of these factors have been
found to give rise to haemolytic transfusion
reaction and/or hsemolytic disease of the newborn,
only the C and K sntigens (in addition to D
antigen of the Rh system) are screened in the

cross matching tests at present =2nd thast only in

selected cases viz., when the recipients are Rh-

|52

negative. This procedure of screening of C and |

entigens only partislly prevents the possible

immunisation sgainst these antigens since in D-

poasitive reciplents these antigens are not

routinely checked and therefore, for exsmple,
CDe/CDe/ |
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CDe/CDe end CDe/cde recipients mey be transfused
with cDx/cDE or c¢DE/cde blood or vice versa and
anti-x or anti-C may be developed ss the case may
be. Thus some of the B85% of the D-positive
populstion are exposed to the risk of lmmunisation
against these antigens. Surprisingly enough, no
anti-C or anti-E wes found in the present invest-
tigation. It seemes from the present observation
as well as from that of Ven Loghem(1947) and Jones
et al.(1954) (steted sbove) that Rh-negative
persons (cde/cde) sre more prone to form anti-C
and anti-& then suiteble Rh—poéitive persons.

gxpected Incidence

The most relisble method for determination
of the incidence of iso-immunisstion due to blood
group antigens which are not at present routinely
screened, would be to genotype fully the donors!'
and recipients' cells. The exact rate of
'"incompatible' transfusions in relstion to varlous
blood factors would then be known, and then the
reciplent's sera be examined to detect complete
and incomplete antibodies after an approprizte
interval. This procedure unfortunately, is not
at present practicable. Altern=tively, by
making use of the following gene frequency table
(Rece and Sanger 1954) the chences of incompstible

transfusion regarding these blood factors may be
calculated/
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Gene Frequency Teble (Race and Sanger,1954)

Blood group
system
Rh C-0.4198 D-0.5897  E-0.1554
¢-0.5673 d-0,4103  o-0,8446
c%-0.0129
MNSS M-0,5316 $-0.3274
N-0,4684 8-0.6726
P P-0.4901
p-0.5099
Luthersn Lu®-0.0400
Lu®- 0.9600
Kell K-0,0450
k-0.95850
Lewis Le(a b-)-0.2238
Le(a-b )-0,7161
Le(a-b-)=-0.0601
Duffy Fy®-0,4143
Fy®-0.5857
Kidd Jk"-0,4982
Jx°-0,5018

If for example, the D factor of the Rh-
system is not taken into account in the compat-
t1bility test, the incidence,in a2ll transfusions
given,of D-negative people getting D-positive bloot

mey be calculated thus:
(Frequency/
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(Frequency of dd) x frequency of gene D, or
(0.41)% x 0.59 = 107 (approximately).

If iso-immunlisation would occcur 1in every case
of incompatible transfusion, 1ts incidence due to
various factors could be calculated in a similer
way end it would be approximately as follows:
C-13%, r-11%, c-10%, d-14%, e-2.5%, K-4.5%,
k-0.2%, Py®-14%, FyP-10%, M-12%, N-13%, S-15%,
s-7%, [nu-4%, Lu®-0.2%, Jk®-12.5%, Jk°-12.5%,

The sbove calculated values of the incidence
of iso-immunisation are based on the transfusion
from a single donor and the incidence will be pro-

iportionately high with the number of donors used

for each recipient.

Cbserved Incldence

In the present study an attempt was made to
detect all possible ceses of lmmunisstion due to
c,e,D,d,5,e,M,N,S,s,P,K,k,Fy®,Le® and Le® blood
factors and therefore test cells containing all
these antigens were used during the @hole invest-
tigation. In the limited series of 302 post-
transfusion ssmples, one example each of anti-e,
-e, -K, and anti-LeP and two of anti-Fy® have been
found and none of these entibodies could be
detected in the pre-trensfusion samples of the
recipients. .

y If it 1s sssumed that all the blood factors
are
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are equally antigenic and using the est2blished
fact that 50% of the D-negative individuals become
sensitised (thus 50% people being susceptible) one
could expect that sensitization due to other blood
factors would occur in approximately 50% of the
calculated values (this will be more if the
patient 1s trensfused with blood from more then
one donecr, and the risk due to pregnancy 1is con-
:sidered). However, the observed incidence 1s
far below the figure that could be theoretically
expected, This difference between the observed
and expected incidence can not be exrvlained by
the weakness of the antigens, because in sus-
iceptible persons a single transfusion may produce
antibodies against so-called 'weak' entigens.
This fact has been observed in the present study;
two patients (Cases 3 and 152) developed anti-K
and anti-¢ respectively due to the present trans-
:fusion and neither of them had any previous
history, suggestive of immunisation. On the
other hand, there were three cases of aplastic
enaemia who had multiple transfusions (an 'ideal
condition' for the development of antibodles) but
none of them produced any antibody.

Thus it apresrs that some other factors may
possibly be responsible for these discrepencies

between the results of expected and observed
incidence/ '
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incidence of iso-immunisation.
These factors are:
(1) Those suggested by varlous workers e.g.
(a) Heriditary (Hirszfeld,1926) or '
K-factor (#liener,1846b).
(b) Nutritionel (Cannon et 21.1943).
(¢) Hormonal and nutritional (Unger
and Wilener,1945).

(2) Thaet appropricte administration of an
antigen in embryonic life results in an
acquired specific tolerance to that
antigen so that 1n later 1llfe the
individual will not produce antibody to
it,. In favour of this view are the facts
that -

(2) Buxton(1954), and Horowitz and Owen
(1954) were able to induce specific tolerance to
antigen by injecting it in animals at a particular
stage of embryonic life.

(b) In relation to the question of why
only some of the women of Rh-negstive type who
produce Rh-positive offsoring are immunised by the|
D sntigen, Owen et al.(1954) in an exsmination of
seroloyical dasta found that the Rh status of the
woman's mother was significant. Rh-negative
women who were married to Rh-positive husbands

and had experienced three pregnancies were dilvided
into/




;. i O

into those who had Rh-positive and Rh-negative
mothers., fmongst 29 who had Rh-positive mothers,
25 had not produced antibody (86%), while 22 with
Rh-negative mothers only 9 had falled to produce
antibody (41%), The difference is significant
and suggests that many of the first group had been
conditioned to tolerate D antiéen by exposure to
it in utero.

(3) That the results of the present study may

not be a true representation of the

incldence of iso-lmmunisation as a

result of transfusion because,

(2) The time of eppesrance of immune
antibodies is variable and in some patients there
may be 2 considerable delay before agglutinins
become evident. As a general rule, antlbodies
develop during the second week following the
antigenic stimuli, but Pickles (cited by Mollison,
1956) observed that the best time for examination
of the sera for the presence of antibody was 20
weeks after transfusion. However in approximatel]
half of the cases in the present series, post-
transfusion samples were examined for the second
time on the fourth week following transfusion but
no antlbody'was detected which could not be found
in the earlier examination of the post-transfusion

gamples (on the second week).

(v)/
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(b) It is doubtful whether all the anti-
:bodies can be detected by methods used at present
In three cases, symptoms and signs, suggestive of
haemolytic reactions developed following blood
transfuslon during the present investigation but
no antibody could be detected in the sera of two
of these cases even on repeated examinations.
However, the post-transfusion samples 1n these
cases could not be tested against fresh donors'
cells and thaet may be the cause of fallure in
detection of any antibody (see part II).

The third case (no. 281, Table IIi) develop-
:ing a haemolytic reaction, had a transfusion of
blood three years back and although no antibody
could be detected in her pre-transfusion serum
(in relation to the present transfusion) it 1is
obvious that the antibody developed as a result
of previous transfusion (in view of the haemolytic
reaction due to present transfusion) and the
antibody being in a "latent state" could not be
detected by the methods used.

