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PREFACE

Those actively concerned in blood grouping work will have many
methods which they favour. In writing this book our purpose has been
to describe some of the methods which we have used, together with
their pitfalls, in the hope that these observations may, in large or small
part, te of value to others. . . .

Many workers now have an interest in blood grouping, cither in
hospital laboratorics, in other specialized laboratories, or as part of
general biological work. A practical manual may cither attempt to
cover all possible methods or confine itself to choosing those which
its authors favour, or with which they are most familiar, We decided
on the latter course in the hope that this approach would be of more
practical value.

Technical methods change as new discoveries replace the older ones.
We do not cxpect that our suggestions will be immutable, since this
would be the antithesis of progress which has constantly improved
techniques over the last decade.

We have extensively consulted other books, including Blood Groups
and Transfusion, by A. S. Wiener (1948), 3rd Ed.; Fundantentals of
Immunology, by W. C. Boyd (1956), 3rd Ed.; Principles of Bacterlology
and Immunity, by W. W, C. Topley and G. S. Wilson (Ed. by G. S.
Wilson and A. A. Miles) (1955), 4th Ed.; Blood Groups in Man, by
R. R. Race and R. Sanger (1954), 2nd Ed.; Blood Transfusion in
Clinical Medicine, by P. L., Mollison (1956), 2nd Ed.; and The Distribu-
tion of the Human Blood Groups, by A. E. Mourant (1954). We are
glad to be able to record our debt to these workers.

We are grateful to our many coll for per to publisk
cases: to Dr. Edith Paterson, Dr. N, W. Preston and Dr. D, Riding for
assistance with animal work; to Dr. R. Ollerenshaw for photographic
help; to Mr. M. G. Bulmer for his invaluable help with the statistical
sections, and to Dr. J, Shone for reading alt and Dr. W. d’A. Maycock
and Dr, A. Wardlaw for reading parts of the manuscript.

Our own staffl have worked hard to help us to work out and record
our methods; our Laboratory Staff, particularly Dr. B. Stone and Miss
1. A Hancock, and our Research Assistants have helped with the
original work on many scrological problems; and our secretaries and
many others have given unflagging assistance. To them all we express
our gratitude and particularly to Miss J. A. Hancock for her untiring
efforts throughout the preparation of the book.

F. s,

P. H.R.
xv



INTRODUCTION

FoRr many years it had been appreciated that there were serological
species differences between animals and Man. When the blood of Man
and animals was mixed together erythrocyte agglutination occurred
and when their sera were mixed, precipitation was sometimes seen.
Blood transfusion experiments in which the blood of animals was
infused into Man failed. Blood transfusion from one man to another
was attempted and in about 50 per cent of cases was found to result
in serfous reactions or death to the recipient. It was in 1900 that
Landsteiner discovered the ABO groups, and the explanation why
these reactions had occurred was made clear.

This discovery was of fundamental importance since it represented
for the first time an intra-species difference, a serologically demonstrable
difference, between one human being and another. It was a long time
before more blood groups were discovered and it was not until 191!
that the sub-groups of group A were described by von Dungern and
Hirszfeld. Experiments were next conducted on the effect of injecting
human red cells into animals and as a result of this work Landsteiner
and Levine (1927) described the MN and P groups. The first stage of
blood group detection had been made by using the antibodies of one
human being to detect blood groups present in another; in the second
stage animal sera were prepared by immunizing the animals with
human red cells. In the meantime, a third method had been used for
the detection of blood groups, and this was by using rare and naturally
occurring human antibodies not usually of immune origin, for example
anti-P. Sometimes animal sera were used which contained similar
agglutinins and anti-P was originally referred to as “extra-agglutinin 1
(Landsteiner and Levine, 1929).

The fourth method for investigating the possibility of other human
blood groups was that of injecting animal erythrocytes into animals,
and then testing the antiserum against human red cells. In 1940
Landsteiner and Wiener, using an antiserum prepared by injecting
monkey cells into rabbuts, described the Rh blood group.

After 1940 there really begins a new era in blood grouping work
because of the interest aroused by the discovery of the Rh group and
its clinical significance and importance. One cannot at this point,
therefore, fail to applaud all the pioneer work of Landsteiner and his
many associates, and the more we hear from them of his technical
skills the more we realize that the subtleties of technique which he
used could not be and never have been published. Landsteiner and
his associates were responsible for the discovery of all the major blood
groups right up to the time of his deagh 10 1943,

xvi
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Since the discovery of the AR praum, biood transfision hecame
more widdy practiscd, particularly follawing the introduction of
sodiom citrate as an anticoagulant by Lewisohn (19152, b). Y‘C‘a"’f;
less, in spite of the use of blood af }hc same ABO proup a number ©
serious haemolytic transfusion reactions were reportcd in the lieratuse
from time to time. Afltcr the discovery of the Rh blood proup, Wiener
and Peters (1940), and Wicasr (1941) described fintly four and later
ten more cases of hacmalytic transfusion reactions appatently not due
1o ABO incompatibility. I the cases investipated it was found I_Yul
there were diffecences in the Rh group belween the Mnod'nf the patient
and that of the donor. There were all deprees of sevetity from mild
seactions (o wraerwia and death. These were usually referred to as
intra-group transfusion reactions. 11 was soon realized that the Rh
group was of considerable importance in blood transfusion work and
should always be taken into account,

Levine and Stetson in 1939 described a transfusion reaction in a
parturient woman following the delivery of a macerated foetus. They
suggested that the origin of an atypical agglutinin in the mathee's blood
was immunization of the mother by the baby. In some of the transfusion
reactions previously referred to, it was found that on occasion the first
transfusion would result in @ reaction and all these cases occurred in
intra-partum or post-partum patients. Jt was sugpested that the
source of the original stimulus was the foetus. Levine, Katzin
and Burnham (1941), following this study of transfusion accidents,
observed that atypical agglutinins were present in the blood of mothers
who gave birtl to children affected with crythroblastosis foetalis.
They said that the destruction of red cells could be explained in tesms
of the iso-immunization theory. “One may assume that the agglutinins
in the mother’s circulation under certain conditions arc capable of
penctrating the placental barrier so that these antibodies by their
continual action on the blood cells and perhaps tissue cells of the foctus
mduce erythroblastosis foetalis and its several manifestations.” Most
of these agglutinins which they described had anti-Rh specificity.
}ium{‘mr.n et a{. (1941) remarked that erythroblastosis foetalis and
dents in 1 y may have a common actiology.
Thus the foundation stones were faid, firstly with the discovery of
the Rh factor, secondly, folfowing the study of intra-group transfusion
reactiags, which were shown ofien to be associated with pregnancy and
the puerperium, and thirdly, with the observation that the children of
mothers who had these transfusion reactions were often affected with

some or all of the manifestations of erythroblastosis foetalis. Levine,

Burnham, Katzin and Vogel (1941) further developed the theory of

;sjz-mxma unization with the Rh factor to explain the aetiology of the
ease.

Haemolytic disease of the newborn, or erythroblastosis foetalis, is a
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haemolytic state of the child in the neo-natal period. Three types used
to be recognized: 1. hydrops foetalis, 2, icterus gravis neonatorum,
and 3. haemolytic anaemia of the newly-bormn,

We do not nowadays see these cases in their fully developed form
as often as we did years ago, because of the development of antenatal
testing and the treatment of these babies at birth. The general theory
of iso-immunization suggests that the foetus immunizes the mother
1o an antigen which she Iacks in her red blood cells but which it possesses
itself, having inherited it from the father, The mother develops anti-
bodies in her serum {most frequently, anti-Rh antibodies) which pass
back through the placenta and damage the child’s red cells and possibly
its tissues, so that it suffers from a haemolytic anaemia and other
manifestations of § Iytic disease

The realization of this has given rise, throughout most of the world,
to antenatal testing services in which the blood groups of the mother
are determined in the antenatal period and her serum searched for Rh
antibodies, and if possible for other atypical blood group antibodies.
“Those whose sera show the presence of these antibodies are admitted to
hospital and preparations undertaken to treat the child at birth. This
ususlly involves an exchange transfusion.

During the antenatal examination of the maternal sera, many sera
of Rb-negative mothers were investigated and found to contain no Rh
antibodies active as saline agglutinins, but the mothers were sometimes
delivered of children quite severely affected with haemolytic disease of
the newborn. No explanation of this was forthcoming until in 1944
Race and Wiener independently observed what are now known as
incomplete Rhs antibodies. The first test devised for the dstection of
these was a blocking test, L.e. cels coated with incomplete antibody are
not aggiutinated by 2 saline agglutinating serum. Although this
technique was an advance, it was by no means a satisfactory one. In
1945, Diamond and Denton introduced the use of 20 per cent bovine
albumin for the detection of incomplete Rh amtibodies, If bovine
atbumin was not available, human piasma, so selected as to lack
rouleaux forming propertics, was recommended, In 1945, Coombs,
Mourant and Race described the test now known as the Coombs or
antiglobulin test, which has been a major step forward in technical
progress. It bled 1 lete blood group antibodies of many
specificitzes to be detected and hns been a most valuablc test. Morton
and Pickles (1947) denx 4 that trypsinized red cells were agglo-
tinable by incomplete anti-Rh sera in saline suspension, whereas
normat red cells were not.

Here, therefore, we had great technical advances in the space
of a few years, greater than that made in the forty years between the
discovery of the ABO and Rh blood groups. It had its reward and
many new blood groups were discovered in quick succession.
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[ . riew blood proups would niot have oecurred,
e o advances, o ebaps the {echrical advances
themsclves would not have occurred, J ihere had not been “"‘E"Z“’f‘
very great interest in blood and its scrologieal properties and "'}c“”‘{;‘;
by the establishment during the war, in Britain and oversea, of Bl
Translusion Scrvices. The demand for blood grew, and has Meavily
increased ever since as a result of the increaving complexity of medical
and surgical procedures, The result of this has been that many
thousands of blood samples have been tested in many way and the
sera of many persons hase been cxamined; many new blood groups
have been established and the complevity of others has preatly mm"_‘“’
with the passage of time. The establishment of antenstal texting
services, often as a part of the Blood Transfusion Services, also resulted
in the examination of large bers of blood samples. If unexpected
or anomalous results occurred these were closely investigated, _\\'hm
cases of erythroblastosis foetalis, or haemolytic disease, arose in Rh
positive mothers, atypical antibodics were discovered and characterired
in their sera. These were occasionally found fo react with hitherto
unknown antigens on the human red cells, or with antigens that were
part of an already established blood group system.

As a result of the establishment of these services, the blood of very
large numbers of people were tested not only in the U.K. but through-
out the world, and the frequency of various blood groups was found
to be different in different populations. Sometimes the difference
was not a great one but a gradual trend; for example, the difference
in the ABO blood group frequencies throughout this country. In
some cases, however, new blood groups were found in which there
were marked frequency differences as between one population and
another. Mourant has summarized these (1954) and indeed quotes
1,716 references in his book on the distribution of the human blood
groups. From a practical point of view, it i
to know with what population one is dealing,
requirements may be different between one population and another. For
example, where Rh-negative individuals are rare in n population, as in
the Chinese and Burmese, there is hardly any point in Rh testing of
persons. In populations which contain a high percentage of Negroes,
as in the United States of America, more extensive tests for the Ds
group of Rh have to be conducted than those that are satisfactory for
the British population. Moreover, certain blood group antigens may
be more or less confined to a particular ethnic group; for example,
the V group of Rh (DeNatale, Cahan, Jack, Race and Sanger, 1955) is
pretty well confined to Negroes. The Diego blood group antigen
(Layrisse et al., 1955) is also most frequently encountered in the blood
of certain South Ametican Indians and is only very exceptionally met
with in Caucasian populations, It is evident, therefore, that the

s oftert of importance
e b i
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distribution of blood proups in different parts of the world is a matter
of considerable practical importance.

Scon after the discovery of the first blood groups it was found that
they were inherited. The presence of the antigen on the red celis was
found to be determined by a corresponding gene or genes, and the
study of blood group inheritance has been very considerable.

In these investigations the first step is the determination of the
frequencies of the various blood groups in the population. From
these phenotype frequencies it is possible to determine gene frequencies
by caleulation, Family studies are next made and the members of the
family grouped for the particular blood group under investigation.
These are now analysed and the observed frequencies of each type of
mating, and of the children born from that mating, are compared with
those that one would expect to oseur; these latter being caloulated
from the gene frec s5ly obtained. Most blood groups
are dominant characters, but in the Lewis group the mating Le@—) X
Lefa —) was found to give Le(a+) children (Andresen, 1948) and it is
considered that this group is inherited as a recessive character.

The blood groups are, in many ways, ideal characters from the point
of view of inheritance studies. They are normal physiological characters
and as such are a feature of the whole population. Although in some
cases technically difficult to determine, they are nevertheless, from
genetical point of view, clear-cut characters which can be charted and
scored, and their manner of inheritance is largely simple, though it is
now known that some of them, such as the ABO blood groups, may
be affected by modifying genes (Weiner ez af,, 1957) and even possibly
by disease.

Al human genctical studies wsually involve the blood groups,
particularly those involving determunation of linkage. The vatious
blaod group systems are inherited independently of sex and that other
useful character, taste-blindness. At one time it was thought they were
all inkerited mdependently of each other, but now it is known (Mohr,
1951a and b) that the Lutheran and Lewis blood group genes are linked
or rather the Lutheran and secretor blood group genes are linked
{Race and Sanger, 1958). This is one of three linkages that have been
established between blood groups and other human characters. The
other two are between the Rh groups and ovalocytosis, ie. oval-
shaped erythrocytes (Chalmers and Lawler, 1953), and that between the
ABO group and the nail-patelia syndrome (Renwick and Lawler, 1955).

Various other linkages have been described, notably that between the
gene for sickle cells and the MN genes (Snyder, Russell and Graham,

1947), but this was disproved by Waller, Waller and Hughes (1952).
Many other sindies that have been made to determine linkage between
human characters and blood groups have alf failed.

Human twin studies have been extensive and blood groups ate of
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N . | ¢
ted importance here. Clearly, tnins are dinypous jf \hr', are ©

g?g:rc“:{ sexcsf‘gr if their blood proups are different, :bm if their H(;m&'
groups arc the same they may still, of coure, be dirypout, hut g \?-
may also be monozygous and the prohahility of monoryposity can. e
caleulated (Smith and Penrosc, 1955). Stratton (195 dt‘\al}ﬁ‘d‘ﬂ r,\i’m-
ber of twin studics in which the twins were thought to h', fdentieal but
one posscssed a congenital abrormality that the ather did not; caleuls-
tions of the probability of monoryposity were made in lllt‘.c cases,

Stratton, Rentonand Hancock (§958) recently n':mm:nm! threewayt
in which discase tmight affect red cell applutinabiliy, Thew are

1. Changes that occur in the ABQ proups of rod eclly in Fr:u‘m
discases. Van Loghem er ab (1957) have proviowly published a
case in which the ABQ blood proup of a patient appeared to bave
changed during the course of the discase, and the suthors deseribed
a similar case.
They referred 1o polyaggiutinabitity, which is a chanpe produced
in the red cells by disease, and described 2 exiz in which it was
thought that diseasc was also responsible for the presence of a
pan-agglutinin (anti-h) in the serum (Davidsohn and Tolanly,
1940),
A further way in which disease can affect the applutinability of
red cells was that described by Bessis ¢f al. (1954), in which they

showed that in sickle cell anaemia during the sickling stage the
cells were less agglutinable.

»

@

Many studies have been made to determine any possible relationship
between blood groups and disease. The most clear cut of all, of course,
is that previously referred to, af haemolytic discase of the newborn,
In 1953, Aird, Bentall and Frascr-Roberts published cvidence that
the frequency of the blood group A is greater and the frequency of
blood group O less in patients suffering from gastric catcinoma than
those in the general population of the same area. The evidence was
bgscd on cases of carcinoma collected from England and Scotland.
Since that time a great deal more work has been done in an endeavour
to find diseases in which the patients have different blood group
frequencies from the normal population, and some contradictory
results pave been obtained, and of course the question of control
groups is very important in this respect,

Blood groups have long been used for medico-fegal work, and since
there are nine blood group systems and many complications of each
the number of possible blood group combinations runs into many
hundreds of thousands. Landsteiner looked forward to the day when
the blood groups would distinguish one person from another, just as

f\;gerprints do at the present time, We are certainly moving towards
at era.
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In medico-legal work blood groups have been used to help to solve
problems of identity and cases of disputed pareatage. Cases of dis-
puted parentage are most frequently concerned with disputed paternity.
The ABO, MN and Rh systems are used and the combined chances of
exclusion based on these three blood groups is 50 per cent.

When the newer blood groups came to be studied, particularly the
Rb group, alternative theories were put forward to explain the various
results obtained. We are concerned in this book with practical blood
grouping, and our results would be the same in any language. We,
therefore, feel absolved from commenting in detail on the various
merits and demerits of systems of nomenclature and theories of in-
heritance in respect of the Rh and other blood groups.

It will have been observed from this short summary that the blood
groups now are of considerable interest to many workers. They are of
interest to clinicians, to pathologists and haematologists, they are of
interest to biologists and geneticists and to anthropologists and even,
indeed, to statisticians. This is why practical blood grouping is of
general and wide interest.
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CUAPIIR
ANTIGEN-ANTIBODY REACTIONS

Antipens

An antipen is a subitance which, when injected parenterally into an
animal, causes the production of an antibody wWhich Feacts specifically
with that antipen in some observable manner, An antibody, convericly,
is a protein present in the blood serum which s often pmduml'ns the
result of an antipenic stimulus and which reacts with tire antigen in
some observable manner. Antipens and antibodies react topether
specifically (although not absolutely specifically, as will be seen l:1lcr)
to give an observable result by which it is known that this antigen-
antibody reaction has taken place, and the observable reaction will
depend very largely upon the state of the antigen or the nature of the
antigen bearing organism or red cell. In the case of red blood celt
antigens and their corresponding antibodics the observable rcsulls‘nrc
apglutination or hacmolysis of the erythrocytes. The immediate
cffect of an antigen-antibody reaction may be to produce neither
agglutination of the red cell nor its hacmolysis, but subsequent treat-
ment of the sensitized cells may eventually produce red cell agglutina-
tion which shows that originally an antigen-antibody reaction had taken
place. That an antigen-antibody reaction has occurred in the absence
of agglutination or hacmolysis of the red cell may also be inferred if it
can be shown that other serological changes have taken place which are
commonly associated with antigen-antibody reaction—for cxample,
the absorption or fixation of complement.

Blood groups are represented by antigens present on the surface of’
red blood cells, and the antibodies to these antigens are the blood group
antibodies. Many of the features normally associated with antigen-
antibody reactions arec known to be appropriate to blood group
antigen-antibody reactions and it is, therefore, interesting to know
more of the general phenomenon itself. Antigens are complex chemical
substances, generally of a protein nature, although many non-protein
antigens are known. Sometimes the protein may be very complex and
may contain many different antigens.

Landsteiner (1945) introduced the term “hapten” to describe
“speaific protein-frec substances which although reactive in vitro
induced no, or only slight, antibody response™. These partial antigens,
sometimes polysaccharides, may combine with the antibody in some
observable way. The A and B antigens of human red cells are examples
of muco-polysaccharides. Aminoff, Morgan and Watkins (1950)
isolated group A substance from human ovarian cyst fluid; it had
a molecular weight of 260,000, These purified polysaccharides, if of A

B 1
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homologous antibody is lost. The activity of certain h!ood group
antigens is reduced by heating at 56° C. for evena short period of time,
(Murray and Clark 1952). . i
v In the definition of an antigen it has been sl:uc.d that it gombmcs
with antibodics specifically, but the nature of this specificity needs
further consideration. Specificity depends on chemical structure. The
lassical work of Landsteiner and his coll showed that this
specificity was not an absolute one. Antibodics coqbinc most strongly
with homologous antigen, but will cross react with antigens whose
chemical structure is closely related to it. It is not casy to demonstrate
the dependence of serological specificity on chemical structure when
using complex antigens such as human scrum. Where a single synthetic
antigen, which can be chemically modified, is used, cross reactions
can be closely studied. From the point of view of blood grouping the
important point to appreciate is that the term “specific™ with reference
to antigen-antibody reactions has not an absolute meaning.

When considering the response of an animal to an antigenic stimulus
the work of Medawar and his colleagues (Billingham ez al., 1956) shows
that one must have regard to the nature of the antigenic stimuli to
which the animal has been subjected during its foetal life. These
workers have shown that an adult animal will not respond to an
antigen to which it was exposed during foctal life. In humans this is
well illustrated by the occurrence of human chimera, where, owing to
an anastomosis between the circulation of fraternal twins in utero, cells
migrate from one twin and lodge in the marrow of the other, where
they proliferate. If the twins are of different blood groups a mixed
blood can result with, for example, both A and O cells present. If the
migrating cells are group A, and their recipient is group O, the Iatter
fails to produce anti-A in the serum, although anti-B is produced
normally (Dunsford ef al,, 1953; Nicholas ef al., 1957; Booth et al.,
1957). The phenomenon is common in cattfe but rare in humans and is
referred to by Billingham et al., as “actively acquired tolerance”.

Erythrocytes are complex structures ining many i
components of different specificities. These are characterized, among
other things, as the various blood groups. Consequently, if erythrocytes
are }]SCd as antigens, either in Man or animals, many different anti-
bodies may be produced and these may be separated from one another
by absorption and various other means.

Antibodies

. Antibodies can be described in many ways. They may be designated
in terms of the Aantigen which is used to produce them, that is, the
homologous antigen, or in terms of the animal in which they appear.
For example, an antibody to human group A red cells made in rabbits
is referred to as “rabbit-anti-A antibody”, and if it occurs in humans,
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specificity, will produce a precipitate when mixed with suitable anti-A
sera. Witebsky, Klendshoj and McNeil (1944) showed that purified
polysaccharides would produce high titre anti-A and anti-B when
injected into humans; about half respond well. Kabat, Baer, Day and
Kraut (1950) showed that human A substance would provoke an anti-
body response in a Group O individual.

The proteins of animals of different species are serologically different.
This is known as species specificity and the further apart animals are
on the biological scale, the easier it is to demonstrate. With certain
proteins, such as globulins, it is readily demonstrable, but with others,
such as albumin, it is more difficult. Nevertheless, Dakin and Dale
(1919) were able to distingnish serologically between duck and hen
albumin, The distinction between the serum of Man and lower verte-
brates is easily made, that between Man and monkeys is more difficult,
and that between Man and chimpanzees most difficult, and considerable
cross reactions occur,

It is sometimes found that an antigen from one species will produce
antibodies which cross react with antigens from an untelated species.
Antibodies prepared against a particular antigen, such as guinea-pig
kidney, may be found to haemolyse sheep red cells or react with
bacteria or other animal tissue. This is the Forssman antigen or hapten.
These antigens are often referred to as heterogenetic antigens and cross
reactions have been described (Boyd, 1939) between a particular antigen
and antigenic groupings which are dispersed throughout nature without
regard to species. The A and B blood group antigens are heterogenetic
antigens. The Forssman antigen itself is present in the red cells of
persons who are group A and AB.

What makes a substance antigenic in a particular animal is not
accurately known. Antigens are substances foreign to the animal and
of certain molecular size and structure. Antigens are effective in some
animals and not in others, and the host must always be considered
when referring to the antigenicity of a particular substance.

The blood group antigens vary in this respect as do other antigens.
Far example, although A and B are antigenic in Man, they are antigenic
in animals as well, and good antibodies can be produced in rabbits
by the injection of red cells containing these substances. The D antigen,
on the other hand‘: ii a ve:y good antigen in Man, but it is only with

90 e tie aTmd 2 bdam A am s Taalanit e IS et

Y l ' - . o bt 'y ey a)
antigenic in Man. On the contrary, the MN antigens of the red bIouZ‘
cells are very antigenic in rabbits and high titre antibodies can be
produced, but when injected into Man antibodies to these antigens are
almost impossible to produce. Antigenicity may be present in a de-
natured, or partially denatured, protein, but their ability to react with



ANTIGEN-ANTIBODY REACTIONS 5

reference to anti-D on page 174, and it is imcrcsling‘lofnoticc in' the
present conncction that the agglutinating and incomplete preparations
of colloidal silica show the same effects, This is illustrated by Table 1,
which should be compared with Table 51 (p. 174), where the effect
given by antibodies is seen. . . .

Chemically, antibodies are a particular type of serum globulin,
largely ¥ globulin, and antibody globulins have about the same mqlc-
cular weight as the normal serum globulins in the fraction in which
they occur, at Ieast in Man and rabbits (Boyd, 1956); for example,
y globulins of molecular weight of the order of‘ 100,000~150,000.
The qualitative nature of the change that takes place in & normal scrum
globulin and confers on it the particular characters that make it an
antibody globulin is unkndwn, but quantitatively there may occur,
following immunization, an increase in the serum globulin of the
animal. Antibodics may be y globulins or @ and g globulins and,
=part from their imminologicat properties, are indistinguishible from
the normal serum globulins of the animal. -In some animal§, such as
the horse, immunization produces a new clectrophorctic component.
The serum component in which the antibody resides depends to some
extent on the naturc of the antigen and the degree to which the animal
has been i ized. Prolonged i ization may result in antibody
8 globulins being produced. 7

Purification-of antibody can be cffected in two ways. Firstly, by
physical and chemical means (e.g. Cohn’s alcohiol precipitation
technique, where the-y globulins can be separated from the other
proteins); secondly, by elution of the absorbed antibody from the
antigen substrate (p: 26), Blood group antibodies can be pirrified by
either of these methods..’ T

The antibodies that occur in animal sera are divided into two kinds,
natyral and immune. ,, | - T

Natural antibodies might be defined as a property of the serum
protein itself. Species specific antibodies are often thought to belong
to this category. It has been suggested by Boyd and Bernard (1937)
that all ¥ globulin might be antibody, so that if the serum of Man or
animals were to be exhausted with all the antigens one could find, there
would be a very substantial reduction in the serum globulin of the
animal. It has been contended that iso-antibodies, such as anti-A

and ax}ti-B, which occur in-varying strengths in human sera. ace of
mater-* --- °

1953) .-
with be
bor_m, au uuud. Luling e one will copstantly be immunized by such
antigens without obviously having received them by way of blood
transfusion or other means (Wizner, 1951).

Immune antibodies are those produced as a result of parenteral
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as a “human anti-A antibody”, and so on. On the other hand, they
may be described with reference to the nature of the observed reaction
when the antigen and antibody are mixed together. For example, if
appintination is observed they are referred to as “agglutinins™; if
haemolysis is observed, as “haemolysins”. With organisms carrying
antigens, such as bacteria, the death of the organism may result from
an antigen-antibody reaction and the antibody be called “a bacterio-
cidin™. The question arises as to whether all these different results
imply that different antibodies are produced by the injection of a single
antigenic component, or whether one antibody is produced which
produces different effects according to different physical or chemical or
other conditions when it reacts with the antigen. The unitarian hypo-
thesis of the nature of antibodies is favoured by many immunologists,
and indeed the same antibody might react with the antigen to produce
different observable results. Nevertheless, an antigen may give rise to
antibody molecules of differing activities and with various degrees of
avidity towards the antigen.

Some antibodies, when they react with the antigen, may produce an
observable result of one kind but pot of another; for example, they may
act as a haemolysin but not cause agglutination of the red cells. On
some occasions antibodies unite with red cell antigens, but the fact that
this has occurred is not apparent because agglutination does not occur
in saline solutions but only in viscous media, or when the antiglobulin
test is employed, or when the red cells are treated with enzymes. These
antibodies are sometimes referred to as “incomplete” or “univalent”
antibodies. Such ibodies commonly occur among blood group
antibodies.

‘The exact physical or chemical properties which determine the
difference between an aggletinin and an incomplete antibody are not
known, though it has been suggested that incomplete antibodies are
univalent and are smaller in size than agglufinins which are bivalent
or polyvalent. Whether or not this explanation is correct, it secrs that
the difference must be something of a fairly simple nature, since many
of the properties to which the interaction of incomplete antibodies
and agglutinins give rise, such as blocking and zoning, can be mimicked
by preparations of colloidal silica (Renton and Hancock, 1957). Some
of these preparations resemble agglutinins and some resemble incom-
plete antibodies, and, by mixing the two types of preparation, pheno-
mena similar to those observed with antibodies can be produced. When
the proportion of incomplete antibody in a serum or mixture of sera is
increased, whilst the amount of agglutinin remains constant, a pro-

gressively increasing prozone develops which eventually meets the
titration end-point, so that the serum no longer agglutinates the cells
at any dilution. The addition of the incomplete antibody does not
affect the agglutinin titre, These phenomena are described with
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introduction of antigen. It may be that immunization will occur in
an animal that alrcady possesses antibodies for that particular
antigen.

l\fost blood group antibodies are of human origin, and lhc.sludy of
human proteins, thercfore, is onc that is most important in blood
group work. Heating of human serum containing antibodies slowly
decreases the activity of the antibodics and finally destroys them
altogether, but the degree of heat that is required to destroy the activity
of an antibody depends upon its nature. Incomplete antibodies seem
to be more heat resistant than saline agglutinins,

Antigen-Antibody Reactions

Antigen-antibody reactions take place in two stages. In the first
stage the antigen is combining with the antibody, and in the second
stage further changes arc taking place as a result of this union which
make its effects manifest by agglutination or other means. The
conditions which are optimal for the first stage are not necessarily
the same as the conditions which are optimal for the second stage.
This is well seen, for example, in the Donath-Landsteiner test, where
the first stage only takes place at a low temperature, but the sccond
stage, which consists of the lysis of the red cells, only takes place at
37°C. Thus the first stage produces no visible effect and it takes place
very rapidly, whereas the second stage takes place more slowly and the
observable effect only occurs if the physical and chemical conditions are
right. The two stages are also of importance in connection with the
phenomenan of zoning,
. Inthe serum albumin test used to detect blood group antibodies there
is evidence to suggest that the conditions for sensitization of the eryth-
rocytes by antibody are different from those required for their agglutina.
tiop. If these differences can be more accurately defined improvements
may be made in the technique of this test.

Blood group antigen-antibody reactions are usually shown by
agglutination in the second stage, and after the cells have been sensi-
Eucd in the ﬁr‘st stage, various special conditions are sometimes needed

IS BT

sswsaan SCLULL, OL 1L may be necessary to wash them and add an anti-
globulin reagent in order to produce agglutination. It is generally
thought that the lattice hypothesis of the action of the antibody is
correct, at any rate where agglutination is concerned; that is to say,
the agglutination is not brought about by the agglutinin merely altering
the p'hy.sxczd surface of the cells so that they are no longer able to
Temain in stable suspension, but by tha ~ontat 0 : -

bridge betwt_ﬂeu one red cell and ano
the agglutinin molecule is attached 1
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Taptr 2. Estnaarion oF Nusptr or MOLICULIS INVOLVID N AN ANTIOD
ANTIDODY REactioN

(i) Comparison of Inkibltory offect of cluate and y slobulin on egglutination of 3
sensitised cells by antly globulin reagent.

Ditition of trkithior
Inhibitor —e

2 4 8 16 12

Hutte.. oo o |= w4 4 bbb it
-1
rmﬂ‘ir NTO - = - - +4 + 4t A4 4k

. Eluate Is equivalent to $X10-% gm.ml, of y globulin,
Since molecular welght of y globulin ~ 153,000
and weight 11 atom - 16610~ gm.
2. Eluate containy 197 x 10" molecules/ml.

(if) Titratlon of eluate with D posithe eells.
1 volume eluate to 1 volume cell suspension (0-91% 10* RBC/mL),

Dilution of elugte
Method e

~

8 16 2 61 138

O
B

Antiglobulin test .,
Papain cell test

o+ antiglobulin test = 1,300 molecules/R.B.C.

and - papain cell test = 325 moleculesfR.D.C
A second determination gaves

4+ antiglobulin test = 3,000 molecules/R.B.C.

Zoning is a phenomenon in which the agglutination, precipitation
or other sign that an antigen-antibody reaction has taken place fails
to occur with low dilutions of the antibody, but docs occur with higher
dilutions. The same phenomenon can occur in certain systems during
titrations of antigen apainst a fixed quantity of antibody. Zoning from
antigen excess is of little importance in blood group serology, but
zoning from antibody excess is not uncommon, The first part of the
titration, where the results are negative, or weaker than those in the
later part of the titration, is called the prozone. The cause of this
phenomernon, in :lg_gl_utination systems at any ratc. anpears tn ha that

alasdas of " e

Lol tud waynu Cell. Lne conclusions drawn from some studies
on zoning With anti-D sera are discussed on p. 172,
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to a second, and it will be seen that the idea that the agglmmm is
bivalent or polyvalent is implicit in this hypothesis. . »

When an incomplete antibody and an antiglobulin reagent act
together in bringing about agglutination, this will only take place if
the two molecules involved are attached to the red cells in the correct
ordet. This can be demonstrated by an experiment using an cluate of
incomplete anti-D made from sensitized cells which have been thoroughly
washed to free them from serum proteins before elution takes place.
If this is done with care, the eluate will consist virtually of pure anti-
bedy, or, at any rate, the only substance.in it capable of reacting with
antiglobulin reagents is antibody. This can be shown by the fact that
absorpuon of the eluate with thoroughly washed D—posmve cells
removes its ablhty to neutralise antiglobulin reagents. H such an eluate
is mixed on n microscope slide witha 5 per cent suspension of thoroughly
washed D-positive cells, the mixture left for five minutes and a volume
of antiglobulin reagent added, the cells will be found to agglutinate
and it appears that the cells first take up anti-D, and later the sensitized
cells take up the antiglobulin reagent and agglutinate. If, however, the
antiglobulin Teagent and eluate are mixed together first, and the cells
added five minutes later, no agglutination occurs, It seems from this
that the anti-D and the antiglobulin reagent have combined together
in such a way that the former can no longer attach nsclf to the D-
positive cells.

Such a pure anti-D eluate not only fails to react with D«posxtzve cells
when first mixed with antiglobulin reagent, but it will also neutralize
the antiglobulin reagent, and if the ability of such an eluate to neutralize
antiglobulin reagent is compared with the ability of solutions of
v globulin of known concentration to do the same, it is possible to
estimate the amount of active protein in the eluate. If we assume that
one molecule of anti-D reacts with antiglobulin in the 3ame way s one
molecule of y globulin, it 15 possible 1o estimate the number of molecules
of antt-D in the eluate, and by using the eluate to sensitize D-positive
cell suspensions of known strength one can arrive at an idea of the
sumber of molecules of antibody needed for the cells to give a positive
antiglobulin test. The methad is obviously somewhat approximate and
a variety of controls is needed, but working on these lines we estimated
that about 1,000 to 3,000 molecules of anti-D per red cell are needed
for the cells to give a -~ aggiutination in the Coombs test,-though
one of the eluates which we studied would agglutinate papainized D-
positive cells at a dilution corresponding to about 325 molecules per
red cell (Table 2).

Boursnell, Coombs and Rizk (1953} calculated that there were 5,500
T combining sites on an Rh positive erythrocyte. This'is interesting
to compare with the above figures. Fuitti-Wormser e? al {1954y
estimated 5% 10° B sites on a group B red cell.
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PLATE 1. Microdissection of an ant:

-A agglutinate  Strands of lozenge-shaped
cells connected by invisible filaments can be seen  Sce p 10, x27
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When antibody reacts with antigen certain serum components which
are neither antigen nor antibody may be necessary for the antigen-
antibody reaction to occur, or may be absorbed during its occurrence,
or may be necessary for its detection. Complement is one such sub-
stance, and reference will also be made to another substance unlike
complement, present in some normal sera and in pathological sera,
which reacts with anti tibody aggreg:

THE STRUCTURE OF AGCLUTINATES. The agglutination of red cells
by agglutinating antibodies seems to be due to the adherence together
of “myelin forms” (Bessis, 1955), and if a clump of agglutinated cells
is forcibly pulled apart it can be seen that the cells are held together
in the clump by a very elastic material, The appearances are similar
with agglutinins of various specificities but are best demonstrated
following the intense agglutination of group A cells by anti-A.
Plate I shows the general appearance seen on the micro-dissection
of such an agglutinate. The agglutinate is in process of being pulled
apart by two needles, only one of which can be seen in the illustration.
Chaias of cells are visible close to the needle and the cells in these
chains are distorted into a lozenge shape and held together by invisible
filaments. Plate II shows four steps in the micro-dissection of 2 clump
of A cells agglutinated by anti-A. In (a) and (&) several chains of cells
retain their continuity, and in () all the chains but one have broken
and the one chain which remains unbroken is stretched almost to its
limit. A single lozenge shaped cell is visible, still attached by its fila-
ments to the cells near the needle at one end of the chain and to the
cells of the clump at the other end. In (d) the needle has been moved a
littte further from the clump and the filament has broken between the
needle and the isolated cell. The filament between the ccll and the
clump contracted at this point and drew the cell back to the clump,
so that the cell is no longer visible in the photograph. If the cells
attached to the needle are examined it can be seen that the appearance

of tension seen in {a), (b) and (c) is no longer visible in (d) when the
chain has broken.

SpECIAL SERUM FACTORS

Complement is & propesty of serum which may either cause Iysis of
sensitized sheep cells ar agglutination of red cells treated with antibody
in the pmenw_of conglutinin. A guinea-pig serum contains a typical
h lytic variety of ! and horse serum a conglutinating

YU PRy

- . which was the name
* ‘This substance was
<oated with antibody
e pl is

‘aﬁcr the aggregntc ﬁad absorbed
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avenicntly shown using cclls coated with bovine antibody and
Kﬁﬁd horse cgmplcmcnl. Such coated erythrocytes arc a relninned
by & serum containing conglutinin, Streng (19‘30) dcsc{lbcd im.munOa
conglutinins which appear in animal sera following a varicty of d|ﬁcftfﬂ
tnocula. Coombs and Coombs (1953) suggest that immuno-conglutinin
interacts with adsorbed complement. i .
Haemolytic complement, on the other hand, is thermo-labife

substance, and inactivated by heating normal scrum at 56° C. for
25 minutes.

Serum compl of four comg s (Kabat and Mayer,
1948), C'1, ©2, €'3 and C4, and the titre of whole complement (C') is
dependent on the titre of the weakest component. In human serum this
is C'2, which is also the most thermodabile. C'1 is also thermo-
fabile, but €'3 and C'4 are morc resistant to the effect of heat. Mayer
et al. (1954) have shown that complement fixation and lysis of red
cells proceeds in three stages. The first stage requires Ca++ and
probably involves C'1 and C'4; the sccond stage requires Mg+ + and
€2, and in the terminal phase C'3 actively results in lysis of the cells.

1t has long been known that certain antigen-antibody reactions can
be detected owing to the fact that when they occur complement is
fixed; this fixation of comp) can be d d by an indi
system consisting of sensitized sheep cells. This, of course, is another
way by which antigen-antibody reactions can be detected indircctly.
Leposw et al. (1956) have recently shown that C'1 is a proesterase which
is converted into an esterase during antigen-antibody reactions, and it
seems possible that it destroys other p of compl Cc2
and C'4, and complement is thus fixed.

Pilfemer ef al. (1954) described 3 new natueal immune property of
blaod, properdin. Properdin, complement and Mg++ form the pro-
perdin system, a natural defence mechanism of blood, Properdin (D) is
removed from serum when it is treated with zymosan (2), a complex
carbohydrate of yeast, at 15° C. A PZ complex is formed which at
37° C. inactivates the C'3 component of complement; this is the basis
of the properdin assay.

Properdin plays no part in blood group reactions, but complement
daes, and this §s described in Chapter 11,

. be Rose-Waaler test, in which use is made of sensitized sheen calle
ap thm ottt .

mar

dils . aualu ullutl SUILABIE CONdILOnS with sensitized sheep cells,
a high ?ggluunauon titre is recorded, whereas normal sera give a much
lower titre, Many workers subsequently found that some norma) htman
sera wou!d, under certain circumstances, agglutinate Rh positive cells
coated with incomplete Rh antibody (Milgrom ef al. 1956, and Grubb
1956). Such properties are relatively uncommen among normal sera but



PLATE IL. Four stagesin the mucrodissection of 2n aot-A 2ggiotmate.  See p. 10. - 270
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cerum so that it is not detectable. This docs ot mean that the :ml.’:'m!
is as it was before the antipen was piven, tut a chanpe ‘._IM haen pio-
duced 5o that a second dose of antigen at a ater date will paoduce a
much higher antibody response than the initial doe,

Blood group antigens are able to immunize human brings and that
may arise in three ways:

1. By the injection of red celfs, cithzr accidentally, avia the ez of
blood transfusion, or purpotely, with the ohjret of thimelsting
antibody formation, .

2. By the injection of specific mucopolyraccharides A and B,

3. As a result of pregnancy.

Antibodics against the A or B antipens are n_onm!ly pretent in scra
depending on the ABO group and the inoculation of them preduces a
marked rise in anti-A ot anti-B titre. On the other hand, red cclis
containing antigens, such as the D antigen, may be injected apaint
which antibodies are not normally present in human scrum. Diamond
(1944} injected Rb negative male volunteers with small guantities of
Rh positive blood and three out of five were suceessfully immunired.
Many other workers have experimented with this i ization pro-
cess, somelimes giving or adding special adjuvants, as did van Loghem
et al. (1949), who successfully produced anti-C” antibody by injection
of humans. Oftentimes it has been established that the injection of
small doses of red cells containing the logousantigenwil) hoost the
titee of an atypical antibody present in human sceum, For example, the
strength and titre of Rh antibodies are commonly increased in this
way. This, of course, should not be done in mothers of the child-
bearing years. Erythrocyte stroma is antigenic and Grove-Rasmussen
et al. (1955) have recently described a case of an Rh negative person
suffering from hacmophilia in whom anti-Rh antibodies were induced

by the injection of plasma dueto the presence of red cell stroma in the
plasma.

TSOIMMUNIZATION DUE TO PREGNANCY. If 2 mother lacks n

particular blood group factor in her red cells, she may be immunized
during the course of preguonmr e iliatdana s o oo

baby’s red cells, having be
ization will produce in the

antigen, The commonest antigen to which this occurs is the D antigen
of the Rh series. In this particular instance the mother is Rh negative,
the father is Rh positive, and the baby is Rh positive. The mother
becomes i ized during p y and produces Rh antibodies
which pass back through the placenta and attack the foetus, producing
(l\r: condition known as haemolytic disease of the newborn. From the
point of view of immunization it is interesting to note that during their
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oceur more frequently in pathological sers and in sera from cases-of
rheumatoid arthritis (Waller and Vaughan 1956). The substances re~
sponsible for these reactions are thermo-stable and are not, apparently,
related to complement. . .

Sera possessing these properties can cause agglutination of sensitized
red cells which would not otherwise occur, They constitute another
property of serum which is a reactant in some antigen-antibody reac-
tions. In the future it seems probable that more use will be made of
these properties of serum, -

Tmmunity and Immunization
There are two kinds of immunity: L

1. NATURAL IMMUNITY. This is innate reaction to disease. - Natural
immunity varies from species to species of animal; some animaly afe
susceptible to diseases to which Man is very resistant, and vice versa.

2. ACQUIRED DMMUNITY. Acguired immunity is of two kinds, (@)
passive, {b) active.

(@) Passive immumity. It is nat propased bere to consider passive
immunity in detail. It is a ¢ype of immunity which results from
administration to the anitmal concerned of serum or serum products from
an immune animal. Passive immunity may arise from the paregteral
administration of the serum from the imumune animal or naturally by
its passage through the placenta or sometimes via the breast mifk, or
colostrum. Blood group antibodies can cross the placental barrier
and appear in the foetal bloed stream. Anti-A and anti-B frequently
cross from the maternal to the foetal serum, as do other antibodies,
which may result in disease in the child. Breast mifk may also contain
blood group antibodies which it is thought may affect the child,

(b Actively acquired immunity. This results from the action of
varjous factors which tend to increase resistance of the animal to
disease. These may result from alterations in the tissues or mobilizition
of cellolar elements, or other factors of non-specific kind, or they may
result in the production of antibodies secreted into the serum and
present in the tissue fluids as a result of the natural or artificial adminis.
tration of antigens to the animal. B

One of the characteristic features of immunization of an aniinal with
an aptigen is the production of an antibody. The first dose of antigen
given to the animal may produce a minimal sesponse, that is, the
antibodies may not readily be d ble, but a subseq; dose of
antigen results in 2 rise in antibody fitre, far greater than the first
injection produced. This is related also to the time interval between
1he first and second doses, and any subsequent doses. If one dose only
is given the antibody produced may gradually fade from the animal’s
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newborn, the blood of mothers and fathers, or mothers and habics,
shows a higher degree of ABO compatibility than in the normal
population. Many series have been published; Stratton (1953) l'ou’nd
67 per cent of compatible matings tn normal familics compnr!:d v-:ﬂh
82 per cent where the mothers were Rh negative and had Rh antibodies.
It may be that in incompatible matings the foctal enythrocytes are
destroyed so rapidly that the chance of materpal immunization is
greatly reduced.
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first pregnancy Rh negative mothers do not normally produce Rh anti-
bodies, even though the first child is Rh positive so that first children
are rarely affected with the disease. They more commonly produce
them during the second and subsequent pregnancies. Where Rh anti-
bodies are produced during the first pregnancy it is almost always
found that there has been an initial antigenic stimulus, usvally an Rh
positive blood transfusion, at an earlier period of the mother’s life.
Case 1
Mrs. V was Rh negative and had potent Rh antibodies in her
serum. Her husband was Rh positive, homozygous RR,, and her
baby when born was found to be Rh positive, and even though it was
the first child it was severely affected with haemolytic disease and
subsequently died. It was found that ten years previously the mother
had received an Rh positive blood transfusion. This acted as the
first stimulus and the first child consequently produced a very potent
response in the mother.

Another interesting feature of the condition is the frequency with
which it occurs. Calculations from the occurrence of the condition in
Manchester showed that 1 in 17 matings of Rh negative mother XRh
positive father produced children affected with haemolytic disease of
the newborn. It is thus obvious that women vary in their susceptibility
to antigenic stimuli. Some readily produce antibodies and, indeed,
occasional cases do occur, even in the absence of previous blood trans-
fusion, in which mothers are immunized by a first pregnancy. Other
mothers never become immunized, even after a large number of
pregnancies, and some become immunized after four, five, six or more
pregnancies of Rh positive children. This is 2 common feature of the
production of antibodies generally. Another feature of haemolytic
disease which is of interest from an immunological point of view is the
occurrence of an anamnestic response. That is to say, in a case where 2
mother is Rh negative and has Rh antibodies in her serum, resulting
from a previous pregnancy, there might be an increase in titre of the
mother’s Rh antibodies during pregnancy, even though the foetus is
Rh negative.

1t is not only Rh negative mothers who have children affected with
haemolytic disease of the newborn. Mothers who are Rh positive may
be immunized to some antigen not present on their own red cells. It
appears to depend upon the susceptibility of the mother to immun-
ization whether or not she produces such an antibody.

Heterospecific pregnancy, a term introduced by Hirszfeld, is one
where the red cells of the foetus would be agglutinated by the anti-A
or anti-B of the maternal serum. Thus a mother of group O would
have an incompatible or heterospecific pregnancy if the child were
group A or group B, or compatible if the child were group O. In
families in which a child is affected with haemolytic disease of the
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CHATTIR 0
AGGLUTINATION TISTS

Ixblood grouping work the observable sesults by which itis known that
antigen-antibody reactions have occurred are either erythrocyte apglu-
tination or haecmolysis. The purpose of this chapter is to describe how
agglutination tests should be carried out,

Materlals

Measurements in blood grouping work are undertaken using marked
Pasteur pipettes. A drawing of such a pipette is shown in Fig. 1. Itis
usually about 4 inches long with a narrowing tip about 2 inches long
and is fitted with a small rubber teat. A stock of these pipeties can be
kept ready for use in n sterite container. The volume of scrum or cell
suspension used in agglutination or other tests varies to some extent
from test to test, but many tests require about 0-04 ml. and it is often
valuable to have a Pasteur pipette graduated for this volume. This is
done by making a circular pencil mark on the narrow end of the pipette
about 1 inch from the tip. 1 ml. of saline is then put into a tube and
tests are made to determine whether 25 volumes can be removed from
it using the pipette; the mark is adjusted nccordingly. This is not an
accurate method of dispensing volumes of serum or cells, but it is
sufficiently accurate for most blood grouping work. Drops of liquid or
cells should never be used. They vary too much in volume and it is
almost as speedy to place n measured volume in the tube as itis to put a
drop in each tube,

I still greater accuracy is required, graduated 1 ml. pipettes are
used. Insome work the usc of sterile graduated pipettes is ial; for
example, in the titration of complement where accurate quantitative
work is needed. If accurate titrations of blood group antibodies arc
required, it is necessary to make up the dilutions using graduated
Pipettes. In making up dilutions of antisera it is always advisable to
use graduated pipettes; similarly, graduated pipettes should be used for
making dilute suspensions of red cells from packed erythrocytes. Using
2 Pasteur pipette, a 3 or 5 per cent strength of suspension can be jud ged
fairly accurately, with experience, by its colour and density when
VJew;d in the pipette.

Disposable pipettes are very useful and are shown in Fig. 1. The

fist one employs a disposable sterile capi ich i i
s pillary which is placed in the
end of a tube with 2 teat on it Vary cmatl r,’.'.m...:.,, M?n..:a can be
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blood collection, as in the others, care should be taken 10 use different
sterile apparatus for each person to avoid the risk of homologous
serum jaundice or syringe jaundice. Syringes, ctc., should be dry
stesilized or finsed in saline to avold hacmolysis.

Blood from infants may be obtained by intravenous puncture, or
heel stab. Cord blood should be collected from the umbilical \tin
using a syringe and needle; the cord should not be *“milked" to obtain
a sample. Avoid Wharton's jelly.

Blood when collected may be run into a neutral isotonic fluid, be
allowed to clot, be defibrinated, or be mixed with an anticoagulant,

Tt is not generally advisable 10 run blood into a neutral isotonic fluid,
since the subsequent red cell suspensions are very liable to contain small
clots.

Clotted blood may spontancously scparate from the sides of the
container, but the tubc or bottle may need ringing. That is, using a
sterile applicator stick or glass rod, separate the clot from the sides of
the tube or bottle so that the clot will retract completely, Defibrinated
blood is prepared by whisking the blood with a hooked glass rod
immediately it has been collected. The rod is held in the finger and
thumb and twirled in the blood as it clots. When clotting is complete a
mass of fibrin is removed.

Various anticoagulants have been suggested for the collection of
blood. Fisstly, A.C.D. solution. One volume of this is mixed with
4 volumes of whole blood; 25 ml. containers should be kept ready
prepared with 4 or 5 ml. of A.C.D. mixture already in them so that the
appropriate quantity of blood can be added from a syringe. Even
where drops of blood are put in A.C.D. mixture these proportions
should be adhered to. 3-8 per cent trisodium citrate is a very useful
medium into which to collect small quantities of blood, or drops of

blood. Heparin, or a heparin-saline mixture, has also been used.
, Ithxs sometime; idered that it is an ad ge to add antibiotics

sy we duuLa (LdidL, 1YDD),

. Therelative merits of clotted and defibrinated blood and that collected
in anticoagulant, depend upon the survival and preservation of the
req cells themselves, as well as on the preservation of the antigens.
With clotted blood samples sufficient free cells can be obtained to make
a good erythr.ocylc suspension. Large quanfities of cells are not
available and if these are required blood should be collected as de-
fibrinated blood. Tn both these samples serum is available. The red
cclLls 50 obtained have not been contaminated by any extraneous

P stane arseu:gti\smﬁmi g 'd 4Red cells collected in this way,
CVer, 2 preserved at 4° C,; ion i
obtained if A.C.D. is weed whish & much better preservation is

s the best preservative for this
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wool plug and sterilized. A small glass tube with a ground glass end
(a part of a blood giving set), and teat, is pushed into the end of these
and enables them to be withdrawn aseptically from the tube. These
form a very useful means of withdrawing serum, saline, cells, etc.,
aseptically from containers.

Microscope slides used are of the 3x1 inch standard type. Opal
glass tiles can be obtained of varying thicknesses, and if it is desired
to use them for titration purposes 12 X3 inch tiles are a convenient size.

Tubes of various sizes are employed, the commonest being a preci-
pitin tube 2 x } inch or 2x3 inch. For the antiglobulin tests 2 3 x1inch
tube is used. Plastic tubes of various sizes can be obtained and are
useful in that they never smash in the centrifuge, and if made of nylon
can be autoclaved and kept sterile.

Bottles of various sizes are also useful and screw-cap bottles of
1, 2, 5, 20, 50 and 100 ml. should be kept as sterile containers in the
laboratory. These are prepared with a few drops of saline in the bottom
and sterilized with the caps screwed tightly down. Plastic bottles are
also valuable and occasionally these can be obtained in materials
which may be sterilized, but generally this is not so and polythene
bottles have to be employed; sterilization here presents a problem.

Disposable applicator sticks are very useful for ringing clots and for
mixing the cell-serum samples on a slide.

Sterile isotonic saline solutions are prepared by autoclaving in glass
bottler and may have rather a low pH although no buffering power. If
buffered saline is desired, veronal buffered saline, as recommended by
Pillemter ez al. (1956), may be employed (p. 51).

Sterile anticoagulant solutions, A.C.D., or trisodium citrate, are
made up in 20 ml. containers. Qnce a bottle is opened and used it is
discarded, since the solution readily becomes infected.

A.C.D. Solution

Disodium hydrogen citrate . . 250 gm.
Glucose .. . . . .. 200gm.
Distilled water .. . e .. lOOMmML
Trisodiun Citrate Solution (isotonic)
Trisodium citrate, ZNa,QH.O,IlH.O 38 gm.
Distilled water .. .. 160mb
Erythrocyte Suspensions

Blood may be obtained from individuals in various quantities, by
pricking the finger or ear, or by intravenous puncture with a syringe
(up to 50 ml), or with a taking set and bottle (up to 500 ml.). When
collecting blood, all the containers and apparatus should be sterile and
the blood should be removed asep . This is not possible, generally
speaking, with finger or ear lobe pncks Pamcu)arly in this form of
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ions are autoclaved, ot in Which the red cclis are stored. [tisenly
i?\"c\l\l‘i‘::s:r:c washed red celts. Freezing itself has an effect on colloidal
silica which tends to increase this eflect. When stoning glycerol lm\c_d
red cells at ~25° C., therefore, it is desirable that polythene o plastic
bottles should be used. Citrate and other solutions used for prescrving
the red cells and for restoring them to saline s\‘u_pcn\inn u}ould be
prepared by autoclaving in plastic bottles, or sterilized by Scitz filtra.
tion. No solutions or substances used in this work should be auto-
claved or frozen in glass bottles,
Red cell suspensions made from blood collected as above are normally
suspended in saline. In the case of clotted blood sumdcn(}oosc cells arc
available to make the suspension, but in the case of anacmic persons this

may not afways be 50 and the clot may have to be broken up in order
10 ohtain enflisd fren celte R Catd 1m<1) =

v T
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Cells should be washed twice in twenty times their volume of norma}
saline, which will ensure that not more than 0:5 per cent of serum is
present in the cell pack, This supernatant saline should also be free
from haemoglobin; if it is not, further washing should be made until it
is free, The fact that hacmoglobin was present in the washings indicates
that the celfs may be old or they may be unsuitable for use, The final
suspension is prepared from the cell pack using graduated pipeties or
Pasteur pipettes in a concentration from 3 to 10 per cent. according to
the test in which it is to be used. The bulk cell suspension may now be
Ieft for a few minutes on the bench in order to permit any small clots to

sig'k to the bottom of the tube and the supernatant suspension decanted
(i N

Antisera

When blood is collected from Man or animals for the purpose of
obtaining the serum it is usual to allow blood to clat, although it may
be defibrinated. 1F this is a small quantity of blood, say 20 mt., the
bottles may be spun in the centrifuge. 'Where larger quantitics of blood
(200-250 mL)) have been collected, these may be centrifuged and the
serum collected, or the bottle may be hung up in the cold-room with
a standard giving set inserted into it and the serum tun off for twenty-
four hours into a container below. Both these methods give about the

same yield of serum, but a greater yield of serum still can be obtained
if sx}xcone coated bottles are used. Al these procedures should be
carried out With sirict nrantis eaean o

C. but when in daily

‘ +4°C. forasshorta
peuvu as possivle. Lhe lower temperature of storage (-25° C)
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purpose, but has not such good anticoagulant properties as tri-sodiom
citrate. Deterioration of erythrocyte antigens is referred to in
Chapter V.

Small quantities of blood in the form of drops of blood should not be
run iato large quantities of anticoagulant because the pH of the red cells
may be altered thereby. Heparin is not satisfactory since cells do not
preserve well in heparin and it is also violently anticomplementary, and
even washed red cells may retain some of this activity.

Blood samples for anthropological blood group determination may
present special difficulties. In the first place it may be necessary to
collect them by finger prick methods; there may be dliﬁculty in pre-
serving sterility and tropical conditions may appertain at the site of
collection, It would seem that the best solution to these problems is
1o vse an A.C.D. mixture containing antibiotics and to fly samples
back to the laboratory as soon as possible. Many workers have
their own particular solutions which they consider to be superior to
others,

1f red cell samples have to be preserved for long periods of time they
should be kept frozen solid at ~25° C. Mollison (1956) recommends
the following method:

Blood is collected into A.C.D. mixture. This is then centrifuged and
the plasma supernatant discarded and replaced by an equal volume of
glycerol solution (40-vols. glycerol to 60 vols. 5 per cent trisodium
citrate). The mixture is then partitioned into a number of small tubes
and these are placed at —25° C. When the red cells are to be used, a
tube is thawed in warm water at 37° C. and the red cells freed from
glycerol by washing in successively more dilute solutions of glycerol.

A stock of suitable solutions is suggested as being 16, 8, 4 and 2 per
cent glycerol (W/Y) in 3 per cent citrate. The cells should then be
washed twice in saline and are ready for use.

Crawford, Cutbush and Mollison (1954) consider that cells stored in
this way for one year react almost as well as fresh cells, and this appears
to apply to the reactions of all blood group antigens. It has been our
experience that red cells stored in this way react almost, but not quite,
as well as fresh cells, certainly after a period of six months’ storage
and probably in most cases for twelve months’. Certain receptors
are fess well preserved than others, e.g. autoagglutinin receptors, H
and O.

Certain difficulties arise from time to time when frozen cells are
restored o the salive medium by the ive washes in d
concentrations of glycerol solution. Sometimes it is found that the red
cells on being brought up into saline spontaneously agglutinate to a

g wtetla axtant when aenended in the final ealine enlntian  Cirattan
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absorption they wilf need to be sterilized before they can be used, llt{vy
contamination will prevent the serum being used as a blood grouping
serum and panagglutinins may be present. If they have retained their
specificity and contamination is only slight, sterilization may be carried
out by Scitz filtration, It is desirable to avoid the need for Seitz filtra-
tion of sera if at all possible because with many sera there is a Jous of
titre of about one or two tubes following Seitz filtration. Anticeptics
may be added to sera—0-1 per cent sodium azide—to prevent bacterial
growth duc to accidental contamination during their use. If, however,
the sera are kept in an ice tray for beneh work, or in the refrigerator at
4° C. for the minimum possible time and largely preserved frozen solid,
accidental contamination will not result in deterioration of the anti-
body potency of the scrum or in non-specific activity.

Anti-A and anti-B active as haemolysins arc inactivated before use
as blood grouping sera.  Anti-Le®, anti-Le® and anti-Jk* may depend on
complement for optimum activity and should not normally be inacti-
vated. Inactivation may make fresh serum anticomplementary, as
may storage (p. 54).

Absorption of antisera may be necessary to remove anti-A, anti-B or
other unwanted antibodies from the serum or, in the case of animal
sera, to remove species specific agglutinins. A typical example of the
absorption of animal sera is the preparation of anti-M and anti-N. The
most frequent reason for which human sera are absorbed is to remove
anti-A and anti-B from the serum in order to leave the specific atypical
antibody active against any ABO group of red cells.

TECHNIQUE OF ABSORPTION FOR THE REMOVAL OF ANTI-A AND ANTI-B
OR OTHER ANTIBODIES

1. Select suitable cells for the absorption; blood collected into A.C.D,
is suitable. If anti-A is to be removed the absorbing cells must be sub-
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prevents bacterial contaminants from multiplying and minimizes loss of
antibody potency. If the refrigerator in which the sera are frozen solid
fails to such an extent that the sera inside thaw out, they should alt be
removed and the bottles gently shaken up before the sera are refrozen.
This is because during thawing of the frozen sera, layering takes place
and the concentrated protein sinks to the bottom of the container, If
such a Jayered mixture is refrozen the bottom Iayer forms s sticky mass
in which denaturation may occur. Sera when stored at —25° C. will
lose their complementary activity gradually over a period of weeks or
months and may later develop anticomplementary properties. Some
sera are not readily preserved by storage frozen at ~-25° C., for example,
anti-Le®* and anti-Jk®. Preservation at —70° C. may be advantageous
(p. 299).

Freeze-drying is another method by which blood group antibodies
can be preserved. Anti-Rh sera preserved by this means have been
stored without serious loss of potency for more than five years in our
laboratory. In an experiment, a sample of anti-Rh agglutinin so dried
was placed in a bath of boiling water for a period of one hour and then
reconstituted and tested; it was found that there was no loss of antibody
potency.

During the drying process CO, is removed from the serum and conse-
quently when reconstituted with distilled water the serum has a much
higher pH than it had originally. The pH of reconstituted dried serum
may be more than pH 9. It is sometimes an advantage, therefore, to
reconstitute using Nf50 HCI at 0° C. so that the final mixture is about
pH 7. Some examples of anti-Le* and anti-Jk* are not at all well
preserved by this means, even when reconstituted at 0° C. with acidified
water. Preservation of complement may be affected by freeze-drying
and reconstitution with water (Table 3).

Tante 3. Errect oF FReEZE DRYING ON WhHOLE C’ TITRE OF SERUM

Method of reconstitution PH ‘{;’g’%’:’;’f;’;’:";"’
Distilled water .. . . . . 95 0
Carbonic acid water .. . . - 70 50
N/50 HClat 0° C, . e e 74 50
Control fresh serum P . . . 82 90

Some antisera may give different results if reconstituted with distilled
water instead of acidified water. Table 4 illustrates this and shows loss
of potency and specificity at high pH.

¥ blood grouping sera b

. )

d during ion or
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9. Repeat the aleorption if neccuasy. Half a volume of packed
cclls will usually be found sufficient for thiv,

ALTERNATIVE TrQisious, For Ansorrenos. 3, 2,3 4 and S-m
bove. )
: 6? Mix equal volumes of cclls and serum fapether at fonm tempere
ature. The cells and scrum should be mised topether s qmmi EXS
possible and the container is then turmed upide down two of thtee
times, following which it is immediantely centtifered and the worwm

removed. .
7. Test the serum again A andjor B eclls ofappn?mmc nthes proum
by the stide agglutination technique (as used in ARO prouping,
116},

8, 1f the agglutination seen in (7) is stronper than -4, mp:al‘((-)
and retest. The process is repeated until such time as only a 33
agelutination is seen on a slide test,

9, Absorb the serum with halfl a velume of packed washed celis for
30 minutes at 4° C.

10. Centrifuge and retrieve the scrum.

11. Absorb with half a volume of packed washed cells at 37° C. for
half an hour.

12. Centrifuge and retrieve the serum.

13. Test the absorption as in (8) of the preceding method.

The purpose of the rapid absorption at the beginning is to try ta
prevent antigen-antihadu asee=tow Soe 1,0 Tt ey
of the red cellin
upturned very g

K
but not too rapwuy. a1us 18 done becawse 3t is thought that the return
of unwanted antibodies to animal or human sera may be due to break.
up of avulsed antigen-antibody complex in the secutn, Tt s also n useful
method when absorbing animal sera, such as anti-M and anti-N, where
speeies specific and other unwanted components may require repeated
absorption for their removal.

Absorption at 4° C. as well as at 37° C. is recommended, since if
absorption at 37° C. alone is carried out, especially in the case of
removing anti-A antibody from serum, anti-A activity may be removed
but an anti-A, antibody active only at 16° C. may remain behind.
Tests should also be made in serum media to make sure that all in-
complete anti-A; has been removed from the serum; similarly, if A,
cells were used for absorption difficnities might oceur, Special methods
are required if absorption is to be undertaken with minimal reduction

of complement titre (p. 54).
Whan camn meaote 7 4t 0

. T
of - o - o Lt e
to = 4e ewe b vuldllE, SO that it @ serum is absorbed with
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group A;; A, cells are unsuitable. If the serum to be absorbed is group
0, it is probably best to absorb with 2 mixture of washed A, and B cells,
although alternatives are to use A;B cells, or to absorb with A; and B
cells separately in two successive absorptions. The cells must, of
course, be of such other groups as not to react with the antibody which
it is desired to leave behind in the absorbed serum and, in the case of
anti-D, rr cells should be used.

2. Confirm the correctness of the ABO and other appropriate groups
of the absorbing cells by suitable tests.

3. Wash the cells three times in a large volume of saline and pack
them. If a mixture of A, and B cells is to be used they must be washed
before mixing.

4. Inactivate the serum by heating at 56° C. for half an hour in
order to destroy complement which might otherwise lead to haemolysis
during the absorption. If the antibody present in the serum is one
which requires complement for its action, this step will have to be
omitted (e.g. certain anti-Lewis sera) and the rapid absorption method
used.

5. Cool the serum to 37° C. or below; if it is hot it may haemolyse
the absorbing cells.

6. Add one volume of serum to one volume of packed cells; mix well
together and incubate for a period of half an hour at 37° C. followed
by a further period of one hour at 4°-6° C. If a mixture of A, and B
cells is used two volumes of the mixture should be used to one volume
of serum. If the volume of serum being absorbed is large, the period
of incubation at 4°~6° C. should be increased to allow for the slow
cooling of the mixture to this temperature.

7. Centrifuge and harvest the absorbed serum. The centrifugation
should be carried out at high speed so that the red cell ghosts and other
debris are removed from the serum.

8. Test the serum with A, and/or B cells of other groups not reacting
with the antibody concerned to sce whether the absorption has been
sufficient. This test should be carried out by two technigues; firstly by
the tube technique at 16° C., since this will give optimal results with
anti-A and ant-B, and, secondly, by the technique by which it is

- intended to use the absorbed serum, since although the serum may be
intended for use at 37° C. it is not always possible to avoid some cooling
of the tubes when the tests are read. Serum containing anti-A or anti-B
which was still active at 16° C., although giving no reaction at 37° C,,
would be unsafe to use. If the absorption was done with the object of
removing some antibody other than anti-A and anti-B, the absorbed
serum must, of course, be tested against cells with the corresponding
antigen and this should be done by whatever technique will best
detect the particular antibody concerned. Tests by the technique by
which it is intended to use the absorbed serum must also be included.
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Dlution is uted:

1. In cases of acquired hacmolytic anaemia to identify antibodics
atwarbed on ta the patient’s erythrocyles, )

2. Similarly, to identify antibodics abeorhed on to cord cells in cases
of haemolytic disease of the newbara (Cases 33 and 6%, pp. 196
and 262).

3. Inthe it)olalion and identification of antibodics where several are
present in the same scrum and to help to charactenze now anti-
bodies.

4. In the detection of rare subgroups of A and B, This may be the
only method by which the prerence of A or B proup antigens may
be detected on the red celis; we have found it most useful in
Case 27 (p. 111). i

. As a research procedure in the investigation of antigen-antibody
reactions {p. B).

Physical Conditions affecting Antigen-antibody Reactions
a. Method of bringing antigen and antibody into contact.
b. Tonic strength of the medium.
. pH of the medium.
d. Durarion of the test.
e. Volumes of reagents.
[. Temperature of the test.
8. Strength of the red cell suspenslon.
h. Presence of additional substances during performance of the test.

When red cells containing the appropriate antigen are mixed with
antisera containing homologous antibody, agglutination may occur.
The nature of the antibody is obviously concerned in this, for unless
special measures are taken incomplete antibodies will not cause
agglutination of red cells, but when albuminous, or other, media are
used in which to suspend the cells, or when the anti-globulin test is
used, erythrocyte agglutination can be obtained. These factors can
mﬂuepce agglutination, and if the physical conditions of the test are
Dot right, although antigen and antibody are present in optimal pro-
portions, nevertheless the expected result will not occur.,

o Method of bringing antigen and antibody into contact. OF all the
factors concerned in obtaining satisfactory erythrocyte agglutination
when red cells are mixed with antiserum, the particular method by
which this is done is important. Although an antigen-antibody reaction
will give a positive result by more than one particular method, never-
theless it will often be found that one particular one does give results

which are superior to others and this will be the one which is
t enerall:
employed for that particular antigen-antibody reaction. ® !
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ten times its own volume of packed red cells it should be considered to
have been diluted 1 in 2 by this procedure alone.

Anti-A and anti-B can also be neutralized in serum by the addition
of A and B substances. This is not generally recommended because of
the difficulty of neutralizing incomplete anti-A or anti-B, Serz in
which atypical antibodies, such as anti-Rh, occur, often contain high
titre immune anti-A and anti-B antibodies: It is, however, a useful
method where suitable group A or B cells are not available for absorp-
tion of the serum. If serum from a group O person containing anti-k is
to be absorbed, for example, cells of group A,KK, or B,KK, may not be
available and the anti-A or anti-B may have to be neutralized using
specific substances, Anti-¢ is another case where this may be necessary
(p. 183).

ELUTION OF ANTIBODIES

This is a process for the preparation of purified solutions of anti-
body in saline. The method recc ded is ially that of
Landsteiner and Miller (1925). One volume of a 20 per cent suspension
of red cells is added to 10 or 15 volumes of serum containing the anti-
body in question. The mixture is then incubated for one hour at the
optimum temperature. The cells are spun down, the serum removed
and the cells washed three times in normal saline. A small quantity
of saline is then added to the packed cells, equivalent to about the
volume of the packed cells themselves.

This is then heated at 58° C. for five or six minutes, being constantly
shaken. A thermometer should be placed inside the tube to ensure that
the sensitized cell saline mixtures do actually attain the correct temper-
ature. At the conclusion of the heating the tube is placed in a centrifuge
cup filled with water at 58° C., centrifuged at high speed and the super-
nate removed. This should be done as rapidly as possible, since if the
eluted antibody is in contact with the cells at temperatures below 58° C.
it may start to recombine with the antigen. Rapid centrifugation also
helps to throw down red cell stroma which could neutralize the activity
of the eluate.

This supernate will contain free haemoglobin and the temperature
and time have been increased beyond those recommended by Land-
steiner and Miller with the object of liberating some haemoglobin from
the red cells because this stabilizes the eluate. Many other techniques
for making eluates have been described, but certainly that of Land-
steiner and Miller has stood the test of time. Itis possible to concentrate
an cluate by freezing it and allowing it to thaw out slowly, when it
becomes more concentrated in the Jower portion of the solution; the
upper part is, therefore, carefully pipetted off and the lower part is
used for further tests; the division is seen when the tube is held to the

light.




AGGLUTINATION TISTX 29

required for semsitization may be different from thee required for
apglutination.

Capillaties have been tecommended and ate used for a pumbes of
blood prouping tests (Chown and Leais, 1946). Care has (o he taken
when using capillarics 10 avoid false positive rewlts, We have found,
however, that red cells treated with papain by the method described
on p. 40 do pive a good applutination with suitably diluted Rh
antisera at 37° C. when allowed to run down capillary slopss at an
angle of 60°, but anti-A and anti-B give only weak results with papain-
jzed cells using this technique.

b. lonle strength of the medium, We have not found any advantage
in using other than isotonic saline in blood prouping work,

¢. The pH of the medium, The pH of the test is subject to a fairly
wide range of variation without materially affecting the Ginal result of the
red ecll apglutination. The range of pH 7 to pH 8:5 is satisfactory in the
vast majority of cases. Within this range complement is active, but
below and above this range the activity of complement is reduced (p. 53).
Ft_mhcrmorc. raising or lowering of the pH much beyond these levels
might affect the agglutination reactions. Experience leads us to believe
that unuseal results might occur outside the range of pH 7 to pH 85—
sometimes advantageous ones, for Gardner (1949) has suggested that
acidification of the serum might assist in the detection of antibodies in
cases of acquired haemolytic anaemia (ef. Table 4).

. d. The duration of the test. In an agglutination test, two periods of
time must be considered; firstly, the time necessary for the antigen-anti-
bod).' reaction to take place, and secondly, the time necessary for the
sensitized cells to sediment to the bottom of the tube and agglutinate.
In sensitizing cells for the Coombs test, only the first factor need be
considered. Antibodics vary widely in the length of time needed for
thexr_rcaclion to go to completion, but for practical purposes it would
be fair to say that in most cases the reaction is complete within 40 mins.,
though we have very rarcly encountered antibodies which required two
houts to sensitize cells in the Coombs test. The period needed for sedi-
mentation in the agglutination test varies with the volume, temperature
and suspending medium. In saline at 37° C.an hour and a halfis satis-
actory; at room temperature, a little longer; in albumin, or serum-

Alhnmin conmqw-tan - C

s e waued Lest 1s reduced below this some Joss of
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Opal tiles, microscope slides, tubes of various sizes and capillaries
have all been used on or in which to mix red cells and antisera.

Tiles and slides have to beconfined to those antigen-antibody reactions
known to occur by this method and where maximum agglutination
might be expected to occur fairly briskly; that is, within 6 minutes of
the cells and serum being mixed on the slide at room temperature. For
example, with anti-P and P-positive cells, although agglutination will
occur on a slide it is slow to develop. Even certain weaker anti-A and
and anti-B agglutining may not reach maximum activity with homo-
Togous cells within this time. The method cannot be used at 37° C.
because of the drying up of the reagents. Various means bave been
described by which this may be overcome, e.g. by the use of moist
chambers, but they find no place in routine work. If the conditions of
the test are modified certain blood group reactions are possible which
would not otherwise occur—if enzyme treated cells are used, or if an
albumin instead of a saline suspension is employed. If a sandwich
technique is used weak Rh antibodies will, in the presence of albumin,
agglutinate Rh-positive red cells, whereas a positive result might not
oceur on an open slide. The only difference here is the different condi-
tion of the test; in the former the cells are in close juxtaposition and
their movement is reduced.

The disadvantage of tiles is that the test cannot be examined under
the microscope. Many people are prepared to read the results on a
tile with a hand lens; we feel that results are best examined micro-
scopically wherever possible. Weak positive results may be indis-
tinguishable from negative ones to the naked eye and many false positive
results, e.g. clots and comets, have typical microscopical appear-
ances, Consequently, tiles are not of great value in blood grouping
work.

Tubes are generally used for blood grouping work. They can be used
for large-scale work, they permit the minimum of evaporation of
reagents, they are readily used at any temperature in a water bath or
incubator, and the cells may be allowed to sediment by gravity for
varying periods of time, or the tubes may be centrifuged. The cell
deposit can be inspected macroscopically by tapping the tube, or
microscopic reading can be done. An albumin replacement method
has been developed by the Sheffield workers (Dunsford and Bowley,
1955) in which after incubation of the serum with a saline cell sus-
pension the saline is replaced by albumin solution, We have used a
layering technique to detect the presence of saline agglutinins in anti-
Kell sera. The conditions of this test are similar to those in the sand-
wich, i e. the'cells are in close juxtaposition and their movement is re-
stricted. It seems that under these conditions, with certain antibodies,
linkage of the cells on to one another to produce agglutination is more
likely to occur. If the albumin test is carried out in tubes the conditions
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. The strength of the eell sutpension. 'I‘hf‘ affects the strenpth of
applutination observed. If the dose of aclly ix too preat the anhibody
will be absorbed on to a large number of exlivin xmnﬂ' quantity on
cach, so that the agglutination may be quite fechle, or even indiwemibic,
1€ » thinner suspension is used then the antibody is absorbed in preater
quantity on to each cell and the result is much better. Ttiv neccssary to
strike 2 balance between foo fow cells which make the technique

difficult, and too many cclls (Table 7). Generally 3-5 per cent sus-
pensions are used.

TABLE 7. £rrct oF THickNss of (oL Sutrtnson oN Trxr or Rt Awrieooy

Thickness

of m." ‘Smr
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k. The presence of additional substances during the performance of the
test. These may be necessary for the antigen-antibody reaction to
oceur, or more commonly, for it to be detected; ¢.g. complement in the
case of cold incomplete anti-1 and albumin for the fino) ngglutination
reaction in the case of certain incomplete antibodies,

Saline and Serum-albumin Agglutination Tests

The saline and scrum-albumin agglutination tests are similar, but
gxi}’er I that in the saline agglutination test the red cells are suspended
njsotonic saline and the antiserum is diluted in this fluid. In the scrum-
albumin test the red cells are suspended in the serum albumin mixture
though if the antiserum is diluted it is diluted in serum. Whereas in the
saline agglutination test an open slide method is recommended for
rapid work, in the albumin test a sandwich technique is used, Other-
wise, tube techniques are ded for both methods,

SAUNE AGGLUTINATION TESTS

SuwE TecuNiQUE, These tests are carried out on microscope
slides. One volume, 0-03 ml. of antiserum is placed on the slide to-
gether with 1 volume of 5 per cent cell suspension and mixed with an
applicator stick. The mixture is then gently rocked at room temperature

for six minntes. These tests cannot conveniently be undertaken at 37° C.
but are useful at 4°

: C.' The sesult is then read with the naked eye,
followed by microscopic examination under the low power of the
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sensitivity is likely, depending on the specificity of the antigen and
antibody.

e. Veolume of reagents. The volume of reagent used will depend
upon the nature of the test and whether it is carried out on a slide or in
atube. The unit volumes recommended are shownin Table 5. Normally
each test will consist of one or more unit volumes of serum and one or
more unit volumes of cell suspension.

TABLE 5. VOLUMES OF REAGENTS USED IN VARIous TeSTS

Unit volume of
Method Tube or slide Serum or cell
suspension (ml.)

Agglutination tests .. .. | Slide 003
Agglutmation tests .. . | Tube: 2x} inch o004
Large scale ABO groupmg «« { Tube: 2x § inch 008
Antiglobulin test .. +» | Tube: 3x § inch o1
Haemolysin test .. .. | Tube: 2x } inch 03

In tube agglutination tests read microscopically when rare sera are
used, the unit volume can be reduced without affecting the efficacy of
the test, but methods employing very small unit volumes, 001 ml. or
less, are not considered valuable in routine work. If the unit volume in
the anti-globulin test is reduced it will result in an unduly dilute cell
suspension being placed on the slide in the second half of the test.

f. The temperature of the test. Many antigen-antibody reactions
have an optimum temperature of activity. This temperature is the
one at which that particular blood group test should be undertaken.
The reagents should be at this temperature during the whole of the
time they arte in contact. Some reactions, such as the union of cold
incomplete anti-H with red cells, act best at 0° C.; others, such as Rh
antibodies, at 37° C. There are quite sharp differences in the titres of
some antibodies at different temperatures (Table 6).

Taste 6. Erfect oF TEMPERATURE ON TITRE OF RH ANTIBODY, 5 PER CENT TEST
CELL SUSPENSION

Fempera- Titre
ture of - A - Score
test 2 4 8 16 32 64 123 256 Control

G bbbt A bR bR b -~
1€C .. | vet - -
#c )+ w - - - == =

-
_—g
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& The strength of the eell suspension. This affects the sirength of
apglutination observed. If the dose of cells i too preat the antibody
will be absorbed on 1o a large number of cells in small quantity on
cach, so that the apglutination may be quite fecble, or even indiscernible,
1f 2 thinner suspension is used then the antibody is absotbed in preater
quantity on to cach ol and the result is much better, 1t is necessary to
strile a balance between too few oclfs which make the fechnique
difficult, and too many cells (Table 7). Generally 3-5 per cent sus-
pensions are used,

Tasr 7. £micr or Tioows or Crig Susmsason on Trizr or Ryt Axtimooy

Thickness
of . ni”' Score
Suspension 2 4 216 32 64128 286 Conrrol,
%
§-- bttt g b g 4k = = = |17
AT LA el o X % S S S 6 S VARV T
000 | EEEE a4 4 o+ - - = = - j10
- oo | F44 EAeS 3 B U . - 7
—_—

e :; 7"1/_15 presence of additional substances during the performance of the

occ;:r orcsc may be ncccssar).' for the antigen-antibody rcacu?n to

vl ‘;rcol'r&o.rc commonly, forit to be detected; c.g. complcmcn} in the

reacton s incomplete anti-H and albumin for the final agglutination
ction in the case of certain incomplete antibodies.

- ) Saline and Serum-albumin Agglutination Tests
dmucisﬁllnc and scm.m-nlbumip agglutination tests are similar, but
in isotor:xicmlzn the saline ng‘glulma_lion test the red cells are suspended
e omesaline and \h_c_ antiserum is diluted in this fluid. In the cepim.
’ T 1 - . .

i " et R |

i wppiudlldlon 1est an open slide method s recommended for

:vai;s!;d twgrk, in the albumin test a sandwich technique is used. Other-
» tube techniques are recommended for both methods.

SaLNg AGGLUTINATION Tests

slig:sm EOEC"{“QUE' These tests arc carried out on microscope
gether with ;I pe u1m°’ 003 ml. of antiserum is placed on the slide to-
applicator sti ;° ,'i‘_'l:‘c of 5 per cent cell suspension and mixed with an
fox?si.x o tlc . - ¢ mixture is then gently rocked at room temperature
but are userei' : :osc é:sts cannot conveniently be undertaken at 37° C.
Tofloare B ul a - The xe.sult is then read with the naked eye,

owed by microscopic examination under the low power of i
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pe. When reading the result, especially with the weaker
agglutination reactions, examine a moving film (vide infra). Not only
does this make the reading of the test easier, but assists in distinguishing
true from false positive results, Control tests should be included to
ensure;
1. that the cell suspension on its own is free from agglutination;
2. that the specific antigen-antibody reaction is taking place, both
positive and negative controls being included.

SALINE AGGLUTINATION TUBE TECHNIQUE. Agglutination tubes,
size 2 x} inch, are usually employed for this method. 0-04 ml. of anti-
serum is introduced into the tube using a marked Pasteur pipette, and
an equal volume of a 3 per cent suspension of red cells in saline is added.

The tube is tapped to mix the reagents, which are treated at the
appropriate temperature by various means according to the antigens
and antibodies involved and the circumstances of the test. These are:

(a) Sedxmemauon alone for 13-2 hours.

(b) Sedi for 30-45 mi {10-15 mi in Rh typing
by the centrifuge technique, p. 184), followed by slow speed
centrifugation, 500~1,000 r.p.m. for 2-3 minutes, e.g. Lewis
blood grouping.

(¢) Ceatrifugation at high speed for 2-3 minutes, immediately follow-

ing the mixing of the reagents (p. 236).

In specifying the mapner in which tests are to be centrifuged it is not
the speed but the relative centrifugal force which must be specified.
This is dependent on the diameter of the centrifuge as well as the speed.
All the speeds given in this book refer to an 11 inch diameter centrifuge,
so that 1,000 r.p.m. corresponds to an R.C.F. of 156 xg. The R.C.F.
is calculated from the formula:

R.C.F. = 2,840 xR X (r.p.m.)2 X 10~-4
where R == radins of the centrifuge in inches.

Slow speed centrifugation may always be used with advantage
following sedimentation to increase the strength of the agglutination in
these tests. It may, however, reveal the presence of antibodies not
detected by sedimentation alone. Furthermore, if sedimentation has
been at 37° C. cooling wilt occur during ordinary centrifugation.

Larger tubes (2x§ inch) than the 2x} inch recommended, are
sometimes used with correspondi ly larger vol (008 ml) of
reagents, particularly where macroscopic reading only is to be employed
{Chapter VI). These are unnecessary for general work as in any case
the volume of reagents if all removed would flood the slide.

The test should be read microscopically. Using some antibodies,
such as anti-A and anti-B, the agglutinates are very firm and the test
may be read by tapping the tube. With the majority of antibodies,
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¢ £ anii-D saline apglutining, the applutinates are fragile and will not
withstand shaking. A pipeite should be introduccd to the bottom of
the tube and the cell deporit carefully remosed and lightly spread out
on a microscope stide. The tip of the pipette must be cleanly cut off
ata right angle to the shaft and the whole of the contents of the tube
must be gently pipetted on to aslide, The resulting drop of fluid should
then be spread out cither by tilting the slide or by drawing the drop
over the surface of the slide with the pipette by surface tension (Fig.1).
One should avoid placing the pipette flat on the slide and spreading
the drop with a “squashing™ action. The slide should then be placed
on the microscope stage, tilted, placed flat again, and the resultant
moving field examined. It is much better to cxamine a moving ficld
than a stationary one, though some Lewis apglutinations “‘reverse™
whilst the field is moving and, in these cases, the appearance scen when
the field is first examined should be taken as the correet reading. It is
mmportant to pipette the whole of the contents of the tube on to the
stide 20d to examine all parts of the ficld, since agglutination may only
occur in one area. With a cell mixture, for example, it might happen
that some of the cells would ngglutinate first and then sink to the
bottom of the tube, where they would later be covered by a layer of
unagglutinated cells, so that agglutination was only present in one
part of the field,

Control tests are put up as for the slide agglutination test.

SAUNE AGGLUNNATION TESTS—LAYIRING TECUNIQUE The cell
suspensions and antisera are as described previously. One volume of
04 ml. of red cells is introduced into a tube and spun at 4,000 r.p.m,
for 2-3 minutes. An equal volume of the antiscrum, or a dilution of it,
is then gently run down the side of the tube so as to be layered on the
top of the packed cells without disturbing them, The tube and its con-
tents are incubated at the appropriate temperature, usually 37° C,, for
1 hm_xrg. The results are read as stated above, By this means saline
agglutinins can be detected in some sera in which they were not thought
to exist, e.g. anti-Kell sera (Table 8).

TABLE 8, DEMONSTRATION OF SALINE AGGLUTININS IN ANTI-KELL SERUM USING A
Laverive TeciniQue

Method Titre
.

1 2 4 8 16 32 6% Control

Sedimentation, 2 hrs,
37rC

Loyering technique | 4dbob pagt g

D
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RESULTS OF AGGLUTINATION TESTS, These are illustrated in Plates
HY and IV,

Score
5 F4+ 44 (O = Massive clumps of cells with very few free cells, or one
solid mass of cells, when the tube istapped. C = complete.
4 444 (V)= Strong, visual, macroscopic result when the tube i
tapped, but not a solid clump; the clump breaks wp,
Large masses of cells withonly afew freecells, V = visual,

3 + == Result visible macroscopically in a tube or on a stide;
under the microscope, many large clumps of cells with
more {ree celis.

2 4+ = Barely visible macroscopically in the tube or on the slide;

under the microscope many clumps of ten {0 twenty
cells with many free cells,

1 + == Not visible ypically; under the mi many
clumps of about five-six cells with many free cells,

0 w = Microscopically, many clumps of two-four cells with
smagny free cells,

0 - = Microscopic examination of the film shows free cells

evenly flowing under the microscope.

THE VALUE OF THE TEST. Many blood group antibodies have been
reported from time to time to be active in saline. It is a simple and
rapid technique and relatively free from difficulties of interpretation.
Some antibodies, such as ant-A and anti-B, are most active in salise.

‘When antibodies such as Rl antibodies can be used by more than
one technique, the advantage of saline agglutination methods is the
clear-cut positive and negative results obtained. The use of centrifuga-
tion is advantageous; false positive aggregates of cells, or comets, are
readily recognized as such.

SERUM-ALBUMIN AGGLUTINATION TESTS

Thirty per cent bovine albumin (Armour's) is employed and is stored
at 4° C. The human serum is from a group AB donor free from all
blood group antibodies and without rouleaux forming properties.
The serum-albumin mixture consists of equal parts of 30 per cent
bovine albumin and human serum. The red cell suspension is a 5 per
cent suspension of packed cells in the serum-albumin mixture,

The test is carried out in agglutmauon tubes, 2%} inch, One volume
{004 ml.) of antiserum 1s placed in the fube and to this is added one
volume of cells suspended in serum Titrati are pre-
pared as described on p. 47, All the tubes are tapped to mix the
contents and placed in @ water bath at 37° C. or in previously warmed
racks in the incubator at 37° C. They are allowed to sediment under
gravity for a period of 2 hours, If a more rapid test is desired the
tubes may be incubated for 45 minutes and gently spun at 500 r.p.m,
for 2-3 minutes before the test is read. Control tests are employed
and care shonld be taken to ensure that:
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Strengths of agglutination, See p. 34, x220
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RESULTS OF AGGLUTINATION TESTS. These are illustrated in Plates
11T and IV.

Score
5  4-+++ (C) = Massive clumps of cells with very few free cells, or one
solid mass of cells, when the tube is tapped. C = complete.
4 ++++< (V)= Strong, visual, macroscopic result when the tube is
tapped, but not a solid clump; the clump breaks up.
Large masses of cells with only a fewfreecells. V = visual.

3 +4+ = Result visible macroscopically in a tube or on a slide;
under the microscope, many large clumps of cells with
more free cells.

2 + -+ = Barely visible macroscopically in the tube or on the slide;

under the microscope many clumps of ten to twenty
cells with many free cells.

1 + = Not vistble 1ly; under the mi many
clumps of about five-six cells with many free cells.

0 w =x Microscopically, many clumps of two-four cells with
many free cells.

0 - = Microscopic examination of the film shows free cells

evenly flowing under the microscope,

THE VALUE OF THE TEST. Many blood group antibodies have been
reported from time to time to be active in saline. It is a simple and
rapid technique and relatively free from difficulties of interpretation.
Some antibodies, such as anti-A and anti-B, are most active in saline.

When antibodies such as Rh antibodies can be used by more than
one techmque, the advantage of saline agglutination methods is the
clear-cut positive and negative results obtained. The use of centrifuga-
tion is advantageous; false positive aggregates of cells, or comets, are
readily recognized as such.

SERUM-ALBUMIN AGGLUTINATION TESTs

Thirty per cent bovine albumin (Armour’s) is employed and is stored
at 4° C. The human serum is from a group AB donor free from all
blood group antibodies and without rouleaux forming properties.
The serum-albumin mixture consists of equal parts of 30 per cent
bovine albumin and human serum. The red cell suspension is a 5 per
cent suspension of packed cells in the serum-albumin mixture.

The test is carried out in agglutination tubes, 2 X } inch. One volume
(004 ml.) of antiserum is placed in the tube and to this is added one
volume of cells suspended in serum-albumin. Titrations are pre-
pared as described on p. 47. All the tubes are tapped to mix the
contents and placed in a water bath at 37° C. or in previously warmed
racks in the incubator at 37° C. They are allowed to sediment under
gravity for a period of 2 hours If a more rapid test is desired the
tubes may be incubated for 45 minutes and gently spun at 500 r.p.m.
for 2-3 minutes before the test is read. Control tests are employed
and care should be taken to ensure that;
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. The apeaalfic athipea-antbody 1630100 i1 OCCUITINE, g petiting
and nepstive conteed celhs,

i, The «lls arc five from apelutination, a velume of grovp Al

serum heing whabitsted for the antisum,

The patients own cclle vapendad i setum altumin, topriles

with the patic=t's oun eerum, ate wmaprhatinsted (aide i+fra).

The cantzo) tuhes 2t treatad in the tame way authe acual ten tubee
The tesuhts 2re resd m deenbod under wabne spelutination tube
methods (p. 33).

FALSE POstvg asn FALs N1Gan g Ristias aie dealt with in
Chapter V, but the following points should be specially noted,

False pasitie results in thi 1t ate much more troublcwome than in
the saline applutination teit. Comets or falwe potitne apprepain,
especially in centrifuped depmits, are pot readily dntinpuished from
truz applutinates and do not rapidly dispene. Eumination of a moving
film asists, The initial reading may be followed by the addition of n
drop of tatine, rocking the stide and re.reading. Experience it needed
10 interpret centrifuped depotits in the albumin tet,

Batches of albumin vary from onc to nnother and even the best
serum albumin mixtures do give weal false positive results lrom time to
time in the control tests. 1t may be nocestary to repeat the test using
another batch of albumin or serum from a different proup AR donor.
Rouleaux formation may bz enhanced.

An albumin auto-apglutinating property of serum has been deseribed
(Weiner, Tovey, Gillespie, Lewis and Holliday, 1956). Such a serum
does not apglutinate saline suspended cells, but all albumin suspended
cells, including the paticnt’s own cells, are applutinated at 4°, 22° and
37° C. Atypical antibodics were not present and this property could
not be removed by absorption. 1t is a rare phenomenon, but a control
tube of the patient’s own cells in serum albumin with the patient’s own
serum is desirable,

Talse negative results. The Yability 10 prozone makes the test in

:hc form of a short titration to 8-16 of more value than a singlc tube
est.

Oreroy i ~y |

—— o T tbodics than the widely employed
20 per cent bovine albumin introduced by Diamond and Abclson
(1945), or human plasma alone, used by Wicner (1945). Bxtensive
tests led to thf: conclusion that a mixture of equal parts of 30 per cent
bovine albumin and of whole serum was the best diluting fluid (Stratton
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and Dimond, 1955). Table 9 shows the result of titrating an Rh anti-
body using the various diluents.

TaBLE 9. ANTI-D SERUM TITRATED IN VARIOUS DILUENTS AT 37° C.

RiR; Test Cetts
Titre
Diluent - A \
2 4 8 16 32 64 128 256 Control
Saline . - - - - - — -~ -
ABserum .. { +++ 4+ + - -~ - -
20%, bovine
albumin .. | ++++  +4 + - = = - - =
Serum

albumin .. | +H+Ft bbbt Fbb b b b - - —

From time to time other substances have been suggested as a substi-
tute for bovine albumin or human serum or mixtures of these, Various
other viscous fluids will undoubtedly act in 2 manner similar to these
reagents. Dextran, gum acacia, methyl cellulose, polyvinylpyrrolidone,
and so on, have been recc ded. The disad ge of these sub-
stances is that either they fail to potentiate the agglutination in the
way in which serum-albumin does, or the control tests are much more
difficult to interpret; that is to say, they tend to cause a higher propor-
tion of false positive results, None of these substances are useful
substitutes for the serum-albumin mixture.

THE VALUE OF THE TEST. The albumin test is widely used for
routine purposes and is superior to the saline agglutination test for the
detection of Rh antibodies. Nevertheless, many Rh antibodies, as com-
monly found 1 maternal sera during the antenatal period, especially
the early antenatal period, ate not detected by the serum albumin test.

Other Rh antibodies, such as anti-c are found to be much more active
in serum albumin than they are in 20 per cent bovine albumin. For
example, one anti-c antibody with a titre of 64 in 20 per cent. albumin
had a titre of 256 in serum albumin. The saline titre was 4. Sxmllarly,
an anti-E antibody gave negatlve reactions in salme, a titre of 4 in
albumin, and a titre of 16 in serum albumi les of
anti-E are found which are negative using the annglobulm test but give
positive results using the albumin test or enzyme treated red cells.
Similarly, occasional anti-D antibodies during the early months of
pregnancy may react in the same manner. Stratton and Renton (1949)
showed that DU cells of low grade are not agglutmated by incomplete
Rh antibodies when the red cells are suspended in 20 per cent bovine
albumin diluent. The substitution of serum albumin enables some of
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i v i hle
bedeteeted. Certainlow-grade D eclhy ?ila:mis; ot dg!cch
:x';f;cg‘:n all:umin tochnique can be dc(c.clcd l'l' the diluent is terum
albumin, but a prozone may occur, Thix is illustrated in Table 10
(Stratton and Dimond, 1955).

Tanir 10. THRANONS AT 37° C. FIRIonstn 10 ISVIINOATE THT Brtaviner of
D* Crats v Vawous Iitexn

s Ty
o pivert J F 4 16 3268 1N 2% Cent
~t
1 e [y ree el o o o m - o
ool R in
: ol R A I

Saline - - - e e I

DI Bormal 20500100 14444 444 444404 44 4 = on =
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Saline - - -_ e mm e e e e
Ry ::ﬁ"“‘" - L S U g g

Serum -
gty 4t A4 A 44 4

Satine - L ey S

Incomplete », 2095 altor
@R

D - T T T T mmes
) Serum ¢ 4+ 4 e e e m e -
Saline - = = e e e - -

One of the disad of the albumin technique is its liability to
show zoning ph Serum alb materially reduces the

risk of prozone occurring during the titration of sera but, nevertheless, it
does not make it safe to use a one tube albumin test. Table 11 illus-
trates this, In a one tube technique a stronger result would be obtained
if zoning does occur using scrum albumin than using 20 per cent.
bovine albumin, The technique of the test also has a bearing on the
oceurence of zoning, and if a centrifugation technique is used there is
no doubt that the tendency to zoning is reduced and prozones may,
under certain ci , be abolished. The disad of
centrifugation in interpretation of the results, however, make this
difficult to use as a general method.

A number of antibodies are not detect;
anti-Jk* and some examples of anti-S. In some instances the results
are no better than using saline agslutination methods, e.g. anti-Le*

and anti-Le®; indeed, in the case of certain anti-A and anti-B antisera
the results may be somewhat worse,

ed by this technique, anti-Fys,






AGOLUTINATION TISTS 39

A whole serum diluent is occminnnl!y mch\'alunMc than scrum.
altbumin, e.p. incomplete anti-A, anti-B, (Witebwky 1947). S_omc
cxamples of anti-Kell may not be detectable in 20 per cent albumin at
all, but only in scrum albumin and preferentially in whole serum
(Table 12 and p. 290),

Tame 12 Tiraamon or av ANTERIU. Sratst wint Rittrouiny Ciits ar
370 .t Varsots Ditrwrs

i
Diluent e —
1 2 4 8 16 Control
20, albumin o e - -
Setum albumin +4 +

Salinc., .~ . . -
ABscrum .. .. .. +44 4

Tien
EN
AR
EER

4
+

Serum albumin tests will deteet anti-P or anti-M at 16° C. and
occasionally at 37° C.

The first point that emerges from this is that serum albumin should
be substituted for 20 per cent bovine nlbumin in this test. Secondly,
that the test is superior in certain respects 1o the saline agglutination
test; namely, that it will detect a greater proportion of Rh antibodies
owing to the fact that it will detect many incomplete Rh antibodics,
Thirdly, a higher proportion of D positive persons can be detected than
if saline agglutination tests are used. Fourthly, certain antibodies not
readily demonstrated by other means will be deteeted and it is always
dcsig‘ablc therefore to include it for the identification of atypical anti-
bodies in sera.  On the debit side are jts liability to prozones and its
failure to detect many examples of atypical antibodies. This has
necessitated the substitution of alternative methods in routine
procedures, such as a tal testing and cf tehi

All these abservations refer to tube techniques, This lc;l has always
been deserved!

y popular for rapid Rh typing and we previously used
the tube method, but recently have successfully used a sandwich
method (Stratton, 1955), (p. 185). Whereas the open slide method of
Dlamo'nd (1945) is best used with selected high titre Rh antisera, the
sandwich method can be used with relatively weaker ones. The method

may also be used far the rapid selection of persons of articular Rh
groups (p. 233). ? i

Agglutination Tests with Enzyme Treated Red Cells
Morton and Pickles (1947) described the use of enzyme treated test
cells for the detection of incomplete Rh antibodies. Morton and
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Pickles (1951) subsequently described the treatment of red cells with
trypsin for their use in this manner. Kuhns and Bailey (1950) employed
papain to treat the red cells, Rosenfield and Vogel (1951) used trypsin
and papain treated test cells. They showed that using trypsinized cells
there was enhancement of the activity of anti-P and anti-Lewis anti-
bodies as well as of Rh antibodies, but destruction of M, N and Fy?
antigens. They also described the occurrence of autoagglutinins to
enzyme treated cells,

Here it is proposed to describe the method that we have employed
for some years (Stratton 1953), in which papain was used together
with an activator, cysteine. This was the first occasion on which
papain had been used in combination with the activator and it enabled
the treated cells to be used for the detection of antibodies on a slide at
room temperature.

PREPARATION OF TREATED CELLS. The red cells are collected in
A.C.D. mixture, 4 volumes of whole blood to 1 volume of anti-
coagulant, If the blood is freshly collected the mixture should be left
for an hour before the cells are treated. The cells are then washed three
times in normal saline. One volume of the papain buffer mixture con-
sisting of equal parts of papain and buffer solution, together with 1
volume of activator, is mixed with 1 volume of washed packed red cells.
The mixture is incubated in the water bath at 37° C. for 10 minutes, This
is then centrifuged and the supernatant removed. The treated cells
are then washed twice with normal saline. A 5 per cent suspension is
used in the test. The various solutions are prepared as follows:

Enzyme solution* Papain powder (B.D.H) .. - .. gm1
Normal saline. . .. .. ml 100
Buffer: Disodrum hydrogen phosphate
(Na,HPO,12H,0) . « gm36
Water ., . . .. ml 100
Activator: L. Cysteine hydroch!ondc . . .. gm02
Saline .. . . ml, 100

The papain solution is prepared by shaking the powder with salmc,
spinning it down and removing the clear supernatant liquid. This is
divided into 5 ml. quantities and preserved at —25° C. It should be
renewed at least every four weeks. The buffer solution is kept in the
refrigerator and should be sterile. The cysteine is freshly prepared since
it rapidly becomes changed to cysting. 2-3 ml. of packed cells are
normally treated at one time. The papainized red cells can be kept in
the refrigerator for three days and are pormally prepared iwice a week.

STANDARDIZATION OF THE PAPAINIZED CELLS. A volume of a
5 per cent suspension of the cells is mixed on a slide with each of several
normal sera diluted 1 in 2 to ensure that the cells so prepared are not
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ancomly apgutinable. If thit tert b nepative the o el rte then
sfﬁ?l?v‘:rncum?no?fm senutivity, Thia s done by titratieg I?':fﬁ u:{hf
standard incompicte Rh antibody In apder tn casure, o7 €25 e,
that the eclis are equatly strongly Papainated. The tttes of thiastan 21
antibody wsing various methods are shownin Table 13,

Tamt 3. TITRATITG OF STANDUED AT Amod Vaspes I

Tirr of stondf it TY prowen
Ll A R [ ] 1 PYE
ASoomin,
apgtutmsten ., IR N RN tas . EERE R -
Comentn t03t FH4EG 4444 B0 Sh sk KA o P
Feprrbrdciiod | 44444 44444 94644 dqae gtdhaedad 4 2 o

A dilution of 1 in 100 of this particular Rh antibody is uied and 1
volume of this is 2dded 10 1 volume of 2 § pee cent surpendionof the
eclls on a slide, mixed and rocked for 6 minuies, A pouitive sinble
result, -3 10 -+, should be obtainad,

Rh negative cells may be papainated in the same way as Rh ponithe
ones and are standardized by uiing an sati-< antiserum, Table 14 1howt
the results obtained by titrating such a serum with papainated red eedls,

Tame §4, Couraznnd or STANDAID ANTIZXA
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Any sera may similarly be used at greater or lesser dilution, When
red cells are papainated f_or the purpose of carrying out other blocd
group tc_sl’s, they are papainated and tested as de<cribed o SR
Plys Cariefaas L [ .

TECUNIQUE. OF THE TEST. The test is i

) . performed on a microsco;
slide at room temperature. Several tests may be performed by 02?:
worker at the same time and the slides are then aid out on n larger opal
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tile. One volume (0-03 ml.) of the serum under test (diluted to 1 in 2 in
normal saline) is placed on the slide. Ore volume (0-03 ml) of a 5
per cent suspension of the papainized test cells is added and the reagents
are mixed together. Thus the final dilution of the serum is 1 in 4.
Alternatively, 1 volume of whole serum is placed on the slide, together
with an equal volume of saline and 2 volumes of a 5 per cent sus-
pension of papainized red cells. The slides are gently rocked for a
period of 6 minutes. The results are read with the paked eye and those
which appear negative are examined under the low power of the
microscope. The results are recorded and scored as previously stated
(p. 34). Control tests are put up on cach occasion consisting of
papainized cells and normal serum diluted 1 in 2. This test should be
negative. Autoantibodies active against papainized red cells occur
only rarely. A certain number of these autoantibodies are also active
against papainized red cells at 37° C. (Table 18, p. 46).

If positive tests are obtained on a slide at room temperature it is
often advantageous to know whether the antibody is active against
papainized red cells at 37° C. Rh antibodies are active at 37° C. as well
as at room temperature, but a number of positive results occur at room
temperature due to other antibedies or to feeble autoantibodies which
are not active at 37° C.

This confirmatory test, expecially in the case of Rh antibodies, is
conveniently and rapidly done in capillaries (0-75 to 1 mm. bore). The
mixture of cells serum and saline is drawn up into a capillary which is
supported at an angle of 60° in a piece of plasticine at 37° C, for 30
minutes, either in the water bath or on a specially constructed warm
viewing box. The result is read with a hand lens. In a positive result
the cell column is striated and broken up; in a negative result no such
striations are seen and the cell column js represented by a thin con-
tinuous line. Sometimes, if left too long, the cells will be found to have
settled completely to the bottom of the tube, in which case the tube
should be inverted or the test repeated.

A tube techmque may be used similar to that described for the saline
agglutination, but substituting papainized for normal red cells. This
is most useful for tests at 16° C.

Rh antibodies active at 37° C. are more readily detected when mixed
with the papainized cells in capillaries than in tubes.

The test is designed for the papainization of cells collected into
A.C.D. as described (p. 19). If different proportions of blood to anti-
coagulant, or different anticc lants are used, different degrees of
papainization may be obtained.

Cells collected as defibrinated or clotted blood, or 2 few drops of
cells collected in a large volume of anticoagulant, may be papainated
to a different degree from those collected into A.C.D. (p. 19). It
may be that citrate ions rapidly entering the cells emerge only slowly,




ACCIFTPOATIAN TFTe 9

affecting thei bufictieg power, of that arrate darap=s ol promeat-liny
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itis dovirabie to have a dtandard mabnd of prpamization, The final
misture during papainization thould be pli 6 F.00,

To chanpe red ool 1o the required depree co that they would apzlo-
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sodivm cyanide, eyrcine hydtochionde and AL (21 ) dimeteaplon
propancl), Of all thewe activaton, B AL, s protadly the beat, and
activates the papain very wrongly indeed, hut eyrteine hydmachloride is
the best for routine wotk, The use of BLAL. may chanpe the eelhs to
such an extent that more falie positive roults than desimble occur,
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Table 15 shows a comparison of the methods of enzyme treatment
of red cells carrying out the titrations on slides at room temperature,

C use of an activator with the papain gives a higher titre with the
antibody than with papain alone. The trypsinised red cells give a feeble
result, l3ul they arc not intended to be used by this particular technique.

Papain inhibitors are present in normal sera and consequently the
cells must be washed before they are treated with the enzyme nctivator
mixture. Different cell samples vary in the extent to which they are
?hﬂngcd when treated in the same manner. Standardization is, there-
ore, necessary and a diluted human anti-Rh serum is used. It is

postible to use a rabbit anti-papain red cell agglutinating scrum, but
the human serum is preferred. P 5 s '

ma{dhe enzyme solution should be stored frozen solid and the cysteine
m °h“P freshly and added to the papain solution just prior to the test,
gether with the buffer. Cysteine is most stable as the hydrochloride,
and ncutml'solu(xpns tend to change to eystine.
Methods involving the mixing of papain and activator with aatiserum
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tile. One volume (0 03 ml.) of the serum under test {diluted to 1 in 2 in
normal saline) is placed on the slide. One volume (003 ml) of a 5
pet cent suspension of the papainized test cells is added and the reagents
are mixed together. Thus the final dilution of the serum is 1 in 4,
Alternatively, 1 volume of whole serum is placed on the slide, together
with an equal volume of saline and 2 volumes of a 5 per cent sus-
pension of papainized red cells. The slides are gently rocked for a
period of 6 minutes. The results are read with the naked eye and those
which appear negative are examined under the low power of the
microscope. The results are recorded and scored as previously stated
(p. 34). Control tests are put up on each occasion consisting of
papainized cells and normal serum diluted [ in 2. This test should be
negative. Autoantibodies active against papainized red cells occur
only rarely. A certain number of these autoantibodies are also active
against papainized red cells at 37° C. (Table 18, p. 46).

If positive tests are obtained on a slide at room temperature it is
often advantageous to know whether the antibody is active against
papainized red cells at 37° C. Rh antibodies are active at 37° C. as well
as at room temperature, but a number of positive results occur at room
temperature due to other antibodies or to feeble autoantibodies which
are not active at 37° C.

This confirmatory test, expecially in the case of Rh antibodies, is
conveniently and rapidly done in capillaries (0-75 to 1 mm. bore). The
mixture of cells serum and saline is drawn up into a capillary which is
supported at an angle of 60° in a piece of plasticine at 37° C. for 30
minutes, either in the water bath or on a specially constructed warm
viewing box. The result is read with a hand Iens. In a positive result
the cell column is striated and broken up; in a negative result no such
striations are seen and the cell column is represented by a thin con-
tinuous line. Sometimes, if left too long, the cells will be found to have
settled completely to the bottom of the tube, in which case the tube
should be inverted or the test repeated.

A tube technique may be used similar to that described for the saline
agglutination, but substituting papainized for normai red cells. This
is most useful for tests at 16° C.

Rh antibodies active at 37° C. are more readlly detected when mixed
with the papmmzed cells in capxllanes than in tubes,

The test is designed for the ization of cells collected into

A.C. D as descnbed (p. 19). If dxfferent proportions of blood to anti-

g anticoagul are used, different degrees of
ion may be obtained

“"Cells collected as defibrinated or clotted blood, or a few drops nf
cells coliected in a large volume of ant lant, may be paj
to a different degree from those collected into A.C.D. (p 19). Tt
may be that citrate ions rapidly entering the cells emerge only slowly,
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treat with papain. In this casc a freh sample of thiferent red exlls
should be tried. If the red cells are pot chanped to a sufficient depree,
alteration of the time and attention (o the tempetature of incubation
will often pot it tight, . .

i, Technical errors in the performance of the test comprite failure
to keep the cells and serum on the slide pently roched for the appro-
priate time and failure to detect the wealer positive results,

If strong autoantibodies are pretent in a serum they may obwure the
detection of another antibody, snd an alterative tewt will have ta be
wsed or the serum absorbed with its onn enryme treated cells and
retested,

VALUT, AND IMPORTANCE OF TiE TrsT. The slide technique was
introduced as a rapid sereening test for the detection of Rl antibodics.
1t is used in antenatal testing (p. 199), in screening the sera of Rh
negative donors, and is an andllary test in the identification of
antibodies.

1t is the most semsitive technique for the detection of Rh antibodies
(Table 16 and Table 18),

Tawte 16. Tests or Sravst DI-, winar contany Weax Rit Avminontts

Routine
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The test, cither on slides or in tubes at 16° C., is a very good method
f9r the detection of anti-Let, anti-Le® and anti-P antibodics and the
titres and avidities of these antibodies are enhanced by using papainized
in preference to normal cells (Tables 89 and 104, pp. 287 and 297).

Taste 17, Tyricar, RrsuLts usiva me Exzyee Suoe Test At
Roov TEMPERATURL AND CAPILLARY TisT AT 37° C,

Antibody St fest | Copllary test
. . . 4+ 4+ Neg.
. . . +4 44 Pos. or Neg,
e . . +44 Pos, or Neg.
Autoagglutinin . o bk Neg.
Anti-H . . . 4+ Neg.
Weak anti-D ., . . ;
Strong anti-D ., . i o

| Pos.
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and cells to be tested, and carrying out the whole in a single stage, have
been described (Low, 1955), Xt is known that sera contain papain
inhibitors which, in such a test, must make the activity of the enzyme
variable even if they are not sufficiently strong to inhibit it completely.
Secondly, under certain circumstances, some antibodies are digested
by papain in a short period of time and the activity of some weak ones
will thus be diminished, if not destroyed, by this procedure, Thirdly,
such methods may involve the use of i quate buffers or of unstable
solutions of neutral eysteine. Both false positive and false negative
results may be encountered.

FALSE POSITIVE AND FALSE NEGATIVE RESULTS. The gencral
features of false positive and false negative results, described in
Chapter V, apply in the case of this test. There are certain special
difficulties.

False positive results may be due to:

i. Spont agglatination of the papainated cells.
ii. Failure to dilute the patient’s serum at least 1 in 2.
iit. Other difficulties described in Chapter V, e.g. infected serum,
rouleaux forming properties of serum and avtoantibodies.

i. Spontaneous agglutination of the papain cells will sometimes
occur if they are over papainated, and this will be detected by the
control test which should always be included. If the cells act in this
way they should be discarded and a new batch prepared.

1. There appears to be some factor in certain normal undiluted
sera capable of agglutinating papainized red cells. This is the reason
for diluting sera 1 in 2 before testing with papainized cells.

iii. Rouleaux forming properties are not such a disadvantage using
this technique because of the initial dilution of the patient’s serum to
1 in 2, and this is of particular advantage when testing maternal sera
where rouleaux forming properties are not uncommon. It is only when
using sera containing very potent rouleaux forming praperties (p. 96)
that further dilution is required. A thodies against treated
cells rarely occur in sera and they are mainly active at room temper~
ature. Occasionally, autoantibodies occur active at 37° C. against
cnzyme treated cells but not against normal cefls (Table 18).

False negative results may be due to:

i. Inadequate treatment of the red cells.
ii. Technical errors.

i. Failure to papainate the red cells to the required extent should be
detected when the standardization test is used. Failure may be due to
the pH being wrong or to inactivity of one of the reagents. Cell samples
are occasionally found which, for reasons unknown, are difficult to
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ite wi i i ic gravp wer of the
o unite with an antipen. 1t is a meawre of the grayping pos
o e [.‘c“ «petamten Poneat S nhiich an antibody, of 3
' of reacling, or usiting
with homologous 1ed L.

TrainiQue oF Trration, If theantibody under test acts in wline
or in serum albumin, or in scrum, serial dilutions of the :mhpody are
made in these media (but sce below), Ifit reacts only by the :{nh;)obulm
test, serial dilutions of the scrum are made and an antiglobulin tevt donz
on cach dilution. In cither case, a row of tubes is sct up and numbered
with a control tube at the end. Intocach tubeis placed onesolumeof the
diluent, 004 ml. in the case of the agglutination test, and 02 ml. in the
case of the antiglobulin test. An equal volume of the serum which i
being titrated is added to the first tube and, using a marked Pasteur
pipette, these two are mixed together by squeezing gently in and out of
the pipette six or seven limes. One volume s then tramferred to the
second tube and the process repeated. A volume is discarded from the
fast tube. This will give doubling dilutions of serum in the appropriate
medium, i.c. 1in2, 1ind, 1in 8, and so on. Onevolume of the standard
dose of test cells in the appropriate diluent is now added 1o cach tube
and the mixtures tapped and incubated at the optimum temperature
for 40 minutes to 2 hours, according to the diluent and test being
employed. Each tube is then read as deseribed presiously for the
particular test and the results scored accordingly. It is desirable that
1wo negative results should conclude the titration,

When titrations arc made in serum albumin, the higher tubes of the
titration contain more serum albumin than the lower ones. It is an
advantage to dilute the scrum in serum and add the cells suspended in
serum albumin, since sedimentation in high concentrations of albumin
is unduly slow.

The control tube is a cell suspension control ¢ ing of one vol, of
diluent together with one vol. of cell suspension. This is the “control”
referred to in many tables detailing titrations.

The above method of titration is subject to esror by reason of:

(a) The fact that the use of a marked Pasteur pipette is an inac-
curate way of measuring volumes.

(b) The use of doubling dilutions is an inaccurate way of making
dilutions.

() Using a single pipette for the whole titration involves the risk of

carrying over more concentrated serum into the more dilute
parts of the titration.

This last difficulty is overcome by using a fresh pipette for the transfer
of each volume of serum from one tube to the succeeding higher
dilution, or by washing out the pipette after making each dilution.
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Anti-H and anti-O are active against papainized cells at 16° C.
Table 18 shows the results of a month’s work using the papain slide
technique for screening antematal sera and Table 17 typical results
using the test.

Tavie 18, Resurts ofF A MONTH'S TeSTS ON MATERNAL SgrA
SHOWING ANTIDODIES DEYECTED BY Paramy SuIDE TesT AND
WIOSE IDENTITY WAS SUBSEQUENTLY CONFIRMED

Number detected:
Antibodies Papain slide test,
roont femperatuse
Anti-Rh . . . . . 85
AntiP .. o . .. . - 2]
Anti-H/O . . e . H
Anti-Le#
Ami-w:} s e e e P
Autoagglutinin® e . . . 9

* 3 positive at 37° C. Total number of samples tested: 1,346.

We have no evidence to suggest that any Rh antibodies have been
missed using this slide technigue at room temperature with the serum
diluted 1 in 2, and the ad ge of 2 low temp test is that other
potentially dangerous antibodies are found, such as anti-Le*

The test is free from prozone phenomena and false positive results
occur infrequently. Table 18 shows that of 1,300 sera examined, nine
autoapglutinins were detected, three of which were active at 37° C.
The slide technique may detect anti-K, but not anti-Lu®. The antigens,
M, N and Fy* appear to be destroyed by the enzyme activity.

In conclusion, it is interesting to observe that the immediate aggluti-
nation and rcversal phenomenon (Rosenthal and Schwartz, 1951)
between normal sera and trypsmxzed red cells does not occur using
papmmzed ones, Perhaps this is because it is prevented by cysteine,
which is one of the substances known to inhibit the phenomenon with
trypstnized cells,

Quantitation of Antibody
Quantity of antibody in a serum may be measured in two ways:
1. Titration.
2. Avidity determinations.
Titration of an amxbody isa method of determmmg the hlghest dxlutmn
atwhichtt ' - ™ 7o
testeetls, '« oot . . . ) E

this positive .2 . oL T . . )
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to unite with an antipen. M is a meawre of the ;:r_.upén;: ponet of (ke
antibody; it measures the cvtent and speed with which nn‘nnh!‘m!y,'of a
ditution of antibody, is capable of apglutinating of fracling, of uniling
with homologous red cclhs.

Traisigun oF Trranion, If the antibody under (ot actuin saline
or in serum atbumin, of in serum, scrial dilutions of the anthody are
made in these media (but sce beon), Ifit reacts anly by the antiplobutin
test, serial dilutions of the serum are madce and an antiglobulin tait donc
on cach dilution. In cither case, a row of tubes is ret up and numbernd
with a control tube at the end, Tntoeach tube is placed onevolumz of the
dituent, 004 ml, in the case of the apglutination test, and 02 ml. in the
case of the antiglobulin test. An cqual volume of the serum which is
being titrated is added to the finst tube and, using 2 matked Pasteur
pipette, these two are mixed together by squeczing pently in and out of
the pipette six or seven times. One volume is then 1mamferred 1o the
second tube and the process repeated. A volume is discanded from the
Tast tube. This will give doubling dilutions of scrum in the appropriate
medium,ic. 1in2, 1ind, 1in 8§ and so on. Onevolumeof the standard
dose of test cclls in the appropriate difuent is now added to each twhe
and the mixtures tapped and incubated at the optimum temperature
for 40 minutes to 2 hours, according to the diluent and test being
employed. Each tube is then read as deseribed previously for the
particular test and the results scored accordingly, It is desirable that
two nepative results should conclude the titration.

. When titrations are made in serum albumin, the higher tubes of the
titration contain more serum atbumin than the lower ones. It is an
advantage to dilute the serum in serum and add the cells suspended in

serum albumin, since sedi tion in high concentrations of albumin
is unduly slow.
The control tube is a cell suspension control consisting of one vol, of

diluent together with one vol. of celi suspension. This is the *control™
referred to in many tables detailing titrations.
The above method of titration is subject to error by reason of:

(@) The fact that the use of a marked Pasteur pipette is an inac-
curate way of measuring volumes.

(b) The use of doubling dilutions is an inaccurate way of making
dilutions,

(c) Using a single pipette for the whole titration involves the risk of

CaITyIng Over more concentrated scrum into the more dilute
parts of the titration,

This Jast difficulty is overcome by using a fresh pipette for the transfer
o!' e;}ch volume or.scrum rrom. one tube to the succeeding higher
dilution, or by washing out the pipette after making cach dilution,
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Anti-H and anti-O are active against papainized cells at 16° C.
Table 18 shows the results of a month’s work using the papain slide
technique for screening antenatal sera and Table 17 typical results
using the test.

‘Tavee 18, RESULTS OF 4 MonTH's TesTS ON MATERNAL Sera
SHOWING ANTIDODIES DETECTED BY PAPAIN StpE TeST AND
WIOSE IDENTITY WAS SURSEQUENTLY CONFIRMED

Number detected;
Antibodies Papain slide test,
room lemperature
Anti-Rh . .. . . . 85
Anti-P .. - G e e . 24
Anti-H/O . R T 1
Anti-Les 4
Anti.Le® . . . . .
Autoagglutinin® P . . . 9

* 3 positive at 37° C. Total number of samples tested: 1,346,

‘We have no evidence to suggest that any Rh antibodies have been
missed using this slide technique at room temperature with the serum
diluted 1 in 2, and the advantage of a low temperature test is that other
potentially dangerous antibodies are found, such as anti-Le*.

The test is free from prozone phenomena and false positive results
occur infrequently. Table 18 shows that of 1,300 sera examined, nine
autoagglutinins were detected, three of which were active at 37° C.
The stide technique may detect anti-K, but not anti-Lu®. The antigens,
M, N and Fy* appear to be destroyed by the enzyme activity.

In conclusion, it is interesting to observe that the immediate aggluti-
nation and reversal phenomenon (Rosenthal and Schwartz, 1951)
between normal sera and trypsinized red cells does not occur using
papainized ones, Perhaps this is t it is p d by cystei
which is one of the substances known to inhibit the phenomenon with
trypsinized cefls.

Quantitation of Antibody

Quantity of antibody in a serum may be measured in two ways:

1. Titration.

2. Avidity determinations.
Titration of an antibody is a method of determining the highest dilution
28 which ft e e o e el e
test cells. *
this positi’
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Anti-H and anti-O are active against papainized cells at 16° C.

Table 18 shows the rcsults of a month s work using the papain slide

que for g { sera and Table 17 typical results
using the test.

Tapre 18, ResuLts oF A MoNTH'S TESTS ON MATERNAL SERA
SHOWING ANTIDODIES DETICTED BY PAPAIN SLIDE TEST AND
WHOSE IDENTITY WaS SUBSEQUENTLY CONFIRMED

Number detected:
Antibodies Papain shde test,
room temperature
Anti-Rh . . . . . 85
Anti-P .. . e .- . 24
Anti-H/O . . . . . 11
Anti-Le® 4
AntiLed . . . . .
Autoagglutinin® . .. . . 9

* 3 positive at 37° C. Total number of samples tested: 1,346.

We have no evidence to suggest that any Rh antibodies have been
missed using this slide technique at room temperature with the serum
diluted 1 in 2, and the advantage of a low temperature test is that other
potentially dangerous antibodies are found, such as anti-Les.

The test is free from prozone phenomena and false positive results
occur infrequently. Table 18 shows that of 1,300 sera examined, nine
autoagglutinins were detected, three of which were active at 37° C.
The slide technique may detect anti-K, but not anti-Lu®. The antigens,
M, N and Fy* appear to be destroyed by the enzyme activity.

In conclusion, it is interesting to observe that the immediate aggluti-
nation and reversal phenomenon (Rosenthal and Schwartz, 1951)
between normal sera and trypsxmzed red cells does uot accur usmg
papmmzed ones. Perhaps this is it is pr d by cy
which is one of the substances known to inhibit the phenomenon with
trypsinized cells.

Quantitation of Antibody

Quantity of antibody in a serum may be measured in two ways:

1. Titration.

2. Avidity determinations.
Titration of an antibody 1s 2 method of determining the highest dilution
at which the antibody will give a positive (4-) result with a fixed dose.of
test cells. The titre is the reciprocal of the highest dilution that will give
this positive result. Avidity 1s a measure of the ability of an antibody
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If a more accurate method is required, dilutions should be made
separately and transferred with a separate pipette to each individual
test tube; graduated pipettes arc used throughout.

For ordinary routine work, the less accurate method is satisfactory.
The essential thing is to be able to get consistent results and each
individual must determine his or her crror. This is done by titrating
the same serum six or eight times in cxactly the same way, using the
same cells and noting the titre and score. It will usually be found that
the method is accurate to - one tube, and this is the extent, therefore,
to which the titre of one serum may be compared with that of another.

AVIDITY DETERMINATION.  Avidity tests with anti-A and anti-B
sera are described on p. 113. Wherc antibodies do not agglutinate red
cells on slides but only in tubes, a titration is made as above and .scored
as described on p. 34. The score of each tube in the titration ls.then
added. In this way an estimate of the avidity of the serum is obtained-
This is illustrated in Table 19.

TABLE 19. TITRATION OF Four ANTI-D SERA OF THE SAME TITRE BUT DIFFERENT
Avormes. Ryr Test Cruis

2 4 8 16 32 64 128 286 Controll Tire | Score

Saline diluent

AuiD () | b+t At bbbt A4t AR 4 — = — ] 61 ]| 2
AnteD (n) +++ +t+ ++ ++ + 4 - = 6 | 12

Serum albumin diluent

AntiD () | #4444 F+++b bbbt bbb bR b — — — | 68| 2
AnteD (W) | ++++ A+ bt +HH + — = — | & |15

It will be observed that the sera have the same titre but different
scores. These results of the scoring of the titration indicate that the
grasping powers of serum (i) and serum (jii) are greater than those of
sera (i1) or (iv) respectively. The former sera are more advantageous a5
blood grouping sera.

The score of a titration and the apparent avidity of the serum will
vary according to the dose of homologous antigen on the test cell
(p. 280). Consequently it is desirable to judge the avidity and value of
a serum as a possible blood grouping serum using heterozygous and
less strongly active erythrocytes.
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COMPLIMENT IN BLOOD GROUPING

Conmraving faoa property of vt and oot of four puis oot
poncste, In Chapler 1 reference has been e de o the pwo £z G B
of complement, the haeme tic sad eeeptstimatir g ints, ,;.3 1n ‘M-'..,.
of the propotices of the watiom €aepea- In L‘:t'( .x;«‘{: It ,..
propaned 1o desentie a petine mathad for the Lzthon of cos e,
Yor funber faformsation on orrplomest, €1 mofe st tieation
racthady, topether with detath for ttzstien of ’lzrﬁ"’p'r“}. (x';";‘.r-
mont compenents and theit propettics 283 G, the tesde facfend
1o Kahat 268 Mayer (1944), et wcll 23 Pillerser (1980) and (M»:en
(1937). Whole complement (C) conhis of four compencets, (71,
CLCland CA(p. 1),

Cormplement Titrstlon
Matrriats

Buffered saline, pH 74 (harbital or seronal buffer sith 38ditoonsl
rapacium and calcdum) (llemct et el , 1937,

Conrrrrrgred pock palurios
30 pn Wa(Y
95, SA8Gemyihetopd, and
378 . Baliam 3 Suliettny Mzt torgte
10 ml M MK,
13 . M CsQ1,
2ty 1808 water
The frpemndients are dissohnd §n 1,50 ¢ of hus
water knd the solurme made up 10 2000 =t

This stock solution is stored at 4° C.; for use, 1 volume s added to 4
volumes of distilled water and freshly made cach day.

Sensitized cells are prepared by washing sheep eells three times with
bufler and maling a 25 per cent suspensian, The strenpth of this
suspension §s checked by hacmoplobinometry and adjusted to a
standard.

One volume of barbital buffer containing four minimal haemolytic
doses of haemolysin is ndded 0 an equal volume of a 2:§ pee cent
suspension of red cells, mixed topether and incubated at 37° C. for
30 minutes. The standard is so armnped that each 1 ml. dose of sensi-
tized cells as used in the test containg 2:25 % 10 red cells; the sensitized
cells are prepared freshly each day.

Tramique or T Tisy

The technique is similar to that of Pillemer ef al, (1956). ‘This is
ey
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carried out in tubes, 3 X} inch, and ten tubes are set up and numbered
The serum to be titrated is diluted 1 in 15 in barbital buffer and an
increasing quantity run into each tube, and the total volume is brought
up to 0 5 mi. with buffer; 1 ml. of sensitized sheep cells is then added.
These are incubated at 37° C. for 30 minutes with regular shaking.

Tube numbers 1 2 3 4 5 6 7 8 9 10

Barbital buffer (mt) ..| 045 04 035 03 02502 015 01 005 O
Human serum  diluted

1in15(ml) .. ..] 005 01 ©15 02 025 03 035 04 045 03
Sensitized celis (ml) ..} 10 10 10 10 10 10 10 10 10 W

Controt tests should include 1 ml. of sensitized cells mixed with0-5ml.
1 in 15 inactivated test serum.

At the end of the incubation the tubes are removed from the water
bath and centrifuged at 1,000 r.p.m. for 5 minutes. The degree of
haemolysis is compared with a series of haemoglobin standards made
up at 10 per cent intervals and ranging from 10-100 per cent lysis.

Haemolysis %: 100 % 8 70 60 50 40 30 20 10

Water, ml. .o .05 06 07* 08 09 10 11 12 13 14
Sensitized cell suspension,
. . ..|10 09 08 07 06 05 04 03 02 01

* A knife-point of saponin should be added.

T!m comparison is a visual one to the nearest § per cent.

Fifty per cent haemolysis is taken as the end point, but 100 per cent
may be used in addition 1f desired.

_A unit of complement is the smallest amount of the test serum that
will resu_h in SO per cent haemolysis under the conditions of the test
as described. Thus if Tube 3 shows 40 per cent and Tube 4, 60 per
cent lysis, 0-175 ml. of 1 in 15 serum will give 50 per cent. lysis.

. 1
Units = IR 15 = 85 units/ml.

Normal fresh sera have a range of 60~100 uni dian
value of 80 units/ml. units/ml. and a media

Inactivation of Complement
There are many ways in which the titre of complement in humat

serum can be reduced or by which complem d;
among these are: plement may be destroyed;
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1. Heating.

2. Change in pH. .

3, Absorption by antigen-antibody aggregates.
4, Action of plasmin.

5. Removal of Ca++ and Mg++,

6. Storage.

1. The normal way of inactivating complement is by heating at
56° C. for 30 minutes. The thermo-labile components, C'1 and C'2 are
destroyed, leaving C'3 and C'4 in reduced titre. Heating at 5Q° C. f(}r
approximately 40 minutes may also render complement inactive; C'2
is destroyed (Ecker et al., 1943).

2. The effect of pH change on complement has been studied by
Scifter et al. (1943). They added various amounts of acid and alkali to
human sera and allowed them to stand at room temperature for 1 hour.
Haemolytic activity of whole serum was completely destroyed at pH
42 and pH 10. It scems likely that complement is completely active
between pH 7 and pH 8-4.

3. Treatment of complement with antigen-antibody aggregates
results in complete inactivation of the sccond and fourth components,
C’2 and C'4, and partial inactivation of the first component, C'l,
whereas there is little or no inactivation of C’3. We have used exg
albumin/rabbit anti-egg albumin precipitate for decomplementing sera.
1t is interesting to note that Weigle and Maurer (1957) have shown that
although such anti ibody precipi may be completely
saturated with complement, they still remove hacmolytic activity from
fresh serum.

4. Plasmin prepared by the addition of streptokinase to normal
serum inactivates complement (Pillemer ef al., 1953). The inactivation
of components by plasmin is very similar to those inactivated by anti-
gen-antibody aggregates and in both cases may be due to activation of
C'1 proesterase (Lepow and Pillemer, 1955; Lepow e al., 1956),

3. The removal of calcium and magnesium jons prevents the haemo-
Iytic activity of complement and a very potent reagent for removing
these fons is now available in the form of E.D.T.A. (cthylene-diamine-
tetracetic acid).

6. Storage. The activity of whole complement rapidly deteriorates
when sera are kept at 37° C, Whole serum may lose all its comple-

mentary activity if kept at 37° C. overnight, or for one week at room
temperature. 'The complement titre would be reduced approximately
by }mlf‘ by being maintained at 4° C. for one week. If serum is frozen
solid at —35° C. complement is well preserved and will maintain
full activity for two weeks, after which its titre diminishes but js pre-
served at reduced titre for many months (Scifter et al., 1943).
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Anticomplementary Sera

Some sera are anticomplementary, even when relatively fresh and
others become so after storage; some may be strongly anticomple-
mentary. Anticomplementary activity can be estimated by adding
dilutions of the anticomplementary serum to dilutions of serum con-
taining known quantities of complement. During storage of sera, even
when stored frozen solid, anticomplementary activity may develop.
Contamination of a sample or the presence of soaps may result in anti-
complementary activity. Davis et al. (1944) have shown that human
y globulin is anticomplementary, They say that heating at 56° C. for
half an hour decreases the anticomplementary activity of purified
Wassermann antibody. Olhagen (1945) believed that the anticom-
plementary effect was due to a kind of denaturation of the serum
globulin. Sera that are anticomplementary may have a high globulin
content, e.g. those from cases of multiple myelomatosis.

The anticomplementary activity which develops in sera on storage
may make it diflicult to use them as blood grouping sera if the detection
of antibody is dependent on fresh serum factors.

From what has been said previously it is obvious that if C'l esterase
is active in the serum due to activation of plasminogen, or for other
reasons, the serum might well possess anticomplementary activity. It
might be an advantage to heat old stored sera at 56° C. for 45 minutes
before adding fresh serum and prior to blood grouping tests.

Absorption of Sera

If it is desired to absorb anti-A and anti-B antibodies from a serum
with the minimum reduction of complement, the rapid method
described on p. 25 should be used up to Step 8. Absorption should
not be undertaken at 37° C. but only at 4° C. If anti-A and anti-B
antibodies are present in the serum in high titre, even using the rapid
method at 4° C,, it will be difficult to avoid some fixation of comple-
ment and reduction of its titre, For example, in one experiment
such a serum was absorbed as suggested and its titre fell from 85 units
per ml. before absorption to 60 units per ml. after absorption. If such
sera are absorbed at a higher temperature using slower techniques, a
great reduction in complement titre will occur. It is desirable, therefore,
to avoid the need to absorb such antisera as anti-Le® and anti-Jk?, If
it is necessary to carry out absorption at 37° C,, e.g. to remove anti-D
which may be present with anti-Jk? in the serum, absorption should be
undertaken with group O cells at 37° C. and the anti-A and anti-B
removed separately as above. An alternative method to try would be to
inactivate such a serum and carry out the necessary absorption and
add the fresh serum later, but this i is less satisfactory. Nevertheless, some
reduction in comp titre is itable and with relatively common
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antibodics, such as anti-Le* and anti-Le®, it is of great value for these
to be found in the scra of persons of group AB. Red cc'lh which h.:wc
been preserved in the frozen state and r.cs}ortd to saline suspension
sometimes exhibit anticomplementary activity.