Although the incidence of iso-immunisation
(with regard to blood factors that could be
included in the test panel) 1ln the present series
i8 much less than what could be theoretically
expected, 1t 1z higher than most of the results

obtained by different workers during routine bdlood
bank/

;
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bank work dealing with investigations on trasnsfusig
resction and cross matehing difficulties.

However, 1n an investigation similer to the
present one, Callender and Paykoc(1946) examined
the post-transfusion sesmples 10 to 14 days follow-
:ing trensfusion in 100 patients and found that
two persons were sensitized. One of them was
Rh-negative and was immunised against D factor
while the other was Rh-positive and was ilmmunised
against severel blood factors, This is an in-
icidence of 1% ilnmmunisstion against blood factors
other than D, but this would only be found if the
blocd samples are examlned 1n each case after
routine trensfusion. These suthors could not
epply Coombs'! test in thelr investigation, and in
that case 1t may be expected that the incidence
would be higher.

Kilduffe and DeBakey(1942) compiled the
results of 43,284 blood transfusions by 18
different groups of workers. There were 1.8
haemolytic rescticns in everylOOC transfusions.
Speiser end Kolbl(1952) found etypical antibodies
(including anti-D, -CD, -ED) in the sera of 132
individuals resulting mainly from transfusion.
during 1948-51 (the number of cases investigated
not mentioned). Kellner(1955) detected 76 cases

of 1so-immunisation due to various blood factors
in/ |

n
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in 2 serles of 14,755 consequtive blood transfusions.
lMore recently, %allace(1956) reported 13 immune
antibodles specific for antigens other than A, B
and Rh(D) in a series of 13,000 recipients.

Most of these results cennot be compared with
that of the present study because (1) the incidence
of hsemolytic transfuslon reaction is not the same
ags that of lso~-immunisation, since every case of
Immunisation may not necessarily give rise to
transfusion reaction. (2) in some of the series,
the samples were partially selected and included
cases of sensitization due to pregnancy. However,
1f these results are snalysed and only the blood
factors against which sntlibodles were expected to
be found in the post-transfusion samples of the
present series (i.e. blood factors contasined in
the standard cells excluding the D antigen) are
taken Intc account, the incidence of iso-lmmunis-
tation will be 0.1 to 0.2 per cent. On this
basls, iIn the present materisal of 302 post-
transfusion samples, six ceses of 1so-immunisation
were detected - an incidence of 2% - which is
significently higher than those reported above,
and this observatlon indicates that much higher
incidence would be obtalned if post-transfusion
samples asre examlined systematicsally rather than

in response to a specific indication (e.g.
reaction/
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reaction or technical difficulty during compat-
:1bllity testing).

Of these six cases, case 14 (Table III),
whose serum contalned anti-e, suffered from auto-
immune haemolytic eanaemies while in the remaining
five, sensitlisation occurred as a result of
transfusions. In two of the latter cases (Nos.
3 snd 182) the present stimulstion appeasred to be
the sole cause of lmmunisation becsuse, one of
them a male patlient, had never been transfused
and the other a female patient, who developed
antl-K antibody, had no history of previous trans-
sfusion and slthough she was parous, her husband
was Kell-negative. The remaining three coses
(Nos. 211, 267, and 281) had previous transfusions
which msy have produced susceptibility to immun-
:isation without producing detectable antibodiles
(which may be the probsble explanation of not
finding any antitody in theilr pre-transfusion
samples) .

The relation of immunisation in these six
coses to previous trensfusions end/or pregnancy

are summarised in the following taeble.
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Ne history
of previous
stimulation

Previous
history of

trensfusion
|alone

History
of

pregnancy

alone

History
of trans
-fusion
and

pregnancy

Total

Number of
pre- and
post-
trans-
fusion
samples
examined

133

42

111

16

302

Number of
ceses in
which
immune
antibodies
were de-~
tected for
the first
time

g2 (1)

‘the figure in parenthesis indicates cese 14.

(auto-immunisation)

It should be noted that these slx cases do
not include case 271., who developed anti-D
as a result of pregnancy.
discussed under anamnestlc reaction
(see later).

This case is
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If the cccurrence of ilsc-Immunisation is
compared smong the petients with e previous
history of pregnancy and/or treansfusions and
among those without such history, it will be
found that three out of 169 of the former group
(1.8%) and two out of 133 of the latter group
(1.5%) were immunised. This difference is not
of much significence end it 1s of interest to note
that the msjority of the fermer group consisted of
women with history cof pregnancy alone. If however
one compares the incidence among those who head
previous transfusion and those whe haed not, it
will be found thet three (5%) (excluding case 14)
of the 58 previcusly transfused petlents (1inelud-
:ing 16 who had pregnaency slsc) and two (0.8%) of
the 244 patients who had no history of transfusion
were immuniczed. These results sasre shown in the

following table.

Cases with no |Cases with history
history of of previcus
previous transfusion
transfusion

Total number

of cases 244 58

; Number of csses

immunised 2 3

. Percentage of s

immunisation 0.8% 5%

" Suchy/
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Such a difference 1s highly significant and
confirms the previously established fact that the
incidence of lmmunisation will be much higher
among the previously transfused patients than
among those who had never been transfused. This
observation in particular, is of importence because
the number of hospital-admission of petlents for
whom blood is reguisitioned more than once, 1is
constantly increasing - a fact which is emphasised
by the present observation that 58 (aprroximastely
20%) of the total 302 pstients, sctually trans-
:fused, had received blood at a previous admission,

The above findings also support the observat-
:ion of Mollison (MRC Memc., No.27) that transfusion
is a better stimulus than pregnancy.

Although 1t was noticed that iso-immunisation
occurs more commonly among previously transfused
patients, 1t is of interest that ths present study
does not confirm the common belief that patients
receiving multiple spaced transfusions are more
prone to be lumunised. Of the 58 previously
transfused patients six had only one previous
tranafusion and four of them were sensitized (see
Fig.2) end contrary to the expectation, no anti-
:body could be detected in the seras of the remain-
iing 52 patients although ell of them had more

then one transfuslion and several had multiple
{(more/
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(more than three) spaced transfusions. This
observation suggests thet individval susceptibilit
1s more importent than the multiplicity and spacin
of transfusions in determining the indidence of 1so-
immunisation in case of routine blood transfusion
in hospitel prectice.

Since it 1s not practicable tc screen all the
sntigens involved in causing iso-immunisation nor
to determine the individuel susceptibility at
present, it may be conecluded in view of the above
findings that -

(1) blood transfusion should be practiced only
when properly indicated, keeping in mind that the
chance of immnisation 1s grecter in previously
transfused patients; (2) consideration should be
given to the advissbility of introducing s routine
sereening for antibodies (a) after the second
transfusion in patients who are likely to require
blecod in future,. (b) after transfusion in women

who are likely to have further pregnancies.

Ansmnestlic Resction

A non-specific rise was cbserved in two
cases (Nos. 267 and 271) where the anti-D titres
increased following the transfusion of D-negative
blood. Opinion veries as to the effect of non-
specific stimuli on the titre of antibodles.

| van Loghem(1948) used triplo and tetra-veccines

as/
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| immunised Rh-negative mothers he could not find

=S
as non-specific stimuli and consldered that

suitable volunteers for immunis=tion to Rh could
be selected by choosing those who gave clinical i
reactions to preliminery injection of vaccine. |
Wiener(1951b) on the other hand, wes unable to
confirm the phenomenon of snemnestic rise of

antibody titre, as in eleven cases of previously

any rise of antibody(anti-D) titre as s result of
pregnency with en Rh-negative foetus. Cochreane
and his co-workers(1950) however, were asble to
demonstrate the rise in enti-Kell antibody in a
mother following the birth of a Kell-negative
baby, the mother was previously sensitized by
transfusion of Kell-positive blood.