Tests for Haemolysins
DETECTION

Anti-A, anti-B, onti-Let, anti-Le?, anti-Tj*, anti-Vel, and ocg\sionauy
samples of anti-P, may possess haemolytic activity. /.\nu-Lc‘ and
anti-Le® haemolysins are more readily detected if gapmmzcd test cells
are used (p. 295). The fest is carsied out in 2% 3 inch tubes and one
volume, 0-3 ml. of fresh serum, mixed with one volume of a 3 per cent
erythrocyte suspension in barbital buffer. The mixture is incubated in
a water bath for one hour at 37° C. with intermittent shaking; the tubes
are then spun and the supernate inspected for hacmolysis. If this
volume of serum is not available a smaller volume can be used together
with an equal volume of cells in the detection test. A control test of
inactivated serum, together with the cell suspension, is included and
forms a standard of reference.

This test will enable the presence or absence of haemolysis to be
detected. If the percentage lysis is required the results should be com-
pared with a series of haemoglobin standards. Comparison may be
difficult as the proportion of serum in the test is high.

It is difficult to detect haemolysins in old stored scra which lack
complement and in sera that possess anticomplementary properties, A
volume of fresh serum may be added to a volume of stored serum,

together with two volumes of cell suspension, and the test attempted.
Inthecage AT o™ -wsit -2t o= e -
and Le® sw

also be fre

such sera v uoe Lasy W L.

TITRATION OF ANTI-A AND ANTI-B HAEMOLYSINS

The test is performed in 23 inch tubes. The serum to be tested is
used undiluted and diluted 1in 2, 1in 4, 1 in 8, ctc. in barbital buffer,

One volume, 0-3 ml. of each dilution is placed in the tub:
test cells are freshly e (Chapter 11 ud sk

] collected in citrate (Chapter II) and washed
13;‘:;: times. A 2 per cent suspension is made in a mixture consisting of

ande volumes of specially prepared or selected fresh serum (vide infra)

one volume of barbital buffer. 0-3 ml, i
tubes are placed in a wate; e s 3 e i

r bath f °
frequently during this time or one hour at 37° C. and shaken

1 to dislodge the agglutinated cells; the tubes
aredghgn centrifuged. Complete haemolysis is taken as the end point
and js judged by the fact that no cells are precipitated by centrifugation.
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A series of colour standards can be prepared and the percentage
haemolysis estimated by visual comparison but the presence of excess
serum necessary to provide complement for the test makes this com-
parison difficult and the former method is normally employed. Control
tests should consist of one volume of the cell suspension in serum
together with one volume of inactivated test serum.

In this test the haemolysin is diluted in barbital buffer and the cells
suspended in a diluted fresh serum. The serum can be obtained from
two sources:

1. Sera from group AB persons who are non-secretors, as ascertained
by saliva and serum tests;

2. Sera from persons of group O, who are selected for weak anti-A
and anti-B saline agglutinins only, which can readily be removed
by absorption.

The danger of using (1) above, is that the sera may contain traces of
A or B specific substance and iso-haemolysins are readily inactivated
by these. On the other hand, the danger of using (2) is that absorption
of anti-A and anti-B agglutinins will result in a marked reduction of
complement titre. In this case, the reduction of complement titre will
be least if the rapid absorption method described on p. 25 is used. For
comparative purposes, there is not much to choose between a carefully
selected serum from a group AB non-secretor person and an absorbed
group O serum. Whichever of these two it is decided to use, the serum
should be titrated for complement beforehand. Table 20 illustrates a
titration and for the purpose of clarity the percentage haemolysis has
been estimated. The results with the barbital buffer diluent indicate the
very considerable fixation of complement which occurs during this
titration.

Taste 20, TirRATION OF ANTI-A HAEMOLYSIN IN VARIOUS DILUENTS

% Haemolysis.
Dilution of Test cells ;;mpznded in
test serum . N
Barbital AB secretor | AB non-secretor | Absorbed Grp. O
buffer serum serum serum
lin1 90 100 100 100
1in2 80 50 100 100
1mn4 30 80 100 90
ting 0 50 80 80
Imnlé 0 20 30 30
1mn32 o [} 0 0
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Role of Complement in the Antiglobulin Test

Dacic (1950), described a cold incomplete antibody and Cmv»_lr"m:d:
Cutbush and Mollison (1953) showed that it had anti-H specificity
(9. 126). This antibody united with red eclls only in the presence o
fresh serum and at low temperature. On p. 61 we have described the
two kinds of antiglobulin rcngcn\l and eclls sensitized with this antibody
react only with anti-non-y globulin reagent. .

Molliszn and Cutbush (1955) described anti-Le* and antl-P anti-
bodies which could be detected by the antigiobulin test only if the
patient’s fresh serum was used, and remarked that the reactions of these
antibodies are similar in some respeets to those of incomplete cold

ibodies and the i plete antibody found in cold type acquired
‘hacmolytic anaemia deseribed by Dacic (1954). Stratton (1955) slmsc‘d
the importance of freshly collected samples for optimum results in
detecting Lewis antibodies.

At this time Cutbush, Crawford and Mollison (1955) were of the
opinion that some antibodies such as incomplete anti-Le* appear to
be a or § globulins. Vaughan and Waller (1956) considered that anti-
Lewis antibody and one example of anti-Kidd appeared to be non-y
globulin. Stratton (1956) described an example of anti-JL® which like
anti-Le* showed deterioration on storage and an activity which was
decreased following inactivation but whichwas enhanced by the addition
of fresh normal serum.

Dacie, Crookston and Christenson (1957) considered that potentially
haemolytic cold antibodies sensitized erythrocytes to agglutination by
antiglobulin serum. They also stated that **cold antibodics probably do
not exist in a demonstrably incomplete form and that the agglutination
by antiglobulin serum of erythrocytes exposed to these antibodies is duc
to an interaction between the antiglobulin serum and sub-haemolytic

of adsorbed pl rather than between the antiglobulin
serum and antibody. The adsorbed complement protein reacts with
antiglobulin serum to which various protein fractions have been added
2sif the adsorbed protein consisied of B and o, plobulin” They showed
that the presence of three ¢ of compl C'l, C'2 and
C'4 was sufficient to cause agglutination by antiglobulin serum, whereas
all four were required for lysis. Christenson, Dacie and Croucher (1957)
showed that cold antibodies from a case presenting the *“cold haemag-
glutinin syndrome™ fell in the p, fraction,

Vaughan and Watler {1957) showed that if Lewis positive cells were
sensitized with decomplemented anti-Lewis serum, washed and incu-
b‘ated with fresh serum, there was a considerable increase in Coombs
titre as though complement had been taken up.

_Str:_attonA and Ryman (1958) confirmed that Le(a-{-) cells sensitized
with inactivated anti-Le* serum when washed and treated with fresh
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serum would give a positive antiglobulin test, but not if mixed with
inactivated serum. Occasionally, positive results were obtained with
inactivated serum depending on the manner of decomplementation of
the original antibody serum. It was also shown that inactivated anti-
Leb and anti-Jk*(three examples, one kindly provided by Dr. A. Matson),
in addition to anti-Le® (several examples), would sensitize cells at 37° C.
but a positive antiglobulin test could not be obtained until the sensitized
cells had been further treated with fresh serum and washed. Dilute
fresh serum, up to 1 in 500, would enable some sensitized cells to be
detected by the antiglobulin test. Thus the union of antigen and anti-
body can occur in the absence of whole complement activity, but the
antiglobulin test is negative (anti-non-p reagent) but becomes positive
if these sensitized cells are subjected to fresh serum. In the case of
Le(a-+) sensitized cells giving a negative antiglobulin test and a positive
one when further subjected to fresh serum any of the treatments of the
fresh serum described on p 53 designed to render complement inactive
prevented the occurrence of a positive antiglobulin test; i.e. destruction
of C'1, C'2 or C'4 but not C'3,

Cold incomplete anti-H is an exception and fresh serum is needed
during sensitization of the cells, and indeed with some other antibodies
better results occur under these conditions.

From a practical point of view, therefore, in the antiglobulin test for
the detection of these antibodies, the concentration of complement
should be as high as possible and the test cells should be suspended in
suitable fresh serum and the appropriate antiglobulin reagent used.
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CHAPTER 1V

THE ANTIGLOBULIN TEST

THE antiglobulin test was first described in 1945 by Coombs, Mourant
and Race, for use in the detection of incomplete Rh antibodies. It is
also known as the Coombs test. It is the most versatile and valuable
of all tests for the detection of blood group antigen-antibody reactions
and is widely used.

Principle of the Test

Cells suspended in saline and exposed to the action of an incomplete
blood group antibody are not agglutinated but absorb the antibody on
their surface and an antigen-antibody reaction takes place. Blood
group antibodies are globulins and consequently the cells become
coated with human globulin. If these cells are then washed free from
serum and mixed with an anti-human serum or antiglobulin reagent
prepated in some other animal, agglutipation of the sensitized red
cells will occur, indicating that originally there had been an antigen-
antibody reaction although no agglutination had been evident using
saline suspensions of the cells. It has been pointed out previously that
the difference between antibody globulins and normal glubuhns is a
very subtle one that cannot be d d except by i Tog]
means. Thus a general antiglobulin serum will agglutinate most red
cells coated with antibody globulin.

The test is of two kinds:

1. The Direct Test.
2. The Indirect Test.

There is no essential difference, in principle, between these two tests,

The Direct Test, was evolved following the work of Coombs,
Mourant and Race (1946), who showed that cord cells in cases of
haemolytic disease of the newborn were coated with antibody which
was demonstrated by the antiglobulin reagent. It is a test which shows
that human globulin has united with red cells in vivo.

The Indirect Test, on the other hand, is a test in which erythrocytes
are mixed with antibodies in vitro and, if an antigen antibody reaction
takes place, globulin is absorbed on to the red cells. Following washing
of the mixture a positive antiglobulin test can be obtained, If the
erythrocyte antigen is unknown it can be identified with a known anti.
serum and vice versa.

Auti-y-, and Anti-non-p~globulin Reagents
Coombs and Mourant (1947) showed originally that the component
&0



TUT ANTIGLOMLIN TIST 61

of the antiglobulin serum responsible for the reactions was an anti-~
globulin and, so far as cclls sensitized with Rh antibodies are c:oncgmcd.
this is still thought to be the case. Cells senitized by antibodies of
certain other specificities are agglutinated by other componcnts present
in the antiglobulin reagent.

Dacie (1951), Crawford and Mollison (1951), and Renton (1952), all
showed that antiglobulin reagents could be absorbed with one type of
sensitized oot without abolishing the activity against certain other types,
and Renton (1952) prepared two fractions, Fraction J, active against
Rh sensitized cells, and Fraction 1§, active against eclls sensitized by
cold incomplete anti-H. The addition of a suitable amount of human
v globulin to the reagent is another means of preparing Fraction 1.

Unfoctunately, prepacations of human 4 globulin are ofien referred
to as “Cohn's Fraction 11”, or simply as “Fraction 11", when prepared
from human serum by Cohn's alcohol precipitation method, so that
the terms “Fraction 1" and “Fraction 11 give rise to confusion when
they refer to I ts of antiglobuli gents and the terms “anti-
globulin” and “anti-non-y-globulin™ are preferable. The anti-p-globulin
fraction is the fraction that reacts most strongly with Rh sensitized
cells and is present in high dilution. The anti-non--globulin fraction
Is that which is still active in the antiglobulin serum after the addition
ofy globulin; it is present in lower concentrations in the average serum
and is active only against certain varicties of sensitized cells, such as
those ensitized by cold i plete anti-H, anti-Jk*, most anti-Le* and
anti-Le, and occasional examples of other antibodies as well as certain
cells coated in vivo, mainly in pathological states. It is possible that it
;eag:ts more strongly with a # globulins and that the antibodies deteeted

Y ts action are detected because of fresh serum factors absorbed on to
the antibody coated erythracyte.

L reevees weliy as desenbed above or to components i
na’;%/c antiglobulin serum, ponents present in
e reactions of sensitized cells with reagents of the two t

i Wi ypes are
i‘::;::t“; Tf’lb}fs 21 and 22, and it is valuable to have both types of
reagent CZ‘“ able. Firstly, because antibodies can be detected using a
o orr;;ammg the appropriate component, and secondly, because
» globuin __i”rme reagents—the one diluted and the other with added
unknownam.lb‘;g provides a valuable clue as to the identity of an
comp migh)x', i"d thirdly, because the use of one or other specific
(example anti-Jks ns; typin when using a particular antibody
mixed with other antibod)i’g g reagent where it was present in serum

s, fi i
The reactions of the two compumny &k 20D

investi A % with agglutinins can only b
Vestigated by absorbing antiglobutin reagemsg%vith washed grg‘g!{uﬁ(i
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nated cells and in the case of group A cells agglutinated by anti-A the
results are very variable, depending on the individual antt-A serum,
Some anti-A sera remove the anti-y comp , some the anti 1
some both, and some neither, and examples of this are shown in
Table 23. Furthermore, the previous treatment of the anti-A serum
affects the results and Table 24 shows o serum which would absorb the
anti-p-globulin coraponent only after it had been heated.

The agglatination produced by the two types of reagent hias 2 some~
what different appearance. That caused by the anti-y-globulin presents
a untform appearance with little vatiation in the size of the agghutinates
{Plate Ya). The anti-non-p-globulin reagent, on the other hand, tends
10 give a more irregular appearance with agplutinates of varying size
{Plate V) and the reaction with the sensitized cells is often slower to
develop on the slide than with an antiv-globulin reagent. .

Tante 2. Invireer Coomns Test usivg 1HE Two Mawd CoMronenTs

Cells sensitized with
2

Reagent {gnne Anle Anne Awsi- Antic Anti- Anti- Antie Antie Cold
Ri & K B Le L S P AmH

Anttep- —~ - — -
globulin or + e O S orrarely afew -~ —
+ + 4+

Anti-nog. —- e

y-globutin + - — otfew or  + 4+ + + S
{globulin +

added}

Tame 22, Direcr Coomrs TEST UsING VARIOUS REAGENTS

Antilobulin teagent
K Routine
Cells from case of Antigp zg;im{:r reagent
ghobulin Ve, elobulin added)
Acquired hagmolytic
anaemia (warm {ype) .. + 4ttt - ER T
Aequired haemolytic
antamia {cold 1ype) .. - bt oo
Acquired hagmolytic
anaemia A +++ +tt
Acquired haemolytic
anaemia (in remission} e — b
Cord rells, in haemolytic
disease of the newborn -+ttt - ek
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Tapre 24 EfFecT oF HEAT OV ABILITY OF AN ANTI-A St

TO REMOVE THE ANTI-y-GLOBULIN COMPONENT OF A Cooves

REAGENT WHEN THIS WAS ABSORBED WITH A, Ceus
AGGLUTINATED BY THE ANTI-A SERUM

Treatment of antr-A serum | Reactions of absorbed Coombs
used to sensitize group reagent with Rb sensitized
Ay absorbing cells cells
Unheated et
Heated at 55° C. for 35 min. 444+
» S6°C. . +++
w °C. ., ++
. 65°C. -

Zoning with Antiglobalin Reagents

High titre antiglobulin reagents often show prozones, and it is peces-
sary to be careful that one does not use a reagent at a dilution falling
within the prozone or a false negative result may occur (Table 25).
The prozone is always more marked with weakly sensitized cells
than with strongly sensitized ones and this is probably due to factors
similar to those which cause anti-D sera to show more zoning with
D than with D cells (p. 172). The prozone is not solely dependent on
the sensitized celfs, however, and the same sensitized cells may give
different lengths of prozone with different antiglobulin reagents of the
same titre. This suggests that antiglobulin reagents may contain an
incomplete antiglobulin as well as an agglutinating antiglobulin, and
this is probably of importance in the detection of weakly sensitized
cells (Renton and Hancock, 1958). D@ cells have a weak D antigen
and are consequently inagglutinable by anti-D sera containing a high
proportion of incomplete antibody and it would seem that weakly
sensitized cells might behave similarly with antiglobulin reagents
containing incomplete components.

Preparation of the Reagent

The reagent is prepared by the injection of human serum or human
serum fractions, parenterally, into animals.

‘Whole human serum from group O persons is used to avoid secretor
substances, We have not found it any advantage to select sera for the
absence of Lewis substances. The sera should be rapidly spun before
use to precipitate “ghost” cells. Fresh human serum is very satisfactory,
but serum which has been heated to 56° C. for 30 minutes can be
employed. Serum which has been heated to 65° C. for half an hour
will not produce a satisfactory antiglobulin reagent.

We have used both y globulin and a 8 globulin as inocula; the former
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produces an cxcellent reagent containing both components, but the
Iatter docs not produce a satisfactory reagent of cither varicly.

Many animals have been used in which to prepare sntiglobulin
reagents. They should be capable of producing potent reagents which
should stand up to the tests described later, It should readily be possible
1o absorb the serum to leave the specific activity relatively undiminished.

Our experience has been that rabbits arc the animals most likely to
meet these requirements; the sheep has the advantage that a much
larger quantity of blood can be obtained from it. Assuming the
animals are to be kept alive and bled from time to time, 30 ml, is the
average quantity that is removed from the rabbit, whereas 400-500 ml.
can be obtained from the sheep. Through the courtesy of our colleagues
we have tried the cffect of injecting a number of animals. Monkeys
will produce an antiglobulin reagent, but we have not injected a
sufficient number to tell whether they are able to produce very good
ones. Mice do not appear to be able to producc satisfactory reagents
atall. Horses produce a reagent, but the onc we tried had a high titre
non-specific activity against normal red cells. Reagents can also be
Pmdugcd in hens. For the production of small quantities of reagent
there is no doubt that rabbits are the best laboratory animals,

INocuLATION ScrpuLe

The jnoculum consists of whole fresh serum from group O persons
©3 mi~1 ml. for a rabbit), suspended in Freund's adjuvant (1947).
One-third of this is given intramuscularly and the remainder sub-
cutaneously, preferably at more than one site. The rabbit js then
eft for a period of 4 to 6 weeks, after which a sccond injection of
05mt, of whole fresh serum without adjuvant is given intramuscularly.
The animal js bled 12 days after this second injection. The scrum is
now n d and if it is idered that the animal is likely to produce
2 good antiglobuylin reagent it is kept for future inoculation.

. Ideally, the animals should now be left for a period of 8 weeks, or
1:H'lger, before further inoculations are given, but at least they should

;left for several weeks, following which an inoculation of 0-5 to 1 mk.
:1 :hole. serum is given intramuscularly and after 12 days the animals
. l'fd z;]g_am.. In many cases thf’. select.cd animals, following this interval
o third m‘oculanong will give satisfactory antiglobulin reagents. If
an - Teagent is not entirely sausfactgry, it is often advantageous to give
tes;!{nclilgtmn of 50 mgm. y globulin subcutaneously and bleed and re~
oy in 10 days, If the response has been poor, further inoculations
should be given and the serum retested.

Sheep have a similar inoculation schedule, but larger doses are given

and the time interval bet
Secks o o ween the first and second dose should be 8

Inm;merable methods have been suggested for the production of
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antiglobulin reagents in animals. Both whole serum and y globulin
have been used successfully as inocula, either on their own or succeed-
ing one another and with or without the addition of adjuvant, or
serum has been used as alum precipitated serum. Inoculation schedules
vary, as does the ability of the animals to produce good reagents. We
feel that the following points are noteworthy:

1. If whole serum is used, the initial dose should be given in some
manner which will delay its absorption, We prefer an emulsion of
the serum with Freund’s adjuvant. The amount of serum injected
into the rabbit should not be excessive; we employ 0-5-1 ml.
Those animals that are ltkely to produce good reagents should b
selected by testing their sera at an early stage. .

. Following this, an interval of time should be left before further
doses of serum or p globulin are given, The advantage of this
interval technique is that a high titre antiglobulin reagent can be
prepared using 2 minimal number of injections of serum from
which, in turn, it is less difficult to prepare a specifically active
antiglobulin serum.

ABSORPTION

Serum should be inactivated (56° C. for 10 minutes). Titrations
are then carried out to determine its activity with normal red cells.
Certain rabbit sera may appear to be inactive against normal red
cells by a slide technique, but agglutination will occur if sedimentation
tests in tubes are employed. On the other hand, sheep sera will often
show a higher titre, such as 8-32, against normal red cells using a slide
test.

Absorption should be carried out with cells of blood group O (several
examples), group A, and group B. The red cells are collected in A.C.D.
solution as described (p. 19). Great care should be taken during their
collection to see that they are thoroughly mixed with the anticoagulant.
This is to avoid the occurrence of any flecks of fibrin or small clots
which will be spun down with the red cells and may tend to neutralize
the antiglobulin reagent. Thorough washing of the cells is essential.
They are first packed down and all the plasma and buffy-coat removed.
10-20 ml. of packed cells are pipetted into a large bottle with 500 ml.
of normal saline and washed once. The cells are then removed to
smaller containers and each 2-3 ml. of them is washed with 20 ml. of
saline several tumes. It is difficult to determine when all the serum has
been washed free from the cells and various methods have been tried,
but pone is entirely satisfactory. Stratton and Jones (1955) showed that
repeated absorption of an antiglobulin reagent with normal red cells,
even when these had been thoroughly washed, would reduce the titre
of such a reagent against Rh sensitized cells, whereas absorption of: the
reagent with trypsin-treated cells would not cause this reduction.

w o
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Papainized red cells act similarly to -rypsin treated cells, Absorption
with papainized cells alone may fail to remove all the antibody activity
against normal red cells. .

The procedure is to absorb onc volume of reagent for 30 minutes
with one volume of washed packed papainated cells of groups O,
A and B, mixed together, at room temperature. The serum will then
usually have little activity against the absorbing cells and it is further
absorbed at 4° C. and 37° C. with 3-1 volume of mixed normal cells
as may be requircd. Tests to ensure complete absorption should
include saline agglutination tube tests at 16° C. and 37° C. for 1} hours.
The reagent will then be suitable for use on slides at room temperature.

It is necessary to use a number of normal red cells for these tests, as
oceasional cell samples may be found which react positively with an
antiglobulin reagent. If it is proposed to carry out the test by a tech-
nique other than that described (for example, a technique employing
tubes and a centrifugation method), tests for complete absorption of
the Coombs reagent should be made using this technique. Similarly, if
diluents other than saline are to be used in the Coombs test, e.g.
albumin, ‘then the reagent should be tested using albumin suspended
test cells. N B

Dilution alone to produce a specific serum is unsatisfactory, since the
chance of an occasiofial normal red cell giving a positive result is
increased. A serum diluted alone gave weak positive results with three
out of fifty normal cells. Rabbit sera will normally give some reaction
with papainized red cells and with infected red cells. The titre will vary
from serum to serum, but if it is proposed to use an antiglobulin
reagent using the enzyme cell Coombs technique described by Unger
(1951), then it is essential to absorb with enzyme treated red cells.

PREPARATION OF ANTI-NON-y-GLOBULIN REAGENT

The principle is to elimi the anti-p-globulin activity of a con-
centrated, and suitably selected, antiglobulin reagent by the addition
of human y globulin, and the amount added should be such as to re-
moveall activity against cells strongly sensitized by anti-D whilst causing
as little reduction of the activity against cells sensitized by incomplete
anti-H as possible. The amount required should be determined by suit-
able titrations, but is not usually critical, and with many reagents the
following is successful.

To 10 volumes of the absorbed undiluted antiglobulin reagent is
added 1 volume of a 1 in 100 solution of y globulin. The mixture is
allowed to stand_ at 4° C. for 2-3 hours and rapidly centrifuged to
temove the precipitate and then diluted to the appropriate dilution.
Care should be taken to remove all precipitate. ;

The » globulin used should be the purest obtainable; impure pre-
parations may reduce the efficacy of the reagent. If no suitable pre-
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paration of ¢ globulin is available a trated antiglobulin reagent
without addition of y globulin can be used. The anti-non-y-globulin
reagent whose reactions are described in this book is one to which
v globulin has been added, but equally good results would be obtained
with a suitable concentrated reagent without added y globulin, The
only difference is that the latter type of reagent is likely to have anti-y-
globulin activity also, even though it is used at a dilution far removed
from the optimal dilution for anti-y-globulin activity, so that the
diagnostic value of the former type of reagent, which is often useful in
the identification of antibodies, is Jost. The term “anti-non-y-globulin”
in general, therefore, includes both types of reagent.

TESTING

The standardization of an antiglobulin reagent is hard to define and
such guidance as is given here is intended to apply to reagents which it
is proposed to use for routine purposes in a general laboratory. The
results of titrating an absorbed rabbit aatiglobulin serum with various
sensitized cells are shown in Table 25, The titre of the serum will
depend upon the degree to which the cells are sensitized and this will
vary with the technique of sensitization and with the particular antibody
concerned,

This is a form of titration that enables one to ussess the suitability of
a reagent and the dilution at which it should be used, This Table shows:

. The failure of the serum to agglutinate normal cels.

2. That this particular serum should be used in several difutions, by
preference as an anti-p reagent at 1 in 100 for a single difution, but
better still used at three difutions: I in 80, 1 in 160, and 1 in 320;
as an anti-non-y reagent at 1 in 12.

. The activity of the reagent is abolished by the addition of y globulin
against cells sensitized with certain antisera, but not against those
sensitized with others.

4. That the titre with Rh sensitized cells may be much higher than
for other kinds of sensitized cells, and may be misleading as the
sole indicator of the value of a reagent.

S. The occurrence of zoning is observed when weakly sensitized cells

are used and this occurs when anti-Rh sera are used as well as,

to a lesser extent, with anti-Le* and sinmlar antibodies. This
means that with weakly sensitized cells an optimum reaction
occurs over a more restricted difution range, as the vertical line in

Table 25 shows.

Thxs anugicbulm semm has been pamculzxrly selectcd fcr htxauon
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‘TaBLE 26. PROZONE DURING TITRATION OF ANTIGLOSUUIN REAGENT AGAINST
Jxr(a-+) Sensmizep Crias

Cells weakly Ditutions of anti-non-y-globulint reagent
a3 .
with 1 2 4 8 16 32 64 128 256 Control
Anti-Jx* - 4 A+t Attt St A - - -

weakly sensitized cells, may be greater, although the strength of an
individual reaction may be less, but not invariably so.

Not all reagents react in the manner illustrated in Table 25, Some
may show little activity against Le(a-t-) sensitized cells, or have a high
titre against cells strongly sensitized with anti-Rh antibody but be
inactive against weakly sensitized ones. Such reagents may be un-
suitable for use. Not all the ideal features may be present in one reagent
and jt may be possible to use a particular reagent as an anti-y reagent
but not as an anti-non-y reagent, and vice versa. The anti-non-y
reagent to which y globulin has been added should give negative
results with Rh sensitized cells and strongly positive results with cold
sensitized cells at the dilution at which it is proposed to use the reagent.
The reasons for using a more concentrated reagent to which y globulin
has been added have been previously stated, but the essential thing is
to use antiglobulin reagents in such dilutions that all kinds and degrees
of sepsitized cells will be detected.

Every antiglobulin reagent needs to be used for a while in the
laboratory, firstly to see that the supposed optimum dilutions are, in
fact, the best, and secondly, to test it with many varieties of sensitized
cells to ensure that it is generally useful.

STORAGE

The reagent is best stored in the undiluted but absorbed state and
diluted as may be required, say at weekly intervals. The diluted anti-
globulin reagent should have a stabilizer added to it because dilute
protein tends to become denatured and the titre of the reagent falls
on storage. Bovine albumin has been used as an additive, but in some
circumstances we have found that this causes the reagent to give false
positive results and h globin in a final ion of 1 per cent
is recommended. Both the concentrated reagent and the dilute reagent
shonld be stored frozen solid at ~20° C. when not in use, This helps to
preserve their sterility although antiseptics, such as sodium azide,
0 1 per cent, may be added.

Technigue of the Test
pirect Coomss TesT. The blood is collected as described on
p. 18 and two drops are placed in a 3 X} inch tube. These are then
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washed four times in normal saline, filling the tube on cach occasion.
The test is performed on microscope slides at room temperature.
“The slide is divided into two with a grease pencil and 1 volume (0 03
mb) of a 5 per cent suspension of washed red cells placed on each
side. On the left-hand side an equal volume of antiglobulin reagent
is added and on the right-hand side a volume of saline. These are
then mixed, with an applicator stick or plastic rod, into a small circle
about 1 inch in diameter. A stop watch is then started. The slide is
gently tilted and the result recorded as observed by the naked eye
at 2, 4 and 6 minutes, and finally the test read under the low power
of the microscope and recorded. Similarly the control test is examined.
Typical results would be as follows:

2 4 6 Microscopic Control
min. min, min. examination test
Positiveresult .. ++ ++++ +++++ +++4++ -
Negative result - - - - -

At the conclusion of a negative test 1 volume of 2 5 per cent sus-
pension of thoroughly washed Rh sepsitized cells (not strongly sensi-
tized, p. 181) is added to each side of the slide and rocked for 6 minutes.
The side on which the antiglobulin reagent has been placed should give a
positive result and the control test a negative ane. This ensures that
the antiglobulin reagent is active and that the cells being tested were
adequately washed. If a concentrated reagent is being used in the test,
or an anti-non-y-globulin reagent, cells itized with cold § pl
anti-H antibody should be used as control cells in place of the
sensitized cells.

INDIRECT COOMBS TEST. The indirect test is used to detect un-
known antibodies using standard cells or alternatively to detect red
cell antigens using known typing sera. The reagents are mixed in
3 X} inch tubes; 2 volumes of serum together with 1 volume (0 1 ml.)
of a 10 per cent suspension of red cells. The mixture is incubated at
the appropriate temperature, usually 37° C. for 45 minutes. The
serum is then 1 d from the sedi d cells, and the cells washed
four times in saline, removing the supernatant as completely as possible
each time. The test then proceeds as described under “Direct Coombs
Test™ above,

Tests should ensure that the antiglobulin reagent is acting specifically

and it should preferably be used in o >
test should be negative. several dilutions. The saline control

ENzZYME CeLL CoOMBS TEST. Unp; i i i

; CEL . ger (1951) described this test in
which trypsinized red cells are substituted for normal cells in the
indirect test. If careful attention is paid to the erythrocyte concentra-~
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tion the correct dilution of antiglobulin reagent and other details of
the test, most antibodics will be detected using normal cells. In cases
where the test is weakly positive, the substitution of enzyme treated cells
for normal cells may do no more than increase the strength of the test
cell and control cell tests almost equally. Moreover, the test is lable
to give false positive results and controls are essential.

In certain cases, such as the detection of anti-Jk* antibodies, this
method may succeed where others fail,

False Positive and False Negative Results
These arc dealt with generally in Chapter V, but there are a number
of special difficulties that can affect the antiglobulin test and these are
referred to below.

Faust Positive ResuLts

1. CHEMICAL CONTAMINATION. In agglutination tests there is usually
a high concentration of serum present. This is an efficient buffer and is
also able to combine with and neutralize traces of many chemicat

X es. Chemical o ination has, therefore, to be fairly
marked before a false positive result will occur. The washed, serum-free
cells of the antiglobulin test are much less able to resist the action of
traces of extraneous chemical sut dirty gt e, eic.

2. POOR QUALITY SALINE, Saline containing dust or other particles is
a cause of difficulty. In washing the cells during the test, particles
present in the saline coliect at the bottom of the tube during each
centrifugation so that all the particles from all the washings become
concentrated into one or two drops of cell suspension and may result in
difficulty in interpreting the test.

3. CoLLOIDAL SiLICA (Stratton and Renton, 1955; Renton and
Hancock, 1957). Certain preparations of colloidal silica have an ex-
tremely potent agglutinating effect on red cells and are able to aggluti-
nate them even in dilutions as lugh as one part per million, Other pre-
parations exert a blocking effect and prevent aggplutination by the
agplutinating preparation, though cells treated with such preparations
may be aggluti d by certain dilutions of serum and they sometimes
aggluti spe ty on washiog. In other words, it 15 only when
ey "] Caa Tew s

MRV T TEE 0 YRR

.
. .

saline and other solutions used in serological work and give rise to
difficulties in the antiglobulin test. The solutions of trisodwm citrate
used in the glycerol citrate method of pr;sewing red cells in a frozen
state (p. 20) are very liable to contamination by colloidal silica if
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W ing i iners. Trisodium citeate altack
“f?i‘fﬁd,},’z ?:;O;;::x{x‘ri‘gfg:;? :\?\nol:ll:\c? nn?;ncalloidnl silica may be
%;nncd which can give tise to a false posi(’i\c Coombs test uting {i mm;
oclls. Colloidal silica is readily ncu}rnhzcd }ry scrum proteins gn;

accordingly does not cause difficulty in apglutination tests with a l'ng, A
concentration of scrum present. The :m.munl of serum prewent ina
dilute antiglobulin reagent is ofien insufficient fo neutralize the colloidal
sm;.:xother way in which silica causes difficulty isin th; miting of the
anti-globulin reagent with the sensitized cclls on a microscope stide,
I the reagents are stirred vigorously with a glass rod there s often
sufficient abrasive action between the two ghs.s sur.f;gccs to cause
agelutination either through the formation of colloidal siliea or through
the action of fresh surfaces of finely powdered glass. This phcnorr}:non
is easy to demonstrate by placing one drop of 2 Spereent suspcmx?n_or
thoroughly washed red ccils on a microscope slide and stirring
vigorously with a glass rod. 1 the slide is gently roched, as in the
antiglobulin test, agglutination will readily be observed, Tapwateroften
contains fine particles of sand which will increase the abrasive action
if left on the microscope slides. For these reasons it is recommended in

the antiglobulin test that the cells and serum should be mixed with a
plastic rod or applicator stick.

1t should be understood that the pt is only of ional
occurrence and it is capricious in nature, i.c. it will occur perhaps only
in a single test because the canditions for the action of colloidal silica
jus‘E ]}ixp‘pen to be right. The appearance of the agglutination due to

sitica aften si a true positive Coombs test very closely

(Plate Ve), and may develop in a similar manner when the cells are
rocked on the slide. One should, however, be suspitious of cells which
' 1.0, e

chink marbadls in tha ot At -

H P e ep besang Al wabiadig ut bl Wi, .
. }f a tube breaks in the centrifuge during the performance of the test
it is inadvisable to salvage the cells from the bottom half of the tube,

since_these.xpay contain particles of broken glass and we have known
colloidal silica to be formed under these conditions causing falsc
Positive results,

4, XN{.D.EQUATELY ABSORBED ANTIGLORULIN REAGENT, I the
‘{:ag.edu is madequage]y absorbed and reacts positively with normal cells
h;:!us.uztl'l;o‘;usm g;e false bposiﬁve results in the test. Care, however,

s een taken to absorb the re; t sati i
but, ke al g e o e reagent satisfactorily at the outset

ere is a tendency for non-specific antibodi
fo 1eturn 10 the serum during storage. ’ antloodies

The serum should, of course, be sterile and reference has already been
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made to the fact that normal rabbit serum may react with papainized
red cells. Care should, therefore, be taken to avoid this difficulty in
using the enzyme cell Coombs test,

5, UsE oF CELLS wiTt A POSITIVE DirecT Coomps TEST. Inthe
direet test, of course, the object is to determine whether celts are coated
with antibody, but in the indirect test using standard cells, or testing
cells with dard sera, it is pr d that the cells which are used are
not already coated with antibody. This difficulty might occur for two
reasons:

1. The use of clotted cells which arc coated with cold incomplete
anti-H antibody (Dacie, 1950); or, .

2. The use of cells from normal persons which give a positive direct
Coombs test.

The cha istics of cold i plete anti-H antibody are described
in Chapter VI. If cells are collected as clotted blood or defibrinated
blood, and stored at refrigerator temperature (4° C.), then they may
become coated and give a positive direct Coombs test, especially whea
tested with the more concentrated antiglobulin reagent, i.e. anti-non-y-
globulin reagent. When samples are collected in the form of clotted
blood and stored for a short period of time at 4° C., ¢.g. overnight, the
number of samples that give a positive result is small,

A number of blood donors have been found whose red cells have 3
positive direct Coombs test. These were detected because incompatt-
bilities were observed in the cross matching test. Stratton, Stone 2nd
Tovey (1958) have abserved eight such cases.

Case 2

Donor, aged 44 years, martied. One full-term normal pregnancy
eleven years ago; no abortions, no blood transfusion. She had
piven twenty blood donations during the previous eight years
but had never had any serious illness. A full haematological examina-
tion revealed no abnormality. Her blood groups were: O,R;R;,
MNs, P-neg. Lu(a ~), Le(a-+b—). Other blood group tests could not
be performed because of the positive direct Coombs test. Wasset-
mann reaction and Berger Kahn tests were negative. The donor has
been observed for three years during which time ber direct Coombs
test has remained positive. Results of testing her cells are shown in
Table 27.

Case 3
Blood donor, aged 55. Had an appendicectomy in 1926 and
pneumonia in 1932, otherwise his health had been pood. He never
received any blood transfusions. He bad given ten donations of
blood. His blood groups were Ay, RyR;, MNS, P-negative, Lu(a—),
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Le(a—b—). Wassermannreactionand Berger Kahntestswerencegative,
The direct Coombs test has now been known to be positive for four
years. The results of tests are shown in Table 27. In this case, unlike
the previous case, there is a history of pneumonia which is known
sometimes to precede acquired haemolytic anacmia. This may be the
cause of the erythrocyte change in this particulac blood donor,
although he is, at the present time, in excellent health,

TasLE 27, RESULTS oF DIRECT Coorns TESTS ON EryriROCYTES OF CAses 2 AND 3

Antiglobulin reagents
Cells | —— A— —
Anti-pglobulin | Antl-non-pglobulin
Case2 .. .. .. . . + 4 —
Case3 .. W oo .. .. + +++
Cold sensitized cells .. . .. — +4+++
Rhsensitized cells .. .. .. +4++++ -

6. CO-AGGLUTINATION. Co-agglutination (Coombs et al., 1955), is
a phenomenon in which agglutination occurs when unsensitized cells,
human serum and antiglobulin reagent are mixed together. Presumably
the cells b hed in a precipitate formed by the antiglobulin
reagent and human serum. The phenomenon causes similar false
positive tesults to the immune adherence phenomenon of Nelson
(1953). Here, red cells adhere to an immune precipitate. If partiatly
washed red cells are used and mixed with an antiglobulin reagent a
precipitate will occur to which the red cells may become adherent. This
may be mistaken for a true positive result, but can be distinguished by
the app of the precipi

7. SYPHILIS. A weakly positive direct antiglabulin test is sc
found in cases of syphilis. This may cause confusion when the cord
cells of infants suffering from congenital syphilis are tested using the
direct Coombs test. In these cases the clinical picture may occasionally
resemble haemolytic disease of the newborn, We have occasionally
observed weak positive results in adults having a positive reaction for
syphilis. It is useful to remember here that persons suffering from

atq\‘:i;-pd haemolytic anaemia may have a false positive serum test for
syphilis.

8. THE USE OF SERA CONTAINING SALINE AcGLyUTININS. If a
setum containing a saline agglutinin is tested using the indirect test it
sometimes happens that the agglutinates are broken up during the
was_}ung process but reform when the cells are rocked on a slide with
antiglobulin reagent. An agglutination will accur in the saline control
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but may be different in strength from that which occurs when the
antiglobulin reagent is used. This is not strictly speaking a false positive
result, Sturgeon (1954) has described an augmentation agglutination
reaction, which depends on the difference between the two results.

9, InFeCTED TeST CeLLS. Antiglobulin sera if used in a con-
centrated form may agglutinate infected red cells, Normal rabbit
serum will times aggluti infected cells to a titre of 8.

10. UNKNOWN, Qccasionally apparently false positive results occur
for unknown reasons. The indirect Coombs test using the patient’s
owa cells and serum will usnally give the same strength of reaction as
when using the patient’s serum and other test cells.

1f all the precautions listed in this chapter are observed, these false
positive results are usually only weakly positive, are of uncommon
occurrence, and do not cause difficulties of inferpretation.

Favse NEGATIVE RESULTS

1. INACTIVE REAGENT. Menolasino and Davidsohn (1954)
described a method of heating rabbit antiglobulin reagents to render
them specific. Hunter and Thomas (1957) found that this adversely
affected the anti-non-y fraction. We find the effect to be variable but
often ta result in deterioration of the anti-non-y-globulin fraction and
to make the serum less able to agglutinate weakly sensitized cells.

The presence of human serum at any part of the test will inactivate
the reagent. Pipettes used for the antiglobulin reagents are kept
separately; an in-dwelling pipette in the reagent itself is desirable, but
if this is not available special pipettes should be kept for this purpose.
If an anti-non-p-globulin reagent containing added human y globulin
is to be used as a test reagent, a special pipette should also be kept for
this, since, of course, y globulin will inactivate an anti-y reagent. The
precaytion of adding Rh sensitized cells sensitized to a suitable degree
or cold sensitized cells at the lusion of the test is a precaution to
ensure that the antiglobulin reagent itsell has been active during the
performance of the test.

Partial inactivation of Coombs reagent may occur and affect the
ability of such a reagent to detect weakly sensitized cells (Table 28).
‘This error may be difficult to detect and the Rh sensitized cells added at
the conclusion of the slide test should not therefore be too strongly
sensitized. Partial inactivation can also occur during absorption of the
reagent.

Inadequate washing of the celf suspension is a very common cause
of coptamination by serum. Many dilufed Coombs reagents would be
completely or partially inactivated by an equal volume of a 1 in 5,000
dilution of human serum, so that 2 high standard of washing is needed.
The considerations involved may be illusirated by a simple cxample.
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cre are thiree or four draps of scrum in the tube and that
§ur}1)1¥.0 ;er ‘sf:\?i!r::‘is added. This will dilute ll\g serum (0 gboul 1in 2‘0‘
If a5 much as theee or four drops of this mixture remain 'in !hc tube
when the supernatant is removed after centrifugation, the c{:lulmn a'ncf
the second washing will be about 1 in 400 and after the third washing,
1 in 8,000. Such cells would be insuﬁ‘mcr}ﬂy washed. The procedure
deseribed on p. 74 should be adhered to; if larger volumes are uced, a
larger tube will be required o ensure adequate washing. Neplect of

these considerations is & common cause of false negative results in the
direct Coombs test.

Tante 28, ParTIAL NIUTRAUZATION OF ANTIGLOBUUN StRty

. 1 vol, buli 1 vol. antlglobul Setiom

Cells :{ruul:u) serum (1 In 50)+1 vol.jserson (1 In 50)+ 1 vol] Saline | (1 In

with sahine serum (1 in $,000) 3,000y
Strong anti-D .. 2 e e 4 ot 4 —_— —
WeakantiD .. A4 —_— — —_
Weak anti-Fy2 ., ++4q4 — — —

2. PROZONE. Some antiglobulin reage
fitrated with camecitimad curre T,

nts show when
S

3, DOSE OF TEST CELLS IN INDIRECT TesT. If the proportion of
fest cells to serum in the indirect test is too great then a false negative
result may occur. Where known weak antibodies are involved, it may
be desirable to reduce the proportion of red cells to serim below that
et R B S ] ‘ortion of cells

. PR R ©otr. t.n v eells must be
suwiticiit LOL tie pertormance of the test. The 10 per cent eell suspension
recommended is satisfactory for ordinary purposes.

_ 4. "TECHNICAL, ERRORS, Technical errors may result in false nega-
tive results. The antiglobulin test as undertaken on slides at room
!e}nperamre is essentiaily a developing test and the agglutinates are
friable, If the slide is shaken violently or dropped on the bench,
agglutination may not occur or may disappear. In order to effect

maximum agglutination within the time of the test the slide should be
carefully and gently rocked.

5. THE VALUE OF FrESH SERUM. In Chapter 1T it has been shown
that certain antibodies, such as anti-Le®, anti-Le, anti-Jk?, although
they may unite with the antigen, do not give a positive antiglobulin test
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using anti-non-p-globulin reagent unless fresh serum factors, probably
complement, have been absorbed on to the aggregate. In the case of
cold incomplete anti-H, fresh serum needs to be present dusing the
period of sensitization. In practice it is desirable to have fresh serum
present during the process of sensitization for these antigen-antibody
reactions to be detected by the antiglobulin test. If fresh serum is not
present, a positive result will not be obtained even though antigen-
antibody union has occurred.

The Value of the Test
The antiglobulin test is a valuable test and is used under the follow-
ing circumstances:

1. THE DIRECT TEST

(a) For testing cord blood samples in suspected cases of haemolytic
disease of the newborn when it is due to Rh, ABO, or other
incompatibility between mother and child.

(5) In cases of acquired haemolytic anaemia when the cells of the
patient give a positive direct Coombs test with either one or other
of the components of the antiglobulin reagent.

{€) As an indication that incompatible transfusions have occurred.
Here the picture will show small clumps of cells in a field of
unaggtutinated cells, depending on the length of time which has

lapsed since the i patible transfusion was given; this is an
indication that the cells are transfused cells and that they are
coated with the patient’s antibody (Plate XV5).
2, THE INDIRECT TEST
{a) For the detection of atypical antibodies in human sera:

i. During antenatal testing;

ii. In the cross matching test.
iii. For the purpose of detecting atypical antibodies in any serum

(for example, following trausfusion reactions).
(b) For blood grouping purposes such as:
i. The detection of Rh antigen D, using a strong incomplete
anti-D antibody.
ii. Typing of red cells, e.g. with anti-Fy%, anti-Jk*.
iil. For the identification of human blood this is employing a
nevtralization test and can be used on dried blood stains,
ete., for forensic purposes.

Various alternative methods have been described of carrying out a
direct Test to detect cells coated with antibody in vivo. Witebsky,
for example, has described a test carried out on slides using the cells
mixed with whole serum, or with albumin. Nevertheless, the anti-
globulin test is very widely used for the purpose and is of considerable
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diagnostic value in haemolytic discasc of the newborn. Similarly, in
cases of acquired haemolytic anaemia it is of diagnostic value, although
persons who are perfectly healthy can give positive dxrcc_t Coomb‘t tests
as can those who have suffered from acquired hacmolytic anacmia nr!d
iwhose clinical condition is in a state of remissi The antiglobul
test is one of the tests of choice for cross matching (Chapter X). In
antenatal testing it is also a valuable test, although for detecting anti-D
the papain cell test is better. For the detection of certain antigen-
antibody reactions, antiglobulin tests are absolutely necessary (e.g.
Jk*-anti-Jk®), Although some other antisera, such as anti-Fy*, have
been known to act as saline agglutinins, the typing of cells for this
group and the detection of anti-Fy* usually necessitates the use of the
antiglobulin test. For many purposes, therefore, it is a test for which
there is no satisfactory substitute.

Most Rh antibodies are detected by this test. Occasional ones during
the early months of pregnancy are positive only using enzyme treated
cells, but in many cases these react in the antiglobulin test shortly
afterwards. Anti-Kell, anti-Fy*, anti-Le®, anti-Le® and anti-Jk* can all
be detected using this test and the appropriate antiglobuli gent.

In short, therefore, the antiglobulin test is a valuable test for which
in some circumstances, there is no alternative and which is preferentially
used in a large number of blood grouping procedures.

In the indirect test, if various practical points, such as the dose of
red cells, antiglobulin dilution, etc., arc adhered to, when the test is
used, the worker will find few occasions on which he will need to resort
to the enzyme cell antiglobulin test.
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CHAPTFR ¥V

THE CAUSES OF FALSE RESULTS IN
AGGLUTINATION TESTS

ONE need only engage in blood grouping work for a short time before
encountering false positive or negative results in some of the tests;
indeed a knowledge of such errors and the ways of recognizing and
avoiding them is cssential to all who undertake this work in however
modest a way. It is fortunatc that the end result of almost all the
techniques used in blood grouping is the presence or absence of agglu-
tination, This means that the possible causes of error are 1o a large
extent the same in all techniques, so that we can consider the causes of
false positive and negative agglutination in gencral terms which will be
applicable to all the methods.

Failure of the Human Element
It is the experience of all workers in this field that carelessness
and mistakes are a far more frequent cause of difficulty than the purely
technical causes of error. For every incompatible transfusion due to
erroneous grouping or cross matching there are several due to such
things as inadequate indentification of the patient, sticking the compati-
bility fabel on the wrong bottle, writing “A” when one means “0Q",
and so forth, Of eleven cases of ABO incompatible transfusion which
came to our notice and in which sufficient details were given to deter-
mine }he cause, only one was due to technical difficulties (infected
grouping serum), one was pactly due to technical difliculty and partly
due to confusion over the patient's name (Case 22, p. 100), and the
Temauning nine were solely due to failure of the human element.
So dxmcult‘ Is it to avoid mistakes and so serions can be their conse-
quences that it is worth while to examine in detail some cases in which
carelessness led to ABO incompatible transfusion,

Case 4

Two patients in the same ward had the same name and the blood
cross matched for one was given to the other,

Case 5
thThe serial number on a bottle of blood chanced to be the same as
e serial number on a patient’s case notes, which was erroneonsly
thouglit to indicate that the blood was intended for that patient.
Case 6

The donor’s name, which appeared on the bo
ttle, happened to be
g::‘ ;?\n::sﬁft;ge name of a patient and an ABO incomgatible trans-

S 81
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Following this, we took to covering the donor’s name on our bottles
of blood, but this precaution did not prevent the following:

CaAsE 7
A patient was unfortunate enough to have a name which coincided
with the name of a town at which a bottle of blood had been collected.
An ABO incompatible transfusion resulted.

CasE 8
In a busy hospital, blood for two patients, one group A and one
group AB, was cross matched at the same time. All the tests were
correctly carried out but the compatibility labels were each stuck on
the wrong bottle of blood, and each patient received the blood
intended for the other.

Mistakes of this nature are almost inevitable unfess the technician
carrying out the grouping and cross matching tests is able to work on 2
reasonable amount of bench space, and in reasonably quiet surround-
ings and without being continually harried by phone calls and other
interruptions.

A type of clerical error which we have seen result in an ABO in-
compatible transfusion is caused by the habit, which some technicians
have, of writing their results on odd scraps of paper and subsequently
transferring them to the cross matching card or laboratory record sheet.

The immediate direct recording of results as they are observed is
essential to accuracy in laboratory work since the original record is
inevitably superior in accuracy to any copy. Copying out results
should be reduced as much as possible, and the provision of suitably
printed forms and cards on to which the results can be directly
written is not only desirable from the point of view of neatness, but
is a very good safety factor. Specially designed racks to hold the
tubes used in the tests are also very desirable for safety, and these
should be Iabelled and the tubes in them numbered as clearly as
possible. Furthermore, the spaces on the forms and cards should, if
possible, be arranged in the same order as the holes in the rack in which
the tubes for the corresponding tests are to be placed, so that the work
can be carried out in 2n orderly manner. 1t is also important to develop
onderly methods of work, and to work to a set routine. For example, in
testing with 2 number of anti-sera, always keep to a fixed order, e.g.
anti-A, anti-B, anti-C, anti-D, anti-E and anti<. If more than one
serum of the same specificity is employed, 2rrange them in alphabetical

order of the names of the sera or numerical order of their identification
numbers. If both types of identification are employed, put numbers
before names. Tubes shonld always be placed in racks from left to
sight and from top to bottom in the same way as one would read a
ook, and all racks must be marked to show which way round they
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should be used. We have often expericnced mistakes which were due
to inadvertently turning the rack round during the test.

Adherence to such methods and knowledge of the risks of mistakes
arisingfrom their neglect would haveavoided cascs such as the foltowing:

CAsE 9
In cross matching blood for two patients, a hospital tcchpician
first prepared separate serum and cell ns from the

of blood provided. These were placed in tubes Jabelled with the
patients’ names. Both patients were found to be group AB. Realiz-
ing that the occurrence of two AB patients together was unusual, he
was very rightly suspicious and retested the grouping, with the same
results.” Unfortunately he only retested the same cell suspensions
and not the original specimens, not realizing that he had, in fact,
prepared both tubes of serum and of cell suspension from the same
sample. One patient was, in fact, group AB and the other was group
O. AB blood was cross matched for both patients without incompa-
tibility being detected and an i patible transfusion resulted.

Rigid adherence to every detail of a set routine is essential, as shown
by another case.

Case 10
A hospital technician placed blood from two patients in labelled
tubes and centrifnoad tp canamta palte nad cameae Tha cacsp™® 01
oo e
L. 1o

- R B R 3 o et
name, with the result that each patient received the blood intended
for the other.

The correct identification of the patient is by no means as simple a
malgcr' as it might appear, and we usually think it necessary to have
Christian names, sutname, address and date of birth before being
reasonably certain. Even these particulars are not certain to be suffi-
cient, however, as was shown by the following case:

Case 11

Two brothers married girls of the same age and the same Christian
name. They all lived in the same house and both wives became
pregnant at the same time. We thus had two women, who inci-
dentally had different blood groups, who had the same Christian
name, the same surname, the same address, the same year of birth
and almost the same expected date of delivery. '

This sort of thing is not uncommon, and it should be remembered that
parents often pass on their Christian names to their children, and that
even people with the most unusual surnames are likely to hav’e relatives
of the same name living in the vicinity. It should not be assumed
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that those with unusual names are in any less danger of incompatible
transfusion than those with common names.

A special case of this sort of difficulty arises in the case of newborn
infants whose blood is very commonly confused with that of the
mother, either through carelessness or through the ignorance of junior
nurses who somenmes seem to think that the maternal end of the
umbilical cord contains maternal blood, or else that the blood which
drips from the raw surface of the piacenta is foetal in origin. If un-
expected results are obtained in tests of cord blood, it is always worth
while considering -whether one is, in fact, testing maternal blood, and
in the following case considerable difficulty arose from the faulty
callection of a cord blood specimen:

Cast 12
Mrs. H,, group Orr, had no Rh antibodies in her serum, and gave
birth to twins, one of which became jaundiced. A sample of blood
was received Jabelled “Cord blood of Twin 11", On testing the cells
from this sample with anti-A and also with anti-D, cell mixtures
were seen with both agglutinates and free cells present. At first it
was thought that this was an example of a chimera, and in order to
confirm this hypothesis a fresh sample was abtained from Twin 11
and also a sample from Twin I. These samples showed that Twin [
was group ORyr and Twin I was group AR,r. No evidence of
cell mixtures was seen on testing these samples. This disproved the
idea of a chimera since not only were the original findings not
confirmed but also Twin I was Rh positive, so that it could not have
been the source of the Rh negative cells present in the original
sample from Twin II. Returning to the original sample, we removed
the A cells by agglutination with anti-A serum and found that the
remaining group O cells gave no agglutination with anti-D sera.
This sample was, therefore, a mixture of group A Rh positive and
group O Rh nepative blood, and it was concluded that it was
prabably a mixture of blood from Twin Il and the mother. Further
tests showed that Twin II was suffering from haemolytic disease
due to anti-A.
It may perhaps seem to the reader that mistakes such as those
described above are of such an obvious nature as hardly to require
mention. However, we make no apology for their inclusion since it
has been our experience that such errors are a far more potent and
frequent cause of difficuity than the purely technical ones, and it is a
matter of extraordinary difficulty to get people to avoid them, Opne
difficulty is that blood grouping work requires an exceptionally high
c e PRI O . [
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to‘x.r-\i-x a d;op of a cell suspension with a drop of anti-D serum and to
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read the result, yet one mistake in sctting up, reading or.rccordfng the
result may mean that a woman or girl will perhaps be u_nmumch 1o
the D antigen. Or it may mean that a patient will have an incompatible
transfusion.

Such are the grave consequences of error.

Technical Causes of False Results

Therc are a great many things that can go wrong with the tests
employed in blood grouping work. Some, such as autpagglutinntion,
bacterial and chemical contamination, roulcaux, celt mixtures and the
various difficulties due to clotting, are of everyday occurrence. Most
of the other causes mentioned in this chapter are less frequent but they
do occur from tim : T )
the occurrence of
could be said to
liable to occur, and it must be explained that the effects described
below are not mere theoretical possibilities but are, in almost all cases,
difficulties which have actually occurred in our experience and which
we have known to cause an erroneous result,

The causes of false results may be divided into causes of false positive
and of false negative results, and into factors affecting the erythrocytes,
factors affecting the serum and factors affecting the technique of the
test. This arrangement leads to 2 certain amount of duplication, but
itis of value since it provides a scheme for the elucidation of difficulties.
If one is confronted with an unexpected result in testing a serum with a
sample of erythrocytes in any test, the first question fo ask is whether
the same result is obtained on testing the same cells with other sera
and on testing the same serum with other cells. In many cases this
will enable one to suspect that something is wrong with the cells, serum
or technique, as the case may be. This should go a long way towards
tracking down the cause of difficulty. It should perhaps be mentioned
that when factors affecting the serum are referred to this may apply 1o
any serum used in the test. This may be a standard typing serum, a
patient’s serum in a cross matching test, or perhaps an antiglobulin
serum or the serum present in a serum albumin fest. All may be
affected by many of the factors mentioned.

FALSE POSTTIVE RESULTS DUE TO FACTORS AFFECTING THE ERYTHRO-
CYTES

1. AUTOAGGLUTINATION. If a patient’s serum contains an auto-
agglutimn and if the sample of blood has been cooled before use, it
will frequently happen that the erythrocytes are agglutinated, If cells
which are aquady agglutinated are tested with typing sera, they will
Pprobably remain agglutinated during the performance of the test, and a
false positive result will ensue. Autoagglutinins unite with red cells at
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a low temperature and the reaction is reversible, so that the antibody
can be eluted off the cells by raising the temperature. The thermal
amplitude varies from case to case, but the minimum tempera-
turc needed for clution is always several degrees higher than the
maximum tcmperature at which the antibody will unite with the
cells.

It is essential to start any test with a cell suspension free from aggluti-
nation, and it is often useful, particularly with cross matchingspecimens,
to remove a few erythrocytes suspended in their own serum from the
specimen and examine microscopically at the outset. In this way,
autoagglutination and rouleaux formation, the two commonest causes
of difficulty, can be detected at an early stage. If the sample thus
examined appears to show agglutination, a few drops of saline should
be added and the slide rocked for a couple of minutes, Rouleaux will
then usually disperse if weak, or become weaker if strong. Auto-
agglutination will also sometimes disperse at this stage and this pheno-
menon is apt to be mistaken for rouleaux. This is due to the elution of
autoaggiutinin of Iow thermal amplitude on dilution of the serumt.
Usually, however, autoagglutination disperses only slightly on the
addition of saline and in this case the slide should be very gently warmed
by passing it through a Bunsen burner flame, judging the temperature
of the slide on the back of the hand. Autoagglutination will in almost
all cases completely disperse at 37° C, by this method and frequently
the agglutination will reappear as soon as the slide cools off on the
bench. Care and experience are needed in this test, however, since
excessive heat will disperse agglutination due to other causes. Also,
the dispersal of rouleaux on the addition of saline is a rather slow
process, taking perhaps two minutes or longer. It is assisted by rocking
the slide, The reappearance of the agglutination which occurs on
cooling is often a good indication of the p of autoagglutinati
but here again it is possible to be misled by the fact that rouleaux
which have been dispersed by the addition of saling may reappear
when the serum again becomes d by evaporation, if the
slide is left standing on the bench for a long time.

Having decided that autoagglutination is occurring, the next step is
to prepare a cell suspension that is free from agglutination, In some
cases this can be done simply by washing in saline at room temperature
and this is always worth trying. Other cases will require one or more
washes m warm saline at 37° C and occasxonally autoagglutination

d with ired h ia is not dispersed even at
3rcC, and washing at 42° C. or even 44° C. 1s necessary (se¢ p. 246).
Once a free cell susp has been obtained, no further difficulty

should be experienced in testing the cells with any anti-sera desired, but
it should not be forgotten that some autoagglutinins contain an in-
complete component which is not removed by washing at 37° C. This
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can cause the cells to have a positive direct Coombs test with Coombs
reagents containing anti-non-y-globulin components.

2. BACTERIAL CONTAMINATION. Samples of blood arc glvmys
liable to bacterial contamination, cither from poor technique in col-
lecting the samples or during subsequent handling, and this may _{nakc
the cells agglutinable by normal sera. This is the Thomsen-Hibner
phenomenon and is duc to an antigenic change in the red cell, so
that an antigen “T" can be detected in infected cells but not in normal
cells. The changed cells then become agglutinable by anti-T agglutinin
present in the sera of normal adult individuals.

The agglutination between normal sera and infected erythrocytes
can be observed on slides, in tubes or capillaries at room or lower
temperature, but not at 37° C. The strength of agplutination varies
according to the temperature and method of the test, the degree to
which the cells are changed, and the strength of anti-T in the serum.
If cell samples are heavily infected and much changed, most sera will
agglutinate them strongly by a tube saline agglutination technique,
and the anti-T may even have a titre of 8. If, on the contrary, the cells
are slightly changed, only a few sera may agglutinate them. In one
experiment slightly infected cells were agglutinated by only one of
twenty test sera.

Infected red cells if injected into rabbits will immunize the animals
and increase the titre of the antibody aleeady present which is active
against infected cells, Such a rabbit anti-infected cell serum can be
made specific by absorption, so that it will agglutinate infected cells
but not normal ones. Such a serum may detect the effect of bacterial
action on erythrocytes before human sera will agglutinate them.
Different organisms, however, may produce different changes in
erythrocytes.

Infected red cells do not give a direct or indirect positive antiglobulin
test at 37° C.

.The appearance of bacterial agglutination of red cells is often rather
different from that seen in agglutination due to blood group antibodies
and, with experience, can be recognized or suspected (Plate Via).
Infected cell samples may have a purple discoloration, show some
haemolysis, ot have a foul smell, This is a common cause of difficulty;
sniff the blood sample and look for haemolysis if in doubt.
sagp?es:vl’:ﬁpé?xg gil;%eabl;o?i has l;]ecomc infected, the serum in the

these may be agglatingt dg utinate the cells of the sample, even though
ed by a high proportion of other sera.

X 3.h1i>ox,\mccwx’mmum. This is a rare condition. It is a condition
in which a person’s red cells are agglutinated by a variable percentage
of normal sera. We have observed ten cases in twelve years. Possibly
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an incidence of ! in 100,000 blood samples. (Eight of these have been
published previously. Stratton, 1954; Stratton e¢ al., 1958.) Neverthe-
less, when it is encountered jt can give rise to a most confusing picture.

The person’s erythrocytes are aggintinated at low temperature but
not generally at 37° C. by sera of compatible ABO group, using saline
agplutination techniques on slides or in tubes. The affected cells are
not agglutinated by the person’s own serum. The proportion of ser2
giving positive reactions ranges from 9 to 90 per cent. In one case
(Stratton et al.,, 1958) the patient’s red celfs were agglutinated by some
normal sera at 37° C. The indirect Coombs test between the affected
cells and agglutinating sera at 37° C. is negative.

Polyagglutinability is a transient phenomenon and a second sample
of blood taken after a few weeks® or months® interval usually no longer
shows the phenomenon. The condition has occurred in patients
suffering from septic abortion, peritonitis, pelvic abscess, haematemesis,
septicaemia, etc., and in apparently healthy persons.

It has been suggested that the change in the red cells is due to
the activation of the T antigen by bacterial enzymes. Cestaisly
polyagglutinable cells are antigenically different from normal cells,
as rabbit immune sera show, and they are agglutinated by specific
rabbit anti-infected cell sera. Since the change produced by certain
bacterial infections of blood is so similar 10 polyagplutinability, the
latter can only be diagnosed on a sterile sample of blood. The diffi-
culties that arise as a result of this candition are twofold; firstly in
ABO grouping, secondly when identifying rare blood group antigens.

Case 13
A hospital technician grouped a patient’s cells as Group A. On
cross matching with group A blood, i patibility was d d.

The sample was referred to us and, using & number of anti-A and
anti-B sera of different batches, it was found that the group could
be read as A, B, AB or O according to which sera were used. The
correct group was O. The error would have been avoided if both
cells and serum has been tested in determining the ABO group.

Cass 14

Mr. B, aged 73, suffering from haematemesis, required a trans-
fusion, and a sample of blood was sent for cross matching. The
result of preliminary ABO grouping is shown in Table 29.

Here was a puzzle—an apparent Group B with anti-B in the
serum (X). Grouping was done on slides and it was observed that
the patient’s serum with A, and A, cells was pink. The serum was
inactivated with the results shown (Y). Further tests with other anti-
B typing sera gave the results shown (2). The patient’s cells were
palyagglutinable but positive results were given with only 9 per
cent of normat sera.
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Tasie 29. ABO GroupiNG v Cast 14

Patient’s Blood

A )

Cells Serum

A
—h——y —
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X o= e - - ++ -
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* XYZ (scc text),

A number of antigens are present on red cells (Table 117, p. 313).
Some of the corresponding antibodies are of natural occurrence, but
are present in less than 9 per cent of normal sera, which is the low;st
percentage of normal sera with which we have seen a polyagglutin-
able cell react. This is of diagnostic value as is the fact that usually
agglutination occurs only at room temperature and the indirect Coombs
test is negative. Ultimately diagnosis depends on analysing the effect
of immunizing rabbits with the changed cells, and the cross-reactions
of the immune serom.

4. CHEMICAL CONTAMINATION, There are various chemical sub-
stances which can cause agglutination if accidentally introduced into
the specimen. If a hospital reports a number of cases of weak false
positive apglutination occurring in a sporadic manner, it may be
found that the syringes used for venepuncture are being stoted in some
antiseptic solution. Alternatively, the washing of the specimen bottles
or laboratory glassware may be unsatisfactory. Attention to these
matters is usually found to resolve the difficulty. The sense of smeHl is
again useful here, and many a sample with which false positive results
have been obtained is found to smel] of Lysol, Dettol or alcohol. Some
synthetic detergents have a most potent agplutinating action, and their
use is not recommended for washing serological glassware. It is
desirable to keep the glassware used for serological work en
separate from that used for other purposes.
was the cause of trouble in the following ca!

Case 15

. In cross matching blood for a child, agglutination was observed
in the saline tests at 37° C. and at 16° C. both with the donor’s
cells and the patient’s own cells. Enqui

of blood from the patient had been collected in a tube found in the
bacteriology laboratory, and the sample had a strong smell of
phenol. A further sample was Obtained in a clean tube and the
cross matching was carried out without difficulty.

tirely
Neglect of this precaution
se;
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Some chemical substances can produce specific changes in the
reactivity of the red cells. Periodate for example, can cause an anti-
genic change, and if periodate treated cells are injected into animals a
serum can be produced which will agglutinate periodate treated cells
but not normal cells (Moskowitz and Treffers, 1950).

Formalin causes a general and apparently non-specific reduction in
the agglutinability of the cells (Moskowitz and Carb, 1957).

5. CELL MIXTURES. It sometimes happens that there are present ina
patient’s circulation not only his own cells but also donor’s cells
remaining from previous transfusions (Plate VIIa). This can cause
cither a false positive or a false negative result depending on the
circumstances. It can also lead to doubt as to which are the patient’s
cells and which the donor’s, as in the following case.

Case 16

Mr. K., suffering from a very severe haematemesis, was given an
emergency transfusion of four bottles of Group O blood. Meanwhile
he was grouped as A and five bottles of group A blood were given
immediately afterwards. A sample of his blood received by us
shortly afterwards had an obvious mixture of agglutinated and free
cells when tested with anti-A sera. This mixture was so marked as
to make us wonder whether this patient was really group A as stated
or whether he was group O with incompatible group A cells still
present in his circulation, No anti-A was present in his serum, but
this was of no help in determining his group, since anti-A might well
be lacking from the serum of a group O patient recently transfused
with five bottles of group A blood. It was only by careful considera-
tion of the relative proportion of A and O cells present as compared
with the amount of blood given and the estimated extent of the
haemorrhage that we were able to convince ourselves that he was in
fact group A.

In most cases, however, provided that one is familiar with the trans-
fusion history of the patient, there is no real difficulty, but when one is
not familiar with the history difficulty may occur.

Recognition of the fact that two types of cells are present is not
always easy. Some unagglutinated cells arc always present even with
the most powerful reagents, and the condition is only likely to be
noticed when one gets the impression that the number of these is
increased. This depends on a knowledge of the usual behaviour of the
sera concerned. If the condition is suspected it is best to repeat the
test using the strongest available sera and to try to form a rough
estimate of the relative proportions of the free and agglutinated cells.
Where 2 mixture of Rh positive and Rh negative cells is concerned we
have found that a clear<cut picture can best be obtained by means of
indirect Coombs tests using incomplete anti-D sera.
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a. Mixed agglutination with anti-B_The patient (Grou|

B) had
been transfused with six bottles of Group O blood . 90.

,
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P

D positive foetal cells i the circulation of a D negative
mother Indirect Coombs test using incomplete anti-D,
ec p. 91, X220
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Cast 17

3 it to be
of leukaemia, was group A and was thought &
!)C‘P."lzi‘v:fl sf\c had teecived seventeen bottles of blood aver a

Pt of i is blood w ferred to us since there
peciod of fve mocihe and'h“'b?l I‘a.i:nl:g]obin level. We found
fad been nQ satisfactory rise in fe Harmort was oblaincd with
v £ to be an unuseal

' rect Coombs tests
with the patient’s cells sensitized with incomplete anti-D ser
definitely showed more free cells than in control tests using nonmal
D positive cells. The direct Coombs test was Acgative and no
abnormal antibodies could be detected in his serum. It was con-
cluded that a mixture of D positive and D negative cells was present
in the circulation and the question arose as to whether the D negative
cells present were patient’s cells or donor's cells, Our donor records
showed that sixteen of the bottles he had received had been typed as
D positive and one as R’. The latter had been given four months
previousty, It was, therefore, concluded that he was probably D
negative and transfusion with Rh negative blood was advised.
Qubenmmomt e 1t T . of D positive
using salinc
* the indirect
i Leeesew anoau CTUM O any
stage. It would have been interesting to sec whether Rh antibody
developed when ali D positive cells were eliminated. The patient
died before this was possible.

A common instance of a cell mixture occurs whea babies suffering
from haemolytic disease of the newborn have been transfused with Rh
negative blood. However, such cases should not cause difficulty.

Cell mixtures in the absence of transfusion occur in the chimera.
Cell mixtures also occasionally oceur in women at or shortly afier
delivery, due to the presence of foetal cells in the maternal circulation
(Chown, 1954, 1955; Dunsford, 1957).

Cast 18
(Investigated in collaboration with Dr. R. F. Jennison.) Mrs, B.,

group Orr, no atypical antibodies present, wa: i
Rir (high grade D"‘; child whoes * -, was df‘:‘VC:Cd _:of an

. N a B ! L B i
" e wiruel) SUOWEG @ Zonier Iul“bmal].a glutinates due t,
tllle grescnce of D positive foetal cells., Thcscgwcrc paniculzrl(})'
¢ egr y shown by treating the mother’s cells with incomplete anti-D
%?ongarhrzgli oi“:)teg zi:xat;ill%:rhl:{ test (Plate VII (4)). The mother’s
obin content of 8 per cent (normal
adults less than 2 per cent). D positi h
i - D positive cells separated fi
maternal blood by a differential agglutination tcghn'xquc ylig{gcéh:
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haemoglobin which was predominantly foctal in character, though
the quantity separated was insufficient for quantitative determina-
tion. A month after delivery D positive cells could still be detected
in the mother’s blood, though in fewer numbers than immediately
post partum. Two months after delivery no D positive cells could
be detected, and the foetal hacmoglobin content of her blood was
1 per cent. It was interesting to find that no Rh or other antibodies
could be detected in the patient’s serum at any time up to six months
after delivery.

6. LEucOCYTES. In the presence of a high white cell count, the
leucocytes present may agglutinate, cither from the action of citrate or
perhaps of anti-leucocyte antibodies, and sometimes erythrocytes stick
to the agglutinated masses of leucocytes (Plate VIIIa). Under low
power microscopy itis difficult to see that the agglutinates are composed
of leucocytes, though a somewhat “fluffy” appearance of the agglutina-
tion is suggestive. Reading naked-eye it is sometimes possible to
observe that the clumps are white or grey in colour. In leukaemias with
very high white counts the phenomenon can occasionally be quite
troublesome (Plate VIIIB).

7. —D-— AND STRONG D. Homozygous —D—/—D-—, heterozygous
—D~ and Strong D cells are occasional causes of false positive results
when using saline agglutinating anti-C and anti-E sera which contain
incomplete anti-D. See p. 199.

FALSE POSITIVE RESULTS DUE TO FACTORS AFFECTING THE SERUM

1. AUTOAGGLUTININS. The question of preparing a free cell sus-
pension from cells affected by autoagglutination has already bcen dealt
with, The presence of autoagglutinins in the patient’s serum can also
present difficulty when the serum 1s tested as part of the determination
of the ABO group, for the detection or identification of antibodics or
in the cross matching test.

In such cases it often happens that saline or albumin agglutination
tests at 37° C. are really negative, but in reading the tests the cell sus-
pensions become cooled whilst on the microscope stage and agglutina-
tion occurs. It is advisable, therefore, to read the tests on warm micro-
scope slides and to decide as quickly as possible whether or not aggluti-
nation is present. The longer one looks down the microscope in such
cases the more marked does the autoagglutination become. Microscope
slides can conveniently be warmed by passing them through a Bunsen
flame and judging the temperature on the back of the hand. The cold

Autoagglutinins sometimes have an incomplete component (in-
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complete anti-H acting as an autoantibody) and this cannot be eluted
from the cells at 37° C. In carrying out the Coombs test in such cases,
therefore, cells and serum should be warmed to 37° C. as soon as
possible after mixing. In severe cases it might even be necessary
actually to mix the reagents at 37° C. Furthermore, at the end of !hc
period of incubation the tubes should be rapidly filled with warm saline
for the first washing before their contents have had time to cool. The
object of these manoeuvres, of course, is to have the serum in contact
with the cells at low temperatures as little as possible.

By such means one can, in most cases, satisfy oneself that the tests
are negative at 37° C., but occasionally an exceptionally potent auto-
agglutinin acts so rapidly on even slight cooling that it is necessary to
remove it from the serum before any tests can be attempted. This can
be accomplished by absorption with the patient’s own cells at 4° C. Itis
often desirable to wash the patient’s cells at 37° C. before using them
for this purpose, so as to remove the autoagglutinin with which they
are coated and thus increase their absorptive power.

The most powerful autoagglutinin we have ever encountered required
six absorptions with equal volumes of the patient’s own cells before it
was sufficiently weakened for furiher testing to be feasible. We re-used
the same cells of the patient in the successive absorptions, washing
them at 37° C. between one absorption and another. Autoagglutinins
are sometimes associated with an acquired haemolytic anaemia and
the absorption process described above is not very desirable in such
cases, since specific antibodies to antigens on the patient’s cells may
also be present and these could be removed by absorption.

Many sera contain an autoagglutinin active at 4° C., so that any
tests carried out at this temperature require rigorous controls, For
this reason we do not think that tests at 4° C. are very useful save
in exceptional cases. Autoagglutinins active only against papainized
cells are also sometimes seen and are diagnosed by the reaction with
the patient’s own pa;.minized cel}s. Indeed, tests with the patient’s
e <77+ 77 ntification of antibodies by any

- vesemble anti-H in having a
_* A or group B cells (Table 30).
e variable degree of agglutination

[ D)

Peaple are sometimes confused by th
of the patient’s own cells, taken directly from the sample, as compared
with the degree of agglutination seen when the serum is subsequently
fested with other cells. This depends on the thermal history of the
sample prior 1o the separation of cells from serum. If the sample has
been kept fairly warm most of the autoagglutinin remains free in the
s‘elrum, and ther_e will be but little agglutination of the patient’s cells in
the sample, whilst if the sample has been refrigerated it is likely that

the reverse will occur. It is, therefo
. re, best to separate th
the cells at a low tempera(,ure. perate fhe serum from
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TABLE 30. TITRATION OF AUTOAGOLUTININ AT R0OM TEMPERATURE SHOWING
StroNG ReactioNn wity Grour O Creurs (Stratton, 1943)

s ABO Tirre with li:l cells
eram ; -
graup Ay Ar 2 o Own
Casel .. e ee e A, 2 4 2 16 2
» 2 . . .- Ay 4 8 256 32 4
. 3. . . Ag 4 16 25 64 g
R TR . B 128 128 128 256 B4
w 3 - . o} 64 32 16 16 16

Qccasionally, autoagglutinins behave in an unusual fashion, and
smay appear to belie their name,

Case 19

‘The serum of R.H., who was group A,, Rh negative, agglutinated
a selection of standard group Q cells at 16° C., but did not aggluti-
nate the patient’s own cells. It was at first thought that a specific
antibody of high frequency was present, but attempts to identify
this failed. The antibody was not active at 37° C. in saline, serum
albumin, or by the Coombs test. It was shown not to be anti-Tj3
anti-k or anti-Le*+anti-Le® and seemed unlikely to be anti-O
or anti-H, since the patient was A, and the antibody reacted equally
well with a number of A, A, and O cells. The patient’s direct
Coombs test was strongly positive with anti-non-p-globulin reagents
only. Absorption at 4° C. with the patient’s own cells which had
been prgviqu_sly washed at 42° C. was found to remove the agglutinin.

autoantibody with which they were coated.

‘The antigen or receptor on the red cell surface with which auto-
agglutinins react appears to be of a rather labile nature, and we have
often been misled, using standard cells which had not all been collected
on the same day, into thinking that a specific antibody was present.
Frozen cells in particular seem liable to give weaker results. In one
case, where the sample of the patient’s blood was a few days old, and
was tested with freshly collected standard cells, it was the patient’s own
cells that gave unduly weak results. Even using freshly collected test
cells, there is some variation in the strength of reaction, and using our
panel of standard cells we have come to rccognize a characteristic
pattern of results which suggests to us that the antibody we are investi-
gating is an autoagglutinin. In the above case an autoagglutinin was
mistaken for a specific antibody; the reverse can also oceur.
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e i v C. with a number of el
The serum of one patfent escted at 167 C 24 & G0 S0 e
e p * recently reccived
* his terum with
his own cells at 16° C. was due fo the presence of I positive donet’s

is ci i { the ectls prowent
1is in his circulation. The fact that only some 0
c\:erc‘aggmﬁm\ing had oniginally been overlooked.

: i flects on

9. BACTERIAL CONTAMINATION. Bacteria ¢an produce ¢ <
sera which are quite distinct from thosc they have on eclls (:\)J} Mé:g:;
and Tobarsky, 1940). ‘They produce a panaggluinin, ic. the Irterel
serum will agglutinate 21l cell samples, usually most strongly & r?
temperature. This can be very dangerous ‘xmd inonc cawe ’lhc use of in-
fected anti-A resulted in a grouping error in a group O patient which fed

a severe incompatible transfusion. X
m'ﬂ\e p:magglutixl:in is sometimes called an'li-h, butit {hould be noted
that this antibody has of course no conncction with anti-H of the ARO
system. Stratton, Renton and Hancock (1958) g!cscnbcd a msc_cf
polyagglutinability with a panagglutinin present in the serum which
might be anti-h. Both the polyagglutinability of the cells and the
panagglutinin in the serum were transient phenomena, .

1t is not usually practicable in blood grouping work to use a rigidly
aseptic technique, but sterile materials and apparatus should be used
whenever possible. Furthermore, jars containing tubes and slides
contaminated with blood should reccive a thorough and repular
cleaning lest they become reservoirs of infection. We have not thought
it desirable to add antiseptic to the jars, however, since the danger of
bacterial contamination would then be replaced by the danper of
chemical contamination. Tt is also most important to keep all sera as
cold as possible in order to retard bacterial growth, They should be
frozen when not in use, and re-frozen as soon as possible alterwards.
Neglect of these precautions will result in the serum giving a “sticky”
appearance to the negative results. Later the negatives become weakly
positive, and as the infection proceeds it becomes more and more

difficult to tell a positive from a negative result. A good serum should
give clear-cut negative tesults;

: failure to do so may be a danger sipnal.
Diluted Coombs yeagent is particularly Jiable to bacterial cffects,

In one experiment 2 Coombs reagent was deliberately infected with a

culture of a paracolon recovered from a reagent found to give false

?:fsxt:vg results.t After only three days at 4° C. the experimentally
ected reagent pave stron iti i

P b gly positive results with washed non-

3. CHEMICAL CONTAMINATION. This produces similar effects to
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those seen when the serum is bacterially contaminated. The sources of
contamination have already been considered (p. 89).

4. RouLEaUX. Rouleaux formation is caused by the presence of
lasge clongated molecules in the serum. Fibrinogen s such a molecule,
and 5o is dextran and polyvinylpyrrolidone. These last two substances
cause intense rouleaux formation and if they are to be given to a patient
it is most important that a sample of the patignt's blood should be taken
first, otherwise considerable difficulty is likely to be encountered in
subsequent grouping and cross matching tests. Intense rouleaux
formation also occurs in certain conditions in which abnormal proteins
are present in theserum. This regularly happens in multiple myeloma-
tosis and we have also seen it in an undiagnosed case fn which sn
abnormal protein of high molecular weight was present in the serum.
Another such case, where a tentative diagnosis of myelocytic leukaemia
had been made, had a high globulin-albumin ratio and a high thymol
turbidity but no Bence-Jones protein was present. In both these cases
the serum was so viscous that it was quite difficult to handle with 2
Pasteur pipette, as it may also be in multiple myelomatosis. In the
second case rouleaux even occurred when the serum was diluted 1in
3 in saline. Less intense rouleaux formation is seen in a variety of
pathological states; it is accentuated by slight drying up of the cefl
suspension on the slide and sometimes with albumin or serum-albumin
cell pensions. Many rouleaux-forming sera lose their rouleaux-
forming properties if stored frozen for a few days, a procedure which
can sometimes be useful.

Whilst the recognition of rouleaux is imes easy, it is
extremely difficult. The classical “pile of coins” appearance is easily
recognized (Plate IXa), and even if this cannot be seen it is usually
possible to see that the ar t of the cells bles a distorted
pile of coins (Plate YX5). In other words, in rouleaux the cells are
predominantly stuck together by their flat surfaces, whilst in aggiutina-
tion they are stuck together in a much more disorderly manaer, any
part of one celt being stuck to any part of another. This can best be
seen at the edges of the small clumps. The way in which the rouleaux
are built up results in three features which assist in the recognition.
Firstly, the clurups of rouleaux tend to have a smooth though serpi-
ginous outline; agglutinates have a more irregular omline. Secondly,
rouleaux have a more transtucent or refractile appearance than agglu-
tinates. Thirdly, the way the clumps miove when the slide is tilted is
different from the way in which apglutinates move. The clumps of
rouleaux tend to move across the field of vision with a rofling motion
and give the ympression of being rather plutinous and easily distorted.
Agglutinates tend to be more rigid. In very strong ronleaux all that
can be seen is a massive clump of cells, and it is necessary to break these
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PLATE X.

which the cells adhere  See p 97 x220

False agglutination due to fibrin particles 1n the serum to

a.

x220

b False agglutination due to Wharton’s jelly. Sce p, 98
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up into smaller clumps before the typical appearance becomes visible,
A further diagnostic point is that rouleaux formation is as strong at
3P Coasat 16° C,

In rouleaux formation duc to Dextran, though the basic arrangement
is still the same, a sliphtly different appearance is scen. The outline of
the cells often becomes blurred so that discrete cells cannot be dis-
tinguished within the clumps. The appearance is quite typical and can
be recognized with experience (Plate IXc).

On adding saline to the slide, the cells disperse readily. This is the
most useful diagnostic point, but it should not be forgotten that strong
rouleaux may only disperse partially with the amount of saline that it is
feasible to place on a slide. Furthermore, at least one or two minutes
is usually needed for the dispersal to take place. The process is acceler-
ated by warming the slide, but this may lead to confusion with auto-
agglutination.

Slight drying up of the cell suspension on the slide accentuates
fouleaux. Lewis agglutination sometimes rescmbles rouleaux forma-
tionin apy and the distinction between the two can occasionally
be difficult,

The rouleaux forming factors in sera are not attachied to the cells in
any way and arc readily removed from the cells by washing. There is
thus no difficulty in preparing free cell suspensions and in testing them.

For the same reason rouleaux do not give rise to any difficultics in the
Coombs test. Indeed, when working with strongly roulcaux forming
sera one has often to rely mainly on this test, which may be the only
one whose interpretation is free from doubt,

5. PARTICLES. Sera may contain particles of dust or other debris, or
they may develop particles of fibrin or denatured protein on prolonged
storage (Plate Xa). Another change that sometimes occurs in sera on
prolonged storage in the frozen state is that fats come out of solution or
change to soaps, and globules form in the serum. The presence of
Particles in the sera is liable to lead to confusion because erythrocytes
tend to stick to such particles and this can give an appearance
resembling apglutination. Such sera should be freed from these
Particles by centrifugation.

6, SEPARATION OF PROTEINS DUE TO FREEZING, When serum
freezes, the water freezes first and rises to the top, leaving a more con-
centrated protein solution at the bottom which freezes later. If the
serum is subsequently thawed without mixing, two or more distinct
fayers may be scen in the liquid. Repeated freezing and thawing accen-
tuates the phenomenon, This can cause either a false positive or a false
negative result. If the pipette is placed in the top layer of the serum a

watery solution containing very little antibody will be drawn up and a
i
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false negative result will ensue. If the pipette is placed in the bottom
layer, a viscous, sometimes even treacly, fluid will be withdrawn which
can give rise to marked rouleaux formation. Such difficulties are easily
avoided if one always remembers to mix tubes of serum before use,
either by inverting the tube a few times or by drawing the contents vp
and down in the pipette. Shaking should be avoided since frothing
causes denaturation of proteins.

7. WHARTON’S JELLY (Plate Xb). Wharton’s Jelly is the material
lying between the vessels of the umbilical cord. It is sometimes an
accidental contaminant in samples of cord blood. This arises from the
incorrect practice of collecting the sample by “milking" the cord. The
presence of Wharton’s Jelly in cell suspensions causes an appearance
which it is possible to mistake for agglutination, and we have known
this to cause an error in determining the ABO group, Washing the
cells is of no advantage, since the jelly is spun down with the cells each
time they are washed. Wharton’s Jelly can thus cause a false positive
result in the direct Coombs test. Once the sample is contaminated with
the jelly it is not very satisfactory to attempt to get rid of it, although this
can sometimes be achieved by a process of differential centrifugation.
The cells are suspended in a large volume of saline and centrifuged for a
short time at a low speed. If this is done correctly it is possible to get
the lumps of jelly spun down, leaving a jelly-free cell suspension at the
top of the tube which can then be removed and used for testing. In
some cases the jelly is not present as discrete lumps but the whole
specimen is viscous and sticky, and we have not succeeded in preparing
a satisfactory cell suspension from such a specimen. Contamination
with Wharton’s Jelly is a case where prevention s better than cure,
and care should accordingly be taken in the collection of samples of
cord blood.

8. UNSUSPECTED ANTIBODIES. The presence in sera of antibodies
other than those which are thought to be present may give rise to false
positive results. Standard antisera should always be thoroughly
tested with a large panel of standard cells before they are put into use,
but it 15, nevertheless, always possible for an antibody to be over-
locked or for some rare or unknown antibody to be present, and it
should also be remembered that sera are usually tested with regard to

their suitability for use by one particular technigue and this may not
necessarily mean that they would give specific results if used by some
ather technique. On one occasion, for example, we encountered an
anti-A typing serum which contained a saline agglutinating anti-D, and
when working with the rarer sera it is ofien a matter of considerable
dxfﬁculty to make qunte sure what antibodies sera do contain. A
on d with i sera is the return of absorbed

ph
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antibodies to the serum. In Chapter II a technique of absorption has
been described to minimize this. The commonest instance qf lh.lS
strange phenomenon is the reappearance of anti-A .and anti-B_in
absorbed sera. We have seen this many times and sometimes the anti-A
and anti-B are even strong enough to give a visual positive result. For
this reason it is desirable to control the absorption of sera by testing
with group A and group B cells of suitable other groups at frequent
intervals, . . .

The phenomenon is not confined to anti-A and anti-B and in the
following case anti-D returned to the serum:

Case 21

A serum contained the antibodies anti-C, anti-D and anti-Kell.
The first two of these were removed from the serum by absorption in
order to give a specific anti-Kell typing serum. This serum gave
specific results for a time, but anti-D subsequently reappeared in it.
In another case anti-D was absorbed from an anti-C+D serum, but
subsequently reappeared.

The phenomenon can also occur with species specific antibodies
present in immune animal sera, e.g. antiglobulin sera, anti-M, anti-N.

9. ACCIDENTAL. MIXING OF SERA. This is a mistake com-
monly made by inexperienced technicians through not taking sufficient
care to wash their pipettes out. On one occasion where difficulty was
encountered in determining an ABO group, we found that the anti-A
serum would agglutinate B cells and vice versa. It is desirable to have
separate pipettes for anti-A and anti-B sera in order to avoid this error,
The practice of issuing sera in bottles with indwelling pipettes has
much to commend it.

Farse PosITIVE RESULTS DUE TO ERRORS OF TECHNIQUE

1. Crots. Difficulties due to clots arise in two ways. Firstly, if cell
suspensions are prepared from samples of clotted blood they will often
contain small fragments of clot broken off when the suspensions were
prepared, and these may be mistaken for agglutinates. After the cell
suspension has been made from the clot it should be left standing on
the bench for a few minutes in order that any fragments of clot present
may settle to the bottom. When the suspension is used the pipette
should not be placed in the bottom of the tube, but the suspension
from the top of the tube should be used. These precautions will usually
suffice to avoid this difficulty.

The second way in which clots can give rise to trouble is where
clotting takes place during the actual performance of the test. If
unwashed or inadequately washed cells from a citrated sample of blood
are mixed with serum, the citrated plasma present may form a clot
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whilst the tube is being incubated. When the contents of the tube are
pipetted out in order to read the result of the test, all that is seen in
such cases is a small clot in which all the cells are enmeshed. This can
be mistaken for a massive agglutinate. Even if the clot is recognized
for what it is, however, it is not safe merely to examine any cells which
may remain free from the clot, since the formation of fibrin during
the test has interfered with the sedimentation of the cells, and the
test must be repeated using a more thoroughly washed cell suspension.
In cases where the clot forms more slowly, the cells may have settled
to the bottom of the tube before the clot has formed, and here a pale
plasma clot will be seen, but this also is unsatisfactory, This pheno-
menon of clotting during the performance of the test can be most per-
plexing to those who do not know what they are dealing with,
Occasionally when a transfusion is required urgently a sample of the
patient’s blood is taken and the serum separated so rapidly that the
clotting process is not complete, and the patient’s serum is still forming
clot during the performance of the ¢ross matching test.

Case 22

Blood was required for a patient who bled unexpectedly during
the performance of a prostatectomy. The patient was group O, but
owing to confusion with another patient of similar name was thought
to be group A. A sample of blood was obtained whilst the patient
was in the theatre, the serum separated immediately and cross
matched against group A blood ona tile. Clotting occurred on the tile
and was recognized as such, but the fact that agglutination was also
occurring was overlooked, and an incompatible transfusion resulted.

2. Comers (Plate XI). In agglutination tests which have been
incubated for too long or which have been centrifuged excessively,
an appearance superficially resembling agglutination may sometimes
be seen. On pipetting the contents of the tube out on to a slide 2
number of aggregates are visible to the naked eye. Microscopical
examination shows that these are not agglutinates but merely masses of
cells in close juxtaposition. If the slide is tilted and a moving field
examined it can be seen that cells are dislodged from the edge of the
mass as the surrounding fluid flows past it. These dislodged cells trail
away behind the mass, forming a tail. The whole appearance is some-
what reminiscent of its celestial namesake. A small amount of comet
formation does not give rise to much difficulty in reading the test, but
if centrifugation has been excessive and comets are numerous the
picture becomes confusing,

3. INFECTED ALBUMIN. Albumin and serum albumin may become
bacterially contaminated and behave in a similar manner to the infected
serum considered above.
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4. DIRTY Grassware, This has been discussed above.

5. POOR QUALITY SALINE. The usc of unsterile salinc or salinc
containing particles of dust, fluff, cic., is a frequent cause of difficulty.

6. NAKED-EYE READING OF RESULTS. On pipetting the contents of a
tube on to a microscope slide agelutination is sometimes obvious to the
naked eye, and it is tempting to record the result as positive without
taking the trouble to look at it down a microscope. This is a dangerous
practice. Most of the causes of false positive results considered above
give an appearance which can only be differentiated from a true anti-
body agglutination by careful microscopical examination. One should
always be suspicious of any agglutination showing an atypical appear-
ance,

7. DRYING UP. When carrying out agglutination tests on microscope
slides, these should not be left too long or drying up will interfere with
the reading and may increase rouleaux formation. We consider that six
minutes is the optimal time.

FALSE NEGATIVE RESULTS DUL TO FACTORS ATTECTING THE ERYTHRO-
CYTES

1. DETERIORATION OF ANTIGEN. Quite apart from any question of
bacterial contamination, the activity of the blood group antigens on
the red cell surface gradually deteriorates when the cells are stored. Tt
has been our experience that clotted samples received through the post
normally give satisfactory results in ABO and Rh grouping tests. For
special purposes, however, such as the investigation of weak forms of
the antigens, the cells should be as fresh as possible. We have repeatedly
observed that the reactions of D* blood change slightly after only a
day or two at 4° C. In identifying an unknown antibody it is most
important to test it with a panel of cells which have all been collected
at the same time and into the same anticoagulant, otherwise a con-
fusing picture is likely to be seen when the results are read. If some
of the cells of the panel are freshly collected and others have been
preserved in a frozen state, discrepancies are very likely to occur. The
autoagglutinin receptor on the red cell surface, in particular, does not
seem to be well preserved in a frozen state, and we have several times

[ e T e K P .
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4. WEAK FORMS OF ANTIGEN. In certain cases the antigen exists in
a weak form which may escape detection.

The A antigen of A,B is the best known of these. A;and A, areeven
weaker forms of the antigen, and D* is a commonly occurring weak
form of the D antigen. The detection of these antigens is considered
elsewhere.

5. BLOCKING OF ANTIGEN. In D-typing infants suffering from
haemolytic disease, one sometimes gets a negative result with the
agglutinating anti-D serum because the antigen is blocked by incom-
plete anti-D (sce p. 196). In acquired haemolytic anaemia also, anti-
bodies are sometimes present which are specific for antigens on the
patient’s own red cells, and these occasionally block the antigens
against the corresponding antisera (p. 244).

FALSE NEGATIVE RESULTS DUE TO FACTORS AFFECTING THE SERUM

1. OMISSION OF SERUM FROM THE TUBE. In putting up a large
number of tests at the same time, it is very easy for the serum to
be accidentally missed from one of the tubes. If the cell suspensions
have been placed in the tubes first, the fact that no serum has been
added may be overlooked. It is better to put the serum in the tubes
first and then inspect each tube to see that it contains serum before
the cell suspensions are added.

2. CHEMICAL CONTAMINATION. This has been discussed alrcady. An
instance of 1t was the serum of a group O patient in which neither
anti-A nor anti-B could be detected. This proved to be due to accidental
contamination of the sample by phenol. Anti-A and anti-B were
present in a second sample of this patient’s blood.

3. DETERIORATION OF ANTIBODY. Most of the blood group anti-
bodies are relatively unstable substances, some of them extremely so,
and sera ought to be handled with a great deal more care than they -
generally receive. Sera which depend on complement for their action,
notably those containing anti-Lewis and anti-JK®, are the most unstable
of all, but even a saline agglutinating anti-Rh serum can become
noticeably weaker after only a few hours at room temperature. All
sera ought to be kept frozen when not in use. Furthermore, sera
ought to be thawed out in the 37° C, and not in the 56° C. water bath.
Two examples of the instability of anti-Le* may be given:

CasE 23
P.S. required transfusion after a partial gastrectomy, but the
hospital found an incompatibility in the Coombs test on cross
matching. We were unable to detect any antibody in the sample
of blood which we received. The sample had been unrefrigerated
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for two days whilst in transit. Qur rcport of “No'z‘mtlbody
present” was received by the hospital with some scepticism and
a seccond sample was sent and tested whilst in a fresh state.
Anti-Le* was then detected.

Case 24

Anti-Le* was detected in a fresh sample of serum but vanished
when the serum was stored frozen over the weck-end.

Very dilute sera are prone to lose their activity through surface cflects.
Protein molecules readily form mono-molecular layers on glass sur-
faces and at liquid-air interfaces, and this causes a loss of protein from
the serum. This is why frothing of serum should be avoided. Shaking
can also cause protein denaturation.

On one ¢ ion we were investigating a rabbit anti-human-red-cell
serum active at a dilntinn Af 1 in INADN Tha aatinm af elln memaaos 2
1o be potentiated by

but the results were ¢ .

(at a dilution of 1 in 30,000 in saline) were gently rolled round the sur-
face of a clean glass tube and then transferred to a second and third
tube, and the process repeated in each case, all activity was lost. The
addition of human serum, even at a dilution of 1 in 1,000, prevented this
effect. We attribute this phenomenon to loss of antibody from the
serum by adsorption on to the glass surface of the tubes, and we sup-
pose that when human serum is added the protein molecules in this
compete with the rabbit antibody for the glass surface so that there is
Tess loss of antibody.

If it is desired to use a serum in high dilution some inert protein
should be added; normal serum or haemoglobin is suitable. We
have encountered the same phenomenon with very dilute solutions
of human y-globulin whose activity was measured by means of their
power to inhibit Coombs reagent. Loss of activity in these solutions
was satisfactorily prevented by the addition of human haemoglobin.
The same thing is also likely to occur with antibody eluates which
frequently contain only very small amounts of protein. For this reason
we consider some haemolysis as an advantage when eluates are made
by heating, since the haemoglobin liberated will stabilize the eluate.

Another instance of surface effects is sometimes seen in the Coombs
test. W.ashed cells will adhere to a clean glass surface, but this is pre-
vented if the surface is first exposed to serum at a dilution stronger
than ab_uut 1 in 500. Thus it is difficult to centrifuge serum-free cell
suspensions in clean tubes in an angle head centrifuge owing to the
cells sticking to the glass. In washing cells for the Coombs test, how-
ever, the effect does not ordinarily occur, since the walls of the tube
take uwpa Jayer oi: protein which they retain during the subsequent
washing. In carrying out a Coombs test using an eluate instead of
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serum, or using very small amounts or high dilutions of sera, there is
apt to be a considerable loss of cells during washing through sticking to
the sides of the tube.

4. SEPARATION OF PROTEINS DUE TO FREEZING. This has been
discussed (p. 97).

5. HAEMOLYSINS. In fresh serum, particularly of group O, anti-A
and anti-B are not infrequently active as specific haemolysins. It is
sometimes stated that haemolysis can be taken as the equivalent of
agglutination in the determination of the ABO group and recorded asa
positive result. ‘This is unwise, however, since one generally does not
know whether the haemolysis was due to a specific haemolysin or to
some accidental mistake in the technique. It is better to destroy comple-
ment by inactivating the serum at 56° C. for half an hour and then repeat
the test, when the expected agglutination should be observed. Anti-A
and anti-B haemolysins are occasionally strong enough to cause total
Iysis even when the test is carried out on a slide or tile (Plate XII). If
this happens and the test has been performed on a white tile, it is
possible to mistake the uniform pink colour of complete lysis for a nega-
tive result. This is one of the reasons why the test should not be carried
out on a white tile. If it is carried out on a microscope slide, micro-
scopical examination will avoid this difficulty. Rh antibodies never
cause in vitro lysis.

6. ZONING. Prozones are very rare with anti-A and anti-B but occur
more frequently with Rh antibodies. Anti-Rh agglutinins showing
zoning are encountered from time to time, and this is also sometimes
seen with albumin suspensions of red cells. Zoning is less marked
with serum-albumin suspensions than with albumin suspensions.

Case 25

A patient narrowly escaped an incompatible transfusion from this
cause; the cross matching test was declared incompatible on the
grounds of a weakly positive albumin test which might easily have
been missed. No Coombs test had been done. The weak results in
the albumin test in this case certainly gave no indication of the very
strong incomplete anti-D which was present. When the serum was
diluted, a strong result in albumin was obtained.

CASE 26
Another instance of difficulty due to zoning with Rh antibodies
occurred with an anti-C serum. This serum was a saline anti-C
plus incomplete anti-D serum. It was found to give negative results
with both R,r and R,R, cells, but was considered unfit for use since
it agglutinated Ror cells in saline suspension at a dilution of 1 in 8.
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We have never encountered an Rh antibody showing zoning in the
Coombs test, but the antiglobulin reagent used in this test sometimes
shows zoning itself, and this is a well-known cause of difficulty (p. 68).

7. ABSENCE OR WEAKNESS OF ANTI.A AND ANTL-B. In thic sera of
newborn infants anti-A and anti-B arc always weak and frequemly
absent (p. 107); this can cause difliculties in ABO grouping. They are
also sometimes weak in old age. Three very rarc circumstances in
which they may be nbsent are plobuli ja, the chi
(p- 3), and where weak forms of the A and B antigens arc present

).

(. 1M

Fatse NegaTivi; RiSULTS DUL 10 FACTORS AFTICTING THE TLCHNIQUE
1. THICKNESS OF CELL SUSPENSION. The usc of too thick a cell

suspension is an important cause of false negative results (p. 31).

Plates X111 (a) and (b) show this in the case of an anti-Rh serum.

2, DIRTY GrASswARE. This has been discussed (p. 89).

3. Haemovvsts. Specific haemolysins have been considered above,
but haemolysis in the test may also occur from a varicty of accidental
causes, Perhaps the tube was contaminated by soap or other chemical
substance, or perhaps some water has been splashed into the tube during
incubation, or a droplet of condensate has fallen into the tube from the
lid of the water bath. The presence of hacmolysis indicates either that
something untoward has occurred during the performance of the test,
and the test must be repeated, or that a specific haemolysin is present.
Even though the hacmolysis is only partial, it is unsafe to read the
result by inspecting lhe.CClls which remain; we have encountered a false
negative result from this cause on a number of occasions.

4. INCORRECT TEMPERATURE OR TIME OF INCUBATION. Tt is im-
portant to carry. P’ tr T Tl et
time according t * o ol * s
being allowed tc ©* ! T Tt Langiaudre
during the whole of the period of the test. Placing the tubes in a 37° C.
water bath will ensure this, but if this is inconvenient the cold tubes
contaimng the reagents should be placed in a warm rack in the incu.
bator. Neglect of this precaution is a frequent cause of difficulty in
Rh typing.

5, POOR TEC“N‘QUg IN READING RESULTS. Insufficient care in
reading the results and lack of attention to the correct technique
(p. 33) are important causes of false negative results with inexperienced
workers (Plate X111 (a) and (c)).
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OtHeR CAUSES OF FALSE POSITIVE AND FALSE NEGATIVE RESULTS

We discuss elsewhere some further causes of false positive and false
negative results which occur in the serum albumin test (p. 35), the
papain cell test (p. 44), the antiglobulin test (p. 72), and in MN (p. 285)
and Lewis grouping (p. 299).

References

Chown, B. (1954). Anaemia from bleeding of the foctus into the maternal
circulation, Lancet, i, 1213,

Chown, B. (1955). The foetus can bleed. Am. J. Obstet. and Gynaecol.,
70, 1298.

Davidsohn, 1., and Toharsky, B. (1940). The production of bacteriogenic
hemagglutination, J. Infec. Dis., 61, 25,

Dunsford, 1. (1957). Proof of foetal antigens entering the maternal circula-
tion. Vox Sang., 2, 125,

Moskowitz, M., and Carb, S. (1957). Surface alteration and the agglutin-
ability of red cells. Nature, 180, 1049,

Moskowitz, M., and Treffers, H. P. (1950). An agglutinin in normal sera for
periodate-treated red cells. Science, 111, 717,

Stratton, F, (1943). Some observations on autohaemagglutination. Larncet,
i, 613.

Stratton, F. (1954), Polyagglutinability of red cells. Vox Sang., 4, 58.

Stratton, F., Renton, P. H., and Hancock, Jeanne A, (1958). Red cell
agglutinability affected by disease. Nature, 181, 62.



CHAPTIR V1
THE ABO GROUPS

"The Four Main Groups
PR N . .
Tue ABO group of an individual is determined by the presence o
absence on the surface of his erythrocytes of (@c_ antigens A and B.
These antigens react with corresponding agglutinins in l'he serum of
petsons whose red cells do not bear the corresponding antigens. These
reactions are shown in Table 31.

Tawte 31, Tue ABO Grours

Group l Antigens on cells Antibodies in serum

A A Anti-B

B B Anti-A

AB AandB -

o - Anti-A and Anti-B

The agglutinins, anti-A and anti-B, act best against saline suspensions
of red cells, and they almost always act best at low temperatures. The
reactions are often weak or even absent at 37° C. but are almost always
satisfactory at 16° C. The titres of the anti-A and anti-B agglutinins
vary in different individuals and at different periods of the individual's
life, tending to be low in childhood and in old age. The anti-B titre is
generally lower than the anti-A, and in old age anti-B is occasionally
50 weak as to be only demonstrable at refrigerator temperature or by
means of enzyme treated cells. In newborn infants the agglutinins are
weak and are sometimes absent, according to the rule that a newborn
infant’s serum will never agglutinate its mother’s cells. For example,
the serum of the group O infant of a group A mother may contain
anti-B but not anti-A. The So-called “defective™ groups, where the
expected anti-A or anti-B is absent, are of doubtful existence. Defective
groups were described by some of the earlier workers, but in our
experfence anti-A and anti-B are only absent where the corresponding
antigen is present, except in newborn infants and cases of agamma-
globulinaemia. All the defective groups examined recently have been
shown on further investigation to be cases where either the agglutinins
were present but weak, or cases where weak forms of the Aand B

antigens were present: Ay, A, etc. We have never seen a true defective
group ourselves,

The Subgroups
The A amigeq ir} all samples of group A (or AB) blood is not identi-
cal. The first distinction to be made was that between A, (and AB)
107
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and A, (A.B), and this distinction is made by means of the reagent
anti-Ay. The subgroups A, and A, remain much the commonest and
most important of the subgroups of A, though weaker and much
rarer subgroups of A and some rare subgroups of B arc also known.
The main reactions of the subgroups of A are summarized in Table 32.

TABLE 32, REACTIONS OF SUBGROUPS OF A

Reagent
Subgroup |/ > Remarks
anti-a, | anip | G000
Ay . + + -+
Ay . - + + )
Ay . - + + Reactions weaker than A, Agghsina-
tion sometimes has typical appearance.

A . - - + Certain Group O sera only.
An .. - - - A substance i secretions,
Ag Ay, As Similar 10 A,

Au Ay

Ay AND A, (see Wiener, 1948)

About two in nine A bloods are A,, and about one in four AB
bloods are A,B. The distinction between A, and A, is drawn by
means of the antibody anti-A, which is of occasional natural occur-
rence in the serum of A, and A,B persons, and can also be prepared
artificially by absorbing group B serum with A, cells. The naturally
occurring anti-A, is found more frequently in A,B persons than
in A, persons. It acts best at Jow temperatures and is inactive at
37° C. In out experience it is usually of low titre, and naturally
occurring examples of anti-A, are scarcely cver of any value as typing
sera.

Von Dungern and Hirszfeld (see Wiener, 1948, p. 203) showed that,
when a group B serum is absorbed with progressively increasing amounts
of A, cells, the reaction with A, cells is abolished first, Jeaving a reagent
specific in its reactions with A, cells, Further absorption will, however,
remove the seaction with A, cells also. If a group B serum is absorbed
with A, cells the same sequence of events takes place, but much smaller
amounts of A, than of A, cells are needed. This phenomenon shows
that there is & cross tion t the anti; and antibodies
concerned,

The main practical importance of these subgroups lies in the fact that
the weakly reacting A, antigen may not be detected in ABO grouping.
Thete is not usvally much danger of this occurring with A, cells, but it
is a very real danger with A,B cells. The season for this is that the
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reaction of A, with anti-A typing serum is not much weaker than \\.ilh
Ay, but the reaction of A,B is often considerably weaker if the typing
serura s from non-immunized individuals. This constitutes a well
known and very important source of error in ABO grouping, and it is
essentinl that anti-A typing serum should give good results with A,B
cells. The occasional presence of anti-A, in the serum of A,B bloods is
a further source of difficulty, and combined with the weakness of the
A antigen makes them liable to be mis-diagnosed as B.

The A antigen is not fully developed at birth so that attempts to
differentiate A, from A, are usually unsuccessful. Difficulty in deter-

ming the ABO group is also occasionally encountered for the same
reason.

A; (Friedenreich, 1936; Ga Igaard, 1942)

A, and A,B cells react with anti-A sera very much more weakly than
do A, and A,B cells, but if the test is carried out in tubes there is no
doubt that they do give a clear-cut positive result with anti-A sera,
though the agglutination is weaker and the titce of the serum less than

with A, Qama A hlande neacpst a ¢ymianl commacem o

: . [
Dot K1 EEL L RN L LN
description may appear somewhat vague there is, nevertheless, in
practice no difficulty in making the distinction between A, and A,.
The results obtained on titrating an anti-A serum with A;B cells are
shown in Table 33. The frequency of A, is about one per thousand A
bloods. No special are required for the d ration of A;.

TasLe 33, TITRATION OF ANTI-A witit A.B AND A(B CeLLs

Titre of anti-A serum
Cells - A )
1 2 4 g 16 32 61 128 256
AR | PO I e T o T w — - - -~ =
AB Ly vttt b bR bW -

A, AND OTHER WEAK A ANTIGENS (see Race, 1957)

A is a still weaker form of the A antigen (Fischer and Hahn, 1935;
Gammelgaard and Marcussen, 1940; Gammelgaard, 1942; Dunsford,
1952; Dunsfc}'d and Aspinall, 1952; Estola and Elo, 1952; Bel, 1953).
Its frequency is thought to be between 1 in 8,000 and 1 in 40,000 white
bloods (Dunsford, 1955), although it is said to be more common in
Negroes. A, is recognized by the fact that it is agglutinated by group O
but not by group B sera, although a weak reaction with group B sera
can be demonstrated by elution. Furthermore, using fresh samples and
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testing carefully at a low temperature, it is often possible to demon-
strate a weak agglutination with certain group B sera. For all practical
purposes, however, blood which gives a clear-cut agglutination with a
proportion of group O sera and little or no agglutination with group
B sera is considered to be A,.

If A, cells are treated with group O serum and the antibody which
becomes absorbed on to them is recovered by elution, it will be found
to react not only with A cells but with B cells also (Table 34), and it has
been suggested (Wiener, 1953) that the antigen on A, cells represents
a common component between A and B cells (sometimes called C).

TaeLe 34 REacTioNs oF ELUATE oF A; CELLS
AGGLUTINATED BY GROUP O SERUM

Saline agglutinations at 16° C.
A

r N

Ay A A, o B
Ehate . .| v -+ +-f - v
Serum .. . v v +++ —- v

According to this theory, A is really AC, B is really BC, A, is C alone,
and O has none of the three antigens. Anti-A and anti-B from group
B and group A persons respectively supposedly do not contain anti-C,
but group O serum is supposed to contain anti-A, anti-B and anti-C.
The so-called anti-C appears to be a cross-reacting component within
the group O serum, and it can be shown that absorption of group O
serum with group A cells will often Iower its titre with group B cells
and vice versa. Furthermore, an eluate of group A cells agglutinated by
group O serum will often agglutinate group B cells and vice versa. Whilst
there is probably an element of truth in this theory it cannot be the
complete explanation, since there is no doubt that A, cells do react to
some extent with group B sera. Only certain group O sera give good
results with A, cells; these are often those which show immunecharacter-
istics.

The practical importance of A, has, in our opinion, been greatly
over-emphasized. In the first place, it is of very infrequent occurrence
in the white population, and in the second place, it is very doubtful
whether any A, blood ples remaining und d would pass the
cross-matching test. The use of group O serum in ABO grouping for
the purpose of detecting A, blood, therefore, hardly seems worth while.
On the other hand, the use of group O serum does provide a valuable
check on the accuracy of the test with anti-A and anti-B sera, and is
probably worth using for this purpose. However, perhaps the argument
is rather academic. The detection of A,B appears to be very difficult,
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ity studics, since group O scrum cannot be uscd'for
fﬁgtusb ge;‘sa;:lsl‘y and group O scfum absorbed with B gc]ls m:lx’y fail to
react with A cells (Table 35). Eluates of A, ccl'ls ngglulmalcd y group
O serum react with B cells (Table 34), but it mx.ghl be possnblc. to
demonstrate the A, antigen in A,B cclls by preparing an cluate usu}g
group B serum with the A,B cells, nn_d_ showing that the cIu;\lc'wouh
agglutinate A, cells. Elution is a sensitive means of demonstrating the
reactions of these weak A antigens,

TaBLE 35, REACTIONS OF Grour O SERA Arsorpro witit Groue B Ceuis

0 Saline agglutinations at 16° C,
Group " —
serum Absorption - N " py 2
No. 56 X1 with B eells v v +4+ — +
x2withBeells .. . v v - -~ -
x1 with O cells (control} .. | v v v ~— v
%2 with O cells (control) .. { v v v - v
No. 67 X1 with Beells v v + 4 - -
X2 with B cells . P v - - -
x 1 with O cells (control) . v v - v
X2 with O cells (control) .. | v v 2 2 v

Bloods described as A,, A,, A, A, and A, appear to differ very little,
il at all, in their reactions from A, (Gammelgaard, 1942; Grove-
Rasmussen et al., 1952; Engelfried, 1955; Ellis and Cawley, 1957; van
Loghem et al., 1957).

The type of blood called A, (Wiener and Gordon, 1956) has no
detectable A antigen on the red cell. It is demonstrated by the absence
of anti-A in the serum and by the presence of A substance in the
secretions.

There is evidence that some of these weaker reacting A bloods are
inherited by means of an allele at the ABO locus, but in other cases the
inheritance appears to depend on the effect of modifying genes (van
Loghem ef al., 1954; Beckers et al., 1955; Cahan et al., 1957; Weiner

et al., 1957). Thete is even some evidence that the reactions of the A*
antigen can very rarely become modified during a patient’s lifetime, as
shown by van Loghe

m et al. (1957) and the following case (Stratton
et al,, 1958).

Case 27

. The cells of .M., a case of hypoplastic anaemia, gave the follow-

Ing reactions in the ABO grouping test:

Anti-A Ant-B A cells B cells
- - — v
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Further tests failed to show the presence of any anti-A in s serum,
but his cells were aggiutinated by 28 out of 70 group O sera at
16° C., and anti-A could be eluted from his cells when they were
treated with either group B or group O serum. The reactions were
weaker than those of A, cells. It was subsequently found that his
wife was group O and his daughter 2 normal A, and that ke had
been found a normal group A when gronped in the army some years
F}ev_iously. His A antigen thus appears to have changed during his
(feuime.

Weak B ANTIGINS

‘These scem to be very rare. The first two described were named B;
(Moullec et al., 1955) and B, (Levine et al., 1956), and reacted in a
manner somewhat analogous to A;. The third, B,, was a still weaker
variant, probably analogous to A,, (Dunsford et al., 1956). No variant
of B reacting like A, fins been described. We have seent twvo exarples
of weak B antigens ourselves:

Case 28
Mis. B. L. appeared to be A,B;. Her A antigen was normal and
her serum contained an appareatly normal anti-B but no anti-A.
Her cells were agglutinated at 16> C. by 13 out of 52 group A sers,
and this agglutination was inhibited by the saliva of group B indi-
viduals onfy. Her cells were not agglutinated by 36 group AB sera.

Case 29
Mr. H. R. also appeared to be A;B;with a normal A antigen and
apparently normal anti-B in the serum. His celfs were aggiutinated
by 34 out of 36 group A sera at 16° C. The reactions varied from
+ 1o 4+ in strength and were inhibited by group B saliva only.
His cells were pot agglutinated by 25 group AB sera. The reactions
in this case were stronger than in the preceding one.

‘The Preparation of ABO Typing Serum
ANTI-A, ANTI-B AND Group O (ANTI-A4+B) SERUM
Sera containing anti-A and anti.R -~ * ° o

may b~ bt . . o .
tain z L R wwne wt VOfunteers with A
or B ' L sadlel P dure probably prod the better

reagent, and in many cases the sera of immunized volunteers have
much better titres and avidities than those of non-immunized persons.
The suitability of a serum for use as a grouping serum depends on

a number of charactenstics, alt of which must be satisfactery. These
comprise:

1. Titre, X

2, Avidity (measured by speed of reaction).

3. Firmness of agglutinates formed.
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4. Reaction with A,B cells.

5. Sterility.

6. Freedom from rouleaux formation.

7. Specificity.

8. Freedom from fats and particles.

9. The serum must not contain an active haemolysin.

Suitable requirements for the first four of these characteristics are
shown in Table 36 and in this table the titres are determined against
3 per cent saline suspensions of washed cells by the tube technique,
reading microscopically after two hours® incubation at room temper-
ature. The avidity is determined by mixing one drop of a 10 per cent
saline suspension of washed cells with one drop of serum on a micro-
scope slide, and rocking gently. The time from mixing to the first
naked-eye appearance of agglutination is noted.

The reaction with A,B cells is particularly important, since the A
antigen of A,B cells is a good deal weaker even than that of A, cells,
and the serum can give satisfactory results with A; and A, and have a

good titre without it necessarily meaning that the reaction with A,B
cells will be satisfactory.

TABLE 36. MmimaL REQUIREMENTS FOR GROUPING SERA

Serum Test cells Titre Avidity Firmness of agglutination
Anti-A ., Ay 64 10 secs, +++++atling
Ay 32 20 secs.
. AB 8 30 secs.
AntiB ..} B 6 | 10secs, +++++atling

Group O sera (anti-A+B) should combine the characteristics
required for anti-A and anti-B and should also give a +4---- agglutina-

tion .Wi‘h A, cells when tested by the tube technique reading micro-
scopically,

_The~stenhty of the reagent is important, since infected reagents can
give tise to. very deceptive false positive results. We have seen an
infected anti-A serum which agglutinated group O cells on 2 slide at
room temperature just as rapidly and just as intensely as group A cells;
mdeec} the two reactions were indistinguishable. The best means of
ensuring the sterility of the serum is to handle it aseptically during
processing. Seitz filtration is undesirable, since it reduces the titre and
avidity. Some people consider it desirable to sterilize the serum by a
process qf Tyndalhzation in which the serum is heated to 56° C. for
thirty minutes on two successive days, and this has the additional
aglyanmge of d?stroylng complement and thus preventing any possi-
\‘)1151;2' of the anti-A or anti-B acting as a haemolysin when the serum is

1
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The specificity of the serum is assessed by tests in tubes at 16° C,
and 37° C. against saline suspensions of cells covering as many of the
known blood group antigens as possible, Autoagglutinins, anti-P,
anti-H and anti-O are the contami most frequently encc d
but anti-Rh, anti-Le?, anti-Le® and other antibodies are occasionally
seen. Anti-B sera should be tested for anti-A;, and ideally it would be
desirable, though perhaps it is scarcely practicable, to test for anti-Wr?,
anti-Mi* and anti-C%, all of which have been found as naturally occur-
ring antibodies. Anti-Wr® is present in 1 per cent or more of normal
sera but is not a frequent cause of false positive results with grouping
sera owing to the low frequency (0-3 per cent) of the Wr* antigen. A
false positive result from this cause is to be anticipated about once in
thirty thousand tests (1%,%0-3%).

PREPARATION OF ANTI-A,

Naturally occurring anti-A, sera, described above, are almost
always unsuitable for use as anti-A, typing sera owing to their weak-
ness, and it is preferable to prepare this reagent by the absorption
of group B serum with A, cells. This is a process which requires
a little care if 2 good result is to be obtained. The first step is to
select a suitable group B serum for absorption; a good reagent
cannot be produced from an unsuitable serum, Group B sera behave
as though they contain two antibodies, anti-A which reacts almost
as strongly with A, as with A;, and anti-A; which reacts strongly
with A, and only weakly with A, cells. The proportions of these two
antibodies vary in the serum of different individuals, and it is essential
to obtain a serum containing a high proportion of anti-A;. The first
step, therefore, is to titrate a number of group B sera against A, and
A, cells, when it will be found that many give the same titre with both
types of cells. Others show only a slight difference, and a few give a
higher titre with A, than with A, by two or more tubes (doubling
dilutions). Sera of the last type are suitable for the preparation of
204,

An alternative method of selecting suitable sera is by partial neutral-
jzation with A substance. Dilutions of an A secretor saliva are cau-
tiously added to the sera and those sera are selected which give the best
reactions with A, cells when the reaction with A, cells has just been
abolished.

Preparation of the reagent is carried out by removing the anti-A from
the serum by absorption with A, cells, and the difficulty here is to
determine the appropriate proportion of cells to serum to use in the
absorption. If too small a volume of cells is used the absorbed serum
will still react weakly with A, cells, whilst over-absorption will weaken
or even completely abolish the reactions with A, cells. The absorption
may be conveniently carried out using washed cells and allowing cells
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and serum to react for half an hour at room tempesatuce. In order to
determine the correct amount of cells to use, trial absorptions must
first be carried out, and small portions of the scrum should be absorbed
with, for example, three-quarters, a half, and a quarter volume of
packed cells. The absorbed sera are then tested with A,, A,, A;B and
A,B cells on slides at room temperature, and a volume of cells sglected
which appears to give the best results. The bulk of the serum is then
absorbed with the appropriate volume of cells for the same time at the
same temperature. It should be remembered that, owing to the fact
that antigen and antibody can combine in variable proportions, two
successive absorptions with 2 quarter volume of cells would not produce
the same result as one absorption with half a volume of cells.

Methods of ABO Typing
‘Whatever method is used, the two most important points are:

1. Test the patient’s serum against A and B cells, as well as testing
the patient’s cells with anti-A and anti-B.
2. Carry out the test at room temperature or better at 16° C.

1. TUBE METHOD, READING MICROSCOPICALLY, Place one volume
(0 04 ml.) of serum in a precipitin (2 X1 inch) tube and add one volume
of a 3 per cent suspension of red cells, tap the tube to mix the contents,
incubate for one and a half hours at room temperature (or better stil},
in a 16° C. incubator) and read the results by gently removing the
contents of the tube with a Pasteur pipette on to a microscope slide and
examining microscopically for the presence of agglutination.

‘We regard this as the most reliable method of all, but the long period
of incubation makes the test rather slow without conferring a great
increase of accuracy over method 3, This is a disadvantage in grouping
prior to cross matching. If large numbers of groups have to be
determined at the same time the process of reading the results micro-
scopically is rather slow and tedious and method 2 may be preferred.

2. TuBE METHOD, READING BY TAPPING. Place 1 volume (0 08 ml.)
of serum in a 2 X § inch tube and add 1 volume of 2 3 per cent suspension
of red cells. Tap the tube to mix the contents; incubate for one and a
half hours at room temperature (or better still in a 16° C. incubator)
and read the results by gently tapping the tube to dislodge the cells
from th.e bottom, and inspecting naked eye.

. In this method an increase of accuracy has been obtained by increas-
ing the dmm;tcr of the tube (a 2 x4 inch tube rather than a 2 X} inch
tube as used in other agglutination tests), and by increasing the volumes
of the serum and cell suspension (0 08 ml. of each rather than 0-04 ml.
as in other agglutination tests). These measures make the test much
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easier to read with the naked eye than is the case when smaller volumes
and narrower tubes are used, and we consider them an essential part
of the method.

This is probably the best method for large-scale grouping, combining
a good standard of accuracy with ease of carrying out the procedures,
There is, however, a slight loss of accuracy through not reading the
results microscopically.

‘The use of a hand lens is, surprising as it may seem, a disadvantage.
The reason for this is that the diameter of a red cell (7p) is not a great
deal less than the limit of visual acuity (about 30x under the best
conditions). Under certain oblique lighting conditions producing an
element of dark-ground illumination a fine granularity due to the cells
themselves can just be perceived in a red cell suspension and this is
sometimes confused with a weak agglutination. Magnification increases
the granularity and makes the distinction more difficult.

3. StipE METHOD. One volume (0:03 ml.) of serum is placed on a
microscope slide with one volume of a 5 per cent suspension of cells, the
drops are mixed, and the slide held in the hand with 2 gentle rocking
motion for six minutes, after which the resuits are read by inspecting
the slide, with the naked eye and microscopically.

1t shonld be particularly noticed that a distinction is drawn between
slide grouping and tile grouping. If the test is carried out on an opales-
cent white tile, no microscopic examination is possible. This method
is, therefore to be condemned.

If done with care and read after a correct time interval it is doubtful
whether this method is any less accurate than the preceding ones, and it
is probably the best method for experienced workers to determine the
ABO groups of patients where time is important. In inexperienced
hands, the technique tends to d and we have seen, for example,
people reading the test after as short a time as twenty seconds and only
reading it with the naked eye. The method must be strictly followed if
suceess is to be achieved. This is not a good method for large-scale
grouping, since it is very difficult to keep a large number of microscope
slides in the correct order and to read the test after the correct time
interval.

USE OF GROUP O SERUM. Group O serum (anti-A-+B) may be
used in addition to anti-A and anti-B in testing the cells. ‘This serves
1o detect A, though, in view of the very low frequency of this group,
this is less important than its other function which is to serve as a
check on the accuracy of the results with anti-A and anti-B.

The value of group O serum is greatest in large-scale ABO grouping
using the tube method and reading by tapping. It serves here to
compensate to some extent for the stight 1oss of accuracy entailed in not
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reading the results microscopically and it also protects against some of
the other errors which may occur. . .

In small-scale grouping, where the results are .rc.ad mlcrosc_oxzxca]ly
and where greater care can be given to each individual test, it is less
valuable. Errors of procedure are less likely ht.:rc and the use of group
O serum tends to some extent to divert attention from the n:al!y vital
part of the test, which is to test the patient’s serum as well as his gclls.
As shown below, these two tests check onc another in sucha pccu]njarly
efficient manner that further tesis are ary if errors of 1
can be ruled out.

CoONTROLS

Provided anti-A and anti-B grouping sera of known potency a.nd
specificity (p. 112) are used, the only control necessary in ABO grouping
is to test the patient’s serum against known A and B cells as well as
testing his cells against anti-A and anti-B typing sera. The reciprocal
relationship which exists between the iso-agglutinins and the antigens of
the ABO system is such that this constitutes the most perfect control pos-
sible. Consideration of the possible causes of false positive and false
negative results (enumerated in Chapter V) shows that none of them will
fail to be detected by this control. It cannot be emphasized too strongly
that it is absolutely essential to test the serum as well as the cells; indeed,
we would go so far as to say that to do 5o is the most important precau-
tion in the whole field of blood grouping work. The reason why this par-
ticular control is so very important and valuable is that by testing the
serum as well as the cells, the presence or absence of the A or B antigen
is always diagnosed by both a positive and a negative result, so that
one has to have a false positive result in one half of the test combined
with a false negative in the other half of the test before a mistake can be
made. Many causes of false positive and false negative results are
considered in this book, and doubtless others exist which are unknown
to us, but it is hard to conceive of any single one capable of causing a
false positive result in one half of a test combined with a false negative
result in the other half of the test. This is why this particular control is
so efficacious. The only way in which a mistake from serological causes
(as opposed 1o failure of the human element) can occur, using this
control, is where more than one of the possible causes of false positive
and false negative results exist on the same occasion. Apart from the
well-known fallacy caused by A,B with anti-A, in the serum, this must
be excessively rare and we have only known it once. On this occasion

a group O blood was misdiagnosed as A. The false agglutination of
the cells by anti-A serum was due to polyagglutinability and the false
negative result when the patient’s serum was tested with group A cells

was due to haemolysis from a specific anti-A haemolysin being misread
as a negative result.



118 PRACTICAL BLOOD GROUPING

PROCEDURE WHEN DiFFICULTIES OCCUR

‘Whilst testing the scrum as well as the cells should suffice 1o prevent
mistakes, more extensive tests will be needed to reveal the true ABO
group once difficulty has been encountered, and in such cases it is best
in the first place to repeat the test, testing the cells with anti-A, anti-B
and AB serum, and the serum with A, B, O and the patient’s own cells.
All the results should be read miccoscopically after one and a half
hours’ incubation in tubes at 16° C. Alternatively, if one is in a hurry,
the repcat test can be done by the slide technique, although a final test
in tubes should always be carried out when the nature of the difficulty
has been elucidated. If the difficulty was due to a mistake, a dirty
tube, or inaccurate reading of the results in the first place, it often
happens that no difficulty is encountered when the fest is repeated in
this manner. In other cases the results obtained by this test will give a
useful indication of the probable nature of the difficulty.

The commonest causes of difficulty in ABO groupings are:

Errors of procedure,

Autoagglutinins.

Rouleaux.

Haemolysins.

Infected samples or infected reagents.

Anti-P, anti-A, or other antibodies in the patient’s serum.

The best method of resolving these difficulties depends on the circum-
stances of the individual case, and this may best be illustrated by means
of the following examples:

Example 1

First test.

Fatient’s cells | Patient's serum

——he——
Anti-d  Anti-B | A cells B cells

v v v v

Repeat test.

. i Patient’s seru P
Patient’s cells 's serum Fatient’s cells with

bpatient’s serum

A dnti-B AB serum| A cells Beells O cells |

v v v v v v v

Remarks: Own cells agglutinated by own serum.
This dispersed on warming the slide, suggesting an auto.
agglutipin,
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Cells washed at 37° C. yielding a frec ecll suspension which
was tested at two temperatures as follows:

Final test,
Patlent’s cells Patient’s serunt Patlent’s cells
— A N A with
Anti-A Anti-B AB serum | A cclls B cells O cells patient's serum
Testat16°C.| — v - v v v v
Testat37°C.| — v - v + + w

Conclusion Group B: Difficulty due to autoagglutinin: the serum
could only be tested satisfactorily at 37° C.

Example 2
First test.
Patient’s cells | Patlent’s serum
r—',‘_—'\
Anti-A Anti-B | Acells B cells
v = |+ e
Repeat test.
Pattents cells Patlent’s serum Patient’s cells with

— \
Anti-A  Anti-B  AB serum

Acells Deells Oeels |

patlent’s serum

¥

T4 44t b

Remarks: Serum agglutinates Q cells but not own cells, probably
due to a specific antibody.
Further tests as outlined in Chapter XII showed anti-P in
the patient’s serum.

Final test.
Patient's cells Patlent": -
ﬁ‘ﬁ en "‘"’"m - Patient’s cells
. APreg. BPneg. »ith
Anti-A  Anti-B AB :eruml cer{:g ce;'I:g Oi:;;:g' patient’s serum.
v - - \ nd +++ - -

Conclusion Group A: Difficulties due to anti-P in the serum.
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Example 3
First test,
Patient's cells | Patient’s serum
AntiA Antt-B | Acells Beclls
Lk ~ +t+ bt
Repeat test.
Pallen;'j cells Palizn!:: serum Patient's cells with
e N vl
Ani-A  Antl-B ABseren| Acells Beells O celly patient’s serimt
E - |4+ - ~

Remarks: There is o discrepancy between the reaction of the cells
with anti-A and of the serum with A cells,
Test more extensively using several different anti-A sera
and several different A cell suspensions.

Further test.

Patient’s cells with different anti-A sera
A

Patient's serum with different A cells
~

—
1 2 3 4

e
Anti-Ay

s A A Ay Ag

= = = -

R o i e

Remarks: Anti-A No. | appears to be at fauit.
Further tests showed that it agplutinated Group O cells,
and it was found to be infected.

Conclusion Group O: Infected typing serum.

Example 4
First test,
Patient’s cells | Patlent’s serum
o A
Anti-A  Anti-B | Acells Beells
S ot
Repeat test.
Palffnt:s cells Parx‘tm:.r sertirn Patient's cells with
e g
Anti-A  Ani-B ABserum| Acells Beells O cells FarERLT FrvRRt
bk - - F AR - -
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Remarks: Discrepancy between cesults with anti-A and with Acells,

Test more exiensively.
Further test.
“Patient’s cells with different enti-A yero &mt«r: Tt "f"" EFerent A4 :r—x':
N e—
1 13 4 Amid Q A A A A

s T S i

Conclusion Group A2 Anti-A; present.

TYeNG WITH ANTIFA,

A=A, typing serurn is best used on hides, reading the results with
(he naked eye, and controls should always be used.

“To show that the materisl is working correctly it is impontant to s
the correct controls. If group A blood is to haveits sub-type determined
A, and A, should be used as controls, whilst for testing AB blood the
controls should be AB and A,B. Unless the anti-A, serum has been
very recently tested with the controls so as 10 prove that it is working
correctly, these controls must not be omitted, since the servm is always
fiable to change its properties on storage.

An anti-A, which gives specific results on stides may not necessarily
do 50 in tubes, and one which works in tubss may fail 1o work on slides.
The reagent must always be used by the method for which it is intended.

The cells of infants do not wsually give satisfactory results with
anti-A; owing to the incamplete development of the A antipen at birth,

Acti-O and Anti-H
ArTEO AND ANTIFH AGGLUTININS (see Grobb, 1949)

These agplutining were originally known as a,; subscque

3 cre H atly as
anti-0, and are now dlvxd.ed nto 1wo classes knémx as :nﬁ«o)and
anti-H (Morgan auq ‘Watkins, 1948). Examples oceur in the sera of
oxen, eels and 2 variety of other animals, and some potent examples

!éah\ire bec_Fh found in the sera of goats immunized with B, dysenteriege
St uf:in zl?c two applutinins are also of oceasional natural occur-
e 8 ; s:ra :g fuman beings. They may occur in the sers of
& pcrso:s (thz A ﬁo n}:g:y??sl’;}iﬁg; very rarely, in the sera of group
five samples of anti-0 ang anﬁ-i{szc !’: 125) A entse
twenty-one came from Ay, threa from. EBE;: .

" d one from an AB indi-
Thbe exact natuse of these sera hag

vidual
originally thought that they were true ?n‘gmmi‘:t:c‘:?:; I Vs

with the
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product of the O gene. Later it was said that they reacted with the
product of the A, gene also, but it now seems that this is not their true
nature. An anti-O serum which we studied, for example, gave results of
very different strength with different samples of group O blood, and
when tested with group B bloods it gave many more negative results
than would be expected if it were only failing to react with homozygous
BB bloods, so that it could not be behaving as a true anti-O scrum as
defined above.