It seems from the above findings that in some
cases at least, there may be & rise in antibody
titre by non-gpecific stimull end this point should
be taken into consideration in all ceses of
sensitized pregnant women requiring trensfusion,

since the non-specific rise in the antibody titre

even after competible blood transfusion may pre-
icipitate or aggravate the haemolytic condition |
in the foetus. .

Persistence of antibody

Once developed, snti-D antlibodies persist in ‘
|
|

the circuletion for very long perlods; for ex-

tample, Stratton(1955) reported a case in which

enti-D/ ‘
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eanti-D was found in a woman 38 years after her
last pregnaney. In the present series, anti-D
wag detected in the sera of a men (Cese B67) after
7 years following the transfusion of 2 bottles of
blood. The persistence of antibodies 1s of
importance because, if an antibody other than
anti-D develops it may elso remein in the cir-
tculation for some considerable time end the use
of Rh-negative group 0 blood without cross match-
:ing test (as sometimes done in case of extreme
emergency) may not be safe,

'Dosage effect!'

The serum of case 1l4. contalning esnti-e
antibody showed 'dosage effect'. Such effects
have also been reported in cases of, anti-M by
Landsteiner and Levine(1928), anti-E by lialone
and Dunsford(1951), anti-S by Levine et al.(1952)
and enti-Fy® by Race snd Senger(1954). These
observations suggest thot care should be taken in
selecting test cell panels, since some of the
entisere, particulaerly with low titres may give
rise to false negative results with heterozygous
cells (in relation to the 2ntigen concerned).

Specific irregular cold agglutinins

From the results of present investigstions

as well as from those of other workers, it seems

thet anti-Lewis (particulearly anti-Lea] and anti-P
eantibodies/
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' entibodies ere more common findings in the humen |

sers then enti-¥ and enti-N, In the preasent
series of 712 samples no anti-M or anti-N waes de-

ttected while enti-Lewis antibodles were found in

'epproximetely 1.6% of the cases exemined - an in-

:cidence higher than previously reported results.

' Kissmeyer-Nielsen snd his co-workers(1955) found

68 anti-Lewls entibodies in & series of 17,000 '

' ceses - an incidence of 1 in 30C, The frequency

' of anti-Lewis entibodies in the present material

mey be caused by combination of two fectors:
(1) antigenic structure of test cells - Le(e+) and;
Le(b+) cells having been used during the whole

investigetion, (2) and testing sll the sera at

' room tempersture. (In Kissmeyer-Nielsen end his |

co-workers' series 1,200 samples were tested at

jroom temperature). Anti-Le" 1s  far commoner

then anti-Leb

a8 noted by Fettenkofer and Hoffbeuer
(1954) snd this has also been observed in the

present series that the proportion of these two

Ientiboaloa was 8:2,

Although some of these pstients with anti-

| Lewis antibodies in their sers had histories

suggestive of previous immunisstion, it seemed from

| the nature of reaction that 2ll the entibodles

(with the exceptlion of immune antl-Lab which de-

:veloped in the sers of case 211. following/
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following the present transfusion) were of
spontaneous origin. Only one of these antibodies
caused heemolysis of specific red cells on trypsin |
treatment, a finding at variance with theat of
Hosenfield end Vogel(1951); the low potency of
most of the anti-Lewlis antlibodlies in the recent
gseries may be the cause of difference between theaé
findings. It is a common experience that anti-A

and anti-B titres rise after ABO incompatible

transfusion end one could therefore expect thet

such a rise would occur in cases of incompatible |
trensfusions in relation to Lewis blood groups. f
On the contrary, none of the six patients with
anti-Lewis antibodies in thelr sera who received
Lewls incompatible blood showed any rise in
antibody titre - which indicates that the titres
of all types of naturally occuring entibodies do
not rise following specific stimulation. It wes
also noted that none of these petients suffered
from any reaction following the transfusion.
Anti-P antibodies were detected in the sera
of only two patients - a low incidence since,
| Henningsen(1949) found thet if enti-P 1is looked
for with a sultably sensitive technique, anti-P
antibody could be detected in the sera of P-neg-

:ative persons with a regulsrity almost approach-

ting that of agglutinins of the ABO system.
| However/
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However, no special sensitive technigue (as
recommended by Hennlngsen) was used to detect
anti-P, but it can be stated from the results of
the present observation that snti-Lewils sntlbodlies
are more readily detected than anti-P,.

Although the naturally occurring anti-Lewis
and anti-P antibodies are not clinically 1mportanti
they may give rise to confuslon in cross matching
tests and this point should always be considered
in cerrying out these tests particularly when they
sre done at room tempersture. ’

Non-specific cold agglutinins

Non-specific cold agglutinins were found in
about 79% of the pre-transfusion ssmples, The
majority of the patients with cold agglutinins in
their sers received blood transfusions during the
present investigation but only one case, s case of
haemolytic anaemias, (Case 14.) showed any rise of
cold agglutinin titre in the post-transfusion
sample. No correlation hetween the presence of
low titre non-specific cold agglutinin and disease,
age or sex of the patient or previcus history
suggestive of 1mmunisation wes observed. However,
it was noted that the cold agglutinin titres in
group A, B, and AB persons were comparatively
higher than those in group O persons - a similsr

observation made by Mollison(1956).

Relative/
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Relative merits of different methods used for

detectlon of incomplete sntibodies

Of the methods used for the detection of

incomplete antibodies the albumin method was found

detect antibodies not only of the RKh system
(anti-e¢, Case 152) but also anti-Kell (Case 3) and|
anti-Fy® (Cases 267 and 281).

Trypsin-treated cells are said to be very
suitable as far as the asntibodies of the Rh system
are concerned end Rosenfield and Vogel(1951) and
Wiener and Ketz(1951) reported that they did not
observe an instance of "Rh-Hr sensitization" thet
had not been detectable by trypsin-treated cells.
Hovever, it wes rether unusual that an anti-e
antibody (Case 14) in the present series could not
be detected by trypsin-trested cells and it seems
possible that on very rare occasions trypsin-
treated cells may fall to detect some of the
antibodies of the Rh system.

The importance of the indirect Coombs' test
for the detectlion of incomplete antilbodies 1is well
established and this hes been demonstrated in the
present series that anti-K (Case 3), anti-¢ (Case

152) and anti-Fy® (Cases 267 and 281) could not

have been detected if the indirect Coombs' J

;a?hnique had not been used, It should be noted
n
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in this connection that the dilution of anti-humani
globulin sera which 1is optimum for the detection !
of Rh antibodies may not necessarily be always the
same as for the other blood group antibodies (c.f.i
Case 28l1) and it 1s therefore ilmportant to put up |
controls wiﬁh.other blood group factors (e.g. Kell,
Duffy) in addition to D factor in carryling out
Coombs' technigue.

Although the results of the simplified papain
method compared favourably with those by indirect
Coombs' technique, 1t 1sg difficult to draw any
conclusion from the results of the present series
(as well as from those of Tribedl and Crosbie's
series in which the same batch of papsin was used)
because one batech of paspain was used during this
investigetion end 1t 1s known that the activity
of different batches of papain may vary. However,
since the papain method used in this investigation |
is simple, sensitive and less time-consuming,
further triesl nith different batches of papain
may be carried out by other workers to confirm
the results of the present findings.

In view of the above observations, it may be
concluded that until the perfectlon of some simple
method (e.g. Pepain method), Coombs' testlmust be
used to detect incomplete blood group antibodies f

if sensitizstions due to various blood fectors are

to be detected. |

SUMMARY/
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SUMMARY

An investigstion hes been carried out to
observe the incidence of 1so-immunisation as @
result of routine blood transfusion. By the use |
of various methods and standard cells containing
most of the clinically important blood factors,
an attempt has been made to detect as many as
possible of the cases of blood group sensitivity
resulting from transfusions covered by cross
match%ng tests at present in use,

To establish that sn antibody detected in
post-transfusion sample, vas not present in the
patient's serum prlor to the present transfusion,
s pre-trensfusion sample of every prospective I

recipient was screened.

In exemining the sera of 712 such recipients,

non-specific cold agglutinins were detected in

79% of cases. Bleven patients showed anti-Lewis
and tvo anti-P antibodies in their sera - all of
which seemed to be naturally occurring. Some of
the patients with anti-Lewls antibody in their

sera received Lewis incompatible blood trensfusions
during the present cbservation but there ras no
reactidn or rise in anti-Lewis titre in any of

these cases following transfusions.

The significance of these antibodies in

carrying out cross matching tests has been

stressed.
Six/
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Six of the 302 patients who received blood
transfusions during the present investigation
developed immune antibodies of different specific-
tities - an incidence of approximately 2% which
is much higher than the published figures obtained
during the course of routine blood benk work deal-
:ing with the investigations of transfusion
reactions end oross matching difficulties.

As expected, 1t was found that the incidence
of Immunisation among previously transfused
patients 1s much higher thean among those who hsad
no previous transfusion. It was also noted that
individual susceptibility 1s more important then
the number and spacing of trensfusions in deter-
:mining the incidence of 1so-immunissation.

Importance of these findings in relation to
the incréasing number of "repeat" cases in routine
transfusions in hospitel prasctice has been discussed.

An observation in the present study that
transfusion is a better stimulus than pregnancy
supports the similsr finding of previous workers.

It has also been found that every case of
bloocd group sensitivity cannot be detected by the
methods used at present.

In two cases an anamnestic rise in antibody
titre was observed - a fact which mey be of

importance/
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‘importance in the trensfusion of pregnant women.
The relative merits of different methods for the
detection of incomplete antibodies have been
compared. It was noted that the optimum dilution
of the Coombs' serum for the detection of different
incomplete antibcdies may vary. |
A simple papain method which has been found
to give satisfactory results, comparable to those

by Coombs' test, 1s described.
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Introduction. g

With the discovery of various blood group

 systems, e test cell panel 1is becoming en incress-

::1ngly importent necessity in the resesrch lab-

. :orstories dealing with blood group serology.

| A test cell panel 1s also an important tool of thei
equipment required in routine blood bank work to |
- solve the incressingly frequent problems of trens-
:fusions 1n patients with blood group sensitivity.
| As erythrocytes lose their asgglutinesting property i
| with storage, 1t has been necessary to draw fresh i
f blood samples from the decnors st frequent inter-
tvals to maintein such a cell panel.

The recent discovery of a method of preserv- .
| :ing cells by freezing in presence cof glycercl has!
| been of greet value, as 1t has permitted 1aborator?
5 storege of blood group antigens for prolonged |
periods. Preservation of cells in frozen con-
tdition followed the discovery of Polge, Smith and;
| Parkes(1949), thet spermatozoa survived freezing
for long periods if treated with glycerol. This
discovery was extended by Smith(1950) who observed
' that in rabbit and humen blood diluted with equal

| parts of 30% glycerocl-saline, and frozen at -79°C. |

the red cells did not undergo the haemolysis
usually/
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usually caused by freezing and thawing. Human
red cells so trested can be freed from glycerol
and recovered in apperent normal condition in
yields of 80 to 90% of their original number
(Sloviter,1951). Mollison and Sloviter(1951)
first used this method for transfusion studies in
' man and they found no significant effect on the
post-transfusion survival of red cells stored at
-79°C. for two to three hours. Subsequent work
- on the storage of red cells in the frozen state
was reviewed by Mollison, Sloviter and Chaplin(19562)
who described the results of experiments in which
' red cells were stored st -15°C. or -79°C. for six
months end then used for tresnsfusion. Krijnen
end his collsborators(1962) using this method

' observed the effects of such freezing at -79°C.

- on the agglutinability of the red cell antigens

| (A, B, M, N, 8, C, D, E, o, Le?, Leb, Fy®) and
found no change during a2 storage period of four

| months., 'he method hes since been elaborated
and rapldly developed by several workers end it
hes now re=ched the stage of considerable practical
use for preserving red cell samples. Chaplin,
Cutbush, Crawford and Mollison(1954) preserved
red cells in glycerol-citrate mixture st -20°C.
and observed thst the red cell antigens (2, B, D,

c, &, M, N, S, Le”, Lebs Lu", Fyar K) rercted

specifically,
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specifically with blood group sera even after =a
year although the resctions were only slightly

- diminished. Grove-Raesmussen et al.(1953) used
both glycerol-citrate sand glycerol-lactate

| solutions as advocated by Brown end Hardin(1953)
end preserved the cells at -16°C, to -18°C. and

. found no chenge in agglutinability in a wide range
- of blood group antigens during a 20 week storage
period.

Thus 1t i1s well estsblished that the red cells
| frozen in glycerol maintain their specific egglut-|
tination resction (with respect to almost all the
blood group antigens) for prolonged periods. In
the present method therefore, glycerol-treated
frozen cells were used as controls,

While 211 the workers agree on the stability
; of specific sgglutination reaction of the red cells
f stored 1n frozen condition, opinions very to
- such effect on their storage in citrate solution
at 4° - 6°C.

Hattersley end Favwcett(1948) used ACD and
| Alsever's solutions and found them suitsble for
preserving whole blood of various antigenic types
for sporoximately seven weeks. Wall end his
associstes(1950) used modified Alsever's solution
and they did not find any decrea2se in agglutin-
:ability/
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egglutinability (with the exception of A, cells)
within two months. Simmons and his co-workers(1951)
used & glucose-citrate solution in distilled water
(modified Rous-Turner solution) in their anthro-
:pological studies and were able to preserve

- agglutinebility in their blood samples for more

| then six months. Nijenhuls(1953) on the other

! hand, used Simmons' solution and observed that the

- agglutinability of the red cells deteriorated after

a storage period of only one and a half weeks.
Kooptzoff(1954) stored blood in four different

.fluids at 4° -6°c, and exsmined them at three day
intervels up to 21 deys =nd found that sgglutin-

| 1ebllity of all the red cell antigens (A, B and D) |

decre~rged on storage in 2ll the solutlons studied.

The above results are summarised in the

| following Table/
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Authors Preserving fluide Antigens studied| Agglutinability of
stored antigens
Hattersley ACD and Alsever's A, B, D Maintained up to
and solutions seven weeks
Fawcett(1948)
Wall and Modified Alsever's Ay, Apy B, D Maintained up to
his asso~ solution two months
ciates(1950) (except Aj)
Simmons and Modified Rous-Turner Ay ,A2,B,M,N,S, Maintained up to
his co- solution b six months
vorkers(1951) Jouhyl oD G R,
c,e
Ni jenhui s3 Modified Rous-Turner 4 ,8,C,D,E,c, Decreaczed after
(1953) golution M,¥,8,P,K,Fy® ;n:k and half
Kooptzoffs 1, ACD solution A, B, D Decreased within
(1954) 2. Rous~Turner 21 days in all
solution the solutions
3%« ACD solution used
streptomyecin
4. A mixture of
sodium citrate,
penicillin and
streptomycin
in =o0lid state

Crawford, Cutbush and Mollison(1954) compared the agglutinability of red celle
from clotted semples, end thoese preserved in ACD solution, and frozen in glycerol
at -20°C,, and in view of their findings, recommended that if red cells are to be
kept for more than two weeks, it is best to precerve them in frozen condition at
-20°C, in precence of glycerol.