Anti-H sera are thought to react with an antigen H present on the
red cell surface. The amount of H substance varies from one individual
to another depending upon the ABO group. On the whole, there is
Jeast H present in A;B and most in Q bloods, and the amount present
depends upon the following series:

AB <Ay <A B<B<AO

This series shows the average amount of H substance present in bloods
of each group if, say, 2 hundred examples of each group were tested,
but there is a considerable “scatter jn the amount of substance
present in the cells of different individuals of the same ABO group, so
that, for example, an individual B blood may have less H substance than
an individual A, blood (this probably depends partly on the genotype).
Different anti-H sera vary in strength so that the proportion of positive
results which they give within each ABO group varies from serum to
serum, The weaker sera will only agglatinate cells carrying a lot of
H substance, The result of this is that whilst different examples of anti-
H serum give different percentages of positive results, the percentages
within each ABO group will always be in the order shown above.

It is not apparent that anti-H and anti-O differ greatly from each
other in their reactions with cells of various ABO groups and the
distinction between these two sera depends on the fact that anti-H is
neutralized by the H substance present in secretor saliva, whereas anti-O
is not (Morgan and Watkins, 1948). O substance is not secreted in the
saliva though it is sometimes weakly present in certain ovarian cyst
fluids. The fact that anti-H can be neutralized by secretor saliva and
anti-O cannot is correlated with the fact that individuals producing
anti-H are vsually non-secretors and those producing anti-O, secretors
(Sanger, 1952). This in turn js correlated with the Lewis groups
{see p. 127).

TLeon potitadiac annans en he ~F sl gecurrence in buman sera;

Co . they act best at Iow temper-
e (. and we have not known them
to give rise to transfusion reactions or haemolytic disease, though the
unusual examples of anti-H in group O individuals are perhaps rather
different from the anti-H sera normally encountered. Anti-H and anti-
0O sera active only against papanized cells are sometimes seen.
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1n three cases which we studied, anl.i.l{ and anti-O ngglutmms']ﬂulcn':
to pass through the placenta, though ina fourth case (p. 20?) w 11cl|;cb;
strong incomplete anti-H was present in the maternal scmm. it r:cud '
detected in the cord blood also, but did not appear to have any dele-
terious effect on the chitd, Some of the reactions of an unusuafly potent
anti-H agglutinin which we encountered are shown in Table 37. Itis
interesting to notice that it contained a strong mcomp]clc_componcm
active at 37° C. and dcmonstrable with anti-non-p-globulin reagents,

Tabte 37. REACTIONS OF A PoreNT AnTi-H Strum

Saline ogglutinations Coombs®
Cells | — A ]

16° C. T testat 31° C.

o] . . v &+ b
AB .. .. ++ - —_
AB (own cells) - - -

* Reaction of anti-non-y~globulin type,

The identification of thera n=sithat’an o
on showing that the s

s depends

* positive
results with cells of diff...... siw gioups. 1 un unanown antibody is
encountered it should be tested in the first instan

ce acainst a sprise pf

3 1 R T AN

~eeeor wa v awenily group O bloods and an equal number of
group A bloods. The A bloods should be simuMancously tested with
anti-A,. If the serum under investigation came from a group B person,
group B blood would, of course, have to be used instead of group A.
In doing this test it is most important that all the cell samples tested
should be of the same age and collected in the same manner, since one
is comparing one set of results against the other. If the antibody gives
a higher percentage of positive results with group O than with group A,
or group B cells, it can only be anti-O, anti-H, anti-Le® or anti-Le* -
Leb. The tast two can be excluded if the patient is Le(a —b+), and
also by the reactions of the serum with cells of known Lewis type.
A strong positive reaction with group O, Le(a—b—) cells is often a
valuable diagnostic point. I, practice, however, it must be admitted
that the distinetion hatmn .y © . . -
mught be exp: Co s . :
antibodies, 2 - ", " dom wusu ate known to contain Lewis anti-
bodies, nevertheless give a weak agglutination with certain Lefa—b—)
celis. These points are discussed further on P. 231, If anti-LeP can be
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excluded, the distinction between anti-O and anti-H depends on whether
the serum can be neutralized by secretor saliva. In carrying out this
test one has to be careful in the case of the weaker antibodies not to
be misled by the diluting effect of the saliva, and a control test with
non-secretor saliva is advisable. The following example illustrates

these procedures.

1. First ABO grouping test.

Patien’s cells | Patient's scrum
ey
Anti-A  Antl-B )} Acells Beells
v - + 4 v
2. Repeat test,
I‘alicni‘s cells l’olicm;i serim Patient's cells with

b S
Anti-A  Anti-B AB serion

Acells Beells O cells )

patient’s serunt

v - - I S ) -
3. Further test.
I’nliznj“.s cells Palielli’: serum Fatlent's cells
’ N ] cith
Aunti-  Anti- Anti- AB A A B o it
N serum | cells  cells  cells  cells | Potients secum
v v -~ - 4t v -

4, Patient’s serum tested with standard Group O cells.

Saline agglutinations
Standord cells | Coombs test | Albumin 37° C.

e 16°C,
RR, N - - - 4+
R, B — = = o
Tr s - - it + 44
rr - - - 4
rr H - - - ++
Patient’s cels - - - -
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5, Patient’s serum tested with group O and A cells in salineat th

Group O cells Growp A cellt
No.  Patient’s serim No.  AnileAy Patlent’s yerym

+4 ! M »
R 2 - i
3 ++ 3 = &
4 +++ 4 M T
] +4+ 3 N 144
6 4t 6 = «
7 +44 7 ¥ % +
H 44 8 ~ 4+t
9 ++ o M -
10 ++ i ¥

6. Patient’s serum tested with group O celts of vacdious Lewis types
in saline at 16° C.

Group O cells
(A  Patlent’s serum
No. Lenis type
1 Leta—b-) +++
2 Lefa—b-) 4+
3 Le(atb~) A4 4
3 Lefatb-) 3
5 Le(a—b+) 4+
6 Le(a~b+) +4
7 Le(a~b4) 4+

7. Test for inbibition with saliva,
One volume patient’s serum plus one volume
secretor saliva plus 2 volures group O cells
One volume patient’s serum plus one volume

no! or saliva plus 2 vol groupQcells = -+
Conclusion: Anti-H,

THE “*BoMBAY" BLOODS
The cels of almost all group O 1ndividuals react strongly with anti-H

%ld the agglutinin, anti-H, is consequently not found in their sern.
© Tare exceptions lo tlus rule constitute the "“Bomhay™ bloods,

$;§3‘&&6f'""‘ w o e s+, ¢ = countered,

although t ¢ - - Sl

a‘sou(hgl\:en G ‘ . " the world

ok, uudlld, 1955 Bhatia et al l‘;SS Simmons
. DSena, \955 Parkin, 1956). The cells of thcsc individuals
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give negative reactions with anti-A, anti-B and anti-H." Their sera
contain not only anti-A and anti-B, but a potent anti-H also. The
latter is often of high titre and may even react at 37° C. The serum
will thus react with all cells except those of the patient himself and
of other individuals of the same type, so that the provision of com-
patible blood for such patients presents a difficult though rare problem.
With one very doubtful exception, all the bloods of this type encoun-
tered have been Le(a+) and in a case which was studied by Levine
et al. (1955) it was shown that the phenotype Oy (a symbol used to
designate the “Bombay”™ bloods) was not due to a new allele at the
ABO locus, but to the action of a recessive suppressor gene, x. In
double-dose this suppressor gene had the effect of suppressing the
action of the genes “B” and “secretor”, so that the person concerned
appeared to be group O and a non-secretor, although genetically
B,Ss. The presence of the genes B and $ in this individual’s genetic
constitution was shown by the family study. The suppressor gene,
x, also appeared to have some effect on the Lewis type, but the exact
nature of this effect was not fully elucidated. This suppressor gene
appears to be similar in its effect to the suppressor gene sometimes
responsible for A, and similar weak forms of the A antigen.

INCOMPLETE ANTI-H

Dacie (1950) described the existence in the serum of normat indi-
viduals of a cold incomplete antibody which was subsequently shown
to be of anti-H specificity {Crawford et al., 1953).

In order to demonstrate the existence of this antibody it is necessary
to obtain a fresh sample of blood and separate the serum from the clot
at 37° C. Ten volumes of the serum are then mixed with one volume of
a 20%, suspension of the patient’s cells and the mixture incubated for an
hour at 4° C. or better stillat 0° C. The cells are then washed four times
and tested with Coombs reagent, when they will usually be found to give
a positive result. The presence of autoagglutinins sometimes interferes
with the test, but these can be removed from the cells by washing in
warm saline at 37° C. This does not remove the incomplete auto-
antibody. The anti-H speaficity of the antibody is shown by its
reactions with cells of different ABO groups. The strongest reactions
are obtained with group O cells and the weakest with A;B cells. Inter-
mediate reactions are obtained with cells of other groups, as in the
case of anti-H agglutinatins.

The strength of the incomplete anti-H present in the serum varies in
different individuals and it is entirely absent in some. It tends to be
strongest 1n the serum of A,B persons and weakest in the serum of
group O persons. The antibody is called anti-H rather than anti-O,
since it can be neutralized by secretor saliva; there is, however, a lesser
degree of neutralization by some non-secretor salivas. The presence



i)
THE ADO GROUTS !

§ 1 i y { heat
of complement is necessary for the action of \h: ;::::c:!:mf, ::"“LO
i 1 and 9 plemcn
jmactivation of the serum prevents i cﬁ.cdﬂ A e the acton of
PR 4 siged by incomplete
;m.ti.-H réact only with anti-pon=givbunn Cosiin x:ag‘:\wt :Slbf;:’))
Transfusions of dextran mi ;;lmv:n} .\rc a&:{:tyl ;:Ef! ;:1 ::, ibosy
1pi M ity rcl 0} e
in the recipient’s serum; though the aciwity .
after trans‘;"usion of dcx'lrnn, activity of anti-H returned k\. the u:m"’:
ibody actisity in the sefurd Wak not pre

but on this occasion the anti i )
vented by the addition of dextran as it was g»cfom lramfuugn.‘ e
Table 38 shows the concentrations of clinical dextran and i

required to prevent the activity of cold incomplete anti-1§ in 90 per cent
of normat sera.

Tazte 38, Tux Errect ov THE AcThviry of Cotp Ieconrirye Asmtl
ANTIZODY OF TIE ADDITION 70 T SIRUM OF VARKAS SumtANar

Treatment of serum l Arti-1 octleity

1. Addition of Clinical Dextran 6 mgm.jml.
2. Addition of Glucose 5 mgm./ml.

. Negative

. . Nepative
3. Addition of Polyvinylpyrrolidone 10 mgm./ml. Tositive
4. Addtion of 10% veronal buffered safine .. Ponitive

Group Specific Substances

Seventy-cight per cent of individuals are known as scerctors of the
AB and H substances, and in these individuals it is possible to detect the
substances in the saliva. The substances arc present, although in lower
concentrations, in other secretions. The ability to secrcte group
specific es is a simple Mendelian domi character deter-
mined by the presence of the gene S (secretor), and the character “Non-
secretor” ¢ quently bet inar ive manner and is determined
by the allelic gene s. The gene S is very closely linked to the gene Leb,
and the gene s very closely linked to the gene Le* Since in adults the
gene Le® acts as a dominant gene and the gene Le® acts as a recessive, it

follows that Le(b--) persons are secretors of the ABH system, whilst
Le(a+-) persons are non-secretors.

Those who are phenotype Le(a—b—) may be secretors or non-
secretors depending on their genefic constitution. The secretion of
Lewis substances is independent of the genes S and s, which control

the secretion of the AB and H substances only.
TECHNIQUES FOR DEMONSTRATING GROUP SPECIFIC SUBSTANCES

The A and B substances are usually easy to demonstrate in the saliva
of secretors. The first step is 10 obtain a sample of saliva by asking the
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individual concerned fo spit into a wide test tube. Samples from infants
may be obtained by swabbing out the mouth with cotton wool and
squeezing the cotton wool into the tube, The tubes of saliva should be
immersed in boiling water for ten minutes as soon as possible after
collection in order to destroy enzymes which would otherwise inactivate
the group specific substances. The saliva is then centrifuged at high
speed to remove mucus and debris.

Intuibition test with anti-A and anti-B are best carried out on micro-
scope slides at room temperature.

TECHNIQUE FOR INpturrion TESTS, Mix 1 volume of anti-A or anti-
B serum with { volume of saliva in a tube, wait for ten minutes for the

reaction to take place, and then add 1 volume of & 5 per cent suspeqsion
of A or B cells, as appropriate, to 1 volume of the mixture on a micro-
scope slide. The tests are mixed, rocked for six minutes and then read
with the naked eye, and microscopically.

It should be remembered that the test is of a quantitative nature and
suitable controls are very necessary. These should consist of known
secretor and nor-secretor salivas and of saline. It is also important not
1o have the anti-A and anti-B too strong, or low concentrations of the
substances may be overlooked. This simple method will often suffice
to show whether a person is a secretor or a non-secretor, provided that
the controls are satisfactory. The control with saline should give 2
strongly positive result, and the control with non-secretor saliva
should be almost as strong, whilst the control with secretor sativa should
be negative or almost so. The speed with which agglutination occurs
should be taken into account in assessing the results, as well as the
final strength of the agglutination. .

If clear-cut results with satisfactory controls are not obtained by this
method, more extensive testing will be necessary, and a number of
additional factors should be borne in mind. The amount of group
specific substance needed to lize the agglutinin jn a serum varies
very widely from one serum to another. Thus is, of course, to some
extent dependent on the tire, but by no means wholly so. This effect
is ittustrated by Table 39 and means that different sera will make the
test vary in sensitivity,

One obvious way to increase the sensitivity of the test Is to dilute the
serum; indeed one can carry out the test in the form of a titration in
which a volume of saliva is added to each of a series of dilutions of the
serum. This makes the test itative and enables one to d trate
minor degrees of inhibition. An example of this is shown in Table 40,
whete various salivas have been added to a series of dilutions of anti-B,
prior to the addition of B cells. It can be seen in this table that even the
O saliva (which contains no B substance) has a trace of inhibitory effect,
This 1s presumably due merely to its viscous character which interferes
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Tanir 39, VARIATION IN THE EASE o NEUTRALIZATION OF ANTI-A

BY A SAUVA

Name Titre Highest dilutlon of sallva able to neutralize an
of serum | of serum equal volume of undiluted serum

HI4 | 1in6d 2 volumes undiluted saliva needed

Ar 1in 64 1in

Si 1in16 1in 256

396 | 1in8 1in32

2404 lin8 1in 1,000

Wr l1in4 1inl6

o a slight extent with the formation of agglutinates. The B non-
secretor has a somewhat greater inhibitory effect (perhaps it contains
2 trace of B substance) whilst the B secretor saliva has a marked effect.
If the inhibitory effect of salivas varied in a continuous manner between
these extremes one would have to draw a purely arbitrary distinction
between secretors and non-secretors. This, however, is not the case,
and there is almost always a clear-cut distinction between the powerful
inhibitory effect of a secretor saliva and the relatively slight inhibitory
effect of a non-secretor saliva.

TABLE 40. INTUBITION OF ANTI-B BY VARIOUS SALIVAS

Titre of antl-B serum
Saliva - A
1 2 4 8 16 32 6 128
g secretor .. — e e — -
non-secretor I v ++ + — - - -
Smretor L Ul v v Y 44— = =
. ,e . v v v v okt - -
One volume of each dilution of the anti-B serum was mixed with 1 volume of

undiluted saliva, and 2 volumes of cell suspension added,

m(;s&:ix(sllonally itis desimblg to reduce the sensitivity of the test so as
prae cgnfl}smn due to minor degrees of inhibition and non-specific
ohects, I l.hxs.may be done by adding a constant strength of serum to

eries of dilutions of the saliva. However, this should not be done in

an attempt to compensate for the i 3
in the ft T 3 e use of an insufficiently strong serum

Finally it may be mentioned that the i i i
) t may be 1 reaction of anti-A with A, cells
1S more easily inhibited by A saliva than the reaction with A, cells.2 The

formerx will, therefore, give 2 more sensitive test than the latter.
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DEMONSTRATION OF H SUBSTANCE. The diagnosis of secretion in
the case of group O individuals depends on the use of suitable anti-H
serum. This may be of human or of animal origin and it may be neces-
ary to do the test in tubes if the serum will not give satisfactory results on
slides. Slides are to be preferred where possible, however, since by this
method it is 50 much easier to compare one reaction with another, We
ourselves use a selected normal ox serum for this purpose, and this
particular serum has given satisfactory results for many years. It
contains antibodies reading with A and B red cells and 2 species specific
antibody, in addition to anti-H, but these do not imerfere with the
efficacy of the test. The antibodies reacting with A and B red cells are
avoided by confining the test 1o group O cells, and the only effect of
the weak species specific agglutinin is that the serum still reacts to some
extent even when secretor saliva has been added to it. This reaction,
however, is only weak whilst the un-neutralized serum gives a strong
reaction with group O cells, so that in practice the results are clear
cut. Not all ox sera are so satisfactory, however, and it is necessary to
select one containing a high concentration of anti-H combined with a
low concentration of species agglutinin. The way to do this is to take
a number of ox sera and test them with secrefor and non-secretor
salivas selecting the one which shows the best inhibition.

USEs OF SECRETOR SALIVA

Secretor saliva is a convenient means of neutralizing anti-A and
anti-B in anti-Rh and other typing sera (p. 74). It is collected and
processed as described on p. 128 and it should be remembered in
this connection that saliva is usually rather hypotonic. If more than
1 volume of saliva has to be added to 1 volume of serum the mixture
may be so hypotonic as to lead to lysis, and in such cases the saliva
should first be made isotonic. The addition of 3 volume of a 20 per
cent solution of sodium chloride is a convenient means of doing
this. In the case of weak antisera the diluting effect caused by adding
saliva to the serum may sometimes be undesirable; this may be over-
come by suspending the cells to be tested in secretor saliva instead of
in saline. If this is done it is essential to make the saliva isotonic.

Another method which is sometimes useful, particularly in cases
where the anti-A or anti-B in the serum to be tested would require more
than an equal volume of saliva to neutrahize it, is to concentrate the
group specific substance in the saliva, This may be done by making
use of the fact that the substances are insoluble in nectone.

TECHNIQUE FOR CONCENTRATION OF A AND B SUBSTANCES., The
saliva should first be centrifuged at a high speed to remove all debris
and obtain as clear a fluid as possible. Five volumes of acetone are
then added to one volume of the clear saliva and the resultant cloudy
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mixture centrifuged at high speed to throw down a pl:ccipitatc contain-
ing the group specific substances. The supernatant fluid isthen rcmoch
and discarded and the acetone removed from the precipitate by warming
the tube slightly and by applying a pactial vacuum to the tube by means
of a Bunsen water-suction pump. When the precipitate no longer smells
of acetone it may be suspended in a few drops of saline, and it will be
found that this product is highly inhibitory to anti-A or anti-B. Ttis
best to prepare this product freshly when required, since we have the
impression that the acetone treated substances tend to be unstable.

Immune Anti-A and Anti-B
Anti-A and, less commonly, anti-B sometimes show certain properties
which are taken to indicate an i Tesp and to indicate that in

certain circumstances the antibodies may be of more clinical significance
than the anti-A or anti-B ordinarily encountered. These properties are
found more frequently in the sera of group O persons than in those
from group A and group B persons.

OCCURRENCE
Immune anti-A and anti-B occur in the following circumstances:

1. Inthe serum of mothers of cases of haemolytic disease due to ABO
incompatibility.

2, Following ABO incompatible transfusions.

3. Following the injection of antigens.

4. Without ascertainable canse.

5. In the mothers of normal ABO incompatible infants.

Immune characteristics may appear in the sera of persons who have
been experimentally injected with A or B polysacchatides of human or
ammal origin for the production of potent anti-A and anti-B typing
sera. They also occur following exposure to a number of antigens
which have an A, or A-like, specificity. Horse serum is one of these
and therapeutic or prophylactic injections of serum prepared b)’r
immumzing horses against tetanus, diphtheria and the like, often give
rise to these properties. T.A.B. vaccine also contains an A-like antigen
derived from the peptone on which #ha o STt
immune characteristics may P B

Cases of infectious mononuc . . R L :

also show these properties. - )
These properties are sometimes found in the sera of people who, so

far as can be ascertained, have not been exnosed ta any nf tha ~wsioan.

mentioned above. They. e et ) ‘

tion against bacterialan: + |, *. o ..,

of pneumococci, for example, are known to contain s

(ST

uch antigens.



132 PRACTICAL BLOOD GROUPING

PROPERTIES

The properties which are understood to constitute the immune
characteristics of an anti-A or anti-B serum are variable, and some of
them are to be found in one scrum and others in another, so that not
all the immune sera are of the same type. They are properties indicative
cither of a high concentration of antibody or of the presence of in-
complete antibody, and are as follows:

1. High titre. A saline agglutinating titre greater than I in 512 can
be considered as an immune characteristic. In one group O patient,
who was accidentally transfused with group A blood, the titre subse-
quently rose to 1 in 1,000,000,

2. Neutralization of agglutinin by group specific substances. The
amount of A secretor saliva required to inactivate the agglutinin in
anti-A sera varies very widely. With some sera the agglutinin can be
completely neutralized even by saliva diluted one in a thousand, and
at the other extreme sera are encountered which require as many as
8 volumes of undiluted saliva to neutralize their agglutinins. If a
serum requires a Jarge amount of A substance to neutralize the agglu-
tinin this is taken as an immune characteristic. A somewhat arbitrary
working rule is to consider as an immune serum any serum requiring
more than an equal volume of undiluted saliva to neutralize the agglu-
tinin.

3. Enhancement of titre by serum. 1f the serum gives a higher titre
when the cells are suspended in serum and the dilutions made in serum,
than it does when saline is used, this is taken to indicate the presence of
an incomplete anti-A (or anti-B). This test suffers from the disad-

tage that it is dependent upon the saline agglutinin titre and will,
therefore, only mve a positive result when the incomplete antibody has
a higher titre than the agglutinin, Incomplete anti-A, like anti-Kell, is
best potentiated by human serum. Bovine albumin has but little
potentiating effect. It is difficult to know what group of serum to use
as a diluent for this test; groups O and B sera contain anti-A agglutinins
and groups A and AB sera contain A substance—in some cases at any
rate. Group B scrum from which the anti-A has been removed by
absorption could be used, but is open to the theoretical objection that
the absorptive process may liberate some A substance into the serum
from the absorbing cells. A further consideration is that the enhancing
effect varies from one serum to another. On the whole we are inclined
to think that these factors are not really of great importance, and
in practice it is convenient to us¢ A or AB serum as a diluent.

4. Antiglobulin tests. The incomplete antibody 1n these sera is often
less casily neutralized by A substance than is the agglutinin. In the
case of anti-A this may perhaps be correlated with the fact that in~
complete anti-A acts to a large extent as an anti-A;. Tt will be recalled
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that anti-A, is more difficult to neutralize than anti-A. The fact that
incomplete anti-A acts predominantly as an anti-A, means that stronger
results are obtained in all the tests with A, than with A, cells, and‘ﬁ:xc
fact that it is more difficult to neutralize by saliva than the agglutinin
enables one to neutralize the agglutinin and then carry out an anti-
globulin test for incomplete antibody. 3

Both anti-p-globulin and anti-non+y-globutin should be used in }he
test, since the antibody may be of either type. Many incomplete anti-A
sera do not react well with either reagent, however, so that this test is
often insensitive,

5. Zoning. This is only encountered very rarely, but we have en-
countered it once following an ABO incompatible transfusion.

6. Thermal amplitude. Anti-A and anti-B usually have a higher titre
at 16° C. than at 37° C. If the titre is the same at the two temperatures
and more especially if it is higher at 37° C. than at 16° C. this is taken
as an immune characteristic.

7. Haemolysis. Specific lysis of A, and less frequently of A, and B
cells, is often seen; the lysis is dependent ypon the presence of comple-
ment so that it is only seen with fresh sera, and the haemolysin is easily
peutralized by small quantities of group specific substances. The
necessity for complement introduces a second variable into the test
which, to some extent, reduces its value. It also makes it difficult to
titrate the haemolysin (p. 55).

8. Agglutination of serum suspended cells by partially neutralized serum.
After the agglutinin has been neutralized by A secretor saliva the
mixture of serum and saliva js titrated against A, cells suspended in com-
patible human serum, using the same serum as diluent in the titrations.
The occurrence of agglutination is taken as an immune characteristic.

(See: Witebsky, 1948; Mollison, 1956.)

METHODS OF DETECTION

The method which we use to investigate anti-A and anti-B sera for the
presence of immune characteristics is as follows. It is designed to
reveal any of the characteristics mentioned above if they are present.

1, Titrate the serum against A, (or B) cells in saline and also in serum
at 16° C, and at 37° C. Use fresh serum of a group compatible with
tl}e cells and include control tests of cells suspended in the fresh serum
diluent, in order to exclude any agglutinating activity by the diluent.
Inspect the tubes for haemolysis before reading the tests.

2. Mix the serum with an equal volume of A (or B) secretor saliva,
stand for ten at room t ure and carry out the following
tests:

{6) 'm.ratc the mixture at 37° C. against A, (or B) cells suspended in
salive and in serum, using the serum as the diluent in the titration
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in the second case. The diluent must be controlled as in (1) unless
it is the same serum.

(b) Carry out an indirect Coombs test at 37° C. using A, (or B)
cells. Test the washed cells with anti--globulin reagent, anti-
non-y-globulin reagent, and saline. The purpose of the saline
control is to sec whether the agglutinin has been nevtralized,
and it is necessary to do it in this manner because a weak agglu-
tination due to small amounts of unneutralized agglatinin may
break up during the washing process but re-form when the cells
are rocked on a microscope shide.

The application of these methods may be illustrated by the following
case:

Case 30

Mrs, St., a pnmlgrawda.. had never had a transfusion, but had
always been subject to slight hay fever. She received two injections
of anti-tetanus serum, ten years and three weeks before the birth of
her infant. She was delivered of 2 full-term male child, which was
jaundiced at birth and had a haemoglobin of 10-5 gm. per cent and
a serum bilirubin of 8 mg. per cent. The infant died when three
days old. Serological investigations were as follows:

Mother: Group OR,R,

Father: Group A,R,r
Infant: Group AR,r direct Coombs test negative.

No antibodies were detected when the mother’s serum was tested
by the Coombs test, papain cell test, albumin and saline agglutina-
tions at 16° C., and 37° C. with a series of standard cells.

Test for immune anti-A.

Method 1. SpMPLE TITRATIONS AGADST A; CrLLS

Titre of serum

Temp. A
f'é’j" Medium o)
124 8 16 32 64 128 256 512 1,0002,000 frol
16 jSaline |hhv v v v 4+++ + W e = e -
16 {Serumihvy v v +++ ++ —}— - - =
37 |Szline thh b+ ++++++++ +4+ W - -
37 {Serum{bh v v v v +++++++++ - =

h = hzemolysed.



THE ABO GROUPS ° 135

Method 2a. AGGLUTINATION OF SERUM SUSPENDED A; CeLls BY PARTIALLY
NEUTRALIZED SERUM

Titre of serum and saliva mixture
Temp. i A
o (M 8 16 3 6 128 256 Conral
16 | Saline - - = —_ —- - - - = -
16 {Serum | v v 444 ++ ++ + W — — -~
37 | Saline - = - — - - = - -
37 [Serum | v v 444+ +44 4+ 4+ - -

Methiod 25, Inoirect Coomos Test Wt SALIVA
Anti-y-globulin reagent .. .+t

Anti-non-y-globulin reagent .. -

Saline control .. . .

Remarks: As is usual, this serum shows some, but not ail, of the
immune characteristics. The properties of thermal amplitude,
haemolysis, enhancement of titre by serum, positive indirect Coombs
test, and agglutination of serum suspended cells by partially neutral-
ized serum were seen, but the titre was not unusually high and the
agglutinin was not difficult to neutralize by secretor saliva. These
properties, combined with the clinical history and the absence of
any antibodies of other specificities, Jed to the diagnosis of haemolytic
disease due to the presence of immune anti-A.

Dancerous UNIVERSAL DONORs

‘When group A patients are transfused with group O blood, some
destruction of the recipient’s cells due to the action of the anti-A in the
donor’s blood is occasionally seen, and when this happens it is aimost
always found that the anti-A in the donor’s blood shows immune
characteristics, The same thing could presumably happen to a group
B patient, though this seems to be uncommon. The occasional occur-
rence of these cases has given rise to the concept of the “Dangerous
Universal Donor” whose anti-A or anti-B shows immune charac-
teristics and whose blood is therefore considered itable for trans-

" fusion to patients of groups other than O, Various tests have been
designed for the detection of such donors, but this is a difficult matter
owing to the fact that different immune anti-A and anti-B sera show
the varions properties enumerated above in varying degrees, and
no single property is a constant feature of all such sera. Furthermore,
it is not known whether all the properties are equally dangerous
and it is very difficult to obtain any firm correlation between these
properties and the clinical findings.
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HAEMOLYTIC DISEASE DUE T0 ANTI-A AND ANTI-B

Cases of haemolytic disease due to anti-A and anti-B are not in-
frequent, but, unfortunately, the diagnosis of this condition does not
rest on the same secure grounds as the diagnosis of haemolytic discase
due to other blood group antibodies, This is due to the variable
character of the immune characteristics shown by different anti-A
and anti-B sera and 1o the fact that these properties can be found even
in the serum of group O mothers of apparently healthy group A
children.

The diagnosis thus becomes difficult to make and can only be arrived
at by taking into account all the relative clinical and serological features
of the case, These cases often occur in the first-born child of the family
and occasionally the mother gives a history of immunization by A.T.S.,
T.AB. and the like, sometimes followed by allergic manifestations.
Morcover, as Rosenfield {1955) has stated, the mother is almost always
group O and group A children are more likely to be affected than group
B children. Jaundice is a more marked, and anaemia a less marked
feature than in the case of haemolytic-disease due”to RE incom-
patibility. )

The diagnosis of haemolytic disease due to ABO incompatibility
should not be made unless the clinical and haematological condition of
the child is suggestive of the disease (see Mollison, 1956) and the
mother’s serum shows evidence of immune anti-A or anti-B and an
absence of antibodies of other specificities. The mother’s serum ought
to be tested for as many other blood group antibodies as practicable.
Tests of the mother's serum against the husband's cells are not usually
helpful since they are compli i by ABO 1 patibility. One can,
of eourse, carry out an indirect Coombs Test using the husband’s cells
after the agglutinia jn the maternal serum has been nentralized by
secretor saliva and if this is positive it may be due either to incomplete
anti-A or anti-B in the mother’s serum or to some other antibody in
the mother's serum reacting with the husband's cells. The next step in
such o case would be to repeat the test using the husband’s cells and
other A, cells as well, but even if this gives positive results with the
fusband’s cells alone, this does not necessarily mean that it is not due
to incomplete anti-A (p. 205).

Absorption with other A cells would, of course, settle the matter, but
unless the mother’s serum shows a matked difference in reaction be-
tween the father’s and other A cells, and fails to show ABO immune
characteristics, it hardly seems necessary to pursue the matter as far
as this.

The cord cells in these cases often exhibit spherocytosis together with

d fragility. S i free anti-A can be detected in the cord
serum of affected group A children by using the papain or antiglobulin
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est, and sometimes the unwashed cord cells w i}l agglutinate when
(suspendcd in adult scrum on a stide at 37° C. .(\.Vllcbsky et al., 1947),
sithough neither of these tests s invarfably positive. The result of the
direct Coombs Test on the cord blood wifl depend upon the manncr in
which it is performed,  Using the technique which we describeitis often
entircly negative and even when it is positive the reaction is weak and
only persists for the first few days of the child’s lifc: Roscnf‘xc.ld (1955_),
using his special antiglobulin technique found a direct positive test in
11 per cent of group incompatible infants but none in compatibie oncs.
He considered that this antiglobulin test detected an abnormal class of
group incompatible infants whose mean hacmoglobin is low and whose
mean reticulocyte count and bilirubin arc high when compared with
those of other group incompatible infants. He also found that 38
of 39 mothers of incompatible infants with positive direct antiglobulin
tests were group Oj this is a significant disproportion.
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HAIMOLYTIC DISEASE DUR TO ANTI-A AND ANTI-B

Cases of haemolytic disease due to anti-A and anti-B are not in-
frequent, but, unfortunately, the diagoosis of this condition does not
rest on the same secure grounds as the diagnosis of haemolytic disease
due to other blood group antibodies. This is due to the variable
character of the immune characteristics shown by different anti-A
and anti-B sera and to the fact that these properties can be found even
in the serum of group O mothers of apparently healthy group A
children.

‘The dingnosis thus becomes difficult to make and can only be arrived
at by taking into account all the relative clinical and serological features
of the case. These cases often occur in the first-born child of the family
and occasionally the mother gives a history of immunization by A.T.S,
T.A.B. and the like, sometimes followed by allergic manifestations.
Moreover, as Rosenfield (1955) has stated, the mother is almost always
group O and group A children are more likely to be affected than group
B children. Jaundice is a more marked, and anaemia a less marked
feature than in the case of haemolytic-disease due .to R incom-
patibility.

The diagnosis of haemolytic disease due to ABO incompatibility
should not be made unless the clinical and haematological condition of
the child is suggestive of the disease (see Mollison, 1956) and the
mother’s serum shows evidence of immune anti-A or anti-B and an
absence of antibodies of other specificities. The mother’s serum ought
to be tested for as many other blood group antibodies as practicable.
Tests of the mother's serum against the husband’s cells are not usually
helpful since they are complicated by ABO incompatibility. One can,
of cotwrse, carry out an indirect Coombs Test using the husband’s cells
after the agglutinin in the maternal serum has been neutralized by
sectetor saliva and if this is positive it may be due either to incomplete
anti-A or anti-B in the mother’s serum or to some other antibody in
the mother’s serum reacting with the husband’s cells. The next step in
suck a case would be to repeat the test using the husband’s cells and
other A, cells as well, but even if this gives positive results with the
husband’s cells alone, this does not necessarily mean that it is not due
to incomplete anti-A (p. 205).

Absorption with other A cells would, of course, settle the matter, but
unless the mother’s serum shows a marked difference 1 reaction be-
tween the father’s and other A cells, and fajls to show ABO immune
characteristics, it hardly seems necessary to pursue the matter as far
as this,

The cord cells in these cases often exhibit spherocytosis together with
increased frapility. Sometimes, free anti-A can be detected in the cord
serum of affected group A children by using the papain or antiglobulin
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that this checking process in some way absolves them from care in the
first part of the process, i.c. in placing the tubes in the rack. They
assume that they need not worry about an occasional mistake when
placing the tubes in the rack, since this will be detected in the checking
process. Such an attitude is, of course, quite wrong and largely invali-
dates the efficacy of the check. Such people fail to realize that the
check s, itself, subject to error in the same way as the original process,
and they do not understand the principles involved. The accuracy
required in ABO grouping is so great that each step must be carried out
as accﬁxmtely as possible, and each step must be independently checked
as well,

It is also very desirable to exercise a statistical control of the
whole process by observing how many errors at cach stage are detected
by the checking process and computing from this the probable number
of cases in which a mistake in the first place will coincide with a mistake
in the checking process so that an error will be completely overlooked.
It is extraordinarily difficult to get those concerned in these tests to
appreciate these points, particularly the more junior workers. Tt is
theregore essential to have a rigid and detailed routine whereby each
step is written down and clearly defined, and to impress on the more
Junior workers that they must on no account deviate in the slightest
degree from this routine. In addition, a more senior person, thoroughly
conversant with the routine and with the principles involved in it,
should be in continuous and detailed supervision of the more junior
workers in order to sec that they adhere closely to the routine and
that they are not so careless at any stage in the process as to invalidate
the checking procedure.

The details of the actual routine employed will naturally vary from
one labm-amfy to another according to local circumstances, but the
lmportang thing is the principle on which the routine is founded. In
order to illustrate the way in which these principles may be put into
operation, we propose to describe in some detail the ABO grouping
procedure in our own laboratory, and then to discuss the way in which
these principles are exemplified in this particular routine. We do not,
of course, suggest that our particular routine is necessarily the one
which should be rigidly adhered to by other laboratories.

. Routine for Large Scale ABO Grouping
The routine which we employ rests on the following points:

1. The use of the tube technique; readi i

que; reading by tapping.
2. Tests of the donors® cells with anti-A an);l arr\,g-B.
3. Tests of the donors’ sera with A, and B cells.

4. ':';:S(.of the donors’ cells with group O serum as an additional
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THE ORGANIZATION OF LARGE-SCALE ABO GROUPING

The Nature of the Problem

THE correct determination of the ABO groups of half a dozen samples
of blood is one of the easiest things in the whole field of blood group
serology, but the correct determination of the ABO groups of, say,
100,000 samples of blood is one of the most difficult, and there must be
few, if any, Inboratories engaged in large-scale ABO grouping who
have not been guilty of errors at one time or another. The reasons
for this paradox, and the true nature of the difficulties involved, are
not always appreciated even by those who have considerable expesience
of ABO grouping.

The primary reason for these difficulties is the very high standard of
accuracy required in this test due, of course, to the grave consequences
which can so easily follow from incorrect ABO grouping. To take a
concrete example, our own laboratories are at the present time deter-
mining the ABO groups of rather more than 60,000 blood donors per
annum, and if we were to send out one incorrectly grouped bottle of
blood each year we would certainly not consider that a satisfactory
standard had been reached. In other words, we require less than one
mistake in 60,000 tests. Now an accuracy of this order is not easy to
obtain aod it is doubtful whether even the most experienced worker
could carry out any single test (or even any single manipulation)
60,000 times without making a single mistake, and the only way in
which the required standard of accuracy can be reached is by multiple
tests and by checking each step in the procedure. Let us suppose 2
given worker will make one mistake in a thousand tests. If each test
is carried out twice, taking care that the first test and the repeat test
are entirely ind dent of ane her, only one mistake in a million
tests should then result, This is the basic prisciple of checking on
which success in large-scale ABO grouping depends, anditis xmportam
to have a clear und ding of the math I basis on which its
efficacy rests. The nature of the checking process is often misunder-
stood, and it is not always realized that the check will only be fully
effective if both the test and the check are entirely independent of one
another and if each has, itself, a good standard of accuracy. For
example, if numbered tubes are to be placed in a rack in numerical
order, the process should be checked by examining the numbers on the
tubes a second time after they have been placed in the rack, when it
will sometimes be found that a mistake was made when the tubes were
originally placed in the rack. Inexperienced workers frequently assume
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h

. Repeat tests where discrepancies occur, carried out by the tube
technique, reading microscopically. .

6. The use of specially designed equipment intended to reduce the

occurrence of mistakes to a minimum. This comprises:

(@) A printed blood collection sheet for recording the donors’
names at the biood collection session {Fig. 2).

() A printed laboratory work sheet (Fig. 3).

{c) Printed, serially numbered labels for the blood bottles and
pilot samples.

(d) A set of specially made racks for housing the tubes and carry-
ing out the tests in an orderly fashion.

‘The use of a detailed procedure by which the tests are carried out,
so designed that each step is subjected to at least one independent
check.

Detailed supervision of the work to maintain rigid adherence to
the procedure.

. A statistical control of the whole process in order to ascertain
whether the standard of work is of a satisfactory degree of safety.

The process of ABO grouping does not merely consist of testing
some sera against some cells, it is a process which starts when a donor
walks in fo the blood collection session, and which is not complete
until a label showing the correct group has been stuck on to the bottle
of blood. We ate firmly of the opinion that reliance ought not to be
placed on donors’ statements of their groups, or on previous records
of their groups, but that the donor’s group ought to be determined
each time he attends, and that no bottle of blood ought to be labelled
with a group label until the blood donated on that occasion has been
tested. In other words, we determine the group of a bottle of blood
rather than the group of a donor, though records of previous tests on
the donor do, of course, constitute a valuable check of the tests carried
out on & subsequent occasion.

Fig. 3 shows the laboratory work sheets. These are duplicate
sheets interleaved with carbon paper. One copy is used to record the
results of tests on the donors’ cells and the other of tests on the donors’
sera. The top sheet is narrower than the bottom ope so that both
sets of results can be seen together in contiguous columns when the
top sheet is placed over the other. In this way the two tests are recorded
independently of one another. An essential feature of this arrangement
is that the two sheets can be separated from one another so that those
who are teading and recording the results of tests on the donors’ cells can
have no prior knowledge of the results with the donors® sera. The
reason for this is not to avoid deliberate falsification of the results
(anyone who could do this would in any case be quite unfit to work in
a blood grouping laboratory), but because prior knowledge of the

~
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resultd confers an unconscious bias by which it is almost impossible
to avoid being influenced. Morcover those who arc recording the
results become so nsed 1o the four patterns of results given by the four
groups that they tend to write them down instinctively. Another
reason for being in ignorance of one half of he test while testing the
other half is that if a discrepant result is called out the person recording
the results might be tempted to express surprise, or doubt its accuracy,
and this could lead the person reading the results to revise his opinion,
perhaps incorrectly.

The specially constructed racks (Plate XIV) are made so that they
fit on to one another by means of a peg and socket, and all the holes
are serially numbered with paint. The number of holes in the rack is
in multiples of ten so as to correspond with the number of spaces on
the laboratory record sheet. Furthermore, the pegs and sockets are so
arranged that all racks containing tests of the first twenty donors fit
together, but none will fit on to the racks belonging to the second twenty
donors, and so forth. A set of racks comprises:

1. A rack for pilot tubes of donors’ blood.
2. A rack for tests of the donors’ sera.

3. A rack for tests of the donors’ cells.

4. A rack for separated donors’ sera.

These four racks are concerned in the determination of the donor’s
ABO group, but the complete set of racks also includes:

5. A rack for the sera of group A donots to be tested for theselection
of high titre grouping serum.

6. Ditto—for group B donors.

7. Rack for tests of the donors' Rh groups., This rack is used for
putting up the tests.

. Duplicate of 7 kept warm in a 37° C. incubator, and used for
incubating the tests.

. Rack for the serum of D negative donors for antibody testing.

. A metal rack for the sera of donors for inactivation of the sera
prior to carrying out the Kahn test.

o

Sw

The holes in a}l the racks are equally spaced so that there can be no
doubt as to which hole in one rack corresponds to a given hole in
another rack when the two are fitted together. There is also a double
r?\: 4:( hole?1 in rack 1 so that one can move the tubes from one row
of holes to the other as the work proceeds, in ord. s
(see Phate X0y, P , in order to keep one’s place

A description of the procedure which we use for large-scale ABO

grouping follows and it will be noticed that the dure i
Checks o cach s, procedure incorporates
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the pilot tube, and, if this is done correctly, iE }vill be fqund that a
suitable cell suspension ean be made on the addition of saline. 1f only
one pilot tube is removed from the rack ata timeand is replaced in its
correct hole as soon as the cell suspension is pmpargd, it h:{rdly seems
likely that the order of the pilot tubes in the rack will be disarranged.
The rack of tubes of separated serum is set aside and used for Kahn tests,
antibody tests, Tepeat tests of group where necessacy, etc. 'I:hc use of
the centrifuge at this stage should be avoided if possible, owing to the
danger of disarranging the order of the tubes in the rack. If the serum
is not free from cells, however, centrifugation will be necessary and a
further check of the order of the tubes in the rack will have to be
carried out.

8. Test of donors’ cells. Three rows of 2% inch tubes are placed
in the appropriate rack. One vol. (0-08 ml.) of anti-A grouping serum is
placed in each tube of the first row; 1 vol. of anti-B in the second row,
and 1 vol. of group O serum in the third row. The tubes are then
inspected to see that each has, in fact, received its quota of serum. Each
23 inch tube then receives 1 vol. of cell suspension from one of the
pilot tubes, working from left to right along the row, and observing all
the precautions enumerated in item (6) above. The tubes are then
tapped to mix their contents and left on the bench to sediment.

9. Reading results with donors’ sera. After one and a half hours’
incubation at room temperature the results are read. One person takes
each tube in turn from its place in the rack, taps gently and reads the
result, naked eye, whilst a second person records the result on the sheet.
At the end of every tenth tube a check is made by noting that the tenth
place on the laboratory work sheet has been reached. This is to avoid
the common mistake of omitting to record a result so that all subsequent
results are displaced upwards by one place. When the tests have been
read the tubes must be discarded, so that there is no temptation to look
at them again and revise the original reading if it is found that the
results disagree with those for the donors’ cells. In reading the results,
clear-cut positive or negative results are not seen in every tube. When
the result is in doubt, it is most important that it should be honestly
tecorded as “doubtful” so that the test can be repeated subsequently.
The tendency to take the plunge in a doubtful case and to call it either
“positive”™ or “negative” must be resisted.

X({. Reading results with donors® cells. This is done in an exactly
simil* e . S
shee - - o . s
We icgard uns a8 un essential point, -

Steps 6-10 constitute the serological determination of the ABO group,
and the tests on the donors® cells are carried out independently of the
tests on the donors’ sera, so that one test checks the other.

11. Special fests to exclude A,B. In reading results with donors®
L
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DrraiLen Procepure For LARGE-SCALE ABO GROUPING

1. Delete from the blood collection sheet (Fig. 2) any botties which
are not 10 be tested, e.g. where vene-puncture failed. These bottles are
included with the others at the blood collection session so as not to
disturb the serial numbering.

2. Place the pilot tubes in order according to their serial nurabers in
the appropriate rack. This is done by two persons; one calling out the
numbess from the blood collection sheet and the second placing the
tubes in the rack in the corresponding order.

3. Check (2) by one person calling out the numbers of the tubes
which are already in the rack whilst a second person checks the order
by consulting the sheet.

Note that it is unsatisfactory for one person alone to attempt to do
both these things, owing to the danger of losing one’s place on the sheet.

4. Enter the serial mmbers of the blood to be grouped {rom the
blood collection sheet on to the laboratory work sheet,

5. Check the serial numbers on the laboratory work sheet apainst
the serial numbers on the pilot tubes already in the rack. This is
primarily to check that the numbers have been correctly inscribed on
the work sheet (4), but it serves as an additional check that the tubes
have been correctly placed in the racks (2).

6. Test the donors’ sera (Plate XIV). Place two rows of 2x§ inch
tubes in the appropriate rack and transfer 1 vol. (0-08 ml) of serum
from each pilot fube to the corresponding 2x§ inch tube of the
first row and 1 vol. into the corresponding tube of the second row.
The work should proceed from left to right along the row, and as serum
is removed from each pilot tube this tube should be placed in a hole in
the pilot tube rack above that in which it was placed before; this
prevents one from losing one’s place. When this procedure is completed,
alf the tubes must be inspected to see that each has received its quota of
serume,  Onre vol, of a 3 per cent suspension of A cells is then placed
in each tube of the first row, and of B cells in the second row. The
A cells should be either A, cells or o mixture of the cells of not less
than six group A indwiduals. (The use of A, cells tends to lead to an
undue number of false negative results.) The tubes are then tapped to
mix cells and serum and the racks put aside on the bench for one and
a half hours at room temperature before reading.

7. Preparation of donor cell snspensions. From clotted blood
samples in pilot tubes which have been properly “ringed” with a glass
rod after clotting, and where the clot has retracted satisfactorily, it is
possible to prepare separate serum and cell suspensions without the use
of a centrifuge. Each pilot tube is taken in turn and the secum carefully
poured off into another tube which is placed in position in the appro.
priote rack. The clat, and remaining serum, is then gently shaken from
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which is liable to have led to errors in the determination of the groups
of the other bottles. 5

15. Inspection of sheets. The person in charge of the grouping
department inspects the sheets and assesses the accuracy of the day’s
work. The number of cases in which results with the donor’s cells
disagree with those with the donor’s serum is considered according to
what the donor’s group is finally decided to be, and a carcful watch is
kept for any errors which might appear to be of a systematic character.
For example, a number of false positive results with either the anti-A
or anti-B serum might make one suspect that the reagent is infected, or
mistakes which would be rectified if the results were reversed might
make one suspect that the tubes had been interchanged with one
another in the racks. It should always be borne in mind that a mistake
which has come to light suggests the possibility of other mistakes which
have not. Provided that there is no evidence of systematic mistakes and
that the number of cases in which cells and sera disagree is small, the
batch can be passed as satisfactory and the labelling of the bottles
can proceed.

16. Place the bottles of blood on the bench so that the bottles of each
group are together on a separate part of the bench. Three people are
tequired for this. The first takes up each bottle in turn and calls out its
number and the donor’s name; the second person replies by calling out
the appropriate group from the laboratory work sheet, whilst the third
person listens to what is said and compares it with what is written on
the blood collection sheet. This checks (14) since discrepancies between
the two sheets would be noticed at this stage.

17. Count the total number of bottles of each group, according to the
position of the bottles on the bench, and compare this with the total
number of each group shown on the laboratory work sheet. This
checks (16), but it is not a perfect check since it will not detect the
situation in which two bottles are accidentally switched round with one
another. Section (19) below constitutes a more effective check.

18. Stick labels showing the group on to the bottles according to
their position on the bench.

19. Replace the bottles in the refrigerator. This is done in group
order; one person takes up each bottle in turn and calls out its number,
whilst the second and third persons check from the laboratory work
sheet and from the blood collection sheet that the number corresponds
with the group stated. All the bottles of one group are dealt with
before proceeding to a second group. This is primarily a check of
(16) and (18), but it is also a second check of (14).

‘The above procedure consists basically of five steps:

i Putting the pilot tubes in order in the racks .
ii. Eatering the serial numbers on 1o the laboratory work sheet (4).
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cells, those which give a negative result with anti-A and a positive
result with anti-B are set aside for a further period of one and 2 half
hours, so that the cells can sediment again and they are then rcad
microscopically. The setum of all apparently group B donors is also
retested with A, cells. (The reason for this procedure is given on
p. 108.) In the misdiagnosis of A,B as B, the incorrect results with the
donot’s cells and with the donor’s serum are connected with one another
ina sys!cmauc manner and not merely associated with one another in
a as is d to be the case in all other possible
causes of error, This means that although both cells and serum have
been tested they have not been tested independently of one another so
that there has been no real check of the test. If a test and its checking
process are not independent of one another the check is invalidated.
‘This is one reason why a special test is necessary to avoid this particular
error and why it cannot be atlowed for in the statistical control of the
accuracy of the grouping process described below.

12. Recording the groups. The two sheets are now brought together
in a loose-leaf binder which ensures their correct alignment, and the
group of each donor is recorded in a separate column. This should
preferably not be done by the persons carrying out the tests. It may
with advantage be done by the person in charge of the department. In
all cases where the results with donor’s cells are in disagreement with
the results with donor’s serum the test must be repeated, and it is best
to read these tests microscopically, If there is still disagreement,
further investigation will be needed to determine the group (see p. 118).

13. Check (12) by one person calling out each group according to the
serological results, whilst 8 second person notes what group has been
recorded in the appropriate cotumn.

14. Copy the groups from the laberatory worksheet (Fig. 3) on to the
blood collection sheet (Fig. 2). Discrepancies between the groups, as
determined by the present tests and the stated group as shown by the
previous records, will come to light at this stage. Thisis 2 most valuable
check, and any discrepancies found must be investigated forthwith.
None of the blood tested can be considered safe to use uatil this has
been doue, since, 1f ane bottie of blood is incorrectly grouped, it should
be presumed that others might have been wrongly grouped also until
some explapation of the error is forthcoming. In such cases we check
that the stated group as shown on the bloed collection sheet agrees
with the group as stated on the donor's record card, inspect the results
of previous tests on the donor’s blood in the laboratory records and
test the group of the blood imside the bottle if necessary. In many
cases the discrepancy proves to be due to a clerical error or confusion
with another donor of the same name, but in any case the discrepancy
must be reported to a senior technical person, who should inspect all
the relevant documents and consider whether anything bas occurred
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1o calculate the probable rate of crror, as shown by the following
example:

a) Errors detected in placing pilot tubes in rack .. . 9
Eb; » »  » recording serial numbers on work sheet 1
©@ - woow ABO group from scrological

Tesults . .. 8

[C)] ' w  » labelling the bottles of bleod .. .. 16
Number of samples tested, 6,422
~.probable rate of error of the whole process:

= (sim) + CHE (gﬁ):+ ()
= 91410481160

e
= 9-7 per million (or 1 in 103,000).

For the sake of simplicity, no account has been taken in this calcula-
tion of the additional checks incorporated in the system; it is calculated
on the basis that each step is only checked once, and the additional
checks form an additional safeguard.

Furthermore, it must be remembered that any calculation, relating
to a process carried out by human beings where all sorts of difficulties
can occur is of necessity an approximation and involves a number of
assumptions. This does not mean, however, that the calculation is not
useful even though it is only approximate.

(i) CALCULATION OF THE ERROR INVOLVED IN THE SEROLOGICAL
DETERMINATION OF THE ABO Group. This is calculated from the
number of occasions on which results with the donor’s cells do not
agree with those with the donor’s serum in the initial test, and the
calculation only applies to the results with anti-A, anti-B, A cells and
B cells. The use of group O serum constitutes an additional check of
the serological determination of the ABO group, and is not included in
the calculation. If the results with cells and serum disagres, it means
that one of the original results was incorrect, and we can decide which
it was when the donor’s correct group has been finally determined.
For example, if the initial test gave these results:

Anti-A Anti-B Acells  Beells

+ - + +
and the donor’s group proved, on re<checking, to be group O, this
would constitute a false positive result with the anti-A serum. Cases
where the test is haemolysed do not count as a false result, since they
do not lead to an incorrect reading but to the test having to be repeated.
Cases where an anti-P or other antibody in the domor’s serum is
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fii. Serological determination of the group (6-11).
iv. Deducing the group from the serolegical results (12).
v. Sticking labels on the bottles (16 and 18).

The system provides for at least one independent check of each of
these processes and there are additional checks of some of them. An
undetected error in any of these five steps can lead to an incorrectly
Iabelled bottle of blood. The above procedure has been built up over
the years and almost every step in it has been introduced, at one time
or another, as a result of our experience of the mistakes which occur
in practice. We are convinced that some such equally detailed scheme
is essential for success in large-scale ABO grouping.

Statistical Control

‘We shall now consider what steps can be taken to ascertain that 2
satisfactory standard of accuracy is being maintained in carrying out
the procedure detailed above.

Each of the five basic steps, enumerated above, has its own rate of
error, and since an error at any one of these five stages can, if wa-
detected, lead to an incorrectly grouped bottle of bloed, it follows that
the rate of error for each step can be summated to give the rate of error
for the whole process. The calculation of the rate of error may be
divided into two parts: the calculation of the rate of error in the sero-
logical determination of the group, and the calculation of the rate of
error involved in the four manipulative processes. It is best to
consider the Iatter first.

(i) CALCULATION OF THE ERROR INVOLATD IN THE FOUR MaNiPU-
LATIVE PROCESSES. 1fa single step in the grouping procedure has a rate
of error of, say, ose in a th d, and the rorresponding checking
process also has a rate of error of one in a thousand, then by chance an
error will remain undetected by the checking process once in a million
times. What we require to determine is the actual frequency with which
this is likely to occur. This cannot be determined by direct observation,
since the rate should be too low for this. Furthermore, we are not
certain that a single error would ever come to light at afl. The only
way to arrive at any figure for the final error is by considering the
frequency with which the checking process detects errors in the initial
process. There is no means of telling the accuracy of the checking
process, 50 that we have to arbitrarily assume that its accuracy is the
same as that of the initial process which it is designed to check. I
this is so, it means that the final rate of error can be obtained by
squaring the frequency with which the checking process detects efrors
in the original manipulation. If a note is kept of the number of times
that an error is revealed by the checking process, it is a simple matter
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of all samples tested, and it is not easy to see how often this will coincide
with a false positive result with the A cells,
Although
15
(27

of all samples tested gave false positive results with the A cells, only
44-05 per cent of these samples were A or AB, so that the frequency of
false positive results with A cells amongst group A and group AB bloods
is

15

647204405

Since all cases where a false negative result with the anti-A occurred

must be of group A or group AB, the frequency with which the two
errors will coincide is:

9x15
642270 4405
of all samples tested. .
Failure to detect the B antigen will similarly occur in:

2X6
64227X0 1155
of all samples tested.

The frequency of incorrect diagnosis of the antigens when they are
not present is calculated in the same way, taking into account the
frequencies of bloods lacking the antigens. The frequency of incorrect
diagnosis of the A antigen is thus:

(false positives with anti-A) X (false negatives with A cells)
(samples tested)? X (frequency of blood lacking the A antigen)

or:
6x10
64227 05595

and of incorrect diagnosis of the B antigen:

3x10
64227 0-884%

The total error in the serological determination of the group is, of
course, the sum of these four component errors, i.e.
1 . (9%x15  2x6 . 6x10 , 3x10
= (9205 + oess + oashs + 0‘3845)
= 13.5 per million (or 1 in 74,000)

(iii) THE TOTAL RATE OF ERROR. This is, of course, the total of the
two separate sources of error, ipulative and serological, calculated
above. In the present example, it works out at:

232 per million samples tested (or 1 in 43,000).
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responsible for the difficulty should, on the other hand, be counted as
false positive results, even though the result obtained is obtained again
on repeating the test, The reason for this is that we are not concerned
at this stage with the cause of the discrepancy, but only with the
frequency with which discrepancies occur. The actual caleulation can
best be understood by reference to the figures obtained in a sample
period. These werc as follows:

False False
pesithe negaihe
Anti-A with donor's oells . .~ 6 9
Anir-B - * . Pe 3 2
A cells with donor’s serum L. .. 15 10
B 6 10

mom o w o e
Total samples tested: 6,422, .

There are four ways in which it is possible to get an ABQ group
wrong, i.e.

i. Failure to detect the A antigen

i, wooo» "

iit, Falsely diagnosing an A antigen when none is present
i B

,
w. " I a " " a

and it is necessary to caleulate separately the chance of making each of
these mistakes,

Faifure to detect the A antigen occurs when a false negative result
with the anti-A accidentally coincides with a false positive result with
the A cells. However, the frequency with which this happens is not, as
might be thought, simply the product of the frequencies of each separate
error. The reason for this is that these two false results can only occur
when the A antigen is, in fact, present; if it is absent they would be
true results.

The group frequencies in north-west England are:

%

o] w474
A w410
B . . .. 85
AB - . w305

from which the foliowing figures may be deduced:

Bloeds carrying the A antigen . . 4405
” w B . . 1155
» lackingthe A, . 5595
N " N . 8845

Now, a false negative result with the anti-A occurred in

g
w2
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of all samples tested, and it is not easy to see how often this will coincide
with a false positive result with the A cells.
Although

15
tan
of all samples tested gave falsc positive results with the A cells, only
44:05 per cent of these samples were A or AB, so that the frequency of

false positive results with A cells amongst group A and group AB bloods
is

15
$422% 04403
Since all cases where a false negative result with the anti-A occurred

must be of group A or group AB, the frequency with which the two
errors will coincide is:

9x15
64227%0 4405
of all samples tested. .
Failure to detect the B antigen will similarly oceur in:
_2%6
B4TXOTI155
of all samples tested.

The frequency of incorrect diagnosis of the antigens when they are
not present is caleulated in the same way, taking into account the
frequencies of bloods lacking the antigens. The frequency of incorrect
diagnosis of the A antigen is thus:

{false positives with anti-A)x (false negatives with A cells)
{samples tested)? % (frequency of blood lacking the A antigen)

or:
6x10
8422750 5563
and of incorrect diagnosis of the B antigen:
3x10
ATX 08

The total error in the serological determination of the group is, of
coutse, the sum of these four component errors, i.e.

1 9xI15
iz * (0208 + 0155 + Gosos + 08843
= 13.5 per mllion (or 1 in 74,000).

2x6 6x10  3x 10)

(ifi) THE ToTAL RATE OF ERROR. This is, of course, the total of the

two separate sources of error, manipulative and serological, calculated
above. In the present example, it works out at:

23-2 per million samples tested (or 1 in 43,000).
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Assessment of the Safety of the Process and Necd for a Further Test

The caleulation described above gives a valuable indication of the
standard of accuracy of the work, and, if carried out at intervals,
enables one to assess this and to take suitable steps when the rate of
error rises.

It is important fo realize that some rate of error is inevitable and
each Jaboratory ought to consider what rate of error is acceptable to
them accerding to their own particular circumstances.

it should also be borne in mind that these calculations are, of
necessity, somewhat over-simplified, and do not take into account alf
the factors involved in the occurrence of errors. The calculations pre-
suppose that the system is being correctly adhered to and that results
and rates of error are correctly and honestly recorded. This is, un-
fortunately, not always the case. Also, for reasons given above, the
mis-diagnosis of A;B bloods with anti-A, in the serum as group B is
an error which cannot be allowed for in the calculations, On the other
hand there are two additional safeguards which will reduce the inci-
dence of incorrectly grouped bottles of blood below that indicated by
the calculations. The first, and in our experience the most valuable of
these, is to compare the results with those obtained when the donors
were previously bled, and the second is the use of group O serum which
serves as an additional check in the serological determination of the
ABO group but not, of course, as a safeguard against the manipulativ
crrors.

Finally, in view of the fact that the seriousness of errors in the ABO
grouping of donors can scarcely be overestimated, we have to consider
whether the situation can be considered safe cven though all the
precautions described above have been carried out. Even if a rate of
error of only I in 43,000 samples tested, as in the above example, could
be persistently maintained, this might still represent more than one
incorrectly greuped bottle of bloed per amnum, It is true that there
are two additional safeguards; the recards of previous results, and the
use of group O serum, but it might be considered that these would
only be sufficient to compensate for occasional departures from the
routine laid down and for the way in which the ¢rrors are distributed,
Errors may not always be randomly distributed, so that an accumula-
tion of errors on one day may render the situation dangerous without
necessarily showing in the final figures.

The cross matching test, of course, constitutes a further check of the
donor's ABO group before the blood is given to the patient, but even
so we do not feel that the standard of 'y which st §s practicabl
to achieve in large-scale ABO grouping is such that further tests can
be dispensed with, and it is our opinion that & further test of the donor’s
group ought to be carried out 1n such a manner as to be independen
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of the whole of the above process. This may be done by terting the
donor’s group when he attends the blood collection sestion or by
having a second pilot tube attached to cach bottle, which is tevted at
some time before the blood is used. A test of the donor’s exlls with
anti-A and anti-B on microscope slides is likcly to be of sufficient accu-
racy to serve the purpose of this further check, but, however the tent s
done, we do not fecl that it ought to be omitted.



CHAPTER Vil

THE R GROUPS

The Specific Reactions of the Rh Antigens and Antibodies
Tue Rh blood groups comprise the antigens C, D, E, ¢, ¢, £, V and
their corresponding antibodies, together with the hypothetical antigens
d, F and v. In addition, other forms of the antigens C, D and E_m
known with specific antibodies in some cases. It is necessary fo consider
the antigens C, D, B, ¢, 4, € first,

Tus Awnicens C, D, E, ¢, d, ¢

‘Wiener considers that there are eight alfeles at a single Jocus, 5
that the antigens C, D, B, ¢, d, € (which he calls i, Rh,, b, bt
Hr, and hr” respectively) are determined in threes by a single gene.
Fisher and Race, on the other hand, consider that the occurren®
of thesc antigens on the red cell surface is determined by three paiss
of closely linked genes, each having two alternative alicles, C-¢
and B-e. There are thus eight possible types of chromosome. Wicner's
eight genes correspond, of course, to the eight chromosomes of
Fisher and Race, so that from a practical point of view it does not
make a great deal of difference which theary one adheres to. It i,
however, unfortunate that three differsnt notations are in use for
the Rk groups. These are the CDE notation, the Ri-Hr notation, and
the so-called “clinieat notation” much wsed in Great Britaln for verbal
and other day-to-day purposes.

“Tapee 41, Tir Erour Rir CHROMOSOMES

LDE Chmeal Rh-Hr Approximate frequency
notation nolation notation in white popakition

Che Ry R Cormon

DB Ry R LCommon

CDhE Ry Rr Rare

cDa R, Re 2%

Cde 4 r 1%

cdE R E %

R R, v Very rare

eode T r Cormimon

‘Table 41 shows the eight chromosomes together with a much simpli-
fied and easily memorized list of their frequencles. This table also
enables one ta work out which antibodies react with the erythrocytes
oF nersons having any of these chromosomes; ¢.p. anti-C reagts when
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the chromosomes Ry, R,, R’ or R, are present. §inm c:}ch individual
has a pair of Rh chromosomes there are ll_\iny:sxx possible Rh geno-
types, and the simplified list of frequencies in this table enables one to
form an estimate of their approximate frequencies. For example, R\R,
and rr are each composed of two common chromosomes and must,
therefore, be common genotypes. R,R' and Rr are cach composed ofa
common and of a less common chromosome and so must have a lower
frequency. Similarly, it can be seen that R'R” and R.r will not be
encountered often and, whilst R,r is very rare, R,R, must be very, very
rate indeed. An understanding of this is important when we come to
determine a person’s Rh group. Suppose, for example, that a blood
sample gave the following reactions:
Anti-C

» D . .
- E . .
»w € .. ..
» € - .

et

+

This means that the antigen C is absent and the antigens D, E, ¢ and
e are present. We have no knowledge of d since the hypothetical anti-d
is not known. Reference to Table 112 will show that the genotype
could be cDEfcde, ¢cDE/cDe or cDefcdE, which we more conveniently
refer to as R,r, R;Ry and RyR” respectively. There is no way of telling
by serological, as opposed to genetical, means which of these three
alternatives is correct but a consideration of the frequencies shows that
some are more probable than others. The genotype R.r, being com-
posed of two common chromosomes (Table 41), must be of common
occurrence, R,R, by a similar argument is less common, whilst R,R” is
rare. In ordinary parlance, such a sample would be referred to as “R,r”
and by the term “R,r” we mean a blood giving the reactions shown
above and coming from a person whose genotype is probably R,r but
might be R,R,, or, although this is less likely, RoR".

Of course, in some cases uncertainty does not arise, as, for example,
tr, where blood of no ather genotype will give the appropriate reactions,
Oceasionally, bloods which have only been tested with anti-C, anti-D
and au}i-E have to be referred to, and in this case we would refer to
“'""'l_" L A * i, e " by R’ blood

. ot - e : * with anti-C

IR T A T .. coan tested with
anti-c. It might be of genotype R'r or R’R’. This system refers to blood
by its “probable genotype” and confusion is unlikely provided it is
rem:mbgred that they are only the most likely genotypes and not
necessarily the actual genotypes and that the term used only represents
the results of the tests. The rule is to refer always to the most probable
of the possible alternative genotypes whilst constantly bearing the
alternatives in mind. A list of the actual groups of blood encountered,




CHAPTER VI
THE Ru GROUPS

The Specific Reactions of the Rh Antigens and Antibodies
THE Rh blood groups comprise the antigens C, D, E, ¢, ¢, f, V and
their corresponding antibodies, together with the hypothetical antigens
d, F and v. In addition, other forms of the antigens C, D and E are
known with specific antibodies in some cases. It is necessary to consider
the antigens C, D, E, ¢, 4, e first.

THE ANTiGexs C, D, E, ¢, d, ¢

‘Wiener considers that there are eight alleles at a single locus, so
that the antigens C, D, E, c, d, e (which he calls rh’, Rh,, rh", hr',
Hr, and hr” respectively) are determined in threes by a single gene.
Fisher and Race, on the other hand, consider that the occurrence
of these antigens on the red cell surface is determined by three pairs
of closely linked genes, each having two alternative alleles, C¢ D-d
and E-. There are thus eight possible types of chromosome. Wiener’s
eight genes correspond, of course, to the eight chromosomes of
Fisher and Race, so that from a practical point of view it does not
make a great deal of difference which theory one adheres to. It is,
however, unfortunate that three different notations are in use for
the Rh groups. These are the CDE notation, the Rh-Hr notation, and
the so-called “clinical notation” much used in Great Britain for verbal
and other day-to-day purposes.

TABLE 41. THE EIGHT RH CHROMOSOMES

CDE Clinical Rh-Hr Approximate frequency
notation notation notation in white population

CDe Ry Rt Common

<DE Ry Rs Commeon

CDE R, R Rare

cDe R, R* 2%

Cde R’ r 1%

odE R” r 1%

CdE R, <4 Very rare

ode r T Common

Table 41 shows the eight chromosomes together with a much simpli-
fied and easily memorized list of their frequencies. This table also
enables one to work out which antibodies react with the erythrocytes
of persons having any of these chromosomes; e.g. anti-C reacts when
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who are immunized by R, may produce either anti-l? alon_c or :mh-(;g
D, Itis very exceptional for them to produce anti-C without anti-

. 176). ’ .
(sc"l:'l}:: cgm)moncst Rh antibodies cncountered in the sera of D positive
persons are anti-E and anti-, and anti-E is found about twice as
often as anti-c. X .

Anti-c is formed by R,R, individuals, Sometimes it is produccd on
its own and sometimes it is associated with anti-E. The presence of
anti-E in anti-c sera is not easy to detect, since only rare types ofb!o9d.
such as R,R, and R,Ry, contain the antigen E without also containing
the antigen c. All anti-c sera should, therefore, be suspected of con-
taining anti-E unless it is known that the person forming the antibody
has never been exposed 1o the E antigen or unless the serum has been
specially tested with RyR, or RyR, cells. It may be noted that unless
the true genotypes are known from family studies these cells thcmscl_vcs
can only be detected by the use of an anti-c serum free from.anu-!?,
since.they are detected by the fact that they give positive results with anti-
C, anti-D and anti-E sera but negative results with anti-c sera. There is
thus the danger of getting into a vicious circle unless one has a known
pure anti-c serum to start with, However, this is not really a point of
any great practical importance since the main purpose for which anti-c
is required is to determine whether R; bloods arc R,R, or Ryr and for
this purpose the presence of anti-E is irrelevant, Anti-c sera also some-
times contain anti-f, but there is no known test cell carrying the antigen
f, and not carrying the antigen ¢, which one could use to show this. It
can accordingly only be demonstrated by first removing the anti-c
by absorption with ¢ positive, f negative cells such as R,R, and then
testing with f positive cells such as rr. The possible presence of anti-f
does not interfere with the use of anti-c sera for distinguishing R R,
from R;r, but it must always be considered in more advanced investi-
gations.

Anti-E may be formed in the serum of RyR, persons, in which case
it is commonly associated with anti-¢, or in the serum of R,r persons,
in which case one can be sure that anti-c is absent, Whilst it is difficult to
detect anti-E in an anti-c serum, it is very easy to detect anti-c in an
anti-E serum, since one has only to test with rr cells to show its presence.

Anti-¢ and anti-C are formed much less commonly, anti-e being
encopm’ersd ma|in1_y as an autoantibody in the serum of cases of

Many anti-e sera contain anti-C and

tic

q y
anti-f also, and the detection of these presents just the same problems as
the detection of anti-E and anti-f in anti-c sera. Indeed, the sera anti-

c];}_—E and anti-e+-C seem in some ways to have an antithetical relation-
ship.

. Apart from anti-d, which remains a hypothetical entity, anti-C
is the rarest of the Rh antibodies to be found alone, and this antibody,
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together with their frequencies and possible alternative genotypes, is
given in Table 112 and the frequency of each group is the frequency of
bloods giving each serological pattern. The actual serological results
and the genotype frequencies are also shown.

This system of Rh nomenclature is widely used in the day-to-day work
of a large number of laboratories and is found to be unambiguous in
practice. We have, therefore, thought it best to keep to this system in
this book. There are, however, a number of alternative systems in use.
The best known of these are the Rh-Hr system and the CDE system.
The first of these, Wiener’s system, has a separate set of symbols for
phenotypes (Rhrh, RhyRh,, etc.) and for genotypes (R'r, RIR?, etc.)
which is advantageous in some ways, but it is difficult to remember
which phenotypes comprise which genotypes and which phenotypes
react with which sera. In Wiener’s system the antibodies are named as
follows: anti-C = anti-rh’, anti-D = anti-Rh,, anti-E = anti-rh”, anti-
¢ == anti-hr’, anti-d = anti-Hr,, anti-e = anti-hr". The second system
consists of keeping entirely to the letters C, D, E, ¢, d, ¢, and referring to
the genotypes and most likely genotypes, as, for example, CDefcde.
This has certain advantages but is very cumbersome when written and
hopelessly so when spoken.

THE ANTIBODIES, ANTI-C, D, E, ¢, €

The antibodies may be considered from two points of view, from the
point of view of their specificity and from the point of view of their
mode of reaction, i.e. whether agglutinins or incomplete antibodies.
‘We shall consider the specificity first; the mode of reaction is considered
in a later section.

Whilst in theory antibodies can be formed against any of the antigens
which a person forming the antibody does not himself possess, in
practice it is found that certain antibodies and certain combinations of
antibodies are encountered much more frequently than others. This
is due to some extent to the different frequencies of the various Rh
groups. Anti-D is much the most important and commonest antibody
encountered, and in many cases the only antibody which needs to be
considered. D negative persons will form anti-D if’ transfused with
D positive blood so frequently that it is necessary to take steps to
avoid doing this by D typing all prospective recipients. Similarly, this
is the antibody responsible for the great majority of cases of haemolytic
disease of the newborn. This is the reason for D typing antenatal
patients so that a search for antibodies can be made in the serum of
those who are D negative. D negative persons most commonly form
anti-D alone, but anti-C+D 1s also common. Anti-D-+E, on the
other hand, is found only rarely, and anti-C+D+E is very rare. It will
be noticed that people do not necessarily produce all the antibodies of
which they are theoretically capable; so that, for example, rr persons
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Tapie 42, ANT-C Sera writ Crius winn Various C ANTIGENS

Type of seron | Agglutinating anth-C-t-incomplete antt-D § Antl-C¥ Anti-C*

Method of test Saline agglatination 37° C. Asl;J:sz{n AJ lg:smcln
Reciprocal

“an[:lyi‘;!af 1 24 8 16 32 64 128 256 1 1
Cells:

Rir .. . vV vy 4+ + We— — - - -
Rir .. . AR A A T o o A - -
Cells:

Rr oo wldd 4w ~ @ ~ =0 —« — - v
{C*Defede)}

Rir .. ] W - - - — = - v —
(C*Defcde)

Re . 4+ +- - =~ —= - - — -
{CDe fede)

in some ways to the Strong D cells described below., We have not,
unfortunately, had the opportunity of investigating this matter ex-
haustively, but have observed that certain R'r bloods react more
strongly than others, On one occasion, a saline agglutinating anti-D
serum, which had been tested with R’ and which was, therefore, thought
to be free from anti-C agglutininin, was found to give a positive result
with an R'r blood. At first we wondered whether this R’r was
really Rir, but this proved not to be so, and further investigation
showed that the anti-D serum in question would agglutinate R’ papain-
ized cells. It would not, however, agglutinate normal R’ cells in saline
except in the case of the “strong™ R’ with which we were dealing. The
donor of the anti-D serum subsequently developed a normal anti-C.
We have d the same ph 1 on two or three occasions
subsequently and the lesson to be learned from it is that if an anti-D
serum gives a negative result with R’ cells it does not necessarily mean
that it will give a negative result with all samples of R’ cells.

Tue ANTIOENS, D STRONG D, AND —D—
Just as the C antigen can exist in 2 number of different forms so can
the D antigen also

2 - These comprise the various types of D? blood
which react more weakl

y than the normal D antigen, the various
Strong D bloods which react more strongly than the narmal T) aatican
PR R - ' I .o

gen ordinarify en.countered, which
“normal D™, thus lies in the middle

b S b e dne D oanyg
may be conveniently referred to as *
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whilst of common occurrence in D negative persons in association
with anti-D, is to be found only very rarely on its own in the serum of
D positive persons. It is a curious and unexplained fact that, whilst
anti-C-+D is a good deal more common than anti-D-+E in the serum
of D negative persons, anti-C is a great deal rarer than anti-E in the
serum of D positive persons. In the case of D negative persons this is
to some extent due to the frequency of the Rh types, since such people
are more likely to receive an antigenic stimulus from R, than from R,
blood. But in the case of Rh positive persons no such argument can
be considered, since a little reflection will show that the number of R;
individuals stimulated by R, blood is precisely the same as the number
of R, individuals stimulated by R, blood.

All these antibodies may be found as saline agglutinins or incomplete
antibodies or as combinations of these, so that such mixtures as
agglutinating anti-C + agglutinating anti-D, agglutinating anti-
C+incomplete anti-D, and agglutinating anti-E-}-incomplete anti-c
are seen. The properties of agglutinating and incomplete antibodies
and the means of detecting them are discussed elsewhere.

THE ANTIGENS C¥, Cx, CY, ¢

In certain bloods the C antigen exists in various forms reacting
differently from the C antigen ordinarily encountered. This is shown
in two ways. Firstly it is shown by the fact that if the cells concerned are
tested with 2 number of anti-C sera they are only agglutinated by some
of them, and, furthermore, if these sera are titrated against the modified
C cells 2 much lower titre than with normal C cells is found in many
cases. Secondly the difference is shown by the existence of the specific
antibodies, anti-C* (Callender and Race, 1946) and anti-C* (Stratton
and Renton, 1954), which only react with cells carrying the C* and (o
antigens respectively. These antibodies can be, and indeed usually are,
formed by C positive individuals. An apparently naturally occurring
anti-C* has been found in the serum of 2 woman whose husband was C*
negative, and who had never received a transfusion of C* positive blood
(Plaut er al., 1958). Specific antibodies only reacting with C* and ¢¥ cells
are unknown. C° can only be demonstrated by means of its weak and
irregular action with anti-C sera. The antigen ¢ reacts similarly with
anti-C sera, but it is thought to have also some affinity with c, which is
the reason for the choice of symbol ¢’ (Race, Sanger and Lawler,
1948a; Race and Sanger, 1951).

Table 42 shows titration results with an anti-C serum with a number
of cells with modified C antigens, and also the reactions of these anti-
gens with their specific antisera.

From time to time we have encountered what may well be a further
modification of the C antigen reacting more strongly with anti-C sera
than the C antigens ordinarily ed, and perhaps analogous
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Tapte 42, ANTI-C Sera wimt Ceuts wmt VArious C ANTIGENY

Type of serum | Agglutinating anti-C-+incomplete anit-D | Anti-C* Anti-C*

Method of test Saline agglutination 37° C. Aslginz‘l'n /glgf/gn
Reciprocal o,

(fi,l‘;;‘;i‘zlm d t 24 8 16 32 64 128 256 1 1
Cells:

Ry .. . v vV ot b W e — - -
Rir .. O T T 2 e i e ke B e - -
Cells:

Ryr .. .- W - = == - - v
{C*Dejcde)

Ryr .. . w - - - —_— - - v —_
(CwDefcde)

- = m mm = =

Ryr .. PP I — -
(CaDe fcde)

in some ways to the Strong D cells described below. We have not,
unfortunately, had the opportunity of investigating this matter ex-
haustively, but have observed that certain R'r bloods react more
strongly than others. On one occasion, a saline agglutinating anti-D
serum, which had been tested with R’ and which was, therefore, thought
to be free from anti-C agglutininin, was found to give a positive result
with an R'r blood. At first we wondered whether this R'r was
really Rér, but this proved not to be so, and further investigation
showed that the anti-D serum in question would agglutinate R’ papain-
ized eells. It would not, however, agglutinate normal R’ cells in saline
except in the case of the “strong” R’ with which we were dealing. The
donor of the anti-D serum subsequently developed a normal anti-C.
We have ed the same ph on two or three occasions
subsequently and the lesson to be learned from it is that if an anti-D
serum gives a negative result with R’ cells it does not necessarily mean
that it will give a negative tesult with all samples of R’ cells.

THE ANTIGENS, D®, STRONG D, AND —D—

Just as the C antigen can exist in a number of different farms so can
the D antigen also. These comprise the various types of D* blood
which react more weakly than the normal D anfigen, the various
Strong D bloods which react more strongly than the normal D antigen,
and homozygous —D—/—D— bloods which exhibit the most strongly
rea?tmg D antigen of all, and which in addition show no evidence of the
antigens C, ¢, E or e. The D antigen ordinarily encountered, which
may be conveniently referred to as “normal D", thus lies in the middle
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of a range of D antigens of different strengths, extending from low
grade D" on the on¢ hand to —D—/—D— on the other, and this range
appears to be continuous at any rate as far as Strong D. There is some
variation in the strength of ID antigen even amongst the normal D cells
themselves, and this is partly, but not entirely, dependent on the Rh
genotype. R,R, celis in particular usually react more strongly than
cells of any other Rh genotype.

The effect of these variations in the strength of the D antigen shows
itself in two ways, Firstly it affects the titre of an anti-D serum with the
cells concerned, and secondly it affects the ability of the cells to be
agglutinated in saline suspension by mixtures of agglutinin and in-
complete antibody, i.e. by different anti-D sera. As discussed on p. 169,
increasing antigen strength is only reflected by an increasing titre with
the corresponding antiserum up to a certain point; above this point
increasing antigen strength has very little effect on the titre. In the case
of the various D antigens, this point corresponds to normal D se
that D® cells give lower titres with anti-D sera than do normal D cells,
but Strong D and —D—/—D— cells show little or no increase of
titre. Most anti-D sera consist of a mixture of saline agglutinin and
incomplete antibody and these combine with the antigen on the red
cell surface in a proportion which is dependent on the proportion in
which these two types of antibody are present in the serum. This means
that there is a competition for the available antigen on the red cell
surface between the two types of antibody and this may result in the
antigen being unable to take up a sufficient amount of aggtutinin from
any individual serum for agglutination in saline suspension to occur.
The weaker the antigen on the cell surface the greater the chance that
this will happen, and consequently the smaller the proportion of anti-D
sera which will be able to agglutinate the cells in question. This means
that as one goes up the range from low-grade DY to —D—/—D—
the proportion of anti-D sera able to agglutinate the cells in saline
progressively increases. Anti-D sera are divided into saline agglutinat-
ing sera and incomplete sera on an arbitrary basis, i.e. by their ability
to agglutinate normal D cells in saline, so that some agglutinating sera
are unable to agglutinate DU cells in saline, while some incomplete sera
are able to agglutinate Strong D and —D-—/—D— cells in saline. These
considerations explain many of the reactions of the modified D antigens;
which are summarized n Table 43. The modified D antigens differ
from the modified C and E antigens in that no specific antibodies
analogous to anti-C", anti-C* and anti-E¥ are known. The difference
between one type of D antigen and another is largely of a quantitative
nature, and the differences which are found between one modified
D antigen and another are to a large extent cxplig:able in terms of
differences in their strengths of reaction with ordinary anti-D sera

(but see p. 164).
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REACTIONS OF D¢ (Stratton, 1946; Race et al., 1948b, 1948c;
Stratton and Renton, 1948, 1949; Renton, 1949; Renton and Stratton,
1950). The more strongly reacting D* cells, known as high-grade D,
are agglutinable in saline suspensions by only a proportion of saline
agglutinating anti-D sera; their reactions are analogous to those of the
modified C cells. The more weakly reacting D® cells, known as low-
grade DY, are inagglutinable in saline except by those occasional sera
which are both of high titre and which consist entirely, or almost
entirely, of agglutinin (see p. 177). These low-grade D cells are
detected by their reaction with incomplete anti-D sera in the Coombs
test. In the case of the weakest members of the series, only the strongest
incomplete anti-D sera are capable of giving a demonstrable reaction
with the cells since their D-antigen is so weak that a high concentration
of antibody is needed before the cells will take up sufficient to give a
positive Coombs test. D* cells are agglutinable in albumin suspension
by some of the saline agglutinating anti-D sera which fail to agglutinate
them in saline suspension, but they are not usually agglutinable in
albumin by incomplete anti-I sera even if these are able to agglutinate
normal D cells in albumin. In serum albumin the picture is similar,
but a higher proportion of the sera give positive results.

Dt cells may prove antigenic to D negative persons, and haemolytic
disease of the newborn due to anti-D has been known where the
child was D¥, so that D should be considered as Rh positive for all
practical purposes. On the other hand, two or three cases have been
described where anti-D appeared in the serum of D* individuals,
though this would appear to be very exceptional.

TABLE 44, AGGLUTINATION OF STRONG D CrLLS IN SAUNE SUSPENSION BY
Serecrep INCOMPLETE ANTIFD SERA

(After Renton and Hancock, 1956)

Incomplete anti-D yera

Cells
214 254 Li 291 St Ni Ha
Normal D:
RyRy - - - - = - -
RiR, - + - + - — -
Ryt - - - - - - -
Rar - - - - - - -
v +++ FEE Y Y 4t 44
b+ — - -+

R - | FHE H+ FF FE b -
Rir +++ + 4+ o+ -
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REACTIONS OF STRONG D (Renton and Hancock, 1955, 1956).
Strong D cells absorb more anti-D than normal D cells, are agglutinated
by all saline agglutinating anti-D scra, and are agglutinated by a few
incomplete anti-D sera also (Table 44). Many R,R, bloods behave
similarly. The difference between these cells and normal D cells is
most readily demonstrated by means of the blocking titration which is
carried out by means of the following technique:

Technigue of the Blocking Titration:

To each tube of a series of doubling dilutions of o suitable in-
complete anti-D serum in saline add 1 volume of a 3 per cent saline
suspension of the cells to be tested. The contents of the tube should
be mixed and incubated at 37° C. for half an hour. One volume of 2
suitably diluted anti-D agglutinating serum is then added to each
tube, mixed, and the tube incubated for a further one and a half
hours at 37° C. The result is then read microscopically.

‘TanLe 45. THE BLockNG TITRATION
(After Renton and Hancock, 1956)

Reciprocals of dilutions of incomplete anti-D sera
Cells - A _
1 2 4 8 16 32 64
‘Normal D:
Ryr — - - -
R:R, - - - - t +_+ +_+
RiRy - - w w + ++ ++
RiR, - - - - - w +
Strong D:
RR, LI S o S o N SR o S S S

Each tube of the blocking titration contains 1 volume of a dilution of incomplete
anti-D and 1 volume of cell ion, to which is sub ly added 1 volume of
a saline agglutinating anti-D.

';‘ablc 45 shows some results obtained by this techni and the
rationale behind the test is that when more antigen is present on the
cell surface a greater amount of incomplete antibody is needed to
block the antigen against the agglutinin,

Strong D cells with modified C antigens have been known and some-

tilmcs there is evidence suggesting modification of the other Rh antigens
also,

REACTIONS OF —D— (Race ef al., 1950, 1951; Waller et al., 1
: s A B ., 1953).
~—D-—/—D-- cells, as mentioned above, have the stron gest D antigen gt‘
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all, and they are consequently agglutinated in saline suspension by
almost all incomplete anti-D sera. The anti-D sera which fail to agglu-
tinate them are pr bly those containing an exceptionally high pro-
portion of incomplete antibody to agglutinin, or sera containing very
little agglutinin. These cells entirely lack the C, ¢, E, and ¢ antigens, and
they are of very infrequent occurrence. If —D—/—D— persons be-
come immunized to Rh they are able to form anti-C, anti-c, anti-E and
anti-e or combinations of these. Some of these combinations of anti-
bodies will react with cells of all Rh types other than —D—{—D—.
Heterozygous —D— cells have also been described. Their D antigen
is not as strong as that of homozygous —D—/~—D— cells, so that they
are only agglutinated in saline suspension by a few incomplete anti-D
sera. They closely resemble Strong D cells in their reactions, indeed it
would appear that the distinction between them could only be made by
family studies, by dosage studies, or by the presence of the Cand c ot
E and e antigens.

MOSAIC STRUCTURE OF THE D ANTIGEN

Although most of the reactions of D%, Strong D and —D— can be
explained on a purely quantitative basis, qualitative differences be-
tween the D antigens of different individuals also exist. Detailed
studies of D® cells with a large number of anti-D sera (Renton, 1949)
suggested this, but it is most clearly shown by the very occasional
occurrence of anti-D in the serum of D positive individuals.

The serum of these people contains an anti-D which reacts with
almost all D positive cells but not with the patient’'s own cells.
Their cells react with all anti-D sera. This shows that the D antigen
in these people is different from the D antigen of others. Individuals
of type D" with anti-D in the serum have also been described. Table 46
is abstracted from a table by Wiener et al, (1957) describing the
reactions of a D positive person with anti-D in the serum. This case

TABLE 46. M0SAIC STRUCTURE OF THE D ANTIGEN
{Modified from a Table by Wiener et al., 1957)

Cells
Serum A )
RiRy Ar w
Ar 4 [} 4
w 512 8 0

Ar = Patient of Argall (D» with anti-D in serum),
W == Patient of Wiener et of. (D with anti-D in

serum). .
Figures indicate titre with ficinated cells,



THE Rl GROUPS 165

was cross-tested with a case of D which had an anti-D in the scrum
als0, and it shows very cleatly that the D antigens of these two indi-
viduals differ qualitatively from one another.

A simtilar case was described by Rosenfield ef al. (1957) who very
Kindly sent us some blood from their patient. Some of our tests on
this sample of blood are described below, since they serve 1o iflustrate
sorne of the features of such cases and some of the principles involved
in their investigation.

The cells were of type Ryt and nothing unusua) was noticed in their
reactions with anti-C, E ¢ or ¢ sera. Morcover, the cells react, so far
as s known, with all anti-D sera except that of the patient herself,
50 that the difference between the D antigen of these cells and a normal
D antigen can only be shown by differences in the strength and manncr
of its reaction with anti-D sera, The telis of the patient (Co) were
compared with those of a normal Rt individual (Br), When these cells
were tested in saline at 37° C, with thirty-cight agglutinating and
incomplete sera, the following results were seen (the sera have, of
course, been rearranged so as to show the effect more clearly).

SerumNo: 123456 7 8 9 o ) 12
CellsBr .. v v v vy Y v v 33 b ddd b bbb
Cells Co vVVYVYYVy

R S e s
Seem Nos13 14 15 16 17 18 19 20 21 22 23 24 2§

CalsBr  ++4 ++4 F13 + _ - - -

Cells Co w w - ++ +;v+ 1 i t i _ - - -~

Cj;;l;mNo.: 2 27 28 29 30 31 32 33 34 35 36 37 38
r ..~ — - — -

b B

- - - = =~ -4+ +t+ v v v v v

From the results with the first twenty-one sera one would think that
Co was a high grade D, but the results with sera Nos. 22 to 38 are
suggestive of Strong D or heterozygous —D— cells; indeed, sera 33,
34 and 3§ might fairly be described as incomplete sera which agglutinate
Co in saline suspension. Jn other words, with some sera Co behaves as
if it had a weak form of the D antigen, and with others as if it had 2
D antigen stronger than normal. Absorption of serum No. 36 with
nOrm.al D cells removed all reaction with Co confirming that the
;zz;:twns are due to anti-D and not to some other antibody in the

Cross-absorption and elution experiments revealed the nature of the
difference between Co and Br more clearly,

An anti-D serum was absorbed with an equal volume of the cells
Br and Co and eluafes were also made, using the same serum and cells.
Sera and eluates were titrated against papainized cells. The titres were:
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Cells Sim Huﬁm
";;:g,.i:" Unabsorbed ~ Absorbed  Absorbed B Eluted Huted ?
with Br with Co Jrom Br Jrom Co
Br 123 32 64 6 - 32
Co 128 32 8 (2] 128

This is an example of a cross-reacting system. The serum has
initially the same titre with Br as with Co and absorption with or
clution from Br does not affect this equality. The cells Co, on the other
hand, take up preferentially that part of the serum which reacts more
strongly with them than with Br and this is released again on clutlon-
This type of behaviour is a common feature of serological systems in
which two similar cross-reacting antigens are present. It can be scen
that absorption with either type of cell reduces the titre against the
other and that an eluate from either type of cell reacts with the other,
which shows that the two antigens cross-react. The fact that absorption
with Co makes the serum have a higher titre for Br than for Co, whilst
elution from Co has the reverse effect shows that there is a qualitative
difference between the two antigens.

Now this particular serum has initially the same titre with Braswith
Co, but this does not necessarily mean that it reacts equally well with
both. Only in the case of weakly reacting antigens are differences in the
strength of reaction shown by differences of titre (see p. 170). This
serum reacts better with Co than with Br as is shown by the fact that
absorption with Co reduces the titre against Co to a greater extent than
absorption with Br reduces the titre against Br. Also the eluate from Co
has a higher titre against Co than the eluate from Br against Br.

As discussed on p. 170, the agglutination of D positive cells in saline
suspension by anti-D sera is dependent on the proportion of incom-
plete antibody to agglutinin which they contain, The more strongly
reacting the antigen, the more readily will the cells be agglutinated by
sera containing a high proportion of incomplete antibody to agglutinin.
This is because the strongly reacting antigen is less easily blocked.

This serum reacts more strongly with Co than with Br, which means
that the antigen of Co is more strongly reacting than that of Br so far
as this serum is concerned, and thus it might happen that the proportion
of incomplete antibody in the scrum was high enough to prevent
agglutination of Br but not of Co when the cells were tested in saline
suspensxon (the htrcs given abovc were against papainized cells). This
Arptagtagprse Thacamem e "'od agglutination

. Lt st it some sera react
bcuer with Co and some better wﬂh Br, and the fact that some se
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will only agglutinate Co in saline suspension and others \Yill oqu
agglntinate Br is simply a refiection of their strength of reaction with
the two types of cells.

Tue Awnncens, EY, Ev (Ceppellini ef al., 1950; Ceppellini, 1950;
Greenwalt and Sanger, 1955)
Thesc are preciscly analogous to the antigens C* and C7} they give
weak reactions and low titres with anti-E scra and a spcqiﬁc antibody,
anti-E¥, is known reacting only with E cells. Anti-E" is not known.

Tre OmiEr Rh ANTIGENS, §, V (Rosenficld ef al., 1953; Sanger ef al,,
1953; De Natale ¢ al,, 1955; Giblet et al,, 1957)

A pure anti-f has been found in the serum of an R,R; individual. It
reacted with the cells of all persons having the chromosomes r or Ry,
but with no others. Anti-f is often present in anti-c sera and sometimes
in anti-c sera also (p. 157).

 The first example of anti-V was found in the serum of a white male,
m, patient who had been transfused with Negro blood. It reacted with
almost a third of the Negro bloods tested, but only with 0-5 per cent of
white bloods. Al the positive bloods came from individuals with the

chromosomes r or R,. The precise place of V in the Rh system is not
yet clear,

The Mode of Reaction of Rh Antibedics
THERMAL QpTIMUM

The great majority of Rh antibodies act best at 37° C. and only
weakly, if at all, at 16° C., but very occasionally Rh antibodies are
encountered which act better at the lower temperature. Some of
these cold Rh antibodies are of immune origin, such as the cold anti-
C antibody referred to below, and others seem to be of natural occur-
rence, such as certain anti-E sera which have been found acting best at
low temperature and where there is no history of antigenic stimulation.

Tyees oF Rh ANTIBODY

The Rh a_mibodies in different sera react with erythrocytes in a
variety of different ways. Some agglutinate the cells in saline sus-
pension, others only in albumin suspension or by the Coombs test,
f\rnd some are only detectable by the use of papain treated cells (see

able 55, p. 188). If the albumin and Coombs tests are compared as
@ means of detecting antibodies it is found that whilst many react by
‘Poth mcthod§, a numbe:.r react only in the Coombs test, and a few only
in the~ albumin test. Dxﬂ‘efences such as these Jead one to suppose that
a variety of types of antibody of the same specificity exists, but the

fact that it is not known precisely how many types of antibody there
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are, and which types react in which tests, renders the whole subject
rather confusing.

The first distinction which was drawn was between the saline agglu-
tinin which agglutinates cells in saline suspension, and the incomplete
antibody which fails to do so and is only detectable by other means.
Even this first distinction, however, is not always as clear cut as at
first sight seems to be the case, since some of the tests for incomplete
antibody give positive results with agglutinin also, and since incom-
plete antibody has a blocking effect which may interfere with the
agplutinating effect of the agglutinin, so that the fact that a serum fails
to agglutinate cells in saline suspension does not mean that the serum
is necessarily free from agglutinin. !

Incomplete antibodies have themselves been thought to be non-
homogeneous and, as a result of discrepancies between results given by
different tests for incomplete antibody and by various physical and
chemical fractionating procedures, incomplete antibodies have been
divided into a number of types which have been referred to by terms
such as “agglutinoid”, “cryptagglutinoid”, “blocking antibody” and -
“albumin-agglutinin”. However, the complications which occur even
in the case of the simple division into saline agglutinin and incomplete
antibody have even more force when one attempts to subdivide in-
complete antibody into different types. Another difficulty is that the
tests vary in sensitivity so that some of the differences are of a purely
quantitative nature. As a result of these difficulties, no clear picture of
the different types of incomplete antibody which exist has emerged,
though there is no doubt of the existence of more than one type. .

‘The existence of various ill-defined types of incomplete antibody has,
however, little practical importance, and, provided it is remembered
that the different tests for incomplete antibodies do not always detect
exactly the same thing, it can generally be ignored. The widespread use
of saline agglutination techniques, on the other hand, means that the
distinction between saline agglutinin and incomplete antibody is of
considerable importance. These two types of antibody compete with
one another for the antigen on the cell surface, and under some circum-
stances the presence of incomplete antibody can accordingly interfere
with the action of the agglutinin. The extent of this interference is in
turn infinenced by the properties of the antigen involved and the
interaction of these factors gives rise to effects such as zoning and block~
ing. It also determines which types of cell a serumis able to agglutinate
and may affect its ability to show dosage.

Some of the ways in which these factors operate are considered below.
They have been most intensively studied in relation to the reaction of
anti-D with the different types of D antigen, but agglutinins and in-
complete antibodies of other specificities are well known, and there is
no reason to suppose that they behave differently from anti-D.
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EFTCT OF ANTIGEN ON AGGLUTRGN TiTRY

The titre of an anti-D agghutinating secum with D positive cclls is
dependent not only on the amount of agglulinin. in the scrum but also
on the type of D antigen borne by the cells. The mmmlh-.—-D——I-—D—.
Strong D and R,R, cells is almost the same as that with normal D
cells, whilst the titre with D" cells is less than that with normal D
cells. This cffect is shown in Table 47 and the reason for it appears to
be that the amount of agglutinin on the cell surface is affected both
by the amount of agglutinin present and also by the ability of the cells
to take up the agelutinin, It scems that the first factor determines
the end point for cells with strong antigens and the second factor that
for cells with weak antigens.

Tasie 47, Errrct of Tyre ofF D Avnoen on Trre
(Afier Renton and Hancock, 1958a)

Titre of agglutinating anti-D serum Ho

Cells [ Al ~

2 4 8§ 16 32 64 128 256 5121,0002,000
-D-f-D- .. v v v v v ottt bt b - -
Strong D v v v v v ++tdd b+ ow -
RR, .. v v v v v ottt b+ - —
Normal D v v v v 4+t b b = - -
DHG .. bt b b b 4 - = = = = -
D" LG ++ + W o= - - - - =

HG = high grade. 1G = low grade,

1t is welt known that antigen and antibody can combine together in
varying proportions so that the amount of antibody combining with a
fixed amount of antigen depends on the ration of antibody
present. Fig. 4 shows the main quantitative features of the reaction.
When the amount of antibody in the serum is small most of it will be
taken up by the cells, and as the amount of antibody is increased the
aTTpunt taken up by the cells increases at first to almost

oun the same extent

Y1 w3 hs oubwil LY wie lop part of the curve. Now different
aptigens can take up different amounts of antibody from th::ﬁs;;x;
serum so that there is really a family of curves for the different D
antigens each showing the same general features, but with a great deal
more antibody .needcd 1o reach the top part of the curve in the case of
the strong antigens than in the case of the weaker ones. With the
stronger antigens, the amount of antibody needed at the cell surface
for aggl'mmahon to t2ke place Yies on the lower part of the curve where
the antibody taken up by the cells is almost equal to the antibody
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are, and which types react in which tests, renders the whole subject
rather confusing.

‘The first distinction which was drawn was between the saline agglu-
tinin which agglutinates cells in saline suspension, and the i pl
antibody which fails to do so and is only detectable by other means.
Even this first distinction, however, is not always as clear cut as at
first sight seems to be the case, since some of the tests for incomplete
antibody give positive results with agglutinin also, and since incom-
plete antibody has a blocking effect which may interfere with the
agglutinating effect of the agglutinin, so that the fact that a serum fails
to apglutinate cells in saline suspension does not mean that the serum
is necessarily free from agglutinin.

Incomplete antibodies have themselves been thought to be non-
homogeneous and, as a result of discrepancies between results given by
different tests for incomplete antibody and by various physical and
chemical fractionating procedures, incomplete antibodies have been
divided into a number of types which have been referred to by terms
such as “agglutinoid”, “cryptagglutinoid”, “'blocking antibody” and .
“albumin-agglutinin”. However, the complications which occur even
in the case of the simple division into saline agglutinin and incomplete
antibody have even more force when one attempts to subdivide in-
complete antibody into different types. Another difficulty is that the
tests vary in sensitivity so that some of the differences are of a purely
quantitative nature. As a result of these difficulties, no clear picture of
the different types of incomplete antibody which exist has emerged,
though there is no doubt of the existence of more than one type.

The existence of various ifl-defined types of incomplete antibody has,
however, little practical importance, and, provided it is remembered
that the different tests for incomplete antibodies do not always detect
exactly the same thing, it can generally be ignored. The widespread use
of saline agglutination techniques, on the other hand, means that the
distinction between saline agglutinin and incomplete antibody is of
considerable importance. These two types of antihody compete with
one another for the antigen on the cell surface, and under some circum-
stances the presence of incomplete antibody can accordingly interfere
with the action of the agglutinin. The extent of this interference is in
turn influenced by the properties of the antigen involved and the

an' lfD with the different types of D antigen, but ngg]uﬁhixlls and in-~
complete antibodies of other specificities are well known, and there is

no reason to suppose that they behave differently from anti-D.
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AGGLUTINABILITY OF CELLS WiTIt VARIOUS TYPES OF 1) ANTIGEN.
If incomplete antibody is present when saline suspensions 91‘ cefls nre
{ested with anti-D ser, it can combine with some of the antigen on the
sed cell sucface and thereby interfere with the uptake of apglutinin, An
important result of this blocking effect is that it can mask the presence
of agglatinin in anti-D sera. Now cells with various types of D antigen
require various ts of inc tibody for blocking to occur,
and since anti-D sert vary in the proportion of incomplele antibody 10
agglutinin which they contain, it follows that cells of various types will
be agglutinated in saline by a varying proporstion of anti-D sera. 1t
must be remembered that sera arc classified as “agglutinating” or as
“incomplete” sera according to their reactions with normal D cells
in saline suspension, and that this is really an arbitrary distinetion.
Those sera which contain sufficient incomp) ibody 1o cause
blocking with a certain strength of will not agglutinate cclls

with weaker antigens since blocking will be even more marked, They

with stronger antigens. This is the
DD D »

may, however, agglutinate eclls
Tonran facitan 0t eat L
a . .-

incumpiete snuvoay

¥ and an incomplete serum, and also that between
an aggluhmn apd an agplutinating scrum. An anti-D serum which
Contains a sufficiently low proportion of incomplete antibady to enable
it to agglutinate cells of any given type will be found to agglutinate all
cells with stronger D antigens. The pattern which results from this is
shown in Table 48, where the results of testing fifty unsclected anti-D
sera with cefls of different strengths of D antigen are shown,

Tante 48. Reacrions or Frrry AnTiD SERA WITH SAUNE
Suseensions ox Cets nAviNG Vapsous D Anmigens
(After Renton and Hancock, 19582)

Number

Tspe of antigen
of serq

—
-D-l-D- Strong D Normal D D=HG  D°LG

R ke d
|1 +++++
Pl i++t
IR R A

tririrt

This table shows the number of sera giving each pattern of reaction.
+ == Positive reaction HG = high grad
— == Negative reaction LG : lu\%l g;‘;?l:
* = Atypical, but unfortunately could not be retested.
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present. This means that the cells will agglutinate in a certain concentra-
tion of agglutinin irrespective of the strength of antigen at the cell
surface, provided this is strong. The end point of the titration will thus
only depend on the concentration of agglutinin present and will be
independent of the antigen. With the weaker antigens, on the other
hand, the amount of agglutinin on the cell surface needed for agglu-
tination lies on the upper part of the curve, so that a high concentration
of agglutinin is needed and the titre is thus reduced as compared with
the stronger antigens. Furthermore, it can be shown that the cells with
the weaker antigens need to take up more agglutinin for agglutination to
occur than do cells with stronger antigens, as can be shown by the fact
that D* cells from the first negative tube of a titration will agglutinate
when washed and mixed with R,R, cells (Renton and Hancock, 1938b).

The cc o 2 of these iderations is that antigen strength only
affects the titre in the case of the weaker antigens.

AMOUNT OF ANTIBODY TAKEN UP BY CELLS

AMOUNT OF ANTIBODY IN SERUM BEFORE ADDING CELLS
FIG. 4, Hypotheticat curve of antig: ibady reaction.

EFFECTS OF INTERACTION OF INCOMPLETE ANTIBODY AND AGGLUTININ

The effects produced by the interaction of incomplete antibody and
agglutinin are of some practical importance, and one way out of the
difficulty caused by ignorance of the true nature of the different types
of incomplete antibody is to define incomplete antibody as “antibody
which fails to agglutinate cells in saline suspension but which p
with the agglutinin for the available antigen sites”. The advantage
of this definition is that it embraces all types of incomplete antibody
and so enables one to consider the various gﬂ:ecls produced by the
interaction of incomplete antibody and aggiutinin.
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serum. Table 49 shows three titrations of an anti-D serum showing a
prozone with D positive cells. The titrations were carried out simul-

TASLE 49. Errict of SramiaL Ritamiossitie o ERvIHROCYTES ON Prozont

of saline anti-D
Conditlon of erythroc) tes durlng Tureof o —y
Incubation petiod 1 2 4 8 16 32 64

Sedimentation by gravity for 1} hr.
then centriluged 1,000 r.p.m. for 2 min. w44 gt b b -
Centrifuged 1,000 r.p.m. for 2 min. then
incubated 14 hr, with cclls packed at
bottom of tube; then centrifuged 1,000

1.pm. for 2 min. .- .- PO I 2 S A s o o 2 o S S
Agitated intermittently for 1§ hr. then
centrifuged 1,000 £.p m. for 2 min. .. L S e s i

fancously, and the only difference between them was that the tubes
were treated differently. In the first titration they were allowed to
sediment for one and a half hours at 37° C. The tubes in the second
titration were centrifuged immediately after the cells and serum had
been mixed and were then incubated for one and a half hours with the
cells in close contact with one another at the bottom of the tube. In the
thu-_d titration the tubes were tapped at intervals during the incubation
period to prevent the cells from setdling. All the tubes were centrifuged
at the end of the period of incubation before reading the results, It
can be seen from this experiment that close contact of the cells during
the reaction promotes the second stage of the agglutination reaction
50 that zoning is diminished. Keeping the cells apart from one another
Whilst they are in the serum has the reverse effect. Normal D cells were
used.m this experiment and it is interesting to notice that the spatial
relationship of the erythrocytes did not affect the titration end-point.
Table 50 shows a similar experiment using D" cells, and it can be seen
that the titration end-point here is affected by the spatial relationship of
the erythrocytes. We have seen above that the titration end-poiat is only

TABIESO Errect on SPATIAL RELATIONSHIP OF ERYTHROCYTES ON THE END-POINT
OF A TrrRATION WITH D% CELLS

Condition of erythrocytes during Tutre of .m‘h'ne anti-D
incubation period

—
1 2 4 8 163264

s:edil:l?(l:lﬂtilelil %mvity for 1% hr. then

Ntrifuged 1,000 r.p.m. for 2 min, . -

Ag\ml.cd intermittently for 1% hr. then v Vot 4w
centrifuged 1,000 r.p m. for 2 min, +++ ++  + W = - -
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To cause agglutination a serum must have (i) a sufficient amount of
agglutinin, and (if) a sufficiently low proportion of incomplete antibody,
For normat D, R,R,, Strong D and ~D—/—D~ cells, the amount of
agglutinin required is practically the same, and the proportion of
incomplete antibody is the determining factor. For DU cells more
agglutinin is needed than for D cells, and both factors are important.

ZoNING. Zoning is a phenomenon in which, although no agglutina-
tion is observed with low dilutions of serum, agglutination does occur
when the serum is difuted fusther. This phenomenon cas, in theory at
any rate, take place due to the presence of excessive amounts of agglu-
tinin alone, but it is much increased by the presence of incomplete anti-
body. It is also dependent on antigen strength and is always more
marked with a weaker antigen than with a strong one.

The basic reason for this phenomenen seems to be that agglutination
takes place in two stages. In the first stage the cells take up molecules
of agglutinin frec in the serum, and in the second stage they take up
molecules already attached to other cells, and agglutinate in consequence.

The two stages may well be concurrent. The second stage is favoured
: _.""l:l..- :' H.In.‘.,-.n ‘e W L (‘H“.ﬁ'.-.-‘

I : oo e
the cell surface, since this reduces the ability of the cells to take up
agglutinin already attached to another cell. It does not matter in this
connection whether the cell has taken up agglutinin alone or incomplete
antibody and agglutinin in the first stage of the reaction, since both
will have the effect of reducing the ability of the cell to take up agglu-
tinin in the second stage. A very high concentration of agglutinin alone
could itself interfere with the second stage sufficiently to prevent
agglutination, causing a prozone due to pure agglutinin excess. If
incomplete antibody is present as well as agglutinin the same mechanism
would appear to operate as in the case of agglutinin alone. The pro-
zone in each case is due to excessive amounts of antibody at the celt
surface interfering with the second stage of the reaction. With in-
complete antibody present, however, zoning occurs much more readily
than with agglutinin alone, since the former has only a hindering effect
on the second stage whilst the latter has both a hindering and an en-
- - ~L X AT N T -‘IV‘l.v ‘I!v ST . ERAILLE]

these two factors that determines the occurrence of agglutination
(Renton and Hancock, 1958b).

The fact that agglutination takes place in two stages is itlustrated by
the fact that the length of the prozone is dependent on the spatial

relationship of the erythrocytes whilst they are in contact with the
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serum. Table 49 shows three titrations of an anti-D serum ﬂmRTng In
prozone with D positive cells. The titrations were carried out simul-

TaptE 49, EFFECT OF SPATIAL RLLATIONSITP OF FRYDIROCYTIY O Prazowt,

Titre of saline antl-D
Conditlon of erythrocytes durlng ! "
incubation period

T Tz 4 8 1606

Sedimentation by gravity for 1§ hr.
then centrifuged 1,000 r.p.m. for 2min, w
Centrifuged 1,000 r,p.m. for 2 min. then
incubated 14 hr, with cells packed at
bottom of tube; then centrifuged 1,000
r.p m. for 2 min. . 4+ v b e -
Agitated intermittently for ll hr. lhcn
centrifuged 1,000 r.p m. for 2 min. ..

4 A4 A A 4 -

= o = e

tancously, and the only difference between them was that the tubes
were treated differently. In the first titration they were allowed to
sediment for one and a half hours at 37° C. The tubes in the sccond
titration were centrifuged immediately after the cells and serum had
been mixed and were then incubated for one and a half hours with the
cells in close contact with one another at the bottom of the tube. Inthe
third titration the tubes were tapped at intervals during the incubation
period to prevent the cells from settling. All the tubes were centrifuged
at the end of the period of incubation before reading the results, It
can be seen from this experiment that close contact of the cells during
the reaction promotes the second stage of the agglutination reaction
so that zoning is diminished. Keeping the cells apart from one another
whilst they are in the serum has the reverse effect. Normal D cells were
used in this experiment and it is interesting to notice that the spatial
relationship of the erythrocytes did not affect the titration end-point.
Table 50 shows a similar experiment using D cells, and it can be seen
that the titration end-point here is affected by the spatial relationship of
the erythrocytes. We have seen above that the titration end-point is only

TABLE 50. EFFECT OF SPATIAL RELATIONSHIP OF ERYTHROCYTES ON THE END-POINT
OF A TrrrRATION WiTH DU CELLS

Condition of erythrocytes during \ Tire of. :aAIine ant-D
. v A r )
incubation period l 1 2 4 8 1_6 12 64
Sedimentation by gravity for 1} hr, then

centnifuged 1,000 r.p.m, for 2 min. v v +++ F4+ +w —
Agitated intermittently for 1} br, lhen
centrifuged 1,000 rpam. for2min. ., | 444 ++ + w
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dependent on the antigen in the case of the DY ceffs The- : %
further illustration of the sarn - =

5pm.~t -
in eupAnU LS

Po. napunsaiice 1 the Sandwich test also,

EgFECT OF INCOMPLETE ANTIBODY ON AGGLUTININ TrTrRe. The
presence of incomplete antibody in a saline agglutinating serum has no
effect on its titre. The reason for this is that when the propomon aof in-

complete antibody in a serum or mixture of sers e =~ 1 . HIE
amount ofagglutmm geanivs e . C.

gamn Y

tue second stag , ewuptt IS hkely that o
further increas . ppurion of incomplete antibody present
would also cause a reduction in the amonnt of agglutinin taken up in
the first stage of the reaction. This phenomenon is shown in Table 51.
Once agglutination has failed due to antibody excess, reducing the

Tants 51. EFFRCT OF INCOMPLETE ANIIIODY ON AGGLUTINATION
oF Normar D Cruis
(After Renton and Hancock, 1958a)

Reciprocals of dilutions of agglutinating antl-D serum

A x)

P 2 4 8 16 32 64 128 2356 512
Gtol v v v v v dt -
Ito64 vy v v v v I
1to32 v v y v ¥ ¥ T4+ W -
11016 vy v v ¥ v F++ o+ -
1to8 v v v v v 44t A W -
1104 v v v v LA o Tt S
{102 v v v v v Akt A W -
itod 4 v v v LA S 2 s T
2101 RO s e b SR A o o S 0 (S
4101 ~ + ++ 44+ b+~
8tol ~ w + N
1601 - - w w -
2t01 - - - -
6dtal - - -

Fach tube contawed 1 volume diuted aggluuua!ing serum, 1 volume dduted
incomplete serum, and 2 volumes cell suspension,

Fach column shows results for a constant Defutine % - 7 "

Each row shows restlfs for Lot NS
serum (e.g. for & tube cor - .o Loy s
scrum diduted L 1n 36, P= L "
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ilution of the scrum will only scrve to increase the antibody cicess,
(s‘: lsgtr‘agg\uﬁnaﬁon cannot take place. Theonly way to fet npglulm:f-
fion once it has been inhibited by nnﬁboz}y: excess is to increase the
proportion of agglutinin so that the agglutinin is able to overcome the
antibody excess. It is the balance between the amount of apglutinin and
the total amount of antibody which is the deciding factor.

DOsAGE

Some anti-Rh sera show the phenomenon of dosage; 1h:'u it to
say, higher titres or higher titration scores are scen when using cells
from the homozygote than from the heterozygote. This is a constant
and very marked feature of anti-c ser, and is well seen with many
anti-E and anti-e sera also. The majority of anii-C sera show little or
no dosage effect, With anti-D, not more than a trace of the effect is
occasionally scen, and this is not only dependent on whether the
individual is Dd or DD, but also appears to be dependent on the other
Rh antigens and on other unknown factors also.

If the dosage effect is considered only as shown by the titre, then it
can be seen that the considerations given above regarding the effect of
antigen strength on titre are relevant, This means that differences of
titre will only be seen in the case of antigens which are present on the
red cell surface in small amounts. With antigens which are present in
greater amounts dosage effects can s i better d rated by
comparing the titration scores, This may be due to incomplete antibody
causing partial blocking of the weaker antigen of the heterozygous cells.

EFFECTS OF INTERACTION OF ANTIBODIES witit Arpumix Crin
SUSPENSIONS

The use of 20 per cent bovine albumin cell suspensions shows the
existence of different types of incomplete antibody, since antibodies

TABLE 52. ReACTIONS of ANT-D SERA WITH SALINE AND 20 PER CENT. Bovine
ALBUMIN SUSPENSIONS OF CELLS HAVING VARIOUS D ANTIGENS

Salineg suspension of cell

Seram 7 of cells ]( Albumin :winulan of eells
Ne. |-D-f-D- Strong Normal DU -D<[-D- Strong Normal D pv
D D LG D b HG LG

30 v —_ -

O R A B
- v . -
FON N Tz M v AR =
15 |44+ 44 ¢ M
20 l+++ + ¢ - ) ¥ M M Y-
11; LA 5 o S S A M +j\'-+ [~
- - I v Voot —
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havmg an agglutinating effect in albumin and a blocking effect in

may be d d. Furthermore, many of the effects
caused by the interaction of saline agglutinin and incomplete antibody
on saline suspensions of cells also occur through the interaction of the
different types of antibody active against albumin suspensions of cells,
These are illustrated by Table 52, which shows that those sera which
have the least agplutinating action when tested against saline suspen-
sions of cells having various types of I antigen are not necessarily the
ones which give the weakest results against albumin suspended cells.
This shows that part of the incomplete antibody has an agglutinating
effect in albumin, and part of it has not, so that the albumin agglutinin
acts as an incomplete antibody when the cells are tested in saline and as
an agglutinin when they are tested in albumin.

Unusual TYpes o Rh ANTmopy

“Corp ANTI-C R antibodies not conforming to the usual pattern
are occasionally seen, For example, we have seen several instances
of *“cold anti-C” in the sera of rr women. In saline, these acted
predominantly in the cold, and sometimes, but not always, the reaction
was enhanced by using serum albumin cell suspensions. Some of the
antibodies failed to react by the indirect Coombs test, A dosage effect
was shown by some of them; this is not often seen with anti-C sera.

Some of these sera had a strict anti-C specificity, others had a little
anti-D also, and in one case a strong anti-D, acting best in the cold,
developed later in preguancy.

Some of the reactions of one of these “cold anti-C” sera are shownia
Table 53.

TABLE 53, REACEIONS OF A “(COLD ANTI-C™ SERUM, SHOWING THAT IT
ACTS BEST AT 16° €. AND GIVES A SuaaristioN of Dosace

Cells Method of test
A
r & S
Sahne agghatination Serum
Name Group C‘;Z';b’ albumin
16°C rc rC,
Fa RiRy - v - +++
Pr R;Ry - v - F b
Ey Ryr - ++ - w
Fi Ryt ~ ++ - w
Bu RyRy - 4t -~ ++
Sp RT -~ v -~ ++4
Fr RyRy - - - -
Ke Ryr — - — —
Br Ror - . - -
Le T - - - -
Ke o - ~ - -
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“PURE AGGLUTININS.” Anotherunusual type of antibody is the “pure
agglutinin® apparently free from incomplete antibody.

If the agglutinin is of moderate titre the absence of incomplete anti-
body is shown by the negative indirect Coombs test given by the serum
(as in the case deseribed below) but with a more potent agglutinin this
effect is apt to be masked by the agglutination of the cells in the test
before the Coombs reagent is added. In such cases, however, the
strength of the result is the same whether saline or Coombs reagent is
added in the test (see Table 54),

‘We have encountered three examples of this, all of specificity anti-D.
The absence of incomplete antibody gave rise to two remarkable
effects. Firstly, since it seems that agglutinin does not ordinarily pass
the placental barrier, the antibody did not give risc to haecmolytic

Tarte 54. TrRATION OF A “PURE AGGLUTININ® ANTI-D SERUM

Titre of anti-D serum Ho
A

i 2 4 8 16 32 64 128

With safine added . -
With " Coombs. reagent okt o S 1 ot i o S o8 N

aded o | b R bbb R b4 - -

AnF:lrck‘xh(ixluuop.cr the serum was tested by the Coombs technique in the usual way.
Pl bdnscta!:;‘;vgd cells had been washed they were divided into two portions,
reagen o%s : to one and Coombs reagent to the other. The fact that Coombs
s et e no! enhancr.: the titre suggests that little or no incomplete antibody

, though a weak incomplete antibedy would not be detected by this method.

disease of the newborn, Secondly, the sera agglutinated even low grade
on ;:lc:l: in salm; slxspensign. As discussed on p. 171, the inaﬁlity
e bloz kfngglu;natmg anti-D sera to agglutinate D cells is due to
This o dg effect of t}}c incomplete antibody which they contain.

cifect does not obtain with a *“pure agglutinin” and such sera can

consequently agglutinat > i
of sufficions litgril. e even low-grade D¥ cells provided they are

i One such serum which we studied aggluti
f One galutinated
imi\é: out of thirty-eight D* bloods tested. Many of these were of

Thv N
¢ reason for the absence of incomplete antibody in these sera

ibody T pregnancy, as was shown by
t Positive infant had a positi i

A previous D posits | positive direct Coombs test,
pirk by Positive infant had had a negative direct Coombs test

The ,:'ollowmg case illustrates some of the features of these sera:
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Case 31

Mrs. B.D., a third para, had received a transfusion of two bottles
of blood of unknown Rh type two years previously; she was group
AR‘r (tests for D® were negative), and her hushand was group ARjRy.
Antibodics were defected in her serum antenatally by the papain ceh
test and, on further investigation, pave the results shown below.

Further tests confirmed that the antibody was anti-D, and tests
with different Coombs reagents were negative. The patient’s serum
contained a normal quantity of -globulin, D cells, even of low
grade, were agghutinated in saline suspension by the patient’s serim.

Mrs, ED.'s baby was born by Caesarian section and had a
haemoglobin of {7 gm. per cent; serum bilirubin 2-1 mgm. per centat
birth. 1t was not Jaundiced and remained healthy, The baby was
group AR,R” and nio anti-I) could be detected in its serum byithe
papain cell, Coombs or serum albumin technigues using RyRy and
RyR, cells, The diract Coombs test was negative using two different

Saline agglutination Serum
Cells Coombs | A olbumin
test LLR kAR o Kyl
RiR, ~ v v v
Ryr e - v v v
RRy . ~ +b o e
Ry - e v v
Most kmowa § T - - - .
aatigens -

Coombs reagents, one of which was tested at nine different dilutsons.
Incubation with fresk adult serum did not cause the cells to give a
positive direct Coombs test and they did not agglutinate when
suspended in serum albumin, nor in fresh adult serum. No anti-D
could be detected in an eluate of the chitd's cells. Tt was thus evident
that the mother’s anti-D hod failed to pass throupgh the placenta
due 1o its being composed entirely of agghutinin,

The Preparation of Rl Typing Sera

Tre PREFPARATION OF ANTHD TYPie Sera

ANTID SERA FOR THE Tuse TECHMOUE. In most cases these sera
come from Rh negative women who are mothers of infants suffering
from haemolytic disease of the newborn. In general these and other
anti-Rh sera should if possible be collected during the puerperium and
the agglutining are likely to be ot their best between fificen and twenty
days post partam. Mt is not possible to obtain the patient’s blood until
{ater it will sometimes be found that the antibodies have changed their
properties in vive and become less suitable for vse as typing sera.
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The patient is bled into a dry bottle and the serum separated insucha
manner as to give a maximum yield (sec p. 21). Preliminary tests are
then carried out to see what antibodies the serum contains. We
generally test the serum by Coombs, scrum-:llbumm-at 37° C, and
saline agglutination at 16° C. and 37° C. with the following celfs; Ry, Ry,
R’, R” and three or more selected rr cells bearing as many of the known
blood group antigens as can be managed, so as to rgveal the presence
of antibodies of the other systems. These tests will usu_ally give a
pretty good idea as to what antibodies the serum contains, though
further tests to identify these may be needed in some cases. An anti-D
serum should give strong results in saline at 37° C. with the R, and R,
cells and negative results with the other cells. Agglutination of the
D positive cells at 16° C. is a favourable sign, usually indicative of good
strength and avidity of the anti-D agglutinins. If antibodies other
than anti-D are present these must be identified, but if they are not very
strong it is likely that the serum does not need to be discarded, since
they can often be removed during the absorption process. The serum
must next be absorbed with A rr or B rr cells or with both, as appro-
priate, in order to remove anti-A and anti-B. The technique described
on p. 23 is suitable. When the absorption has been satisfactorily
completed the serum should be titrated in saline with R, and R, cells
at 37° C. and also retested with R’ and R” cells. From the titration
results one can see whether it will be possible to dilute the serum before
use, but considerable discretion should be exercised, as it is very easy
to be over-optimistic and dilute the serum too far. A diluent of normal
AB serum tested with a variety of cells to exclude the presence of
antibodies is better than saline. The titre of the serum js a very
imperfect guide to its suitability as a reliable anti-D typing serum and
the strength and firmness of the agglutination are often more valuable
guides than the actual titration end-point. Sera which, though of
high titre, give weak results all down the titration are unlikely to
be satisfactory in use. The serum should still give at Teast a ~}---+-
result at a dilution eight times greater than that at which it is intended
to be used, but in practice it is found that so great is the demand
for. serum, and so difficult is it to obtain a sufficient supply, that
it is not afways possible to keep to this standard. The final step
before the serum is put into use is to test it in parallel with a serum of
known reliability on two or three hundred samples of blood; if there
ate na discrepaucies the sernm may be used. This last step must not

be omitted, since jt is impossible to be certain by earlier tests whether it
will in fact prove satisfactory.

It is not desirable to build up a large stock of anti-D typi
I -D typing serum
absorbed and ready for use, since there is 2 considerable danger of

anti-A and anti-B _renppenriz.:g in the serum after absorption, The
serum may change its properties on storage in other ways also, so that
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the sera should only be processed a short time before they are to be
used. The following example illustrates these procedures.

EXaMPLE OF THE TESTING AND PREPARATION OF ANTLD SERUM
F¥OR THE TUBE TECHNIQUE,
Serum, Mes. M.P. group Orr,

Preluminary Tests Test
—'--'—'—“‘\
Cells Saline Saline 5
Coombs 20°C. 37°C. Album}n
O R v v v
Q Ryr v v v v
O MNS,P,kk, Lu(s—), Leta+b—), Fy(a—), - - - -
Hfa+)
[ n-M(s, p, kk, Lu(a+), Leta~b+4), Fy(a+), - - -
+

o n-?zS P, Kk, Lufa—), Le(a~b-+), Fyla+), - - - -
-)

Prehimingry Titration. Saline 37° C,

Cells Ditution, 1 in—
1 24816 32 2]
o Ryt v vVvy vy v A
o] Ry vvvvv+++ B e
o R’ +
(o] R~ -

Remarks. A potent anti-D saline agglutinin with a trace of anti-C also.

The titration has not been carried farenough, but thisis not important
because it is evident that this will be a useful serum in any case, and
further titrations will be carried out after absorption.

Tests of absorbing ceils

Celis Apti-A A B C4D D D E
AT.7678 v v - - P
AT.7674 - v - - — -

This confirms that the cells are A, fr and B rr and 8 mixture of
equal parts of washed cells of the two types was used.

Tests on absorbed serum
Absorption test

Cellz Type 16°C. 3P C.
ATI678 Agr - -
AT.7674 Brr - -

Titration, Saline 37° C.
Cells Dilution, t in—
3 6 1 2
X e S e
v+

O R
O Ry
o X
(4]

P leem
fleen
fleen
Pl eew
R
&
2
~
ltl\“g

14+
iz

RY
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Parallel tests. Tested at a dilution of 1in 8 with 257 random b'loods
in parallel with the anti-D serum Bi and found to give good agglutinates
and no discrepant results. .

Conclusion. Suitable for useas an anti-D serum for the tube technique
at a dilution of 1in 8.

ANTLD SERA FOR THE SANpWICH TECHNIQUE. These are pre-
pared in a similar manner, and sera, which it is at first hoped will prove
suitable for the tube technique, but which are subsequently found to
have an insufficiently strong agglutinin to give reliable results, are
usually suitable for this purpose. There is usually a plentiful supply of
such sera. Sera for the Sandwich test ought to be tested with two or
three hundred bloads of known Rh type by the Sandwich technique be-
fore they are put into use, and they should also be tested with Rh
negative cells carrying as many as possible of the known blood group

i by the same techni The principle in all such cases is to test
the serum by the technique for which it is intended, but this does not
absolve one from the necessity of also testing the serum by the standard
techniques. The reason for this is that contaminating antibodies may
be present which will only react weakly by the Sandwich technique
(or other special techniques) and which will perhaps react more strongly
by one of the standard techniques. In most cases this means using the
Coombs test, serum-albumin test and agglutination tests by the tube

technique at 16° C. and 37° C. with cells bearing most of the known
blood group antigens.

INCOMPLETE ANTI-D FOR THE DETECTION OF D%, These should
be as strong as possible and a watch should be kept for strong examples
of incomplete anti-D from cases of Rh incompatible transfusion, and
from mothers of cases of hydrops foetalis, stillbirths due to Rh incom-
patibility and the like, and supplies of serum obtained from the patients
where possil‘{le. From such sera the best ones may be selected empiri-
cally by testing them in the Coombs test with low grade D* eells and
selecting those which give the best results. In any case it is essential that
these sera shall be absolutely free from traces of anti-C and anti-E; the
former is the 0 taminant. To exclude anti-C, Coombs tests
should be carried out with a number of examples of R’ blood, freshly

collected if possible. Tests ought not to be confined to one or two
ex'amplcs of R’. blood only, since certain examples of R’ appear to con-
tain an exceptionally strong C antigen reacting with traces of anti-C
which are not apparent when other R’ cells are used (see p. 159). Tests
with p.a;_)almzed R" cells ought also to be included. Traces of anti-D
agglutinin do not impair the use of the serum for the detection of D"

ANTIGLOBULIN TEST CONTROL SERUM. This is an incomplete anti-
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D used (o prepare sensitized cefls for use as a controf in the Coombs
test. 1t ought to be completely free from agglutinin, but traces of in-
complete anti-C are not important; the serum need not necessarily be
absorbed since one can always use group O cells in the preparation of
the control. It is important to have this serum of the correct strength,
difuting it with serum if necessary. If the control cells are too strongly
sensitized they will still be agglutinable by weak Coombs reagent or by
Coombs reagents which have been partially neuvtralized by accidental
contamination with human serum so that the control, which is a coatrol
of the washing of the cells in the Coombs test and of the fact that the
Coombs reagent is working satisfactorily, will be insensitive. On the
other hand, it is undesirable to have the Coombs control serum too
weak, since minor variations in the preparation of the sensitized cells
from day to day will sometimes result in failure to achieve detectable
sensitization. The standard to be afmed at with this scrum is that the
sensitized cells prepared by its use will give 2 444 result after six
minutes with the routine Coombs reagent.

PREPARATION OF OTHER ANTI-Rh TYPING SERA

‘There is little that needs to be said about this, since the methods used
are much the same as for anti-D and the main difficulty in most cases
is to secure suitable sera to start with. Saline agglutinating sera are
not always available and in this case the sera will have to be tested and
used by whatever method they are found to react best.

ANTLIC, Anti-C sera usually present the greatest difficulty and, owing
to the great mrity of pure anti-C in Rh positive people, applutinating
anti-C +incomplete anti-D sera have to be used as saline agglutinat-
ing anti-C sera. 1t is necessary to show that such sera give a positive
result with the weakest C antigens likely to be encountered, and &
negative resuit with the strongest D) antigens Iikely to be encountered,
The C antigen in Ryr cells reacts more weakly than that in R'r cefls and
R;R. cells react more weakly still. The latter should thercfore, be
used as the fest cells. The strongest D anti;
oocur in RyRy cells and these should always be used !o test anti-C
sera for freedom from anti-D agglutinin. Even so, the serum will stil!
be liable to give false positive results with Strong I or ~D- cells. It
is, however, scarcely practicable to prepare anti-C sera which will not
do this. Sera are sometimes encountered which contain a good saline
agglutinating anti-C, unfortunately marred by the presence of a weak
ﬁnu-D agglu!mm The problem then is to get rid of the anti-D agglu-

i, this can be achieved by simply dituting the serum and
at other times by addiag to it sufficient incomplete anti-D to block the
action of the anti-D '\gglutmm Incomplete anti-D sera vary decly in
their blocking effect depending on the hof




THE RH GROUPS 183

present, and on the amount of concealed apglutinin present. It is
probable that most, if not all, incomplete anti-D sera contain anti-D
agglutinin even though this is masked by the blocking effect of the
incomplete antibody when the sera arc tested with normal D cells.
In view of this it is best to sclect suitable blocking sera by empirical
means, i.e. by testing a ber of strong i lete anti-D sera for
their blocking effect against a weak anti-D agglutinin, and sclecting
those which give the best results. The correct proportion of incomplete
anti-D serum to add to the anti-C serum should then be determined by
trial and error, adding if possible rather more than the minimum amount
actually required.

Removal of the anti-D agglutinin by absorption with R cells is Tess
often successful. There are two reasons for this, In the first place, most
of the absorptive action of the R, cells often has to be expended in
removing a strong incomplete anti-D which is also present in the anti-C
serum so that even though there may only be a little anti-D agglutinin
evident in the serum it is often very difficult to remove by absorption.
In the second place, different anti-C+D sera vary in the extent to
which it is possible to separate the two antibodies by absorption, so
that in many cases removal of the anti-D by absorption will weaken
or remove the anti-C also,

ANTLE, ¢.AND e. Anti-E sera do not usually present much
difficulty, aithough if they are anti-E-tincomplete anti-D sera the
problems are similar to those which obtain in the case of anti-C4-
incomplete anti-D sera. The most suitable test cells in this case would
be R;R, as positive test cells, and R,;R, as negative test cells. Anti-E
sera from Rh positive persons may be contaminated with anti-c.
Similarly anti-c and anti-e sera may be contaminated with anti-E and
anti-C, also with anti-f (this has been discussed on p. 157). Anti-c and
anti-¢ always, and anti-E frequently, show dosage effects. That is to say

they react much more weakly with cells which are heterozygous for the
COTTeSPONGine antinnn ¢ham 781 41 .o 20 e e '

suchachar . . N

totheirides . - ) e o '
tested with nomozygous cells they may fail to give reliable results with
heterozygou.s cells. The correct test cells to use are Ryr for anti-c,
Ryr for anti-e, and R;R, for anti-E. There is sometimes difficulty in
finding suitable cells for the absorption of these sera; a difficulty which
may be illustrated by considering as an example an anti-e serum of
group O.. Such a serum requires absorption with either A;B R,R,
cells, or with both A;R,R,and B R.R,. Now A,B R,R, cells can only be
detected b)'l the use of an absorbed anti-¢ serum, which is the very
reagent wlnch.we are trying to produce, so that unless one already has
such a serum it would seem that an impasse has been reached. There
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are two possible ways out of the difficulty. Oneis fo carry out titrations
with a number of A, B, E positive cells, using an anti-E serum known to
give good dosage effects. I a blood is found which gives a markedly
higher titration score than the others with the anti-E serum, it is
reasonable 10 assume that it is most probably R;R,. A trial absorption
of the anti-e sernm could then be carried out using this blood and if
this proved satisfactory it could be used to absorb the bulk. A second
way out of the difficulty is by taking advantage of the different thermal
optima of the antibodies concerned. Anti-A and anti-B act better in
the cold than at 37° C, whilst Rh antibodies almost always act best
at 37° C. and are frequently inactive at 16° C. It is thus possible to add
A and B secretor saliva to the unabsorbed serum in order to vse the
sixture for testing A,B R, bloods to find an A,B R,R,. Before using
the mixture for this purpose it should be tested and should pive the
results shown below:

Cells AB ORst O
Terperature 16°C. 3o 16° C.
Results Neg, Pos. Neg.