The/



The question of stabllity of agglutination
reection of red cells preserved in ACD solution
is of impoftance because, blood samnles stored in
such solution are often used for grouping end
cross matching tests. Moreover when o0ld cells
stored in ACD solution are used for the detection
of cases of blood group sensitivity, sntibodles
may be missed - s probasble explenation of the
cause of fallure to detect antibodles in some
cases of apparent haemolytic resctions (see Part 1).

Under the circumstances, it is worth study-
ting the problem in more deteil and investigations
nere therefore undertaken to observe the loss of
egglutinability on storage under blood benk con-
tditions using high titre antibodies against a

number of red cell antigens.

MATERIALS AND METHODS/



MATERIALS AND METHODS

BLOOD SAMPLES

first Series:

Blood from donors with previous history of

| melaris were selected as they are not used for
trensfusion purposes. 400 ml., of blood was with-
:drawn in the usual way in MRC bottles esch con-
iteining 110 ml, of ACD solution (Dextrose - & gm.,
Trisodium citrate - 2,7 gm., Distilled water -

100 ml.) end stored at 4° - 6°C,

Second Series:

In this series specimens were obtained during:
routine withdrawal of blood from the donors in
specislly sterilized one ounce vials with striect
aseptic precautions., 10 ml. of blood wes with-
tdrawn in each visl containing 2.8 ml. of ACD
solution. The proportion of blood end ACD solut-
tion was therefore the ssme 2s 1n case of with-
tdrawel of blood for trensfusion purposes. These
samples were also stored at 4° - 6°C.

Glycerol-citrate Mixture:

It wes prepesred by mixing 4 volumes of
glycerol and 6 volumes of 5% trisodium eitrate
soiution.

Methods used for freezing the cells in

glycerol-citrate mixture and their recovery after-
twards/
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afterwards are those of Mollison, described by
Race end Sanger(1954).

Freezing of Cells in Glycerol-citrate Mixture:

Donor's blood (First Series), stored at
4° - 6°C. were usuelly obtained from the Blood
Trensfusion Service on the third day followlng
collection. On receiving the bottles, viscaps
were removed and 20 ml, of blocd was withdrawn
' from esch bottle with aseptic precautions with a
syringe, by piercing the rubber dlasphragm. After
replacing the viscap the bottle containing the
remeining portion of blood wes immedietely re-
:moved to the cold storage room (4° - 6°C.).
10 ml. of blood from the syringe was placed in
each of the two sterile teét tubes and centrifuged
at 3,000 rpm. for 30 minutes. The supernatant
plasma was removed as completely as possible and
one ml., of packed cell was placed 1in each of 8
sterile test tubes. (The remsining portion of the
blood was used to find out the initial titre as
stated below). To easch of elght test tubes con-
ttaining packed red cells one ml. of glycerol-
citrate mixture was added drop by drop with con-
ttinuous agitation. The tubes were then stopper-
:ed and frozen at -20°C.

Recovery of Cells:

Four solutions containing respectively 16%.

8%,/
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8%, 4% and 2% glycerol (w/v) in 3% citrate solut-

- tion were prepared. On every fourth desy one tube;
of blood was thawed by placing it in a2 water-bath
et 37°C., and then centrifuged at 3,000 rpm. for

10 minutes. The supernctant fluid wes replaced
by a solution (about ten times the volume of the
packed cells) containing 16% glycerol in 3%

- sodlium citrate. The solution and red cells were
'mixed and then immediately centrifuged again,
supernatent fluid removed and the whole process
repeated with 8%, 4% and 2% glycerol in 3% citrate
:aolution. Finally, the cells were washed with
saline.

Titration:

First Series:

On the third dasy following collection of
blood, titration was done on cells left after
preparastion of glycerol-citrate-cell mixture
' (initisl titre). The cells were wrshed twice
and a 2% suspension was made in saline. There-
tafter on every fourth dey (up to 35th day)
titrations were carried out on thavwed and washed
cells (from frozen srmples) making e final 2%
suspension in saline. In parallel to this,
similer titrations on cells taken from the
original bottle on each occasion were also done.

For/
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For this purpose one ml. of blocd was withdrawn
from esch bottle in the same way as described above
and centrifuged, supernatent plemsme vas removed,
the cells were washed twice and a 2% suspension
was made in s“line,
Titratione were cerried out in tubes using

| the doubling dilution methed. In case of As Ag
and B antigens the tubes were incubsted at room
temperature for 30 minutes. For the D agglutin-
togen, saline acting enti-D semwm was used and the
tubes vere incubsted at 37°C. for two hours.
The results were rend micrcacopically snd the lest
. tube gilving clumps of et least 8 to 12 cells was
recorded as the titre (MRC Memo, No.27). To
'aimplify the Tebles, titres are expressed in
 tubes (units) instesd of in ectusl figures snd
ithe tube number representing actuel titres »re

s follows:

Tube
|number 1 e S | 4 5 6 7 8 :
' Ac
Serum

dilution

(titres) 1:111:2(1:4 {1:8{1:16{1:32(1:64 1:128

For Kell(K) and Duffy(fy®) sntigens blood
specimens were obtalned on the dey of vwithdrawsl
end the initisl titres were done on them on the

same deay. Thereafter for these two antigens,

titres/
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titres were done on every slternste day eand the

' indirect Coombs' method wos employed, as the

enti-Kell and enti-Duffy sera used were of incomplete

- type.

ihe same bateh of enti-sers, respective of

esch blood group wes used throughout the tests,

. Second Seriea:

Blood smmples in thls series were preserved

only in ACD solution and exemined on the day of

‘collaction. A second titration wos done on the

385th desy to observe the devistlon from the initiel
titre. On esch occesion one ml, of blocd was
withdrewn from esch viel, weshed and a 27 suspen-
:slon mede in ssline as described sbove. The
same doubling dilution method was used for
titration, In eddltiocn to seline enti-D, an
inecomplete nnti-D semm wes used: in this cese
the titrastion wss cearried out by papain method.

The bateh of saline anti-D sere used for this

| serlies was different from thet used in the cese

"eells veg checked with control sers. A1l the

of the first series,
gvery day before titration, the specificity

of recction of eech semple of stored red blood |

snti-sers used in this investigestion were specific

in resction.

RESULTS/
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RESULTS

Erythrocytes frozen at -20°9C. in presence of
glycerol-citrate mixture d4id not show many loss of
egglutineting property of the antigens tested up
to 35 days. On the other hand, varylng degrees
of loss of agglutinability were observed on red
cells preserved in ACD solution at - go¢,

51 and Ag antigens

18 group A and three group Az bloods were
preserved both in ACD solution and glycerol-
citrate mixture (GCM). The results of titrations
on these bloods egeinst anti-A serum sre shown in

Tables T and II(a).

Table I/
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Table I

Spelos Days of storage
3 7 11 15 19 23 27 11 35
1, ACD 11 1 11 10 10 10 10 9 9
GCM 11 11 10 10 10 11 10 11
2; ACD 10 10 10 10 9 10 10 9 8
GCM 10 10 10 10 10 10 9 10
5% ACD 12 12 12 11 11 11 10 11 10
GCM 12 12 12 11 12 11 i1 11
4., ACD 10 10 10 10 S 9 9 9 8
GCM 10 10 10 11 10 10 9 10
% ACD 10 10 10 10 9 9 9 9 8
GCM 10 10 10 11 10 10 9 10
6, ACD 11 11 10 10 10 10 9 9 8
GCM 10 10 10 10 10 9 10 10
7« ACD 10 10 10 10 S 9 9 9 9
GCH 10 10 10 10 10 9 10 9
8 ACD 11 11 11 10 10 10 10 10 8
GCM 11 12 11 11 11 11 11 11
9% ACD 10 10 11 9 9 9 8 8 8
GCH 10 10 10 10 10 10 9 10
10, ACD 11 11 11 10 10 10 11 g 9
GeM 11 11 11 11 12 11 11 11
11, ACD 10 10 9 9 9 10 9 8 8
GCM 10 10 10 10 10 10 9 10
12, ACD 10 10 10 10 10 9 8 7 7
GCM 10 10 10 10 10 10 10 10

Table I/




Table I (Contd.)