The negative result with Orr at 16° C. shows that the anti-¢ in the
mixture is not active at this temperature, so that any agglutination
obtained with AB cells can only be due 1o anti-A and anti-B. The
positive result with OR,r at 37° C. shows that the anti-e is active at
this temperature after the addition of saliva and thus can be used for
the purpose for which it is intended. The negative result when the
smixture is tested with A,B cells at 16° C. shows that the addition of
1he saliva has been sufficient to nentralize the anti-A and anti-B in the
sesusn, and if these are inactive at 16° C. it may be safely assumed that
they are still inactive at 37° C, This manocuvre should enable ope 10
select a suitable absorbing cefl, and the principles involved are, qf
course, applicable to other antisera also. In the tests shown above it
should be noticed that the Rh type of the A,B cells used is immaterial.
R,r cells are used in the test at 37° C. because these contain the weakest
e antigen likely to be encountered. The more strongly reacting 1t
cells are used in the test at 16° C., however, so as to show that the
antibody is not active at all at this temperature.

Methods of Rh Typing
A great variety of methods of Rb typing have been described by
various authors; some of these appear to be reliable while others are
not. We have nof, of course, had extensive experience of all these
methods, and shaill theref: } to ioning three
methods which have given consistently good results in our own hands.

Tre TuseE TecuNIQUE. One vol. {0 04 ml.) of a 3 per cent suspen-
sion of the cetls to be tested is placed in a precipitin tube with one vol,
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are, fvlhy,
{hat it is rather insensitive and will only give satisfactory rraslts v
the more potent saline agglutinating anti-D sera, and ‘-rcmstz). the
centrifugation makes the test rather more difficult to re2d. Tt i vy
important in carrying out this test to centrifupe for the cortect time 21
the correct speed. The cells should all be firmly packed to the battem
of the tube at the end of the period of centrifupation, but excesiive
centrifgation will lead to “comet™ formation and make the et veny
difficult to read. The optimal degree of centrifupation s that which

gives rise to a trace only of “comet™ formation, We have found two 1o
three minutes at 500 to 1,000 r.p.m. satisfactory.

THE SANDWICH TECHSIQUE (Stratton, 1955). One vol. (003 mb)
of a suitable anti-D serum (p. 181), one vol. of 30 per cent bovine
albumin and one vol. of once washed packed cclis are placed on a
micraseope slide, All the eagents are mixed together and o second
mictoscope slide placed on the top so as to form o sandwich. Any
excess flnid exuding from the side may be wiped away with & cloth,
The “sandwiches” are then placed in a 37° C. incubator and may
be read by mi pi ination ten

field may be examined b

! e later. A moving
i a ” ¢d by pressing with the finger on top of the
sandvnch’: whilst it is being examined microscopically. The advan.
tages of this method are speed, accuracy, and the ability to give good
Tesults with poor sera. A thousand bloods of known Rh group were
i{ested by this method. There were no false positive results and anly
our T“a\se Depative results, all of which were due to the presence of
the D" antigen. Itisa test whichis mainly useful in the rapid determina-
ton of the Rh type of patients prior to transfusion, |
In the case of anti-Rh sera other than anti-
10 be adapted to the activity of the particular

D the methods used have
serum used by whichever method it works

serum concerned, and the
bests thus tests hava ta taa



184 PRACTICAL BLOOD GROUPING

are two possible ways out of the difficulty. One s to carry out titrations
with a number of A;B, E positive cells, using an anti-E serum known to
give good dosage effects. If a blood is found which gives a markedly
higher sitration score than the others with the anti-E serom, it is
reasonable to assume that it is most probably RyR,. A trial absorption
of the anti-c serum conld then be canjed out using this Blood and if
this proved satisfactory it could be used to absorb the bulk. A second
way out of the difficulty is by taking advantage of the different thermal
aptima of the antibodies concemed. Anti-A and anti-B act better in
the cold than at 37° C. whilst R antibodies almost always act best
at 37° C. and are frequently inactive at 16° C. 1t is thus possible to add
A and B secretor saliva to the unabsorbed serum in order to use the
mixture for testing A;B R, bloods to find an A,B R,R,. Before using
the mixture for this purpose it should be tested and should give the
results shown below:

Celis AB OR,e Ore
Temperature  16° C. rc 7 C,
Results Neg. Fos. Neg.

The negative result with Orr at 16° C. shows fhat the anti-e in the
mixture is not active at this temperatare, so that any agglutination
obtained with AB cells can only be due fo anti-A and anti-B. The
positive result with ORyr at 37° C. shows that the anti-e s active at
this temperature after the addition of saliva and thus can be used for
the purpose for which it i intended. The negative resuft when the
mixture is tested with A.B cells at 16° C. shows that the addition of
the saliva has been sufficient to neutralize the anti-A aad anti-B io the
serum, and if these are inactive at 16° C it may be safely assumed that
they are still inactive at 37° C. This manoeuvre should enable one t©
select a swmiable absorbing cell, and the principles involved are, of
course, applicabls to other antisera also. I the tests shown above it
should be noticed that the Rh type of the A.B cells used is immaterial.
R,r cells are used in the test at 37° C. becanse these contain the weakest
e notigen fikely to be encountered. The more strongly reacting rr
cells are used in the test at 16° C., however, so as to show that the
antibody is not active at alt at this temperature.

Methods of Rk Typing
A great variety of methods of Rh typing have been described by
various authors; some of these appear to be relisble while others are
not. We have not, of course, had extensive experience of all these
methods, and shall therefore confine ourselves 1o mentioning three
methods which have given consistently good results in our own hands.

THE Tupe FTECHMOUE. One vol. (804 ml) of a 3 per cent suspen-
sion of the celfs to be tested is placed in a precipitin tube with ane vol.
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be neglected. In the sandwich technique rouleaux arc apt to be trouble-
some at times, and an AB scrum control is cssential here,

Tue Rh TesTING oF DONORS

Only rr blood is suitable for transfusion to D negative recipicnts
so that donors have to be tested with anti-C and anti-E as wgll as
with anti-D. The reason for this is not that the C and E antigens
are particularly antigenic (otherwise it would.bc necessary to avoid
transfusing R, patients with R, blood and vice versa). ‘Thc. reason
is that D negative patients arc always liable to form anti-D in their
serum and where anti-D is formed anti-C, and to a lesser extent
anti-E, are likely to be formed also, so that if such patients are trans-
fused with R’ or R” blood a hacmolytic transfusion reaction woukd
result. Anti-C+D and anti-D+E scra can, of course, be used for
this purpose. A further reason for testing donoss with anti-C and
anti-E is that this excludes most of the D" bloods which have
been overlooked in the tests with anti-D. The reason for this is
that most D® bloods are either R,* or R,%, which appear as R’ and

" respectively if the D antigen is missed. Rg* bloods will of course
still be overlooked. These comprise only about 0-07-0+5 per cent of the
apparently rr bloods in the British population. Itisalso advisablein Rh
typing donors to use two different anti-D sera so as to reduce the chance
of error. Ttis a debatable point whether all apparently rr donors ought
to be tested with incomplete anti-D by the Coombs technique in order
to detect Ry? individuals, but in view of the low frequency of this type of
blood in the white population, we ourselves do not believe that it is
necessary to do this. Indealing with Negro or other populations, haviag

a bigh incidence of R, and R,", however, there is no doubt that it is
essential.

The Detection of Rh Antibodies

The methods of detecting Rh antibodies most usually employed are
the Coombs test, the 20 per cent bovine albumin test, the serum
albumin test and the papain cell test.

Of these tests there is no doubt that the papain cell test is the most
sensitive and it will detect Rh antibodies of all types and of all speci-
ficities, including some which fail to react in the other tests. A further
advantage is that it will often detect antibodies earlier in pregnancy
than the other tests. We have never detected an Rh antibody by the
::otombs or albumin tests which did not also react by the papain cell

est.

The Coombs test is the second best of these tests but fails to detect
6+4 per cent of Rh antibodies (see Table 55). It differs from the papain
cel[ test maioly in being less sensitive, 5o that most of the antibodies
which are Coombs negative and papain positive are only of low fitre,
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carried out by the serum albumin technique, by the Coombs technique,
and even on occasions by papainizing the cells to be tested. -

CONTROLS

The use of suitable controls in Rh typing is an important but much
neg]ect‘ew% matter. T“vo types of control are needed, those which control
the activity and specificity of the festing serum, and those which control
the cell suspension under test.

CONTROLS OF SERUM. The first of these is an absorption control to
show that the serum is free from anti-A and anti-B. This is necessary
M e T e + in sera from which they

For this reason the serum
VT R i oot .1 better to do this control
at 16° C. rather than at 37° C. since there is always a variable degree of
cooling in reading the results of Rh typing, and if the test was cooled
more than the control (the latter being carried out at 37° C.) it might
happen that a trace of anti-A which remained undetected by the control
would give a false positive result in the test. If the control is done at
37° C,, then the test ought to be read first and the control last. When-
ever possible these controls ought to be put up with each batch of tests,
but if there is difficulty in obtaining suitable control cells it would
probably be sufficient to carry out the test at, say, weekly intervals,

The other controls of the serum needed are a positive control to show
that the anti-D agglutinin is active (ideally an R,r celf should be used
but in most cases any D positive cell would be suitable), and a negative
control to show that the serum is not agglutinating all cells irrespec-
tive of their Rh type. The necessity for these two conirols again
depends upon the circumstances. If a large number of tests are
carried out simultaneously, positive and negative results will be
encountered and these will serve to control one another so that no
additional control test would be needed, but if only one test is carried
out at a time at infrequent intervals the control should be carried out
at intervals, or whenever doubt arises. If working with an unfamiliar
serum one should always include controls. With the other anti-Rh
sera, special control eells are needed and these are the same as the cells
required to establish the specificity of the sera, as described above.

CoNTROL OF CELL SUSPENstON. There is always a posgjbility that
the cells tested may be affected by autoagglutinins, rouleaux, infection,
or some of the other causes of false positive results, and it is very neces-
sary to put up a control to show that this had not occurred, A vol. of
cell suspension should, dingly, be tested with a vol. of saline, or
petter still with a vol. of AB serum, at the same time as the test is
performed. This is a most important control which ought never to
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RiR; is unsatisfactory owing to the poor reactivity of the C and E
antigens. The R, cells may be R;R, or Ryr, .(houg,h ll'u: use of.lhc
former confers but Jittle advantage in the detection of anti-C or anti-D.
RR, cells, on the ather hand, are better than R,r for both anti-D
and anti-E. R i

Since both R, and R, cells have to be used, the question arises as
1o whether to use them separately and thus double the number of
tests needed or whether to use a mixture. We think it lzcucr to use
them separately, though it is less unsatisfactory to usc a mixtore m.xhe
papain and Coombs tests than in the serum falbumin or saline gelutin
tion tests. The reason for this is that if the antibody present reacts with
only one component of the mixture (anti-E for example), then the
non-reacting (R,) cells tend to interfere with the agglutination of the
reacting (Ry) cells. In the papain and Coombs fests, hawcvcr..lhc
rocking motion on the slide assists one reacting cell to come into
contact with another so that the interference s less marked. Indeed
in all tests on cell mixtures o method which includes rocking on a slide

is advantageous, and if only a few reacting cells arc present, then the
advantage may be considerable.
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TasLe 55. Resyuts oF Testing SerA oF Ru Nroarave
ANTENATAL PATIENTS BY it PAPAIN Anp CooMms Tests
Total tests =~ 18,209
Number of anti-Rh defected = 1,000 (5 4327

Papai.n positive : Coombs test positive = 936 (83630
Papain positive 3 Coombs test negative = 64(64%)
Papain negative - Coombs test positive = [}

Of the two albumin fests, the serum albumin test is better than the
20 per cent bovine atbumin test, though both are less satisfactory than
the Coombs and papain tests. Strong Rh antibodies which are Coombs
positive and albumin negative are not infrequent. The converse, an
Rh antibody which is Coombs negative and albumin positive, is
unusual, but it does occur. In most cases this is due fo the antibody
being predominantly or entirely saline agglutinin, but Rh amibod.ics
which are negative in saline and in the Coombs test, but are positive
in the albumin tesis, are also seen, though these are very rare. Th;
saline agglutinin does not reafly react in the Coombs test though &t
will, of course, act in the albumin tests. If it is strong, the cells in the
Coombs test will agglutinate and a positive result will be recorded,
though an equally strong result would be obtained without the use of
Coombs reagent. If the agglutinin is weak, however, it will probab}y
be averlooked in this test since the agglutinates will be broken up in
the washing process.

All these tests are to some extent delicate and liable to technical
error, and it is therefore desirable to use two different tests for the
detection of Rh antibodies. The papain cell test and the Coombs test
would seem the best cholce. X

‘Whatever test one uses the question of the type of cells to use requires
consideration, since the antigens of cefls of certain {ypes react more
strongly than those of others. The most strongly reacting type of cell
shouid be used.

For anti-D: R,R, cells are the best, but cells of other I positive types are
almost equally good, and there appears to be nothing to be gained by
using —D—j~~D— or Strong D cells, even if these are available.

For anti-C: R'r cells, or better still R'R’ if available, should be used.
R;R, and Ryr are less effective and R R, are worse stifl.

For anti-E: The situation is the same as for anti-C; R°r or better still
R'R” if avaifable, R;R. and R,r are less effective, and RyR, give
poor results.

For anti-c, anti~e and anti-f: rr cells should be used.

For the detection of Rb antibodies in general, when one does not
kmow which antibody to expect, both R, and R, cells should be used.



CHAPTER IX
THE ORGANIZATION OF AN ANTENATAL TESTING SERVICE

IN this chapter we shall discuss the objects of an antenatal testing
service and the means by which these objects may be achieved, and we
shall describe the methods used in our own laboratory, and the way
in which the work is organized. No doubt equally good results could
be obtained if the work were organized in some other way, but the
system described here has been in operation for 2 number of years and
will, we hope, serve to illustrate some of the points which ought to be
considered in deciding what system should be operated in an antenatal
testing laboratory.

The primary object of the antenatal testing service is the identifica-
tion during the antenatal period of those women whose infants
are likely to be affected by haemolytic disease. In this way arrange-
ments may be made for them to be delivered in hospital, for pre-
mature induction of labour, where considered desirable, and for
suitable testing and treatment of the infant when it is born.

Subsidiary objects of the service are, firstly, to detect and identify
antibodies present in the sera of antenatal patients so as to be prepared
in case the mother, herself, requires transfusion at the time of delivery;
and secondly, to acquire information about the antibodies and their
clinical and serological behaviour, and thus to increase knowledge of
these matters.

Since the vast majority of cases of haemolytic disease of the newborn
are due to anti-D it is desirable to determine the D type of all antenatal
patients; those who are D megative can then have their sera tested
for the presence of antibodies during pregnancy. Since haemolytic
disease of the newborn also occurs occasionally due to the other Rh
antibodies and to antibodies of other blood group systems, it is not
sufficient to confine the tests to D negative women.

If, however, it is not possible to carry out antibody tests on the sera of
all D positive antenatal patients, a compromise has to be made, and
the tests confined to the sera of those D positive patients who give a
history suggestive of immunization or of haemolytic disease of the
newborq. ’_l‘his is the procedure adopted in our own laboratory. Whilst
the preliminary D-typing can often be carried out conveniently in
hos.pxtall lal?oratories, the subsequent detection and identification of
antibodies is a rather more complicated procedure, best performed in

the laboratory of a blood transfusion centre or some similar speciatized
laboratory. It is with the procedures of such a laboratory that we are
here concerned.

Such a laboratory receives a large number of samples of blood, some
191
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enables antibodies to be detected in 8 number of cases where they were
not present at the beginning of pregnancy. \Vh.clhm: or not the test at
28 weeks is carried out, it is essential, if nn_llbodncs have not been
detected already, to carry out a final test Iate in pregnancy. ’l}m l:uc'r
this can be done the better so as to reduce the chance of missing anti~
bodies which may develop subsequent to lhc.ﬁnal test, If it is lef too
latc,howcvcr,thcrcisndangcrofthcwomcnbcmgdchvcrcdprcm:\\urc}y.
before the test has been done, and also & danger that lhf: op.po.riumly
may be missed for the premature induction of labour, if this is con-
sidered desirable. A fest at 36 weeks would scem to offer tl}t: bt}%\
compromise. We have scen a numbee of cases where antibodics
developed Jate in pregnancy and where the child was severcly affected
with haemolytic disease of the newborn. A test at 36 weeks is essential.

1€ no antibodies are found in early pregnancy it does not necessarily
e that the ~hild sl sat euffan fanae Lo ot 2o 80 X

de

Case 32

Mts. A.Q., group Orr, had had one normal child and no history of
blood transfusions. No antibodies were detectable in her serum by
the papain cell or Coombs test at 14 or 35 weceks, of her second
pregnancy. When her infant was born it was found to be group
O, Ryr, and the direct Coombs test was strongly positive. It was
chinically normal and its hacmoglobin level was within normal
Timits, but at the age of 20 days the infant was found to be jaundiced,
its haemoglobin was only 57 grammes per cent and it had to be
transfused with Rh-neg. blood. Tests of the mother’s serum at this
time showed a strong anti-C * M ~=+tz 1 0w
cells and detected by the C
techniques. A sample of he
preserved at ~20° C. Th
antibody at this time confiimed.

The System

We shall. now describe the system in use in our own laboratory, The
first essential is an efficient card index system showing the results of all
previous tests done on the patients. This is operated by a clerk who
receives the samples of blood from hospitals and clinics, checks the
P teco:d_s, ot .by Phoning the hospital or clinic concerned
any doubts which may arise as to the correct identity of the patient,
and th.en broceeds to sort the specimens and to classify them aocurding’
to their natuse, Each specimen is allotted a code number, according
to its type, as shown in the first column of Table 56. A laboratory work
sheet is then made ot showing the name and serial number of each

specimen,  Specimens of the same code number are histed together on
o
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already D-typed, some already known to have antibodies, some from
husbands and some from infants, and some on which no previous tests
have been carried out, and it is very necessary to have a system, or
scheme of operation, which will ensure that the right tests are carried out
on the right sarples, Whilst many samples can be adequately dealt with
according to a fised routine, there are others which require individual
attention from a senior person, either in order to resolve discrepancies
in the previous tests, or because some specialized fest is called for,
One of the main desiderata of the systern is that it should be so arranged
that the first type of specimen can be dealt with by junior staff, whilst
the second type of sample is brought to the notice of the seajor staff at
the earliest possible stage. The systera should also be designed so as 1o
climinate unnecessary repetition of tests and 5o as to ensure, so faras is
practicable, that autibadies of all specificities are detected.

The Samples

A namber of precautions which have to be observed fa the collection
of samples of blood for blood prouping work have already been
discussed on p. 18. Clotted venous samples are the most suitable,
although in occasional instances ABO and Rh grouping tests and direct
Coombs tests can be carried out on citrated capiflary samples. In the
case of women with suspicious medical histories, or women with aati-
bodies where extensive investigation may be needed to identify the anti-
body, it is important to have 2 sample large enough for the completion
of alf the necessary tests; 20 ml. of clotted blood is suitable. The ques-
tion as to what period of pregnancy is best for the examination of the
mother’s blood for the presence of antibodies is one to which noaccurate
answer can be given. Amtibodies may appear at any time during peg-
nancy and may be dangerous to the infant even though they do nat
appear until Iate in pregnancy, Sometimes antibodies are not detectable
at any time during pregnancy but are present in the puerperium, so that
the Iater in pregnancy one can do the tests the less fikely it is that cases
with antibodies present will be overlooked. On the other hand it s
convenient, if antibodies are present, to know about this as early in
pregoancy as possible so as to allow plenty of time to arrange confine~
ment in hospital and so that a careful watch can be kept on the progress
of the mother and foetus (e.g., it has been suggested that women with
Rh antibodies are more susceptible to toxaemta). It is therefore best
to determine the mother’s Rh group and test for antibodies on the first
oceasion when she is seen by the doctor following the diagnosis of
pregnancy, and a high proportion of antibodies are detected at this
stage. Those who are D posttive are not, in the absence of sbnormalities
of the history, tested further in our scheme, but those who are D
negative require further tests. A second test for anlibodx'f:s at28 “zgks
of gestation, or thereabouts, 1s 2 useful though not esseatial step, which



ANTENATAL TESTING 195

TABLE 57. ACTION TO BE TAKEN ON COMPLETION OF ROUTINE ANTENATAL TEsTS

Result of tests of maternal blood |  History Action

D positive . . . Normal | Discard specimen and despatch

D negative (no antibodics . Normal report.

D positive +« | Abnormal . ieation.

D regative (no antibodies) .. | Abnormal | ¥OF further investization

D negative (antibodies) . i. Further tests to identify anti-
body if peeded. )

ii. Telephone results if patient is

near to term.

iii. Arrange for patient to be bied
in due course if suitable for
typing serum.

this sheet. The sheet has printed columns for recording the result of
the appropriate test. The specimens are placed in a special rack in the
same order as they appear on the laboratory worksheet. This pro-
cedure, together with Table 56, makes it easy to see which tests have to
be carried out on which samples. When the tests shown in this Table
are completed, the specimens are again sorted and dealt with according
to Table 57. Further tests will be required in some cases to identify
unusual antibodies, and all cases showing unusual features or dis-

crepant results should also be set aside at this stage for further investi-
gation,

The Tests
The tests e;

! numerated in Table 56 comprise tests for erythrocyte
£os, antibody d ion tests, antibody identification tests and
additional tests on the blood of newborn infants. The techniques by
which these tests are carried out are discussed in other chapters, but
some of the considerations which apply to the appli

8 T ication of these tests
in an antenatal testing service will now be considered.

DErECTION OF ERYTHROCYTE ANTIGENS
THE ABO Groups. These should be determined by the tobe
techuique, reading microscopically, but anti-A, is used by the slide
technique. We are not in favour of issuing any written reports on the
ABO group of antenatal patients, owing to the grave dangers of
clerical errors, mco{-ref:t identification of the patient, and the like.
ngcc such a report is issued there is always the danger that someone
will transfuse the patient with blood of the same ABO group as indi-
cated on the report without carrying out adequate cross-matching
tests. The ABO group we fee] should always be determined as part
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think that perhaps both child and father were RUr A further
sample of the husband’s blood gave 2 positive indirect Coombs test
with incomplete anti-D sera showing that this was indeed the casc.

The husband’s blood had not been tested for D* in the first place,
since we do not normally carry out this test when negative results are
obtained with anti-C, D, and E scra owing to the low frequency of
RY in Caucasian populations.

1t is difficult to know what report to give when blocking occurs;
one hesitates to teport the infant as D positive when the D antigen
has not actually been demonstrated, although if the mother has anti-D
and the infant has a strongly positive direct Coombs test it is reasonable
to suppose that it is D positive. Our usual practice in such cases isto
test the infant’s cells with anti-C and anti-E, one of which almost always
gives a positive result. We then report the infant as “Presumably

D positive; D antigen blocked”. The C and E antigens are seldom if
ever blocked.

TesTs WITH OTHER ANTL-RH SERA. These tests, often mis-named
““genotyping” tests, are carried out on the cells of husbands, of mothers
with antibodies and of the infants of mothers with antibodies. In the
case of D negative women with antibodies, the tests do not contribute
information which is of value in the management of the case. They are
done because it is of interest to know of R’ and R” women with anti-
bodies, and because of the interesting, but remote, possibility of
encountering a2 woman of Rh type D" with antibodies in her serum.
In the case of D positive women with antibodies these tests are, of
course, an integral part of the identification of the antibody, and in the
case of antibodies of the other blood group systems, appropriate tests
would have to be made according to the blood group system involved,
In the case of husbands, these tests are done in order to see whether the
husband is likely to be homozygous or heterozygous for the D antigen,

The proportion of those of each Rh phenotype who are homozygous
DD can readily be calculated from the genotype frequencies, but such
a calculation would only apply to the general population. The fathers
of children suffering from haemolytic disease of the newborn are a
selected group and have a higher proportion of homozygotes than the
general population. The reason for this is that the mothers do not
usually Produce Rh antibodies until they have had more than one
Rh positive pregnancy. This means that those who have antibodies
are more Yikely to have homozygous DD husbands. The exact extent
:!f. t_hli _cf{ect cé.m_not readily be calculated on theoretical erounds, Qur

T S LN . 411 fathers
e eveagalig Gul ;u::.su tests, a carekul watc.}; s};o.uk.i alv;;yzr;eg il::ni
for weak results with the sera and for anything else which appearl,'s
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of the cross-matching procedure, We determine these groups partly in
order to collect information regarding ABO incompatibility and the
effect of ABO incompatibility on i ization to Rh and partly
because it is convenient to know the ABO groups of the patients
with whom one is dealing.

D TypinG, The main thing is to be sure to use a contro! of the
patient’s cells, otherwise false positive results due to autoagglutinies,
rouleaux, infected and contaminated samples and the like, will inevi-
tably occur sooner or later. A false positive Rh test may be a very
serious matter since it may lead to the transfusion of I positive blood
with subsequent development of antibodies, or it may lead to no test for
antibodies being carried out where these arc present. Indeed we have
encountered more than one case of failure to predict haemolytic disease
of the newborn antenatally due to incorrect D fyping of the mother, A
saline control would appear adequate here, although a control which
substitutes AB serum for the anti-D serum might perhaps offer a shight
advantage,

The celis of an infant suffering from haemolytic disease of the
new-born due to anti-D are sometimes so coated with incomplete
anti-D as to be inagglutinable by saline anti-D. This may cause oné
to think that the child is Rh negative. A good deal of incomplete
antibody is needed to cause the phenomenon, so that if is only seen i
certain cases and only when the direct Coombs test is strongly positive.
With small amounts of incomplete antibody on the cell surface, partial
blocking may occur, and the cells will then be found to give weak
results with some saline anti-D sera and negative results with others.
Such partially blocked cells resemble D® cells in their behaviour. Ifa
child has 2 normal D antigen the blocking s very seldom absolutely
complete, 1f potent agglutinating sera are used. A knowledge of
this proved useful 1n one rather unusual case which we encountered.

Cast 33

An Rl negative (zr) woman had incomplete anti-D in her scrum,
due, we Supposed, to a transfusion of Rh positive blood which she
had received previously. Two samples of her husband’s blood had
been tested and both bad given negative results with anti-C, anti-D
and anti+E sera, so that it was not anticipated that the child would be
affected by haemolytic disease. We were, accordingly, very surprised
to find that the infant was jaundiced and anaemic and had a strongly
paositive direct Coombs test. Its cells gave no agplutination with
anti-C, anti-D or anti-E sera, but an eluate of the cells contained
anti-D. Hegitimacy was at first suspected, but the absence of any
reaction with anti-C or anti-E and the fact that not the faintest
trace of agglutination could be seen with the child’s cells, even
using OUr most potent saline agplutinating anti-D sera, made us
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Homozygous <D-[-D- cells arc agglutinated in salinc suspension by
most incomplete anti-D sera so that a false positive result s usun\jy
obtained with anti-C and anti-E agglutinating sera, if these also contain
incomplete anti-D. Heterozygous -D- cells show the same ¢ffect to a
lesser extent. The homozygote -D-/-D- is extremely rare, but Strong
D cells, which behave in a similar manner to heterozygous -D- oc“‘s,
are by 1o means so rarc and are liable to give false positive results in
the same way (Table 59). This is shown by the following case.

Case 34

Mrs. S.W. was D-negative, with anti-D in the serum. Her
husband’s blood gave the following results:

anti-C e v
anti-D . -V
anti-E . o 4t
anti< - e ottt

These results would indicate that his Rh group was R,R,, but the
weak result with the anti-E serum gave rise to suspicion as it was
known that this serum usually gave much stronger results. His cells
were accordingly retested with scveral other anti-E sera with uni-
formly negative results. It was then noted that the original anti-E
serum was an anti-E + incomplete anti-D serum, and further tests
showed that his cells were agglutinable by certain incomplete anti-D
sera. It was therefore decided that his Rh group was R,r (Strong D).

AntBODY DETECTION TESTS

The tests used for the detection of antibodies should, so far as
possible, be designed to detect as large a ranpe of antibodies as possible
and not merely antibodies of the Rh system. We favour the use of two
different types of test, partly because antibodies are, themselves, so
varied in their behaviour, some reacting better in one test and some in
another, and partly because the tests themselves are subject to technical

error. The two tests used are the papain cell test and the antiglobutin
test.

Tix PAPAIN CELL TEST (see Chapter 11). ‘The cells used in the test
are a mixture of equal parts of R, cells and Ry cells. ‘These may be R,r
and }K_,t or, somewhat preferably, R,R; and R,R,. This mixture is more
sensitive in the detection of anti-C, E, ¢ and e than is the use of R;R,
cells alone.

The cells selected should also bear as many of the other blood group
antigens as ¢an be managed, paying particular attention to those whose
antibodies react with papainized cells. In any case, one of the cells
should be P positive, and one should be Le(a-tb—) and the other
Le(a—b+). 1f suitable individuals who are willing to be bled at
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usmerzl, end 2l such cxetters should be subjact=d (o further investig-
tioz. The occasiona] otcorrense of Strozg D, or -D- in hushends, for
exzmple, can be mitt=eding af fimes. .
Tasmz 55, Ry Geovrs oF FaTeoes of CHIDYIN SUFTTEDes Fron
Hentzyns Dossass otz 10 ANreD
£SIhowing thet 2 Birk proponion ez beoexrypons)

Niwber experied in
Grozp Nowder pbtered 141 evdom D
positine Padividets

Brobetly PR £73 314
booyrowse RyRy azz 231
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omozyzous -D-[-D- cells are agglutinated in sglinc suspension by
m:zv. inc?rﬁplctc an[Li-D sera so that a false positive result is usuafly
obtained with anti-C and anti-E apglutinating sera, if these also contain
incomplete anti-D. Heterozygous -D- cells show the same eflect to 2
lesser extent. The homozygote -D-/-D- is extremely rare, but Strong
D cells, which behave in 2 similar manner to heterozygous -D- ocn‘s,
are by no means so rate and are Tisble to give false positive results in
the same way (Table 59). This is shown by the following case.

Case M4

Mrs. SW. was D-negafive, with anti-D in the serum, Her
husband’s blood gave the following results:

anti-C . . v
anti-D . v
anti-E [ L3
antic . P

These results would indicate that his Rh group was RyR,, but the
weak result with the anti-E serum gave rise to suspicion as it was
knawn that this secum usually gave much stronger results. His cells
were accordingly retested with scveral other anti-E sera with uni-
formly negative results, It was then noted that the original anti-E
serum was an anti-E <+ incomplete anti-D serum, and further tests
showed that his cells were agglutinable by certain incomplete anti-D
sera. It was therefore decided that his Rh group was R,r (Strong D).

ANTIRODY DETECTION TESTS

The tests used for the detection of antibodies should, so far as
possible, be designed to detect as large a range of antibodies as possible
and not merely antibodies of the Rh system. We favour the use of two
different types of test, partly because antibodies are, themselves, so
varied in their behaviour, some reacting better in one test and some in
another, and partly because the tests themselves are subject to technical

error. ‘The two tests used are the papain cell test and the antiglobulin
test.

TiE PAPAIN CeLL Test (see Chapter 11). The cells used in the test
are 2 mixture of equal parts of R; cells and R, cells. These may be Ryr
and .R',r or, somewhat preferably, R,R, and R,R,. This mixture is more
sensitive in the detection of anti-C, E, ¢ and e than is the use of R. Ry
cells alone. ¥

'I:he cells selected should also bear as many of the other blood group
antigens as can be t.nanagod, Raying particular attention to those whose
antibodies react with papainized cells. In any case, one of the cells
should be P positive, and one shonld be Le(a+b ~) and the other
Le(a—b+4). If suitable individuals who are willing to be bled at
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frequent intervals cannot be found, it is not too difficut to meet these
criteria by screening tests on random bloods at say weekly intervals.
The test detects anti-Rh, anti-P, anti-Le?, anti-Le®, anti-H, anti-O and
occasional autoagglutinins. If repeated in capillaries at 37° C,, it is
found that the vast majority of positive results are due to Rh antibodies.

In most cases, where the papain test is positive, the Coombs test
will be found positive also, so that antibody identification tests can
proceed normally. Occasionally, however, the papain slide test is
positive at room temperature but the Coombs test is negative. In
such cases the identification of the antibody should be carried out by
the usual method but tests against papainized standard cells must, of
course, be included.

Whilst Rh antibodies which are only detectable by the papain test
are often so weak as to be of little clinical significance, it ought not to
be assumed that this is invariably the case, since a weak antibody will
sometimes becorne much stronger, even during the last few weeks of
pregnancy. Furthermore, antibodies giving unusual patterns of
reaction in the test are occasionally encountered and the following case
is an example of this:

Case 35

Mrs. D.C. group A, rT.

Husband, group A, Ryr.

1st child: born 9.12.47, normal.

2nd child: born 29.1.52, anaemic but recovered; grp. A, Ryr.
Direct Coombs test + -+

3rd child: born 27.11.57; jaundiced and anaemic at birth.
C(Ti haemoglobm, 11-5 gm.%; serum bilirubin,

mgm.
Group A, R,r Direct Coombs test 444+
Exchange transfusion, but died 28.11.57. Postmortem
showed atelectasis.

The maternal serum contained anti-D, which reacted as follows:

Serum
N Coombs . Saline Salme

Date FPapain test | abumin | grc | ojec
3.10.51 . -
4.12.51 e ++ +++ - -
3152 ) A+t + T w -
21535 | FEbtt | 4+ - - -
5.6.56 +++++ - - -
15.7.57 ++++ - - - —
29.8.57 ot w + - -
241057 .. | ++++ + + - -
261157 .. | +++++ | FHHE+ + - -
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{ests were carried out wing at leat R, Ry and three
orbyin(i)srl::orrrl li)i)cods. On several occasions a wricy of ten Hntoitff
sarious Rh proups was used and the Coombs tavts carricd !m!:’ r'::'a'x[';
as many as ten different batches of Coombs rm;-a:m“:lf;f wdt ‘t}a
anti-non-y-globulin reagent). These measures confirmed the accuracy
and specificity of the results.

Without the use of the papain test it would have been vty d)(ﬁcu!( to
know what was happening, since the positive n:?uhs v.hx:h' were
obtained in the Coombs and scrum albumin tests, prior 10 the birth of
the second child, and subsequently when not pregnant, disappeared at
a later date. These tests were only doubtfully positive 2 month before
the birth of the third child. We certainly did not capect a stronply

positive indirect Coombs test one day before delivery, nor a severely
affected child.

Tue INDIRECT CoOMBS TeST, This test, ke the papain test, ought
to be done using cclls containing as many antigens as can be manaprd.
However, it is not desirable to use a mixture of cells from a Jarps
number of different blood samples, owing to the danger of overlooking
agglutinations which only involve a small proportion of the cclls, A
mixture of not more than two, or at the most three, bloods should be
used. R, and R, cells should be included and one of the cells should
also be Kell-positive, and it is also desirable to include the antigens
M and S if possible. Tt is, pechaps, an advantage not to use the same
two bloods as are used in the papain test.

We have never encountered an Rh antibody giving a positive resull in
the antiglobulin test and a negative one in the papain test.

ANTIBODY IDENTIFICATION TESTS

The i'demiﬁcaﬁcn of antibodies, once they have been detected, is
dealt with mare full)_' elsewhere (sec Chapter XII), so that there arc
only a few points which need to be touched on here. The first of these
is the choice of cells to be used in the test. In identifying an unknown
antibody, the methods used have to be adapted to the particular
circumstances of the case. We find, nevertheless, that the procedure
enumerated .abo.ve, namely Coombs test, serum-albumin test and
sl?x‘;:: aggluhnauo;'l tests at 16° and 37° C. with R,, R,, R’, R", and
or more selected rr b i 1
mu;inﬁ oroedire. oods, is extremely useful as an initial
1f the antibody is anti-D, anti-CD, or anti
S ), antl- anti-D4-E, these tests ma
thcmse\vcds_bc sufficient to identify the a'mibody (p. 272) and give also i
Z‘;}?; f;’o "’dg:i:si ;'is;rength a;‘lld mode of reaction. If antibodies of
pecifi ! Tesent, the tests give a good indication of t
mode pf mct_lgq and strength of the antibody and often a useful guigz
as 1o 1ts specificity. 1t is usually easy to see from the results of these
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tests what further tests will be needed to carry the identification of the
antibody to its conclusion.

TESTS ON INFANTS

Tue Direct Coomps Test. Two important points regarding
this test are, firstly, to use a saline control for the detection of auto-
agglutinins, Wharton’s Jelly, etc., and secondly, not to fall into the
error of attempting to wash such a large volume of cells that adequate
removal of the serum is not obtained.

In ABO haemolytic disease, the direct Coombs test is frequently
negative or only weakly positive; if the latter, it does not usually remain
so for more than a few days. The results of the direct Coombs test
should always be considered in relation to the Rh type of the infant and
to the presence or absence of antibodies in the maternal serum. The
use of Coombs reagents of the anti-non-p-globulin type will often help
to clear up discrepancies as is illustrated by the following case:

Case 36

Mis. F. was found D-positive during the antenatal period: her
serum was not tested for antibodies, She was delivered of a child
whose cord blood had a positive direct Coombs test. A further
sample of blood was accordingly requested from the mother, which
was confirmed as D-positive (R,;). No antibodies could be detected in
her serum, in spite of extensive tests, but it was noted that the Berger
Kahn test was strongly positive. Further tests on the infant's cells
with different Coombs reagents showed that they were strongly
agplutinated by anti-non-y-globulin reagents, but not by anti-y-
globulin reagents. The reactions were probably associated with
maternal syphihs.

Casg 37
Mrs. A.M. was also D-positive, RyR,, and her Berger Kahn test
was negative. The infant’s cells gave the same reactions with anti-
globulin reagents as in the preceding case. Tests on a post-partum
sample of the mother’s blood farled to reveal the presence of any
specific antibody other than a strong cold incomplete anti-H. The
child was clinically and h k lly normal and remained so.

Omner TeSTS. The grouping tests of the infants’ erythrocytes have
been dealt with already, but there are a few other tests we occasionally
use in special cases. In ABO haemolytic disease the cells of the infant
will i aggluti when suspended in fresh adult serum
(Witcbsky e al., 1947) and anti-A or anti-B can sometimes be demon-
strated in the infant's serum by the papain or antiglobulin techniques.
Occasionally it is useful to prepare an eluate of the infant’s cells and
to examine the specificity of the eluted antibody. AH these methods

are described in other chapters.
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Insestigation of Cases with Suspiclous 1istaries ot .

ith a history suggestive of the presence of an antibody or o
thccgsoztu‘;encc of hagnol)ggzs discase in the past need funhgr investipa-
tion. It is not likely to be practicable to carry out all possible tests nz
all such cases, and in consequence a compromise has to be ndo;'ﬂ?d,
we divide them into two classes, according to the degree ‘of suspicion
to which the history gives risc. The first class comprises the fess
suspicious cases, and the sccond the more suspicious oncs. The
division of the cases into these two classes is arbitrary, since the extent
to which the tests can be carried out is dependent on the financial and
technical resources of the laboratory concerned. The division is also
dependent on the amount of information available about the cases.

The division which we oursclves adopt, and the tests which we carry
out, are as follows:

Tue Less Susrictous CAses

These comprise women giving 2 history of blood transfusion not
followed by haemolytic reaction or a history of intramuscular injection
of blood; also cases where the information received is scanty, and
suggests, but not strongly, the possibility of haemolytic discase.
Families with mentally defective children, or children who died from

unknown causes in the neonatal period, are included in this classification.
In all such cases the mother's serum is tested

(@) by the papain test using the standard mixture of cells described
above; and,
(b) by the Coombs test using R,, R,, and three or more selected rr

‘bloods carrying as many of the blood group antigens as can be
managed.

T More Suspicious Cases

‘These comprise all cases where there is a reasonable suspicion that
haemolytic disease might have occurred in the past. Women who have

had stillbors, jaundiced or anaemic infants or oedematous infants are
included in this cate;

In this category, as are post-partum cases where the condition
of the child is clinically or } logically suggestive of haemolytic
disease of the newborn. If the mother gives a history of blood trans-
fusion, or int lar injection of blood followed by an ful

ic child, she should certainly be

Yy Of & diced
included in this category.
Tn gnah mnao-at -

or

= we s e mother, A fresh sample of blood



202 PRACTICAL BLOOD GROUPING

tests what further tests will be needed to carry the identification of the
antibody to its conclusion.

TESTs ON INFANTS

THE DIRecr Coomss TEST. Two important points regarding
this test are, firstly, to use a saline control for the detection of auto-
agglutinins, Wharton’s Jelly, etc., and secondly, not to fall into the
error of attempting to wash such a large volume of cells that adequate
removal of the serum is not obtained.

In ABO haemolytic disease, the direct Coombs test is frequently
negative or anly weakly positive; if the latter, it does not usually remain
so for more than a few days. The results of the direct Coombs test
should always be considered in relation to the Rh type of the infant and
to the presence or absence of antibodies in the maternal serum. The
use of Coombs reagents of the anti-non-p-globulin type will often help
to clear up discrepancies as is illustrated by the following case:

CAsE 36

Mrs. F. was found D-positive during the antenatal period: her
serum was not tested for antibodies. She was delivered of a child
whose cord blood had a positive direct Coombs test. A further
sample of blood was accordingly requested from the mother, which
was confirmed as D-positive (R,). No antibodies could be detected in
her serum, in spite of extensive tests, but it was noted that the Berger
Kahn test was strongly positive. Further tests on the infant’s cells
with different Coombs reagents showed that they were strongly
agglutinated by anti-non-p-globulin reagents, but not by anti-p-
globulin reagents. The reactions were probably associated with
maternal syphilis.

Case 37
Mis. A.M. was also D-positive, RyR;, and her Berger Kahn test
was negative. The infant’s cells gave the same reactions with anti-
globulin reagents as in the preceding case. Tests on a post-partum
sample of the mother’s blood failed to reveal the presence of any
specific antibody other than a strong cold incomplete anti-H. The
child was clinically and haematologically normal and remained so.

OTHER TESTS. The grouping tests of the infants’ erythrocytes have
been dealt with already, but there are a few other tests we occasionally
use in special cases. In ABO haemolytic disease the cells of the infant
will sometimes agglutinate when suspended in fresh adult serum
(Witebsky ef al., 1947) and anti-A or anti-B can sometimes be demon-
strated in the infant’s serum by the papain or antiglobulin techniques.
Occasionally it is useful to prepare an eluate of the infant’s cells and
to examine the specificity of the eluted antibody. All these methods
are described in other chapters.
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child's cells are of an ABO group compatible with the mother’s serum
and the father’s cells arc incompatible. In sucl cases the mother’s
serum could only be tested against the father’s cells after neutralization
with A or B substances, and the difficultics of the procedure outweigh
the risks arising from under-development of antigen on the child’s
cells,

When the celis of both father and child are incompatible with the
mother’s serum on the ABO system, joint testing is more difficult, and
the question of ABO haemolytic discase also ariscs. Tests of the
maternal serum against a scries of standard cclls covering as many of
the known blood group antigens as can be managed, combined with
tests for immune anti-A and anti-B in the mother’s serum, arc usually
more convenient than joint tests against the cells of the father or child,
though it should not be forgotten that such tests would fail to reveal
haemolytic disease due to a “‘family” antigen, or to a rare antigen such
as Cx It is, therefore, desirable at least to include 2 Coombs test
against the husband’s cells using the mother’s serum with the iso-
agglutinin neutralized by secretor saliva, although this is, of course, a
test for immune anti-A and anti-B as well as for a “family” antigen. If
this test is positive and the test using neutralized serum and A or B eells
is negative, this would suggest a “Tamily™ antigen. This deduction is
not conclusive, however, as the following cases illustrate:

Case 38

Mrs. AN. was group ORyr, and her husb:

AN. o usband was group A,R;r.

§f_§f‘fﬁb°d‘°§ could beodete’cted in her serum in tests agairtsl‘a
- R ST yhen b e s et Tt

Y
L

] A .
' + wife’s serum with any group A
Elels ;emoved the reaction against the husband’s cells an§ it 1\)vas
e eret ore concluded that the reaction with the husband’s cells was
e 81 mcqfx_n‘pletc anti-A and not to a “family” antibody. The fact
o s; Wldg s neutralized serum gave a positive Coombs test with
the uangnw: t:;lls 2;11:1 :1;! with other 1[\1 cells was misleading in this
> 2 ou at it indicated thal
cxceptionally stronn & gl t the husband had an
Case 39
S.H., a former member i
3 of our staff, had exceptionally st 1
sgfél?iéﬁ’“"-tﬁ red cells. Whenever a number og' groupyA ll;?;ogd}sl
ere agg‘“ﬁw’;‘ daxm-Ax 1t was zlways found that the cells of S.H.
nated a good deal more strongly than any of the others.

™ mA Possible.Altemative System of Antenatal Testing
pmm?sz ; ;;ata\ testing carried out in our laboratory is based on the
one should first find out which women are D negative,
s
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from the mother should be sent at the same time so that the secum can
be tested against the father’s or child’s cells whilst still fresh,

A full-seale investigation should then be carried out as follows:

(1) Mother, father andfor child; ABOD group, anti-A, (if appro-
printe), two anti-D sera, anti-C, anti-E, anti-c, anti-e {if appro-
priate and available), saline control,

Test for Dv if positive with anti-C, or anti-E and negative
with anti-D.

(2) I ABO group of mother is compatible with that of father, or
child, carry out joint tests between the mother’s serum and the
cells of the father or child by papain, serum albumin, Coombs,
and by saline agglutinations at 16° C. and 37° C.

{3) If ABO group of mother is incompatible with father and child,
test the mother’s serum by the following methods:

(a) Papain test, using the standard mixture of cells.

{b) Coombs, serum albumin, saline agglutination tests at 16° C.
and 37° C. with Ry, R, and three or more selected rr bloods,
carrying as many of the known blood group antigens as catt
be managed.

() Tests for immune anti-A or anti-B, or both as applicable, as
detailed on p. 133,

(d) Neutralize the mother’s anti-A or anti-B agglutinins with
secretor saliva and test against the cells of the father or child.
A control using A (or B, if appropriate} cells is This
control, of course, is the same as one of the tests for immune
anti-A.

By the time all the tests described above bave been carsied out, it
will generally be found that enthusizsm has waned to the extent that
tests of the nentralized maternal serum against the father’s cells will
only be carried out by the Coombs technique. They can also be done
by the serum albumin and saline agglutination techniques if desired;
the papain technique usmally proves impracticable owing to the
difficulty of neutralizing the anti-A and anti-B agglutinins to such an
extent that they will not react with A and B papainized celis.

Haemolytic disease of the newborn is due to an antibody in the
mother's serum reacting with an antigen on the child’s cells which it has
inherited from the father, so that if the ABO groups are compatible
and the joint tests are negative, haemolytic disease of the newborn is
virtually excluded. In carrying out joint tests it is, gencrally speaking,
better to use the cells of the father rather than those of the child, owing
ic the fact that some blood group antigens are not fully developed at
birth; the reactions are more readily detected wsing adult cells. On
occasxon, however, it is preferable to use the child’s cells, either because
there is some doubt about the paternity of the child, or because the
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child's cells are of an ABO group compatible with the mather’s secum
and the father’s cells are incompatible. In such cases the mother’s
serum could only be tested against the father's cells after ncu(mlimtion
with A or B substances, and the difficulties of the procedure outweigh
the risks arising from under-development of antigen on the child's
cells.

When the cells of both father and child are incompatible with the
mother's serum on the ABO system, joint testing is more difficult, and
the question of ABO haemolytic discase also arises. Tests of the
maternal serum against a series of standard cells covering as many of
the known blood group antigens as can be managed, combined with
tests for immune anti-A and anti-B in the mother’s scrum, arc usually
more convenient than joint tests against the cells of the father or child,
though it should not be forgotten that such tests would fail to reveal
haemolytic disease due to a “family™ antigen, or to a rarc antigen such
as C% It is, therefore, desirable at least to include a Coombs test
against the husband’s cells using the mother’s serum with the iso-
agglutinin ncutralized by secretor saliva, although this is, of course, a
test for immune anti-A and anti-B as well as for a “family” antigen. If
this test is positive and the test using neutralized serum and A or Beells
is negative, this would suggest a “family” antigen. This deduction is
not conclusive, however, as the following cases illustrate:

Case 38

) Are AN wme sean ~ NN . " her husband was group A|R;r.

n her serum in tests against a
whan har camom sas o s
‘with secretor saliva it was fou
}a& willl_x the husband’s cells,
t was found that absorption ot the wite's serum with any groi
¥ . e A
removed 'thf Teaction against the husband’s cells :xyngrit l\)v:\:;
therefore that the reaction with the husband’s cells was
due to mcgm’plctc anti-A and not to a “family” antibody. The fact
that the wxf? s neutralized serum gave a positive Coombs test with
::: husb(:;nd 'S :Ells agﬂ;i g;n with o&lher eAd cells was misleading in this
e, and we thou; at it indicated that th
exceptionally strong A antigen. © fusband had an
Case 39

S.H., a former member of our staff, had exceptionalt
reacting group A red cells. Whenever a number o;i" groupy;tlﬁloglc:%)s,
were tested with anti-A, it was zlways found that the cells of S.1
were agglutinated a good deal mote strongly than any of the othe.rs.

A Possible Alternative System of Autenatal Testine
The antenatal testing carried out in our labora is bas
¢ tory is b;
premise 1hat one should first find out which wom:rg :lxre :l‘;c?negﬁt\l:
3
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from the mother should be sent at the same time so that the scrum can
be tested against the father’s or chitd’s cells whilst still fresh.
A full-scale investigation should then be carried out as follows:

(1) Mother, father andfor child; ABO group, anti-A, (il appro-
priate), two anti-D sera, anti-C, anti-E, anti-c, anti-e (if appro-
priate and available), saline control.

Test for D if positive with anti-C, or anti-E and negative
with anti-D,

(2) If ABO group of mother is compatible with that of father, or
child, carry out joint tests between the mother’s serum and the
cells of the father or child by papain, serum atbumin, Coombs,
and by saline apglutinations at 16° C. and 37° C.

(3) I ABO group of mother is incompatible with father and child,
test the mother’s serum by the fallowing methods:

() Papain test, using the standard mixture of cells.

(5) Coombs, serum albumin, saline agglutination tests at 16° C
and 37° C. with R,, R, and three or more selected rr bloods,
carrying as many of the known blood group antigens as can
be managed.

(¢} Tests for immune anti-A of anti-B, or both as applicable, as
detailed on p. 133.

(d) Neutralize the mother’s anti-A or anti-B agglutinins with
secretor saliva and test against the cells of the Father or child.
Acontrol using A (or B, if appropriate) cells is essential. This
controd, of course, is the same as one of the tests for immune
anti-A.

By the time all the tests described above have been carried out, it
will generally be found that enthusiasm has waned fo the extent that
tests of the nentralized maternal serum against the father’s cells will
only be cartied out by the Coombs technique. They wan also be done
by the serum albumin and saline agglutination technigues il desireds
the papain technique wsually proves impracticable owing to the
difficuity of neutralizing the anti-A and anti-B ageglutinins 1o such an
extent that they will not react with A and B papainized cells.

Haemolytic disease of the newborn is due to an antibody in the
mother’s serum reacting with an antigen on the child’s cetls which it has
inherited from the father, so that if the ABO groups are compatible
and the joint tests are negative, haemolytic disease of the newborn is
virtually excluded. In carrying out joint tests it is, generally speaking,
better to use the cells of the father rather than those of the child, owing
to the fact that some blood group antigens are not fully developed at
bxrth thc reactions arc more readily detected using adulf cells. On

ver, it is preferable to use the child’s cells, either because
\herc is some doubt about the paternity of the child, or because the
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and then test their sera at jatervals for the development of antibodies.
The D positive women are examined to a lesser extent, depending on
their l}istory. The reasons for the prevalence of this system are partly
historical and depend on the fact that anti-D is not only the commonest
cause of haemolytic disease, but also the first to be discovered, The
system also derives from the fact that in the past it has been easier to
test the cells for the D antigen thant {0 test the serum for anti-D. The
papain slide test, however, offers a very convenient and simple method
of detecting Rh antibodies of all types, and it will detect many other
antibodies alse, 5o that 3t could be argued that the time devoted to the
Yarge-seale D typing of antenatal patients would be better devoted to
testing their sera with papain cells, This would also reduce the demand
for anti-D serum, a demand which it is always difficult to meet. Under
this system each antenatal patient would have a blood test consisting
of: haemoglobin Jevel, syphilis test, and papain cell test. These
tests could be carried out when pregeancy was first diagnosed and
repeated about four weeks before term, and the blaod of those
patients who gave positive results in the tests would be subject to further
investigation. In the case of those bloods giving positive results in the
papain cell test, the investigation would include identification of the
antibody and I typing of the mother. Tt could, of course, be argued
that the large-scale D typing of antenatal patients is corried out pot
only in order to detect cases of haemolytic discase but alse so that the
information is available in case the mother requires transfusion when
delivered, but we would suggest that the D typing of the mothers for
this purpose could equally well be cartied out as part of the cross-
matching test, or at least it could be cartied out on admission to hospitad,
There does not now appear to be any good reason for D typing all
anfenatal patients, many of whom will never require a transfusion,
any more than it is necessary 1o I type all persons suffering from peptic
uleer incase they havea h is. Cases with histories sugpestive
of haemolytie disense of the newborn would still requireintensive investi-
gation as at present, but these are likely to be I positive as well as D
negative and could be referred for the special investigation oa clinical
grounds. The proposed system would, we suggest, effect a very con-
siderable saving ift every respect, and would detect anti-D at least as well
as the present system, and a good many antibodies of other specificities
aswell. Furthermore under the present system, if a I negative woman
is falsely grouped as D positive it is hkely that her serum will never be
tested for antibodies in this or subsequent pregaancies. We have seen
number of cases of this, where a chifd severely affected with haemolytic
disease was born at home instead of in hospital in consequence and
where the cause of its condition was nof diagnosed for some days. If the
serum. of all antepatal patients was tesied twice during each pregnancy
as supgested these paformnate missed cases would be Jess lkely.
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Blood transfusions may be given to o patient whjch arc nppnrcn}ly
compatible by the in vitro test described, but which do not survive
normally, This may be for unknown reasons, or because the antibody
has not been detected, or because it is not present, owing to the f:u:t
that transfused cells containing the homologous antigen are circulating
in the patient’s blood.

It should be remembered that the cross-matching test does not
prevent immunization of the patient. This is very likely to occur if,
for example, Rh negative recipients arc transfused with Rh positive
blood, and consequently, special steps are taken to avoid this by
ensuring that persons who are Rh negative receive Rh negative blood
whenever possible,

Summarizing, therefore, from a practical point of view the cross-
matching test is intended to:

1, Detect the presence of atypical antibodies in the patient’s serum,
active against red cells which it is proposed to transfuse. These
atypical antibodies might have arisen as the result of immuniza-
tion due to previous blood transfusions, intramuscular injections
of blood or pregnancy.

2. Detect errors in ABO grouping of the donor and recipient.

The cross-matching test will not:

1. Prevent immunization of the patient.

2. Detect errors of Rh typing of donor and recipient (unless the
recipient’s serum contains Rh antibodies).

Samples
PATIENT

Samples of blood from the patient should be in the form of clotted
blood. 20 ml. of clotted blood should be collected aseptically and
placed in a sterile container labelled so as to be able exactly to identify
the patient. The red cells should be separated from the serum.
washed once in saline (or better, twice) and grouped for ABO and Rl,l
as described in Chapters VI and VIIL If time permits, samples may be

stored at 4° C, overmight, and this wilt diminish difficulties due to auto-
agglutinins,

Tha nttacis- | T
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AN, widumy, 50 AL any naemolysis occurring in the cross-mateht
test will be ol;served. eint € rossmatehing

Serum should be sterile and if it is to be i
i preserved for a few d.
should be preserved frozen solid. A sample of blood from a p;);:r::
should be of sufficient volume to cover the first series of transfusions.
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CHAPTIR X
THE CROSS-MATCHING TEST

THE cross-matching (or compatibility) test is performed immediately
prior to blood transfusion and the donot’s cells are tested directly
against the recipient’s serum to ensure that the blood which is to
be transfused is smtable for the patient. In its entirety, it comprises
the ABO and Rh grouping of the doncr and pzment, together with the

direct matching test. This chap , Is converned only with the
Tatter,
Itis normal practice to select for ¢ hing, blood of homo!

ABO and Rh group, subject to cerfain provisos. That is to say, if 2
patient is group A Rh negative, normally he or she would be transfused
with group A Rh negative blood. Under certain circumstances, how-
ever, if there is @ shortage of Rh negative blood, male patients may be
transfused during the first series of transfusions with Rh positive blood,
and, furthermore, under certain emergency circamstances group O
blood may have to be used. For therapeutic purposes, especially
in haemolytic disease of the newborn either due to Rh antibodies or to
ABO ncompatibility, bloed of a different group from that of the
patient tmay be transfused.

The cross-matching test, as normally performed, shows that no
antibodies in the patient’s serum are active against the red eclls which
it is proposed to transfuse. The object of this is to ensure that, in vivo,
the tramsfused cells will survive normally. The test, therefore, safe-
guards patients against abnormally rapid destruction of the transfused
celfs which may be so rapid as to cause a frank haemolytic reaction, or
may proceed slowly so that a poor therapentic result is
may be anywhere between these two extremes, both of which are,
obviously, undesirable. It is important, therefore, when considering
the cross-matching test, to bear in ouad the work that has been done,
particularly by Mollison (1951) on the in vivo survival of incompatible
red cells in potients whose sera contain antibodies of various kinds.
‘This experience enables one to know which antibadies are likely to be
dangerous and whether some are more dangerous than others. It is
possible to relate in vive survival to the results obtained by in vitro
tests on these antibodies.

After each blood transfusion, careful wasch should be kept for the
failure of the transfused blood to survive nomxally This may bedone by
haemoglobin tests or, better still, by examination of the serum twelve
hours after transfusion for the appearance of methacmalbumin, Any
sign of decreased red cell sarvival should be followed by careful

examipation of the patient’s serum.
208
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FIG 5. Cross-matching card, obverse
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T

Fora g series of transfusions, a fresh sample of blood should
be obtained on each occasion and the ABO and Rh groups confirmed.
A “first series of transfusions” is defined as those fusions which
may be given on any three consecutive days following collection of the
sample. This does not necessarily mean that a sample must be taken
every third day, and if transfusions are being given at longer intervals
as long as possible should be left after one transfusion before the
sample is taken for cross-matching any succeeding transfusion. This
is in order to give antibodies which may have resulted from immuniza-
tion by the initial transfusion time to develop. The proviso of three
days is put in because the shortest time in which we have scen an
anti-Rh antibody develop in the blood of a patient following trans-
fusion is seven days from the first transfusion of blood. In Worssam’s
(1957) case & woman in whose serum Rh antibodies could not be
detected was given 5 ml. of RiR, blood intravenously and anti-D with a
titre of 64 was found a week later,

Doxor

Donor blood samples are obtained cither by aseptic sampling from
the bottle of blood, or from a pilot tube. It must be remembered
that in old blood there is some deterioration in the antigenic strength
of the red cells. A. S. Wiener pointed out many years ago that it was
possible to increase the agglutinability of stored red cells by washing
them three times in normal saline. Although normally with whole
stored citrated blood removal of plasma followed by washing twice in
saline is a satisfactory preparation for the red cells, if the cells are old
washing three times is an advantage.

Procedure and Technique of the Cros: hing Test

‘The technique of a test should be distinguished from the procedure
by which it is carried out, The technique consists of the actual sero-
logical method which is used, e.g. Coombs Test, Saline Agglutination
Test by the tube technique; while the procedure comprses all those
steps which are taken to ensure that the technigue is carrded out cor-
reetly, wsing the correct samples of blood fram danor and patlent;
that the results are correctly recorded and that the correct bottle of
blood is despatched to the patient, and so forth. A good procedure is
particularly vital in the % test, since { ible trans-

fusions arise much more often from failures of the prgcedurc than
from fatlures of the technique.

PROCEDURE

1t is important in every Pathologicat Laboratory, where a number of
tests have to be dooe simultancously, to make sure that a set procedure
is followed so that the risk of confusion and of clerical and other errors



PLATE XV.

b Incompatible transfusion due to anti-c, Direct Coombs test. Only the
transfused cells agglutinate, See p. 229, x220
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is minimal. Expericnce of transfusion reactions has shown that pro-
cedural recording and clerical errors are a much greater danger than
technical oncs (see Chapter V).

Sometimes, of course, procedural recording and clerical and tech-
nical difficulties are combined. For example:

Case 40

A patient was admitted to hospital for_hysterectomy and on
admission was found to be group O Rh positive. During the tran-
scribing of her group to her record card she was wrongly entered as
group A Rh positive. After the operation a bottle of blood was
called for and a cross-matching test was performed with a bottle of
group A Rh positive blood and no incompatibility was detected.
The patient received the group A Rh positive blood and had a
severe haemolytic reaction. Subsequently, the cross-matching test
was re-done on a pre-transfusion sample of serum and showed an
incompatibility. Here the cross-matching test was badly performed
and failed to show the incompatibility, but had the previous record
been correctly entered the error would have been avoided.

The following recommendations should be followed:

. The bottle of blood should be sampled and a record made on the
sample of the serial number of the bottle so that it can be readily
identified. If a pilot tube is used the pilot tube should not be
removed from the bottle of blood during this sampling; a small
quantity should be aseptically withdrawn into a suitable tube,
also labelled with the serial number.

The sample of blood from the patient should also be suitably
labelled in sufficient detail to identify the patient correctly.

A special cross-matching rack should be used (Plate XVa).
Records of the cross-matching test should be kept on a special
card (Figs. 5 and 6), or in a cross-matching register.

During the reading of the cross-matching test the results should be
written on the card {or cross-matching register) as the tests are
read, and if the test shows compatibility a suitable compatibility
label, with sufficient detail to identify the patient for whom the
bottle is intended should be stuck on to the bottle of blood. These
details should be simitar to those on the sample from the patient.
Keep the cross-matched blood in a separate place from the main
stock of blood.

[

Ll

o

Plate XVa shows a cross-matching block which is recommended for
use. Such a block may be arranged to suit the local needs of the
laboratory. It will be seen that there are places for the sample of the
Patient’s blood, for tubes containing specimens of the donor’s cells
and recipient’s cells and serum, and (on this particular block) a small
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in the refrigerator. During the night, however, an incxpericnced
nurse came down to the refrigerator which was used as the Blood
Bank, opened it and removed a bottle of blood thinkiag it was the
one that had been prepared for the patient, and this was given,
resulting in a haemolytic reaction,

Two lessons are learned from this: (1) that bottles should never be
given without compatibility labels being attached, and (2) that had it
been known that a special section of the refrigerator was kept for
cross-matched blood, as distinct from the ordinary Blood Bank, the
difficulty might have been avoided.

A card index system for recording cross-matching tests is preferable
to a cross-matching register, for the following reasons:

1. More information can be put on a cross-matching card than in
the register. The obverse side of the card contains details of the patjent’s
past history and past transfusion history; the reverse side of the card
contains full technical details, the reaction of each tube being shown.

2. With each subsequent seties of transfusions a fresh card is pre-
pared by the Records Office and submitted to the technician with the
appropriate blood sample from the patient, together with the previous
cards for that particular patient. This enables the complete transfusion
history of that patient to be quickly obtained for the doctor’s or
technician’s benefit,

3.In a card index system the complete records concerning a
particular patient are more readily obtained, if difficulties arise in the
future, than if one has to scan through the pages of a large book.

4. They are more readily handled and dealt with in the laboratory,
each card being placed either under or nearby the cross-matching
block and dealt with individually on each occasion on which the cross-
matching test is read by the technician.

TECHNIQUE

Briefly it may be said that the cross-matching test consists of
testing the patient’s serum against the cells of each donor by various
methods, including control tests of the patient’s serum against his
own cells by the same methods. These controls are essential for the
elucidation of various difficulties which occur in the cross-matching

test. It is recommended that the test should be carried out using
the following methods:

1. Antiglobulin test at 37° C.
2. Tube saline a;
incubator,

3. Tube saline agglutination test at 37° C,

gglutination test at room temperature or in a 16° C.

The antiglobulin test should be carried out accordin,
c i ! g to the meth
described in Chapter IV, using a period of 3545 minutes incubati:lg
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window at the top of the block on which the patient’s name can be
written. Sufficient holes are available for six lots of donor blood to be
included. One block is intended for the cross-matching of one order
of blood for one patient. Places are available on this particular rack
not only for saline agglutination and antiglobulin tests but also for the
serum albumin test, because most of the cross-matching tests done in
the Blood Transfusion Laboratory are on difficult cases where the test
is sometimes useful. However, these could be omitted.

When the tests have been set up, those tubes which require incuba-
tion at 37° C. are removed from the block and placed in the correspond-
ing hole of an exactly similar block labelled with the patient’s name,
this block having been previously warmed in the 37° C. incubator. The
two blocks, with their tests, are now incubated at the appropriate
temperatures following which the results are read. The block which is
used at 37° C. may with advantage be made of metal, so that the 37°C.
tests can be carried out in the water bath. The system of interlocking
blocks, fastened together by pins, similar to that recommended for
large-scale ABO grouping, can be used if desired, but if this is done
one has to be careful not to make the mistake of pinning all the blocks
together after the period of incubation and then reading all the results,
since this would be liable to lead to results being read after the tubes
had reached room temperature instead of at the temperature intended.
Tests should always be read as nearly as possible at the temperature
at which they have been incubated.