Sp.lo. Days of storages
3 7 11 15 19 23 27 A 35
13, ACD iz 12 11 11 10 10 S 9 8
GCM 12 A% 12 12 12 11 12 11
14, ACD 11 11 10 10 12 10 10 9 9
GCM i3 X 11 11 p o 8 10 10 11
15, ACD 11 1. AQ 10 10 8 8 8 7
GeM . & GRS - § 11 11 11 11 11 11
16, ACD 10 10 10 9 9 (3} a T 6
GCM 10 10 10 11 9 9 9 10
17. ACD 10 10 ¢ 9 8 8 7 7 y {
GCM 10 10 10 10 10 11 10 10
18, ACD 10 9 9 9 8 9 8 8 8
GCM 10 10 10 10 10 10 10 10

Igble I, Titres on Ay celle on different detes ageinst enti-A serum .
Titres are exprecsed in units(tubes).
ACD end GCM indicate cells preserved in ACD solution at 4° to 6°C..
and cells frozen at -20°C, in glycerol-citrate mixture, respectively

Table IT (a)/



Sp.no. Days of Storege
S 7 11 16 19 235 27 31 S8
j ACD B8 i 6 6 B 5] 4 4 b
GCM 8 a & » & B 8
2, ACD10 &~ % 86 &5 4 3 3 8
GCM 10. 9 9 10 10 g 10 310
Se ACD B <] 53 5 & 4 . 2 2
GCM 8 9 8 8 8 9 8 8
Table II(=2). Tltres on A, cells with anti-A

sera, See legend Table I,

The deviastions of the titres from the controls
(initisl titres) are shown in Table II(b). A unit
of devietilion represents one two-fold (1 tube)
dilution of anti-sera. One unit deviation is the
commonly accepted error of the pipette dilution
method. End point titre chenges of more than

1 unit thus indicate chsnges in specific
agglutinabllity of the stored red cells.

Sp.no. Days of Storage
Sy T .11 156 19 E387 3] 35
1. ACD -1 -2 =2 =3 =3 =4 -4 -5
GCM 0 0 0 +1 0 0 0
24 ACD -2 -5 -4 -5 -6 -7 -7 -8
GCM 0 =1 =1 0 0 -1 0 0
S ACD -2 -3 <3 -4 -4 -5 =6 =86
GCM 0 *3 0 0 0 +1 0 0

Table 1I{b). Deviations from the controls
(initial titres) of the titres
on Ag cells in Table II(a).
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None of the 21 group A cells (18 group 2, and
three group Ag) preserved in glycerol-citrate
mixture showed a deviation beyond one unit (Fig.l,)
which is within the error of the pipette dilution
method.

In the case of erythrocytes preserved in
ACD solution, all the 18 group A; bloods showed
only a small loss in sgglutinebility (meximum loss
in titre: 4 tubes), wheress three A, bloods showed
a rapid 2nd merked loss of agglutinating power

s shown in Fig.2.

Fig.1

Fig.2

8 9 10

NN

Number of specimens

Number of specimens
5

7
7/ -
7777550

O -1 -2 -3 -4-6-6 -7 -8
Loss of titres in units (tubcs)

N\

Al

NN\

O =]
Loss of titres in units (tubes)

Fig.l. Loss of titres Fig.2. Loss of titres
ageinst anti-A against anti-A
serum on 35th serum on S56th
day by 18 day by 18
group A; and group A; and
S group Ap S group Ag
cells frozen cells frogzen
in GCM at -20°C. in ACD solution

at 4° -6°0,
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The loss of agglutinability against anti-A

serum of A, and A, cells preserved by two methods

has been compered in Figures 3 and 4., one typical

example being taken from each group.

Fig.3 Fig.4
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3 7 u 15 19 23 27 31 35 3 7 0 15 9 23 27 31

Days of storage

Cells preserved in ACD solution
Cells frozen in glycerol-citrate mixturee—e

Figs, 3 and 4.

O===0

The difference in loss of
agglutineblility ageainat anti-A
serum of A. (Specimen No.9,
Table I) ehd A, cells (Specimen
No.2, Teble I1“(a) ) preserved
in ACD solution and glycerol-
citrate mixture.

The loss of titre 1in case of A, sntigens was

only two tubes on 35th day where as in case of A

antigens it wes 8 tubes.

2
In glycercl-treated

frozen samples there was no loss of titre in

either case.

Days of storage

Cells preserved in ACD, solution
Cells frozen in glycerol- citrate mixture e—e



B antigen

Titres on B cells against anti-B serum on different

dates are

of titres

-1%7-

tebulated in Table III. No appreciable loss

was observed within the study period in cells

frozen in glycerol-citrate mimture. On the other hand

all seven

group B bloods, preserved in ACD solution,

lost their agglutinating property to a certain extent.

Table III
Sp.no. Days of storage
S T 21 15 19 RS 2% 81 3B |
1. ACD 10 10 10 9 9 e} 9 8 8
GCM 310 10 10 310 ¥ 10 10 16
Lo ACD 9 8 8 8 8 8 8 7 7
GCM 9 9 9 9 9 9 9 9
Se ACD 9 9 9 8 8 8 8 8 L7
GCM e} 9 10 9 9 9 9 9
4, ACD 8 8 . 7 7 6 6 6 b
GCM 8 9 8 7 8 8 7 7
5. ACD 10 10 9 9 9 9 8 8 8
GCM 1€ 310 319 A} g 10 11 9
6. ACD 9 9 8 8 8 8 7 7 7
GCM 9 8 G e el 9 10 9
7% ¢ 10 o ¢ 9 8 B 85 & B
GCM 10 10 10 10 e 10 10 10
Table III. Titres on B cells with anti-B sera.

See legend Table I.
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Kell and Duffy antigens

Only one sample each for Kell(K) and Duffy(Py®)
antigens was preserved by the above methods. Neither
antigen, preserved in ACD, could be detected on the
7th and 1lth day respectively (Figures 5 and 6)
although they gave ss strong reactions as initisl

titres even up to 21 days when they were preserved in

glycerol-citrate mixture.

Fig.5

8

7 B o el
T 64 o---4—--o----d'" "-‘ P )
] ¥ 2
5 Kell S
) &
£ E
IS E

3 5 7 9 1 1315 17 19 2
Days of storage

Cells preserved in ACD, solution 0----0
Cells preserved in glycerol-citrate mixture e—e

Fig. 6
o
X A
3 2 r ~ "
= A Oeioreeeg
= .
S Dutty
&
g .
5
e
o o
3 5 7 9 10 13 15 17 19 21
Days of storage
Cells prcufvcd in ALD solution O-=e=0

Cells preserved in glycerol-citrate mixture o—

Figures 5 and 6, Titres on cells preserved by two methods
in ceses of Kell (K) and Duffy(Fy®) antigens.
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;D entigen
First Serles:

The resulte of titrestions with anti-D serum
on 19 D=positive bloods preserved by two methods
'are shown in Teble IV, Ten of these samples
i(nos. 1,2,4,5,8,9,10,11,14 aend 19, Table 1IV)
!preservod in ACD solution showed marked loss of
|

' egglutineblility while the remeining 9 bloods were

more stable

There sppeared to be & distinet division

between these two types, suggesting the existence
|of two varieties of D antigen - a stable and an
'unstable one. This division into two groups 1is

' 1llustrated in Figure 7.

Table IV/.
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Table IV (Contd.)

Sp.No. | ABO Days of storsge
group 3y 7T B 15 19 =B ik 35
13. B ACD 9 9 S 8 8 8 8 8 8
GCM 10 10 10 10 9 10 9 10
14. B ACD 10 8 i T 5 4 3 2 2
GCM 10 10 10 11 9 10 9 10
15, B ACD S 9 9 8 8 9 9 8 8
GCH 9 9 9 9 9 9 9 9
6. A3 AP 9 8 6 8 9 & a 3 @8
GCM 9. .9 9 9 8 9 9 9
172 & &0 9 9 9 8 8 8 9 9 8
GCM 8 8 8 8 8 8 8 8
18. A B ACD 8 8 8 7 b T 7 7 T
GCM 8 8 8 8 8 8 8 8
19. AlB ACD 8 6 4 3 3 3 2 1 1
GCM 8 8 8 8 7 8 8 8

Table IV, Titres on D entigens (of 1Y D-positive bloods in the first
ceries) on different datec. See legend, Table I.

Ko lose/
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Fig.7

Al

7, 7
-2 -3 -4 -5 -6 -7
Loss of titres in units (tubes)

NN
NN

(@] -

Fig.7. Loss of titres ageinst anti-D serum on
36th day by 19 D-positive bloods (First
Series) preserved in ACD solution at 4 -6°C,

No loss of agglutinebility of D antigens was
observed in any of the 19 D-positive bloode frozen
in glycerol-citrate mixture as shown in Teble IV

and Fig.8.

2
[+ ]

9 O 1 12 13

8

ARMRRRRRRRRRRNN

.
NN

7

6

Number of specimens

V%
+| 0 -1

Loss of titres in
units (tubes)

Fig.8., Loss of titres ageinst anti-D serum on
35th dey by 19 D-positive bloods frozen
in glycerol-citrate mixture at -20°¢0.
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Flgure 9, a typical example from the more
stable group shows the progressive loss of activity
in the course of 35 days period. The final loss
of titre on the sample preserved in ACD solution
was only two tubes on the 35th day. In the ex-
rample in Figure 10.,, from the less stable group
the loss of the titre in the same period was 7 tubes.

Fig.9
(o]
9
8| o-- o,
‘\
T 7 Lt SRR
= ‘.‘
= 6 0----0
2
§ 5
£
n .4
E
F 3
2
|
o]
3 7 0 1519 23 27 3 35

Days of storage

Cells preserved in glycerol- citrate mixture e—e
Cells preserved in ACD, solution 0---0

Fig.9. Titres given by one of the steble D antigens
(No.3, Table IV).

Fig.l0
o
R\
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i
3 "
§ N
s v
E < ‘o---a
= ™ "h‘
o “h.
] s
o o
o]
3 7 10 15 19 23 27 31 35
Days of storage
. Cells preserved in glycnoi—citi'uﬁ mix_lﬁrc —a

Cells preserved in N:.P._lqlution REE R -

ig.10, Titres given by one of the less stable
D antigens (Nol Table 1IV)
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Second Series:

In view of the results on D antigens in the
first series, & further investigation was carried
out on a second series of 28 D-positive cells to
' agcertain whether the division into two classes
of the D agglutinogens would be maintained; and
also to see if this division could be correlated
with any other factor. The :zygosity 1in relation
to D factor, AEBO groups, and the agse and sex of
the donors of this series were noted, As it was
found that the red cells preserved in frozen con-
:dition do not lose agglutinability up to 35 days,
the semples in the second series were stored only
in ACD solution.

Results of titrations of 28 D positive cells
' both against saline anti-D and incomplete anti-D
(by pepain method) are tabulated in Table V.
Deviations of the titres from the originals on

365th day are also shown.
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Table V
Sex | Titres on

Deviation

let day | 35th day

Age
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=

v A,
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0 <

w O
0 n

49

24

~ -~
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@ n
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=
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Table V/



Table V (Contd,)

Sp.No. | ABO group| Age | Sex Titres on Deviation
1st day | 35th day
5. N % r 89 7 2
P 10 9 1
36. B 30 M S 8 7 1
P 10 8 2
37 40 M e | 6 1
Al P 9 8 1
3B, 0 ¥ X S 8 6 2
P 10 8 2
39 B ¥ 8 B 3 5
P9 4 5
40, 0, M S 7 T 0
CDe /CDe P 9 8 1
41. c, 5 A S 8 7 1
CDe /cde P 10 10 0
42, 0, 45 M S 6 1 5
CDe /eDE P 9 3 6
43, 0, 25 F 8 7 1 6
CDe /CDe P 10 4 6
44, 0, 56 F S 8 8 0
CDe /cDE P 10 10 0
45, 0, 41 F S 6 2 4
CDe /CDe r 30 6 4
46. 0, M M s 8 8 0
CDe /CDe P 10 9 1
47, 0, 59 M 85T 1 6
CDe/cde P 9 5 4

Table V., Titration results against anti-D sera on 28 D-positive bloods (second

ot/

series) preserved in ACD solution., Titres in units (tubes) as obtained
on lst and 35th day ere tabulated, Deviations of the titres from the
controle(titres obtained on the firet day) on 35th day erd Rh genotypes

of last & bloods are also cshown,
S = = = titres sgainet saline anti-D serum
P - - - titres ageinst incomplete anti-D serum (by pepein method)
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Of 28 specimens twelve (Nos, 22, 24, 26, 27, 30, 32, %4, 39,
42, 43, 45 end 47, Table V) showed marked loss of agglutinability
(4 units or more) on 35th day distinet from the remaining 16
(loss - 2 units or less). This is illustrated in Fig.ll which
represents the loss in titre against saline anti-D. It was also
noted that the loss in titre against saline anti-D and incomplete
anti-D (by papain method) was uniform (see Table V) and a dis-
ttribution figure similar to Fig.ll is obtesined with the loss in

titre ageainst incomplete anti-D.

Fig. Il

Fig.1l. Loss of titres(against

g ,
% 0 7 /// saline anti-D) on 35th
a day by 28 Rh(D) positive
& é //é st oot srlenl’”
N

VA VN,

O -1 -2 -3 -4 -5 -6
Loss of titres in units (tubes)

If the loss of titres over the period of 35 days for 211 D
antigens (preserved in ACD solution) studied, are gathered to-
tgether, the result is ss shown in Fig.l2 which confirms that the
division of the D antigens into two clesses 1s maintalned. The
distribution curve thus tends to show two maxima, one corresponding
to only a slight loss of agglutinability (one tube) =nd the other

to considerablie loss (6 - 7 tubes).
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Fig.12

2 13 14

9 10 1

Number of specimens
7

/1 7 /
O -l -2 -3 -4 -5 -6 -7 -8
Loss of titres in units (tubes)

Fig.1l2. Loss of egglutinability against anti-D sera
by 47 D-positive cells (of both series 1 and 2)
preserved in ACD solution. In case of second
series titres only ageinst saline anti-D sera
has been considered.
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81x of the 8 samples with known Rh genotypes
were homozygous and two heterozygous with relation

to the D factor (Table V). Three homozygous and

' one heterozygous bloods lost agglutinability to o

' marked degree while the rest (three homozygous and

' one heterozygous) were more stsble. This suggests

that the loss of agglutinability is not related to;
the homo- or heterozygosity of the D factor.
The initiel titres on both statle and unsteable

D antigens varied from 7 to 9 and 8 to 10 tubes

'respectively in the first series (Table IV, titres

on cells preserved in ACD solution) =2nd in both

types of antigens they veried from 6 to 9 tubes in

the second series (Table V, titres against saline

enti-D). The loss in titres was not due to de-
tterioration of the anti-sera wes proved by (1)
adequate controls end (2) the use of three differ-

tent antisers. No relation was found between the

. stabllity of the antigen and theinitial titre.

It nas elso observed that the loss of

agglutinating power was not related to the age

' and sex (Teble V) and ABO groups (Tables IV and

V) of donors of the cells.
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DISCUSSION

Storage of red blood cells in the frczen stste
in a glycercl-cltrate mixture has been reported to
give preservation of agglutinability. This method
was therefore used as a control in the present
study on storage of red cells in ACD solutions.

In the frozen glycerol-citrate controls the de-
tviation of agglutinebility was found to be within
the 1imit of error of pipette dilution titration,
confirming the observations of previous workers.
The controls served to verify that the anti-sera
used were maintaining full titre over the period
of storage of the cells. None of the Ays Ags B,
D, Kell and Duffy antigens (of frozen samples)
investigeated, showed any loss of agglutination
reaction during & days study period. The
agglutinability of the erythrocytes preserved in
ACD solution on the other hand, deteriorated with-
tin the same perliod and therefore, if storage of
test cells 1s necessary it 1s desirable that they
should be preserved in frozen state in glycerol-
citrate mixture.

The degree of loss of agglutinability of the
red cells preserved in ACD solution varied with
different blood groups. A, and B entigens were
stable and Ay, Kell end Duffy were unstable.

" Wall et al.(1950) in their study on specific

ageglutinability/
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egglutinebility of red cells noted that AE
agglutinogen to be least stable. The present
finding that all 3 Ay bloods showed rapid and
marked deterloration of agglutinability caroborates
their observation.

In the case of D antigens in the first series
it wes noticed that all the D positive cells did
not lose their sgglutinating power to the same
extent when preserved in ACD solution. On the
; basis of loss of agglutinability they appeared to
fall into two clesses - one undergoing rapild loss
of ageglutinablility end the other being comperative-
tly stable, This is 1llustrated in Fig.7. This
observation was confirmed by a further study on
28 D-positive cells in the second serles. 12
bloods in this series also showed more marked loss

of agglutinabllity. Teking both the series to-
| igether 22 (approximately 47%) out of 47 D-positive
bloods could be distingulshed from the rest on the
basis of greater loss of agglutinability as =
result of storage (see Fig.l2).

An attempt wes made to correl-te this div-
tision of D antizen into two groups with various
factors likely to give an approximately 50%
distribution. However, no correletion was found
with any of the factors investigated: age, sex
and ABO groups of the donors, homo- or hetero-
zygosity of the cell with relation to the D factor
or chromosome frequency, and also the initial titres.

Little/
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Little previous work has been published on
'the variations in agglutinability of the D antigen
as a2 result of storage. However, compared with
ABO entigens it has been found by some suthors
that D antigen 1s less stable., Kooptzoff(1954)
noted that the D antigen lost 1its agglutinablility
at a faster rate than A and B antigens when the
' red cells were stored in citraste solutions at
4 - 8%,

Nothing much is known of the reesson for in-
' :8tability of the entigens when thé cells are
preserved in citrste solution. However, the
' observations of Viener(1943), Nijenhuis(1953) and
Kooptzoff(1954) that if the concentretion of the
blood in the preserving fluid was low, the
agglutinebllity of the antigens decreased at a
faster rate than if the concentration of the blood
was high, suggest thet the citrate solution may '
have some direct or indirect action on the agglut-
| :inating property of the red cell antigens. It
mey also be possible that the loss of egglutin-
tability 1s due to certain elements in the plasma
e.g. enzymes or due to ultimate pH of the stored
blood. These factors, however, were not studied

in the present investigation.

1t/
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It 1s not known with certainty whether the
agglutinability of the red cells is directly re-
:lated to thelr antigenic power. It may be poss-
:ible that on storage agglutinability may be lost
a8 well as entigenicity. If it is so, then the
above observations indicate one of the possible
 reasons for the finding that transfusion of in-
:compatible blood (with the exception of AECU groups)
is not necesserily followed by sensitizstion (see
.Part I)e Some of the blood transfused during the
second or third week of storage may lost antigenic
potency and may be less likely to stimulate anti-
tbody formetion or to cause rerection then compar-
tatively fresh blood.

If on the other hand, red cells losing agglut-
tinablility, retein still their entigenic potency
to stimulate antibody formation, it 1s of practicai
importance in cross matching tests for tranafusion
of blood. Some of the antigens (K and Fy® in this
series) may deteriorate so quickly that they may
not be detectable within e few deys of storage in |
ACD solution. Although no complete loss of
agglutinability in the case of D antigen was ob-
:served in this investigation (possibly due to
high titre of the snti-sera used) Renton and
Stratton(1950) reported false D-negative results

with some anti-D sera when testing with old

specimens./



in blood intended for transfusion.
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| specimens. In such cases false negative results

may be obtained if the bloods are cross matched

after a few days of storage and speclally if the
antibody 1s very weak.

From the above findings 1t e¢an be concluded
that further consideration should be given to the

question of deterioration of agglutination capscity

The present practice 1s to collect a separate
sample of blood at the time of withdraral from the |
donor end to use the cells from this sample for

compatibility(or to enter the bottle for the same

| purpose). The latter test is intended to confirm

' stored up to three weeks, the possibility arises

(1) that there has been no error in the ABO group-
ting of the donor or the patient, (2) to confirm
that the patient's blood does not contain anti-

tbodies which would react with the donor's cells.

However, since the donor's cells may have been
that the cell antigens may have lost thelr agglut-
tinsting cepacity. In this case no resction
would be obtained in the compatibility tests

specially in the case of very weak antibody and

' the 'incompatible' blood transfused. Such blood

might or might not be involved in a haemolytiec

' reaction; 1t 1s probable that the antigen would

still be capable of csusing further antibody re-

:sponse/
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response., Moreover, for the same reason, the use
of stored red cells (in ACD) of the donor for the
' investigation of transfusion reaction may give rise
to false negative results.

In view of this situation, it 1s suggested
(1) that attempt should be made to find a preserv-
tative solution for donor's blood specimens intend-
ted for compatibility testing which will preserve
agglutinability for full three weeks, (2) thet in
the meantime, fir. patients who are likely to have
antibodies, or who have antibodies which have not
' been identifled, relatively fresh blood should be

'selected.
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SUMMARY

Red cell antigens stored in ACD solution at
4° - 6°C., showed different degree of loss of
agglutinating povwer which varied according to diff-
:erent blood group systems. Al end B antigens
were found to be stable wheress ﬁz was unstable,
On the basis of loss of egglutinabllity, two types
of D antigens could be recognised - one stable and
the other relatively less so. Although approx
:imately 50% of the D sntigens were found to be
' less stable, no correlation was observed between
the stability of this antigen and any of the factors
' studied. |

Kell(K) and Duffy(Fy®) antigens could not be
detected after a storage period of a few days.
fhe 1mportance of such loss of specific agglutin-
:ability of the stored red blood cells in blood
transfusion practice has been discussed.

It has also been noted that none of the
Ay, Ag, B, D, K and Fy® antigens investigated,

' shoved any loss of agglutination resction during
35 days study period, when the red cells were
stored in glycerol-citrate mixture at -20°¢.,

This finding confirme the observation of previous
workers that 1f red blood cells are to be kept for
more than a few days for serologlical studies, it

would be bester to mix them with glycerol and

store 'at -20°,
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