The main purpose of the blocks is to have together in one place all
specimens concerning the particular cross-matching for that patient,

Whilst bottles of blood are being cross-matched they should be
segregated in a special refrigerator, or a special part of the refrigerator,
until the cross-matching test is completed. During the reading of the
test the results are filled in on the cross-matching card or register and
finally completed and signed by the doctor or technician responsible.
It is his or her duty then to fill in and afix the compatibility labels to
the bottles and put them in that section of the refrigerator reserved for
cross-matched blood. Cross-matched blood should always be segre-
gated from blood which is not so labelled. This is especially important
in hospitals because people may inadvertently remove from a refrigerator
a bottle of blood which has not been cross-matched, and if it is known

that cro hed blood is 3 and put in a special place, this
difficulty 1s avoided.
Case 41

Mrs. A. required blood transfusion. She was group B. Rh positive.
1t had been known that she{was likely to require bloo_(li transfusion
DRI B A i

PRV
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cross-matching block. Avoid clots as in (6) below if time
permits. .
. Determine the paticnt’s ABO and Rh groups by the techniques
described in Chapters VI and VIIL
Obtain the requisite number of bottles of donors’ blood of tl}o
same ABO and Rh groups as the patient, and suspend the ccll§ in
saline in 3 in.X} in, tubes, placing the tubes in the appropriate
holes of the block.
. Let the donor’s cell suspension stand for a few minutes 1o allow
the clots to settle at the bottom of the tubes, Remove the top
portion into another tube, wash twice and prepare a 10 per cent
suspension.
Set up the antiglobulin tests.
. Dilute the cell suspension to 3 per cent and set up the agglutina-
tion tests.
. Incubate the tests at the appropriate temperatures.
10. Wash the cells for the antiglobulin tests, and carry out the tests.
11. Read the agglutination tests, centrifuging if required. If all the
tests are negative, the cross-matching card should be signed by
the technician concerned, and the bottles of blood labelled and
issued.
. If some of the tests arc positive further investigations will be

called for which are discussed in a subsequent section of this
chapter.

wm S
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Using this method and employing the centrifugation technique,
compatible blood can be provided in about one hour. If it is essential
to provide blood more rapidly than this, emergency technigues,
discussed at the end of this chapter, will have to be employed.

Value and Purpose of the Cross-matching Test
In this section we shall consider whether the test is necessary at all;

then its purpose, and finally the means by which the value of a par.
ticular method can be assessed.

NECESSITY FOR THE CROSS-MATCHING Test

If absolute reliance could be placed on the ABO and Rh typing of the
donor and the recipient so that they were always correct, and homo-
logous blood was selected for transfusion, would it, under such circum-
stance, be po§sible to omit the cross-matching test? It would not be 50,
since there might still be in the serum of the patient atypical antibodies
which might give rise to incompatibility and which if is important to
detect. It might be argued, however, that the cross-matching test,
undg.r these circumstances, could be restricted to persons who had
received previous parenteral injections of blood and to females who
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A centrifuge saline apglutination technique is used after a period of
40 minutes incubation. Alternatively, a sedimentation method in tubes
allowing 13-2 hours before the results are read, may be employed,
together with a Jonger incubation time in the antiglobulin test.

A saline agglutination technique employing a centrifugation of
500-1,000 r.p.m. for 2-3 minuvles is suvitable. The advantages of
centrifugation are, firstly, that it speeds up the test and, secondly, that
it increases the strength of agglutinations of alf types. Indeed, the
agghutination due to certain antibodies, anti-Lewis in particular, is
markedly improved by centrifugation, The disadvantages are, firstly,
that it is an additional step, secondly, it introduces a danger of acci-
dentally getting the tubes in the wrong ordes, and thirdly, if centrifuge-
tion is excessive, it can make the test a little difficult to read.

It is recommended that normally the saline agelutination centrifuge
technigue be used with the indirect antiglobulin test of 35-45 minutes
incubation. Where time is not important and large numbers of cross-
matching tests are being done, the sedimentation method may be vsed,
and under such ¢i the time of incubation in the antiglobuli
test may be extended to a period of from 60-75 minutes,

If, in addition, a third test is required, this should be the serum-
atbumin test preferably reading the results by the sedimentation
technique after an incubation period of two hours. In our experience
the serum-zlbumin test will very seldom show anything which would
not be equally well detected by the antiglobulin and saline agglatination
methods, and it certainly cannot be considered in any sense suitable 2
a substitute for either of these. Mts value, ay an additional test, is in
cases of difficulty or where antibodies are known to be present. Tt may
occasionally demonstrate the activity of anti-M or anti-P at 37° C.
Whilst the antiglobulin test is a most valuable test if correctly per-
formed, it is a test Whose accuracy is dependent on rigid adherence to
the correct techni y Coombs reagent, inadequate
washing of the cells and so forth, are always lable to lead to false
negative results in inexperienced hands. I, therefore, there is any
gdoubt as to whether the test is being performed with the requisite care
itwould be wise to include a serum albumin fest in one’s cross-matehing
procedure until such time as one’s antiglobulin technigue is beyond
reproach.

The actual method of carrying out the cross-matching test is a5
follows:

1. Place the sample of the patient's blood in the space provided in
the cross-matching block.

2. Write the patient’s name on the cross-matching block.

3. Prepare tubes of separated patient’s serum and twice washed
cell suspension, placing these in the appropriate holes of the
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to take account of the presence of such antibodies. They often occur
alone and are not difficult to deal with, and compatible blood is
usually not difficult to find. The only difficulty arises when multiple
antibodics are present in the same serum, and in these circumstances it
might be necessary to disregard one which is active at low temperature
alone.

Errors in ABO grouping of donor and recipient should always be
picked up in the cross-matching test, using a suitable technique.

positive, the original grouping having been wrongly performed.
Case 43

Mrs. B.S. was typed as group B under cmergency conditions and
was known to be Rh positive from previous antenatal testing. She
received 500 mil. of group B Rh positive blood and had a severe
hae.molyuc reaction. No cross-matching test was performed, the
patient was subsequently regrouped and found 1o be group A Rh
positive. The original ABO grouping had been done on a slide and

it was considered that it had inadvertently been turned upside down
during the grouping,

. The first of these two cases illustrates an original error in the ABO

1?’117“18 detected_ by the cross-matching test, and the second case shows

f;{:rgﬂ passing undetected when no cross-matching test was per-
ea.

vaen subgroups of A, such as A,, where the blood is thought to be
of group O, would normally be found.

Case 44

Patient Mr. H., group O Rh positive, suffering from hae; i
Ir. H., 3 matel
dl:wil to carcinoma of the stomach. It was decicgied to transéxsem ;is:;
With 2 units of 500 ml, of blood. Both these were group O Rh
po;n.we, and a cross-matching test was performed in the usual way,
2& 111]: 'glle case oi} t}!lle first bottle i patibility was d d, but
e case of the second one, Examinati
first group O blood was really group A, sub-griuoli; sﬂ:\ved that the
In the following cases Rh antibodies were involved.

Chase 45

Mrs. A., suffering from severe anaemia, w: i

! as admitted for tre:

:;l/nlt)slt:’%d transfusion. She was grouped,as A Rh positive, ra::int?ot
group A Rh positive blood were cross-matched, fo‘und to be
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might be immunized as 2 result of pregnancy: i.e. it conld be restricted
to people who might show some evidence that they had been immunized.
This again, however, is an unsatisfactory premise, firstly, because it is
known that intramuscular injections of blood will cause the production
of antibodies, especially of Rh antibodies in susceptible persons, and
coupled with this it is a fact that persons are often unaware, or have for-
gotten, that they have received intramuscular injections of blood. A
second objection to this is that certain antibodies, anti-Lewis in par-
ticular, together with anti-P and anti-M, may occur in persons (both
children and adults) who do not appear to have been immunized by
previous parenteral injection of blood. Some of these antibodies are
known to cause quite severe haemolytic reactions. These considerations
show that the cross-matching test is undoubtedly necessacy, The most
unfortunate premise of all here is that the ABO and Rh typing is always
correct; thns is not 0, and thxs is one of the main reasons why the
cr g test is Lt

PURPOSE OF THE CROSS-MATCHING TEST

The purpose of the cross-matching test is to avoid incompatibility
and to ensure the best therapeutic results of blood transfusion. This
involves:

(a) Avoidance of ABO and Rh grouping errors in dopor and
recipient.

(b) The detection of blood group antibodies of various specificities,
titres ﬁnd degrees of avidity dangerously active against donor
red cells.

We have said previously in the introduction that the purpose of a
cross-matching test is to avoid incompatibility and to ensure the best
therapeutic results. It is insufficient to try to pmduce a !echmquc which
will merely avoid frank i spatibility, d by jaundice and
anurm, and to xgnore lesser dcgrces af dcstrucnon of red cells because

s Bn e e o

and perhaps with a different clinical state, cause a severe and frank
haemolytic reaction. In other words, one has to consider the patient
as a whole and nof merely the antibody. An antibody should not be
considered as of litte 1mportance simply because it does not always
cause a severe h Iytic 1 Therefore, one cannot d
between two desires—that of aveiding mcompatxbzhty and ensuring
the best therapeutic result; they really amount to the same,

No antibody active at 37° C. can ever be ignored. The question arises
whether antibodies which do not act at 37° C. can be disregarded.
Here we have found it a vseful working rule, and indeed a simple one,
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k he presence of such antibodies. They often occur
::l’olxzx‘: ea?\ficzl:l:cft‘ d'xil":cu\t to deal with, and co.mmhblc blood is
usually not difficult to find. The only difficulty arises .whcn multiple
antibodics are present in the same scrum, npd m.thcsc circumstances it
might be necessary to disregard onc which is active at low temperature
n‘olil‘:;ors in ABO grouping of donor n_nd rcci[)icnl shoulq always be
picked up in the cross-matching test, using 2 suitable technique.

Case 42

Mr. H., 2 patient suffering from haematemesis, was Group O
Rh positive, and was cr ched against supr y group O Rh
positive blood. Thecross-matchingtestshowed incompatibilityand the
‘donor's blood was thereupon regrouped and found to be group A Rh
positive, the original grouping having been wrongly performed.

Case 43

Mrs. B.S. was typed as group B under emergency conditions and
was known to be Rh positive from previous antenatal testing. She
received 500 ml. of group B Rh positive blood and had a severe
haemolytic reaction. No cross-matching test was performed, the
patient was subsequently regrouped and found to be group A Rh
positive, The original ABO grouping had been done on a slide and

it was considered that it bad inadvertently been turned upside down
during the grouping.

The first of these two cases illustrates an original error in the ABO
typing detected by the cross-matching test, and the second case shows
the error passing undetected when no cross-matching test was per-
formed.

Even subgroups of A, such as A,, where the blood is thought to be
of group O, would normally be found.

Case 44
Patient M- ™~ -

dl_xeh to carc
with 2 uni . ... .. v LwoW. Both these were group O Rh
positive, and a cross-matching test was performed in thge usgal way,
and in the case of the first bottle incompatibility was detected, but
not in the case of the second one. Examination showed that the
first group O blood was really group A, sub-group A,

In the following cases Rh antibodies were involved.

Cast 45

Mrs. A,, suffering from severe anaemia, was admi
by blood transfusion. She was gmupcd’ a.saAs\ Rrﬁlg;gitfi?;tr::gﬁ‘é
pints of group A Rh positive blood were cross-matched, f(;\md to be
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compatible and given to her. Three months Iater she was readmitted
for a sccond transfusion and on the second oceasion regrouped as
group A Rk positive and the cross-matching test with homologous
blood was set up and found o be incompatible. Subsequent investi-
gation showed that the patient was, in fact, group A Rh negative, and
had Rh antibodics in her serum.

Casg 46

Mrs. H., aged 30, was admitted to hospital, with i p
abortion accompanied by hacmotrhage. She was suffering from
shock and her haemoglobin was 8-5 grammes per cent. The patient
was grouped A Rh positive, and given one pint of group A Rh positive
blood (Ryr). During the transfusion she developed a severe rigor.
She was subsequently found to be jawndiced and had )
binuria followed by anuria, bui made an uninterrupted recovery,
Investigations showed that the patient was group A Rh negative and
that her serum contained Rh antibodies {anti-D).

These last two cases illustrate the points previowsly made. It is
shown in Case 45 that the cross-matching test was not able to
prevent i ization of the recipient where 2 mistake had been made
in the Rh group, and was only able to show that it had occurred and
to preveat an incompatibility when the patient had developed Rh anti-
bodies in her serum. In Case 46 the patient’s Rh geoup was wrongly
done and she had antibodies in her serum, but unlike the first case,
they were not detected in the cross-matching test and consequently
be error was sot discovered and the patient had a severe haemolytic
reaction.

Casg 47
A child, aged 5 years, received severe burns and was admitted for

a skin grafting operation. The child was grouped as group O Rh

positive and given group O Rh positive blood. The child made 2

good recovery, went home, and returned six months fater for further

skin grafting.” The ohild was again grouped as groun O B positive,
and a cross-matehing test set up with ~- ¢ blood.

Incompatibifity was f- 7 1 was in

fart w7

T s S20WS Bgain that immunization
conld  wwsuatet by the cross-matching test, but was detected
when 1t Biad occurred. The interest in this case lay in the fact that such
immunization can occur in yaung children and consequently similar
precautions to those employed in the case of adults should be exercised
in these cases.

n the next three cases, ABO incompatibility oceurred, and a pint of
whole blood was given to each of these three patients, They were sl
suffering from different conditions and were different clinically, and
preatly different results were produced. In the first case incompatibifity

1
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severe shock and death, um\ou_gl'\ in this casc it must
::sag‘:rl:m:zdﬂ?zl there had been some shock onglnally. In the m{)nd
case, the patient had no jaundice but had a rigor fo\lo\m{) sy ',:l‘
quently by anuria, and in the third case no symploms were 0 serveds
These three cases illustrate the different reactions of patients to incom-
patible transfusion.

Cast 48

M, A., admitted to hospital following an accident, resulting in
fractured femur. The patient was not severely shocked but it was
considered before operative treatment was started that he should
receive a pint of blood. The patient was grouped as O, Rh
positive, and inadvertently was given a pint of group A Rh pesitive
Blood. ' No cross-matching test was performed. Severc shock

occurred following the teansfusion and the patient died six hours
later.

Case 49

Mrs. H., aged 48 years, was admitted to hospital with severc
menorrhagia and anaemia. Hysterectomy was intended, She was
group O Rh positive, and had already received 1 pint of group O
Rh positive concentrated red cells when she was accidentally given
1 pint of group A Rh positive whole blood. The patient had a

severe rigor, but was not shocked or collapsed, and there was no
jaundice.  She later developed anuria, but made a good recovery
following suitable treatment.

Case 50

Blood was being cross-matched for two paticnts at the same time;
one was group O Rh positive and the other group AB Rh positive.
The cross-matching tests were carried out satisfactorily and were
compatible, but unfortunately the compatibility labels were stuck on
the wrong bottles, so that each patient reccived the blood intended
for the other. Fortunately no ill effects followed.

. Inall these cases of transfusion reaction, in which there was destruc-
tion of blood, the destruction was attributed to the giving of incom-
patible blood. In order to establish this with certainty, however, it
would have tobe d rated that the transfused cells were abnormatly
rapidly removed from the circulation, and that no other cause was

present to account for the signs and symptoms th:
¢ at occurred. 1
was not possible to demonstrate this in all these cases,

them the evidence was such that the cause of the

but in many of
. > haemolysis w
COnSldereEl to be the incompatible transfucion In en ysis n‘s.

n ampas T
feeeamatoog e

. I L Lo
e o RN -0

STt e fgeowia oF other sigh ot
incompatible transfusion had resulted, or sign ot symptom of
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ASSESSMENT OF THE VALUE OF THE CROSS-MATCHING METHOD

Lastly, we come to the assessment of 2 particular cross-matching
method, ie. its value in clinical practice. Assuming the techniques
employed in the method are satisfactory (p. 221) are there any other
means by which the value of the cross-matching method can be deter-
mined during its use in clinical practice?

One way is to try to analyse the cases which have been transfused in
a hospital in order to determine whether any incompatible transfusions
have occurred during a certain period of time. It will not have been
possible, of course, unless detailed investigations have been dons, to
detect abnormally rapid removal of cells from a patient’s blood as
distinet from cases which show frank signs and symptoms of chinical
haemolytic reaction. However, it is important to ascertain the number
of such clinical haemolytic reactions which are due to haemolysis of
blood in vivo and which are attributable to technical errors in the cross-
matching method.

Another assessment that may be made is to determine the number of
incompatibilities that have been detected durmg the performance of
cross-matchmg tests in the laboratory That i; is o say, the patholog\st
may find that in 1,000 ive g tests no p
bilities have been detected using a particular techmquc This may weU
be regarded as due to correct ABO and Rh grouping and the absence
of atypical antibodies in the reciplents’ sera. To some extent this may
be true and it will depend upon the particular type of case for which
blood is being supplied and whether any cases are regularly being
transfused that have received multiple transfusions, as well as the age
of the stored blood normafly used. Nevertheless it would be unusual
if in 1,000 cases, incompatibilities of some kind were not detected, since
experienced workess do find them in such a series of cases. Love and
Wallace {1956) found 208 incompatibilities in cross-matching blood for
20,000 patients. ‘Fhis, of course, does not refer to incompatibilities
which have resulted from procedural or clerical errors, but from thase
which have been detected as resuiting from ABO and Rh grouping or
the occurrence of atypical antibodies. Of a sample 1,000 cross-
matchings undertaken at the Manchester Roya! Infirmary enly three
mcompaubxlmas (all due to ihe presence of atypical antibodies in the

* sera) were d d during the performance of these tests and
no haemalyuc transfusion reactions oceurred in the hospital during
this time (Lempert, 1958).

Analyses of this kind in a hospital, although not of very great valus
in assessing the cross-matching method, may be a useful addition to the
knowledge that suitable techniques are used which will detect a high
proportson of blood graup anubodms (Gvide mﬁ-a) On the other haad,
it cannot be argued that a cx is satisfactory on the
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grounds that no incompatibilities have been flc\Mcd ina }argc serics
of consecutive tests, because this might prove just the opposite, namely,
that the technique used is insufficiently sensitive.

Factors Governiog the Selection of Technique in the Cross tching Test
These may be tabulated as follows:

1. Experience.

2. Sensitivity of the technique in the detection of:
(@) Anti-A, anti-B.
(b) Other blood group antibodies.

3. Test should be able to be conducted with reasonable speed.

4, Test should be relatively easily performed and not be unduly
complicated,

5. Test should be reliable, giving a minimum of false results.

Experience of surveys of incompatible transfusion reactions, and of
surveys of difficulties encountered during the cross-matching test,
shows that the greatest number of haemolytic reactions are duc to
ABQ incompatibility between donor and recipient. Since anti-A
and anti-B occur normally and regularly in the sera of recipients, it is
important that the cross-matching test should include a technique which
will detect such antibodies regularly and easily. This technique will, of
course, if properly arranged, detect other blood group antibodies
which act as saline agglutinins, but the detection of anti-A and anti-B
must be its primary purpose, Whilst very speedy and accurate methods
can be employed to detect anti-A and anti-B these arc usually not so
sensitive in the detection of other saline agglutinins and, therefore,
one has to try to find a technique which enjoys the best of all worlds,
and at the same time is sufficiently sensitive to detect weak anti-A
and anti-B. We have never seen anti-A totally absent from a serum,
where it would be expected, but have seen it greatly reduced in activity
and sometimes resembling an anti-A,. Anti-B, also, is sometimes only
very weakly active. One part of the cross-matching test, therefore,
should be a saline agglutination test carried out in a tube at room

temperature (or 16> C.). The test is designed in this way for the follow-
ing reasons:

LA tube technique is employed since this is more sensitive and
convenient than a method using slides or tiles.

2. A saline medium is selected because anti-A and anti-B are pre-
ferentially detected in 2 saline medium.

3. Since as many 25 2-3 per cent of anti-A or anti-B antibodies may
fail to show decisive agglutination at 37° C. it is necessary to carry
out the test at some lower ure; 16° C. is dasa
temperature which will give a strong agghutination with anti-A
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and anti-B without being so fow as to cause frequent interference
from undesirable cold autaantibodi

4. Cold specific atypical antibodies such as anti-P and anti-M will
alse readily be detected by this test,

Anti-A and anti-B are readily detected after a very short period of
incubation of the cells and serum, if the mixture is centrifuged. How-
ever, such o procedure would make it difficult to detect Lewls anti-
bodies and antibodies such as anti-P, and therefore & preliminary period
of incubation of 40 minutes coupled with centrifugation, is suggested as
a technique to pick up the maximum number of saline agglutining
and preferentially detect anti-A and anti-B. Alternatively the saline
agglutination tests can be read by the sedimentation technique after
13 to 2 hours incubation.

A saline agglutination test at 37° C. is also included because it is
not only of assistance in diagnosing false positive results which may
oceur at 16° C. but also because certain antiboadies will be detected at
this temperature. Lewis antibodies are the most important here becanse
of their frequency, and Hability to cause haemolytic reactions,

It is known that cerlain techniques, such as “layering™ technigues,
will readily detect saline agglutinins of certain specificities—for example,
those present in anti-Kell sera——but such techni aredisad
for the detection of anti-A and anti-B and consequently not recom-
mended for use in the cross-matching test.

A further technique is needed for the detection of incomplete anti-
bodies, and we recommend one technique only, rather than two. This
is done on the grounds of speed, ease of performance and simplicity
of the test, and it therefore remaias to consider which of three possible
tests should be selected. These are: the papainized cell technique, the
atbumin or serum albumin method, or the antiglobulin test. .

Denling first with the papainized cell test, it may be said th:xt‘t_hls
tns the advantage of speed and simplicity. It Is a very sensitive
means of detecting anti-A, anti-B, anti-P and Rh antibodies of alf
types, and it will also detect Lewis antibodies, but it fails to detect
anti-M, ant-N, many anti-K, ant-S, anti-Fy* and anti-Jk*. The
papainized cell technique is a method primarily designed for the
detection of antibodses in sera using a bulk supply of carefully prepared
and carefully controlled papainized cells for testing a large number of
different sera, and it is much less suitable if nsed by papainizing the
cells of & number of different donors in order 1o test these against &
patient’s serum, The needed to papainize the cells are rather
unstable and no cells can be idered satisfactorily papainized until
they have been standardized (p. 40).

This makes the test a lot Jess simple than would at first sight appeas
10 be the case, Furthermore, some cell samples seem to be less easily
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papainized than others, and we have met with at Jeast two cell samples
which seemed most difficult to papainize, or indeed, go.chnngc by any
other enzymes. A further disadvantage of the papainized cell test is
that it is so sensitive as to detect a large number of weak autoagglutinins,
weak anti-H /O and anti-P active only against papainized cells. Most of
these are so weak that it is almost certain that they are not of any
clinical significance so that their detection is merely 2 nuisance. In
short, this technique is not recommended for cross-matching.

The albumin, or serum albumin test, may be employed as a second
test but suffers from certain disadvantages. It fails to detect certain
antibodies that the antiglobulin test will detect, e.g. certain Rh anti-
bodies, anti-Fy* and anti-Jk%. Moreover, it is a test which is subject to
zoning, which is a clear disadvantage in any technique where simplicity
is the order of the day, and 2 titration method would be Iaborious.
Also, the albumin test, especially after centrifugation, is a difficult test
to interpret.

The antiglobulin test, on the whole, is considered to be the test of
choice. It is widely effective in picking up all kinds of incomplete
blood proup antibodies, and provided that the technigue and reagents
are as laid down in Chapter 1V, and the special precautions which are
suggested therein are followed, no difficulties will be encountered in
using this method. It can be completed within the hour. Zoning is
very rarely a cause of difficulty, but the antiglobulin reagent can
readily be diluted and the test repeated if it is considered desirable 10
do this. Furthermore, the test is one which is very applicable to cases
where rouleaux formation occurs.

It is also by and large the test which shows the best correlation with
the clinical importance of the antibodies, and, in general, antibodies
which are active in the antiglobulin test are dangerous.

Cross-matching Difficulties
‘When positive results are encountered in the cross-matching test,
one must first of all try to decide whether they are true positive results
(which will usually be due to the action of a specific blood group
antibody) or false positive results. This is the reason for including the
tests of the patient’s serum against his own cells,

FALSE PosiTive Resurts

‘Whilst any of the false positive results mentioned in Chapter V can,

of course, occur in a cro: hing test, the foll will be speci:
! g alt
considered here: ’ - pecily

1. Rouleaux formation.
2. Autoagglutination,
3. Infection of serum, or red cell suspension,
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4, Clots.
5. Direct positive antiglobulin test on donor’s cells.

1. ROULEAUX FORMATION. When this occurs in saline agglutina-
tion tests, it can be recognized microscopically, or at least suspected, and
disappears in the majority of cases when the serum is diluted 1in 2
in saline, If time permits, therefore, the saline agglutination test, in
which it is thought that rouleaux formation occurs, may be repeated
using the recipient’s serum diluted 1 jn 2 in saline. Cestain patho-
Iogical conditions, such as multiple myelomatosis, and other abnormali-
ties of the serum proteins, result in very marked rouleaux formation,
and here definite apgregates of cells can be seen which resemble
trye agplutination. 1 is importast to note that the cell aggrepations
due to rouleaux formation will occur in the control mixtures of the
patient’s own cells and own serum in saline at room temperature and
at 37° C. Rouleaux present difficulties in cases where teve agglutination
is present in the scrum at the same time as the rouleaux forming pro-
perties. The agglutinin may have a titre greater than I in 2 and in such
circhmstances it should be possible to distinguish it from the presence
of the agglutinin by comparison with the control. The antiglobulin
test is particularly valuable in this respect since it is not affected by
the presence of rouleaux forming properties in the serum.

Summarizing, therefore, if roulcaux formation is suspected, the
following steps should be taken:

() Inspect the control, patient’s own cells and own serum, which
will give a similar app at roosn temperature and at 37° C.

{b) Have experience of microscopic examination of rouleaux formaa-
tion which will help in the diagnous (Plate IX).

{¢) X time permits, dilute the patient’s serum 1 in 2 and repeat the

tests.

{d) Read the antiglobulin test which is not affected by rouleaux
forming propertics of the serum.

(¢} Remember that agglutinins may be present in serum that con-
tains rouleaux forming properties. These usually have a titre
greater than 1 in 2 but this may not be universally so.

2. AUToAGGLUTINATION. Cold agglutination, as its name implies,
occurs at femperatures below 37° C. and is of two kinds: specific and
non-specific. The non-specific type is called antoagglutination and
presents the following characteristics:

(a) It is present in the saline agglutination test at room temperature;
nat present in the salne agglutination test at 37 C.

(¥} Tt is present in the control tube (patient’s own cells and own
serum) at robm temperature but not at 37° C.
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v ° C. if care
¢) It may appear to be active at 37 C.as well as at 10
© is notytakc;’c‘:o prevent cooling whilst reading the tests.

e . his
‘When autoagglutination is present l!\c first siep is to ensure that ¢
has not led to errors in the determination of the patieat’s ABO and Rh

BroOUps?

(i) Prepare & free cell suspension of the patient’s red m\}s by
washing three times in saline. In cases where the aumanhbo@y
is a high temperature one, the cells will need to be washgd in
saline at 37° C. In certain special cases, such as cases associated
with acquired haemolytic anacmia, it may be necessary to
wash the cells at higher temperatures still in order o ensure
that they are freely suspended in saline (p. 246). R

(i) Washed cells are placed in tubes at 16° C. and 37° C. with
anti-A, anti-B, AB serum and saline. The patient’s serum is
put up with A, B, and O cells at 16° C. and at 37° C. also. The
results are read microscopically. The tests sometimes give
stronger Tesults with group O than with group A or B cells and
this may suggest the presence of a specific antibody in addition
to the autoagglutinin, though certain autongglutinins will
themselves give this pattern (see p. 93).

(ifi) Test the washed cells with anti-D by the tube techaique at
37° C. using an AB serum control.

The cross-matching test can then be carried out taking the pre-
cautions against cooling mentioned on p. 92. That an agglutinin
is an autoagglutinin and not a specific blood group antibody would
have to be ascertained finally by absorbing the serum with the patient’s
own cells previously washed free from antibody at low temperature,
and d ing that this r the agglutinin to the other red
cells. Such pracedures ate not usvally possible in an investigation of
the cross-matching test.

3. IneecTION. Infection js an occasional cause of false positive
results occurring in the cross-mafching test. The red cells from the
bottle of blood or side tubes should be sterile. It is anly when side tubes
have been opened several times that co

ntaminated red cells are liable to
bie used, and under such ¢ if inated red cells are nsed
jtwill be fornd thasatoo oo 0 o -
SeTam anc
present at

e pre s
on tha Ancacn 21 0 - -

i
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4, CLOTTING Dirracurties. These often cause trouble, 1t may
happen that the suspension of donor’s cells contains smaii clots. This
occasionally occurs in samples obtained from the bottde of blood or
from side tubes, especially if the blood has not been thoroughly mixed
with the citrate solution during its collection, These small clots may con-
sist of ten, twelve or more cells and Iook very like an agglutination, but
experience will often enable them to be recognized since they have
characteristic appea . 1€ it is suspected that clots are present, the
cell suspensions should be stood on the bench for a few minutes to per-
mit these to sink to the bottom of the tube and the supernate removed.
Indeed, this is a useful precaution to follow in all cases; that is, to have
a long tube 3 %} inch, and permit the cell suspension fo stand initand to
obtain the celt suspensions for the test from the top half of the tube.

Sometimes difficulties occur if the donor’s cell sample has been
obtained from the bottle of blood, and not been sufficiently washed
free from plasma. If these partially washed cells are mixed with the
patient’s serum, clotting will occur, especially when the mixtures are
stood at 37° C. and this may mimic agglutination, The strands of fibrin
may enmesh the cells or cause them 1o clot together so that an appeat-
ance of false agglutination is seen. Watch should be kept for this
phenomenon and the donor’s cells sufficiently washed to be frec from
plasma so that this difficulty will not occur.

Sometimes difficulties occur due to the patient’s serum. If a cross-
matching test has to be done rapidly and the patient’s serum is separated
from the cclls by centrifugation before clotting is complete, clotting
may continue in the cross-matching test and may enmesh the cells and
cause an appearance of agglutination. This 1s most hikely to occur
when clotling defects are present in the patient; for example, in cases
of haemophilia.

5. DmECT POSITIVE ANTIGLOBULIN TEST ON DoNor’s Cerrs, If
the direct antiglobulin test on the donor's cells is positive then the
donor's blood is unsustable for use as transfused blood. A sumber of
cases of this may be due, of course, 1o the donor having an acquired
haemolytic anacrmua of some Kind, although this 15 unlikely, Alter-
natively, it may be due to the fact that it is a direct positive antiglohulin
test either with anti-y-giobulin reagent, or 1n some cases anti-non-y-
globulin reagent, unassociated with any signs or symptoms in a perfectly
healthy donor {Chapter 1V).

TRUE POSITIVE RESULTS

If it is concluded that the difficulty is not due to false posdive
results or that both false and true positive results arc oceurring,
it is presumed that a specific blood group antibody is present, and
steps should be taken fo identify it. The first thing to remember
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here is that the ABO or Rh groups of patient or donor may be in-
correct, and if this is suspected these groups should be carefully
retested. Very rarcly the supposed group O donor is, in fact, group A,
Sometimes it is found that the patient’s blood has been wrongly grouped
as D positive when, in fact, it is D negative with anti-D in the serum.

If the ABO and Rh groups are correct, the results fall roughly into
two classes:

(a) those where the saling agglutination test at onc or the other
temperature is positive, and

(6) those where the saline agglutination fest is usually negative, but
may be positive, and where the antiglobulin test is positive.

It is undesirable at this stage to proceed forthwith to the screening of
bottles, and hope without establishing the identity of the antibody to
find sufficient compatible boitles for the patient’s needs. This s a
bad practice since, in the first place, nothing is ever learned about
how the antibodies react, how they are detected, and which are
dangerous antibodies. Secondly, it is not safe to proceed and give an
apparently compatible blood if another is incompatible, without
diagnosing the nature of the antibody. The reasons for this are that
the antibody may be difficult to detect unless special care or techniques
are used; for example where anti-Le?-{-anti-Le® are present in the same
serum, the cross-matching test perhaps having only detected theanti-Le.
The routine cross-matching test is intended for the general detection
of antibodies of all types, but does not necessarily include the most
sensitive method for every individual antibody. Once an antibody has
been detected the case becomes a special case, calling for special care,
and possibly for special serological methods according to the particular
antibody involved. This is illustrated by Case 70, p. 265. Sometimes
the antibody is detected using homozygous cells, so that the strong
reaction under these circumstances is detected, but heterozygous cells,
which under more sensitive tests would react with the antibody, are
wrongly thought to be compatible.

Case 51

Mrs. G, group O rr, was found during the antenatal period to
have strong incomplete anti-D in her serum. When her baby was
born it was found to be group AR,r. The direct Coombs test was
strongly positive, the haemoglobin 13 gm. per cent and the serum
bilirubin 4-8 mgm. per cent. Two bottles of group A Rh negative
blood were cross-matched against the infant’s serum without
difficulty, and an exchange transfusion carried out, but the serum
bilirubin continued 1o rise and by the following morning had reached
a level of 170 mgm. per cenf. A second exchange transfusion,
therefore, was advised. Cross-matching tests using the infant’s
serum were carried out with four bottles of A Rh negative blood.
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Two of these were found incompatible by the indirect Coombs test,
but the other two were found compatible and were used for a further
exchange transfusion, Following the second exchange iransfusion,
the infant’s serum bilirubin was 12-6 mgm. per cent, and it showed
signs of kernicterus. The infant died the following evening and
kernicterus was confirmed at the post-mortem. Samples of the
mother’s blood, the infant’s blood and the two bottles of blood used
at the second exchange transfusion were referred to us for further
investigations, when it was found that both the mother’s and the
infant’s sera contained a potent anti-A of immune type detectable
with anti-non-p-globulin type reagents and with cells suspended in
serum albemin, A series of direct Coombs tests on various samples
of the infant’s blood gave the following results:

Antiam Anti-non- "

globulin yeglobulins Saline
At birth . .. o ++4+ w -
Before 1st exchange transfusion R S ate o w -
Alter st exchange transfusion 4+ ++ -
Before 2ud exchange transfusion .. + 44 +4 -
After 2ad exchange transfusion ++ + 44 -

It seems that the cause of the deterioration in the infant’s condition
was the reaction of the immune anti-A in its serum with the trans-
fused adult A cells and it is interesting to notice that although the
direct Coombs test with antiw-globulin reagent became weaker
following the ive exchang fusions with Rh negati
blood, the direct Coombs test using the anti-non-y-globulin reagent
became progressively stronger, This appears to be due to the greater
reaciivity of the adult A antigen withi anti-A. The ins of
the two bottles of blood used in the second exchange trapsfusion
were now examined and it was found that bottle “1” was group A,
and bottle “2” group A,. We repeated the cross-matching tests
using the infant's serum and obtained the following results:

tra

Antiglobulin gest Serum Saline
B e
Antiey Anti-npny rc arc wc
Bowlel .. . - w o - -
Bottle2 .. - + Fanes 4+ - -
Baby’s cefls + 44+ w At — —
In this case an i ibility was detected in the cro tehi

test, but other bottles of blood which appeared to be compatible
were given with deleterious effects. The case shawed that 1if one
bottle is found i patible in a cross- hing test it is an indica.
tion that this is a difficult case and one where special care is needed
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in cross-matching other bottles. The casc also illustrates the value
of an anti-non-p-globulin reagent, which showed very clearly what
had hoppened to the child following the successive exchange
transfusions. This type of reagent was also of considerable value
in the elucidation of the cause of the difficulty. The repeat cross-
matching test showed that bottle “1” was com,ple(cly compatible
using an anti-y-globulin reagent and bottle *2" was only weakly
incompatible. This was also onc of those rarc cases where the
serum albumin test was of value in cross-matching, and if it had
been employed in the first place it would have shown that these
two bottles were incompatible.

Cast 52

A patient suffering from a severe haemorrhage following
caesarian section was found to be group B Rh positive, and a cross-
matching test was carried out with four group O Rh positive bottles
of blood, since no group B blood was immediately available. One
of the bottles was incompatible by the indirect Coombs test, but
the other three appeared to be compatible and were given to the
patient. She developed a severe haemolytic transfusion reaction,
became jaundiced, and died some hours later from the effects of
haemorrhage, hepatic necrosis and the transfusion. Subsequently, a
direct Coombs test showed clearly the presence of incompatible
transfused cells in her circulation (Plate XVb) and an incomplete
anti-c, active in the Coombs test, was found. This gave a marked
dosage effect, and it is likely that some of the bottles given to the

patient were heterozygous C-c, and that their incompatibility was
overlooked for this reason.

The lusion here, therefore, is that if i 1ibility occurs in the
cross-matching test, any compatible bottles should be considered to
be only apparently compatible until the nature of the antibody is
determined. Another thing that must be remembered is that when one
?ntibody is present others may be present also. This is particularly
important where a patient has been receiving multiple transfusions
and where the first antibody was originally detected a long time ago
and compatible blood has since been given.

_ The i'dentiﬁcation of the antibody is also of importance because, if
it is active at room temperature only, it may be wondered whether it is
a dgngeru}xs antibody or not. Mollison (1957) has stated that anti-
bodies which are active only below 31° C. are not dangerous, but for
the purpose of the technique described herein we have considered that
all antibodies detected at 16° C. and higher might be potentially
dangerous. It is often very difficult 1o say whether such antibodies
!mv'e a small activity above 31° C. or even whether a very feeble reaction
is given at 37° C., and if circumstances permit, as they most often do,

it is better to give compatible blood. ’

The rule, therefore, is that when incompatibility occurs the antibody
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should be identified before proceeding further. Whilst it Is very desir-
able to keep ta this rule whenever possible, it has to be conceded that
cases do vecur in which one has to be content with the empirical method
of cross-matching a number of bottles, and giving those which are
found compatible in the tests. This may arise from the urgency of the
case; or because difficulties are encountered in attempting to identily
the antibody, or from other adverse ¢i es, Crosy- hing in
this way is a departure from the ideal, and will only be safe if carried
out observing all the precautions described in other chapters. Moreover,
it does not always effect a saving of time or labour, since it may be
that when a patient’s serum is cross-matched against a farge number of
bottles of blood, few or none will be found to be compatible. Whereas,
if the antibodies are identified first it may well be that donors of suitable
groups will be known already. When this method does have to be used
an attempt ought always to be made to identify the antibody subse-
quently in case further transfusions are required.

In identifying the antibody present, the results obtained in the initial
incompatible cross-matching test provide a valuable clue, and one
should consider whether the antibody is active only in the saline
agplutination test and, if so, at what temperature, or whether it is active
in the Coombs test. If several bottles of blood have been cross-matched,
one should also consider whether all or only some were found incom-
patible. Table 60 shows the commonest patterns of results obtaiped in
the different tests, together with the antibodies that are most likely to
be causing the difficulty.

TasLe €0, MoST LIKELY ANTIBODY ACCORDING TO THE DIFFICULTY i e Cross-
MATCHING TFest, assuming mHE ABO axD Ru Typisg 10 pE CORRECT

Saline agghetination sest

buhr test Most likely antibady
rcC 16° C.
neg. neg. pos. Ante-Ay, M, N, O, H, P, Le,
Leb
neg. pos oS, Anti-Les, Le?

Rarely anti-M, P,

POSs. pos, or neg.  pos. or peg. | Anti-E, ¢, D*, K, Fyr
Anti-globulin
reagent
pos. pos, or neg, pos, or neg. | Asti-Leb, Leb, Jkv,
Anti-pdp-y-

globulin reagent

» 3 recipient’s Rb group bas been incorrectly determined.
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When these points have been considered, the 'antlbody may be
identificd, as described in Chapter XH, When this has been done,
blood lacking the antigen concerned should be provided for the cross-
matching test. It may not always be posslblc' to do this, ‘cspccm_Hy in
cases of urgency, and if the antibody in the patient’s scrum is suﬂim;nl_ly
potent it may be possible to rely on this. If, ho\.\'c\'c_r, itis \\c:lk: in its
activity, it will not be possible to rely on it, but it mxght be possll.alc to
get around the difficulty. For example, if an Ryr patient had anti-E in
the serum, cross-matching could be carried out with Rh negative
blood, though if the patient is R,R, this is inadvisable since we have
known the transfusion of Rh negative blood to an R;R, patient with
anti-E in the serum result in the development of a potent anti-c.

Anti-Le® on its own and anti-Le® on its own present some difliculty,
but in combination they present even greater difficulty because even
certain cells which are known to be type Le(a—b—) may prove to be
incompatible. It is not known at present whether these incompatible
Le(a—b—) cells are more likely to be destroyed in vivo than are
compatible Le(a—b~). The Le(a—~b—) cells which arc compatible
are often those which come from persons who are non-secretors of
Lewis substances. These non-secretors are rare and difficult to find,
and if it is not possible to find them then one might have to resort to
transfusion with Le(a—b—) cells from persons who are sccretors.
Lewis antibodies in a patient’s serum can sometimes be used for
selecting blood by using their haemolytic activity, and the bloods
which fail to give lysis are then further examined by usc of the saline
agglutination technique with centrifugation, and the antiglobulin
technique using anti-non-y-globulin reagents.

It may be that more than one atypical antibody is present in the
serum of a patient needing transfusion, and these will all have to be
identified by using the standard cells and the methods described for the
identification of atypical antibodies. A good guide to the nature of
those antibodies can be had from a knowledge of the frequency of their
reactions and the nature of their reactions, as shown in other chapters.

Difficulties arise when the controls as well as the actual tests are
positive. This often occurs in cases of symptomatic and idiopathic
acquired haemolytic anaemia and these are special cases which will be
dealt with later, as are high temperature autoantibodies. Rouleaux
and or autoagglutination can occur in combination with atypical anti-

bodies and under the atter circumstance it might be found that the
cogtrol test with the patient’s own cells and own serum is positive at
16° C. but not at 37° C., whereas the cross-matching test is positive at
both temperatures. These do not usually present the difficulties that
they seem to present from the text an

. . A d are usuall di p
the instructions in Chapter V are followed. sually readily resolved if
The procedure described is more intended for guidance than for rigid
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should be identified before proceeding further. Whilst it is very
szmL*:ptolhxan”Ab ﬁ'rposqbl.,nhzstob-conzdzdu
cases do occur in which one bas to be cogtent with the empiricel msthod
of cross-matching 2 number of bottlss, and giving those which 22
found compatiblz in the tests. This may asise from the vrgency of the
case; or because difficulties 2re cnm.ml:r:d in 2ttempting to 1d—xnfv
the amxbod), or from other zdserse ¢irc Cross-matciing in
this way fs 2 departure from the ideal, 2nd %ill only bz s2fe if carsizd
out obsenving all the prea.uuons described in other chz;:‘—rs. Moreover,
it does not zlweys effect a saving of time or Izbour, sinee it o2y be
thzt when a patient’s serum is cross-matched 2gainst 2 I2rg= number of
bottlss of blood, few or nons »ill be found to be compatible, Whersas,
if the 2ntibodies are identified first it may well be that donors of suitabls
groups will b known already. When this method doss kave to be psed
an zttempt ought zlways to be made to identify the antibody subsz-
quently in case further transfusions zre required.

In identifying the 2ntibody present, the results obtained in the izitizl
incompatible cross-matching test prm1d. a valpable ¢lne, 2nd o22
should consider whether 1h.. antibody is active ozly in the saline
agglutination test and, if so, at what temperature, or shether it is 2ethe
in the Coombs test. If several bottles of blood has 2 been cross-matched,
one should also consider whether all or only some were found incom-
petible. Tzble 60 shows the commonest patterns of results obtained in
the different tests, together with the antibodizs that are most Iikely to
be cavsing the dxﬁ'icuh-_

Taris 60, MOsT LICELY ANTIBODY ACOORDING 0 THE Drrnscrisy s yux Crorss-
saTcnG TesT, AsstyanG THE ABO axo Ry Tyre 70 pe COREECT

Saline czrleingtion test
Arsiglobulintest }—m— — ] Most I2.efy artitosy
v C 16" C.
oeL neg. pos. Anmi-Al, M, ¥, 0, H, P, Le%,
Lev
ner. pos pos. Arti-Les, Lev

Pazrely 206-3, P.

pos. pos. orper. posorprz | AnSE o, DY K, Pys,
reeget
pos. pos.oroeg pos orpeg | Axti-les, Le®, Jio,
Azti-ponre
globulin rezpert

* If recipiect’s Rh grovp bes been incorreetly detomined.
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When these points have been considered, the antibody may be
idem‘iﬁcd. as dcpszribcd in Chapler XI. When this hat been done,
blood lacking the antigen concerned shoulfl be provxd«_l for lhq cross-
matching test. 1t may not always be possible to do this, especially in
cases of urgency, and if the antibody in the paticnt’s scrum is suﬂ'lc:‘cm.ly
potent it may be possible to rely on this. X If, hoy\c\t‘r. itisw cai: inits
activity, it will not be possible to rely on it, butit m\ghx be possx%ﬂc to
get around the difficulty. For example, if an Rr patient had ann-!’..m
the serum, cross-matching could be carried out with .Rh nepative
blood, though if the patient is R,R, this is inadvisable since we have
known the transfusion of Rh negative blood to an RyR, patient with
anti-E in the serum result in the development of a potent anti-c.

Anti-Le® on its own and anti-Le® on its own present some difficulty,
but in combination they present even greater difficulty because even
certain cells which are known to be type Le(a—b—) may prove to be
incompatible. It is not known at present whether these incompatible
Le(a—b~) cells are more likely to be destroyed in vivo than are
compatible Le(a~b—). The Le(a—b—) cells which arc compatible
are often those which come from persons who arc non-secrctors o
Lewis substances. These non-secretors are rare and difficult to find,
and if it is not possible to find them then one might have to resort to
transfusion with Le(a—b—) cells from persons who are sccretors.
Lewis antibodies in a patient’s serum can sometimes be used for
selecting blood by wusing their hacmolytic activity, and the bloods
which fail to give lysis are then further examined by use of the saline
agglutination technique with centrify and the iglobuli
technique using anti-non-p-globulin reagents.

It may be that more than one atypical antibody is present in the
serum of @ patient needing transfusion, and these will all have to be
identified by using the standard cells and the methods described for the
identification of atypical antibodies. A good guide to the nature of
those antibodies can be had from a knowledge of the frequency of their
reactions and the nature of their reactions, as shown in other chapters.

Difficulties arise when the controls as well as the actual tests are
positive. This often occurs in cases of i idi i

i ymp and id \
acquired haemolytic anaemia and these are special cases which “rlill be

dealt with later, as are high temperature autoantibodies. Rouleaux
and or autoagglutination can occur in combination with atypical anti-
bodies and under the latter circumstance it might be found that the
control test with the patient’s own cells and own serum is positive at
16° C. but not at 37° C., whereas the cross-matching test is positive at

both temperatures. These do not usually present the difficulties that
they seem to present from the text and are

A O pre usuall; di i
the instructions in Chapter V are followed. ally readlly xesolved it
The procedure described is more intended for guidance than for rigid
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adherence, and it is often possible by foliowing up a clue to short circuit
the procedure and find out the cause of the difficulty quite rapidly. If,
for example, the patient is group A or AB and has an antibody in his
serum active only at 16° C., it is always worth while to test his cells
with anti-A,. If he is found to be Ay or A(B, it is quite likely that the
antibody will turn out to be anti-O or anti-H and tests with a serdes of G
and A cells should, therefore, be made. If, on the other hand, he tuens
out to be A, or A,B, it is quite likely that the antibody involved is
anti-Ay. Anti-A, will usually give some reaction with cells on a slide,
especially if the temperature is low enough, and it may be tested for
quite rapidly by putting up the patient’s serum with a number of group
A bloods in parallel with a known anti-A; on slides. Xf no agglutination
oceurs at room temperature, the slides should be placed in a refrigerator,
angd inspected again after a2 few minutes, Of course, the frequent
occurrence of autoagglutinins active at 4° C, may lead to some reaction
with the A, celfs in this test, but, nevertheless, differences in the speed
and infensity of the agglutination are offen sufficient to indicate the
presence of anti-A,. Aoti-P can often be detected by a similar technique,
though if known papainized P positive and P negative cells are avaifable
this would be a better method. Another procedure that is always useful
is to test the patient’s serum with any papainized cells which may be
available, and if one 1s fortunate enough to have to hand a good series
of papainized cells, whose fufl groups are known, and if the antibody
is one which reacts with papainized cells, it is i possibie to
identify the antibody in a very short space of time, using the slide
technique. The appearance and behaviour of the antibody in the
i ible cro! hing test wilt i provide a clue which
may profitably be followed up; for example, if the cells of one of the
donors showed lysis and the others showed a celi chain agglutination
at both 16° C. and 37° C., a Lewis antibody would be suspected and it
might be possible 1o show that this antibody was involved by rapid tests
with papainized Le(a+) and Le(b+), and Le(a— b—) cells which might
show agglutination or lysis. In short, it is often worth while to follow
up a clue suggesting the presence of a certain antibody rather than
keeping rigidly to a standard procedure, though proper tests confirming
the identity of the antibody will have to be carried out later.

In an emergency the question mght be asked whether blood which is
incompatible in the test can ever be given. All antibodies active at
37° C. are dangerous and the question would only arise in relation to
antibodies active in saline at room temperature alone and negative
in the antiglobulin test. If it 1s certain that the antiglobutin test is
negative such antibodies will most usually be anti-P, anti-A,, anti-H/O,
and occasional examples of anti-let and anti-Le®. Blood acung
negatively with anti-P and anti-le* can nearly always be found, but if
not the risk may have to be aceepted.
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The danger is preatest with anti-le* of nnh-! c !A‘. -h;’hr(:‘ﬂ
act as hacmolysins, €an cause scvere hacmolytic feactiom and have
sometimes deceptive serological reactions.

The Crose-matching Test ta Special Caves
These are as follows:

1. Where more than onc atypical antibedy it Loown to be piewes
in a patient’s serum, X

2. Where the paticnt’s scrum causes intense rovicau formation,

3. Where blood is required for the newly bom.

WHERE MORE THAN OXE ATYPICAL ANTIRODY 5 PRIMINT 12 11F Siptw

The fact that more than one atypical antibody i's present in aserum
should always be suspected in cases where one is present, and diffie
culties in cross-matching may occur due to the presence of more
than one antibody. Particularly is this so if Rh antibodies are present
and the combination of anti-D-}-anti-Kell is not uncommon;: other
antibodies frequently occur with anti-D, e.p. anti-D 4 anti-te* and
anti-Le’, anti-D-+anti-P, anti-D4-anti-M, and  anti-D-f anti-Fy*,
Such cases do not present any serious difliculties because in cron.
matching they normally resolve themselves into dealing with onc
antibody, since one is cross-matching with Rh negative cclls. In
cases, hawever, where the Rh antibody is anti-E or anti<, in combi-
nation with another antibody, the procedure is to identify both anti-
bodies (or whatever number there arc), and to proceed to test cells
lacking the commoner antigen involved. For cxamnis
h TN LT R

. L

\ D N I

anti-c is
» who arc

S » available
e s Dawauuai 1 aner 01 Donors), then one would have to proceed by
first testing with anti-c to select

R,R, donors, and by then testing the
selected RyR, donors with anti-Kell. Such cases do not present any
serjous difficulties, especially when anti-Kell is involved, because of the
low frequency of Kell positive blood.

Much more difficult are cases where there are more than two anti-
bodies. Such cases are often associated with acquired haemolytic
anaemia, and this condition should be strongly suspected in cases
where multiple antibodies or bizarre combinations of antibodies are
found. Almost all cases in whicks we have enconntered unusual results
1 the cross-ma_tching test, which failed to eanfarm sn ncsergs

! L .
o fauwat to ueveiop, or cases of CI. WeI;:hiI
jnfection.

In cross-matching cases where there is more than one atypical anti-
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adherence, and it is often possible by following up a clue to short circuit
the procedure and find out the cause of the difficulty quite rapidly. If,
for example, the patient is group A or AB and has an antibody in his
serum active only at 16° C,, it is always worth while to test his cells
with anti-A. If he is found 1o be A, or A,B, it is quite likely that the
antibody will turn out to be anti-O or anti-H and tests with a series of O
and A cells should, therefore, be made. If, on the other hand, he turns
out to be A, or A,B, it is quite likely that the antibody involved is
anti-A;. Anti-A, will usually give some reaction with cells on a slide,
especially if the temperature is low enough, and it may be tested for
quite rapidly by putting up the patient’s serum with 2 number of group
A bloods in paraliel with 2 known anti-A, on stides. Ifno agglutination
occurs at room temperature, the sfides should be placed ina refrigerator,
and ipspected again after a few minutes. Of course, ihe frequent
occurrence of autoagglutinins active at 4° C. may lead to some reaction
with the A, cells in this test, but, nevertheless, differences in the speed
and intensity of the agglutination are often sufficient to indicate the
presence of anti-A;. Anti-P can often be detected by a similar technique,
though if known papainized P positive and P negative cells are available
this would be a better method. Asother procedure that is always useful
is to test the patient’s serum with any papainized cells which may be
available, and if one 1s fortunate encugh to have to hand a good series
of papainized cells, whose full groups are known, and if the antibody
is one which reacts with papainized cells, it is sometimes possible to
identify the antibody in a very short space of time, using the slide
technique. The appearance and behaviour of the antibody in the
incompatible cross-matching test will imes provide a clue which
may profitably be followed up; for example, if the cells of one of the
donors showed lysis and the others showed a cell chain agglutination
at both 16° €. and 37° C,, a Lewis antibody would be suspected and it
might be possible to show that this aptibody was involved by rapid tests
with papainized Le(a+) and Le(b++), and Le{a—b~—) cells which might
show agglutination or Iysis. In short, it is often worth while to follow
up a clue sugpesting the presence of a certain antibody rather than
keeping rigidly to a standard procedure, though proper tests confirming
the identity of the antibody will have to be carried out Iater.

In an emergency the question mught be asked whether blood which is
incompatible in the test can ever be given. Al antibodies active at
37° C. are dangerous and the question would enly arise in relation to
antibodies active in saline at room temperature alone and negative
in the antiglobulin test. If 1 15 certain that the antiglobulin test is
negative such antibodies will most usually be anti-P, anti-A,, anti-H/O,
and pccasional examples of anti-le® and anti-Le. Blood acting
negatively with anti-P and anti~Le?* can nearly always be found, but if
not the risk may have to be accepted.
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own scrum and is cqually intense between the donoc's cells and }hc
patient’s serum. The clumps of cells are very strong; the typical
“piles of coins” may not be scen owing to the intensity of the apgrepa-
tion, and if the patient’s serum is diluted 1 in 2 and an v:-qunl volume of
cells added, this may be insufficient completely to nbs:luh lh_c r9ulca|1t
forming property of the scrum, and may misicad one into believing that
the rouleaux are apglutinates, Under these circumstances one has
10 resolve the problem by having regard to the nature of the case
and especially when it is one in which the scrum protein level or the
albumin globulin ratie of the scrum is disturbed,

Sometimes the clinical diagnosis may be in doubt and it has been
possible on more than one ton (or the di is o Htipl

myelomatosis to be made during the cross-matching procedure because
of the observation of intense rouleaux formation.

Case 53

Mrs. H,, aged 62 years, suddenly became ifl with pyrexia and
dyspnoca, She was treated with antibiotics and later was fit to
return to work. At the time, however, it was noticed that she was
pale and she was given anti-anacmnic treatment. After this she
complained of tiredness and feeling ill, and was admitted to hospital
where she was considered to be a case of aplastic anaemia and given
blood' transfusions. The hospital Jaboratorv reported that hafara

naw poup ULy, A1 10 atypical antibodies were detected in her
serum. Intense rouleaux formation was observed, but by diluting the
se4|;1|1m 1 in 2 compatible blood was provided, though rouleaux were
<ty coan ) 0 -

T pame .
ottt

s- paedunn Slus was IVEL JOUNG, Reither were typical Chanlgcs found
in the peripheral blood, and was not until X-rays of the skull werc

taken that the tunieal ¢~ ; . r
discovered, 1 * . . ' .

globulinte *+ .. R
her condit ) '

It is true that in such cases excessive
sufficient to dilute out weak atymipat amst
can be overcome is by relyin « o
test, of course, is of greatv , + ! T . PR
intense rouleaux formation, 4. wueeu, souteaux formation ofany‘degll-ee

Where dextran is to be given a sample of bloed should be takex;

Lihnion of the serum may be
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body in the patient’s serum, or even where there is only one atypical
antibody, it is useful to add at least a serum albumin and, preferably, a
papainized cell test, to the antiglobulin test, b ometimes such
tests will more competently pick up additional antibodies which may
be present and one must take every precaution where one antibody is
already known to be present.

In cases where multiple antibodies are present, it may be very difficult
to find blood lacking all the corresponding antigens, and it may
occasionally be necessary to jgnore antibodies which are active only at
low temperatures, if this is the only way by which compatible blood
can be found. This is, however, a departure from the ideal which, a3
stated previously, is that normally blood should be provided which
does not react with any antibody present in the serum.

Certain special instances of the detection of more than one antibody
in serum will be dealt with in Chapter X1, but one or two points may
usefully be mentioned here. An antibody which is dangerous, and not
infrequently occurring in human serum, is anti-Lewis, This may ocour
in the serum either as anti-Le* or anti-Le?, or more commonly as &
mixture of the two. In the [atter case the serum would agglutinate or
react by other means, with about 90 per cent of random group O blood
samples. The patients in these cases usually belong to type Le(a—b—}
and there 1s 2 suggestion that they may be more often group A than
group O.

The combination of anti-P with other antibodies often gives a high
percentage of positive results, since anti-P itself has a hiph frequency of
activity, but when a combination of such an antibody with another one
occurs it is often not difficult to distinguish the fact that two antibodies
are present, since anu-P is usually only active at a low temperature and
the other antibody may be active at a higher temperature.

Summarnung, therefore, where one antibody is present in a patient’s
serum and has been found during the cross-matching test, and has
been identified, the patient’s serum should be tested with cell samples
facking the particular antigen concerned by as many techniques as
possible to determine whether additional antibodies are present in the
serum, 1f it is obvious that additional antibodies are present in the
serum they should also be identified.

WHERE THE PATIENT’S SERUM CAUSES INTENSE ROULEAUX FORMATION
This is almost always confined to certain cases:
(a) Following transfusion with dextran and other plasma substitutes.

(b) Cases of multiple myelomatosis.
() Cases associated with protein dyscrasia, some with hepatic

disease.
Rouleaux formation is intense between the patient’s own celfs and
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then removed from the eentrifuge, seiapped, nnd‘mc p;‘oc.;u :chAl‘z;x:,

At the end of this time the cells arc removed with a Pav m«nmy‘;‘h ;;

placed on a mictoscope slide and read '\mdc\' the t}'ucmwx])‘;. T

technique will detect the majority of anti-A and anti-B apglutining,
In using such an emergency method:

1. The standard cross-matching test should also be c:nqu oul,
firstly, in the hope that it may not prove neccsiary o t)\“t‘(bc
trans{usion so urgently and that the result of the 1est may be
available before the blood is required, an‘ﬂ. secondly, so that if
incompatibility is detected appropriate action may be taken.

2. Clinicians should be informed of the risks involved in emerpency
cross-matching techniques.

It is undesirable, if it can be avoided, to give blood without any
preliminary ABO and Rh grouping of the patient. 1 thic were lo e
done, it would necessitate the provision of group O Rh nepative blood
of safe type. ‘This is not always possible and, if it is to be provided on
any seale, would probably make the running of a Blood Hank almost
impossible. In such cases, possibly, blood substitutes may be used.
1f, in normal hospital practice, cases oceur in which blood is urgently
required and it is said that time is not available for rapid ABO and Rh
typing of the patient, then it is desirable that these tests should be done
immediately upon admission of the paticnt to hospita).

Cross-matching Difficolties in our ovm Laboratory

Table 61 shows the difficulties encountered in cross-matching blood
for 2,967 patients in our own laboratory, and it shows the type of
difficulty which is likely to be encountered in cross-matching blood for
a large number of patients. It also gives an indication of the relative
frequency with which these difficulties occur though the frequency of
difficulty in this series is unduly high owing to the fact that these were
selected patients. A high proportion of these patients had been referred
to us for crosssmatching by hospitals, either because the hosnital
laberaene hadamses a0 LT EIE LU e
ort R B E
Ser' L 1 wowiwuld, Luese palien
bowtlee® -1 0 0 0
of bloo
of bott"»

T
ts almost alwavs had more than ana

! ==~ wavavsnanentd 18 perhaps three or four and some-
tines the difficulty recurred each time blood was cross-matched for the

patient, whilst sometimes the difficulty was only seen with one bottle

of b\9od. Blood of the same ABO and Rh group as the patient was
nvariably used (except in cases of haemot

i ytic disease of the newborn),
and the tests were carried out by the standard technique described i)n
this chapter, though a serum atbumin test was also included in all cases
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before this infusion if there {s any possibility of 2 blood transfusion
being required.

WHERE BLOOD 1S REQUIRED TOR THE NEW-BORN

At birth antibodies present in the child’s serum are those which
have passed the placental barrier,

it may be reasonably concluded, therefore, that blood which is
compatible with the maternal serum will 2lso be suitable for transfusion
to the baby. It is not entirely clear what kind of antibody erosses the
placental barrier; anti-A or anti-B agglutinins or incomplete Rh anti-
bodies or other antibodies may be present in the cord serum, We have
observed anti-H and anti-Lewis in cord serum when these were present
in the maternal blood,

It is undesirable to give blood of different ABO group from that of
the child because of the possibility of the anti-A or anti-B agglutinins in
the blood damaging the child’s cells, particularly if a large quantity of
blood is to be transfused or exchanged. It is our practice, therefore, in
normal cases to group the child for ABO and Rh, and select blood of
homologous group, and cross-match it using the maternal serum where
possible, Where the ABO groups are such that this Is not possible, the
child’s serum has to be used for the cross-matching tests,

In haemolytic disease of the newborn the same procedure is followed
but Rh negative or other special blood is given.

Emerpency Cross-matching

The methods so far deseribed have included a standard proced
for the cr hing test, but sometimes it is necessary to cross-match
blood more quickly than this. The incubation times of the salinc
agglutination tests and the antiglobulin tests can be slightly reduced
without materialfy affecting the number of antibodies that would be
detected, but the times given in the standard procedure are the times
which are considered to be minimum times having regard to the purpose
for which the test is intended. However, if only a short time, say 5-10
minutes, is available in addition to that required for rapid ABO and Rh
typing, and securing the necessary quantity of homologous blood, then

» it scemns best to use such time to concentrate on a rapid method of
excluding ABO incompatibility, since this is the most likely and most
serious error. The technique that is ded is as follows:

The donor's cells are washed in saline once and made up to a 3 per
cent suspension (as for the saline agglutination test). Time will not
usually permit the celf suspension to be left on the bench for the clots to
sink to the bottom, and this xisk must be accepted. One volume of the
cell suspension together with one velume of the patient’s serum is
placed in a tube and mixed together by tapping. The tube is then placed
in the centrifuge and rapidly spun at 2,500 r.p.m. for 2~3 minutes. Itis
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Anti-P .. .-

e e ]
Anti-Kell . . . . . . . . :
Anti-Kell4anti-D .. . . . . . . . i
Ani-M e e e e e e s o J
Anti-Lv . . . e . .~ . o s :
Anti-Fy* P . . . . . . . . !
Anti-Jk* .

Axtibodies whose udcnmy muld not bc cmbhshcd (mcuon of nnnbody

weak, death of paticnt, etc.) . . . .. 28
Tclal e e . 14

Acquited haemolytic anacmia and simnilar con.ditions
AH.A. (warm antibody typc) with serum containing nnli'C .. . :

” ” P " anti< .. .
D
" " " w oo " antie .. .. 2
» " " woowow - snu-C4antie .. 2
» ” " w omow - soticanti-E .. 1
anti-5 .. o 1

(some of lhc abc\c had a X\O“’SMlﬁC camponenl alsoy
AH.A. (warm antibody type) with serum containing non-specific anti- oy

body only .. .. 8

» " " » " containing little or no free
antibody .. e . 3
A.H.A. (cold antit type) specifi body only . . s
s SCrum containing anti-P .. 1
Other pnuenu unexpectcdly found to have positive direct Coembs lsl )

Donor with positive direct Coombs test ., .. 3

Anti-C+anti- reacting with patient’s papmmzcd o:lls but dm:cl
Coombs test negative and no evidence or blood destruction . 1
Non-specrfi fated with } e . 4
» » " » syphilis 1
» » " W« septic abamon (Cl We lchn') 2
Total .. .. .. 49

Miscellaneous
Donor's blood not of ABO group stated on bottle . . . 2
Bfood cross-matched against sample from wrong pa(ient .. . 1
Cause of difficulty not elucidated .. ., . i .. 13

Tmal . 16
GraND ToTAL .. 825
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owing to the high proportion of difficult cases with which we have to
deal. The agglutination tests were read by the sedimentation method in
most cases though the centrifugation method was sometimes employed,

TABLE 61. DIFFICULTIES ENCOUNTERED IN CROSS-MATCHING BLOOD FOR
2,967 PATIENTS
Errors of technigue
Infected bovine albumin . - - .
Unsatisfactory bovine albumm (rouleaux formmg) . . .
Chemical contamination of sample . . . .
Bacterial contamination of pilot tube . .. . .
Use of inadequately washed glassware . P . -
Clots simulating agglutinates . .- .. . . .
Total ., - . 28

- L ALES

Non-specific effects (patient’s serum reacting with patient’s own cells)
Rouleaux affecting the saline and serum albumun tubes of the
cross-match . . .M
Rouleaux affecting the serum alhumm lubes onl 244
Rouleaux affecting the sera with pahents own cells only (no
difficulty in actual cross-match) . .- . .- .. 18
Total rouleaux .. 416

ired h 1ot

A tuth ing those fated with

anaemia) 83

"\;'ith use of s ac Y ('Z-oomb;“reagen.ls . T4
Total .. P . 573

Dufficulties with the panent’s ABO or Rh group

Cell mixtures affecting the ABO group

ABO group of patient different from that s!atad by hospltal (lcadmg to
doubt regarding correct :dentity of patlent) .o .

‘Weakness of anti-B jn patient’s serum in old age . - .

n

|- YR

w

A,
Cell mlxtums aﬂ'ectmg the R.h group
D antigen blocked by incomplete anti-] D (haemolym: dxscase of the
newbom) .
Dt giving wcak reacllons wlth agglunnaung aml-D sera. . ..
Polyagglutinability of patient’s cells . .
Total .. % .- 45

Specific antibodies in patient’s serum
Anti-A,.. . .
Anti-A; +rouleaux formation
Anti-A, +autoagglutinin

Ant1-O or anti-H (sahne agglm' i
Antic .. - .
Anu—c+antx-s
Anu4:+anu-P+autoagg1uunm - . .
Anu-E . .. . . . . .-
Antl-lc" - - - . .- - . .-
Anh-l:'+anu-w .. . .- . . . .. .

O BN e 1 00 e B0
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in whom an anti-c antibody occurred. In this case l'h.cy.m:rc n}ﬂc to
clute anti-c antibody from the patient’s red cells. It is interesting to
note that this man had never reccived any blood 'lr:msfuuons or
injections of blood. Similar cases have been described, many R_h
and other antibodies being involved, of which the most frequent is
anti-e. Case 54 illustrates the findings in a typical casc where specific
Rb antibodies were present. .

Non-specific antibodies are sometimes found, though it may be
difficult to decide whether the antibody is non-specific, since more (h;m
one antibody may be present. Many of the cases of multiple nplibodscs
present in a patient’s scrum have occurred in pessons suffering from
acquired haemolytic anacmia, Callender and Race (1946) founfl
anti-C” and anti-Lu? antibody for the first time, as well as the rare anti-
Levay antibody, in the serum of 2 patient suffering {rom a similar
condition. It is also impossible to conclude that the presence o.f a
specific antibady in the patient’s serum means that a similar
antibody may be eluted from the patient’s erythrocytes, or vice versa,
This is illustrated by Case 55, which also shows how difficult it can be to
interpret the serological results, and the multiple serological difficultics
which can arise in the same case.
Cast 54

Mrs. G.Q. was referred to us for investigation following a clinical
diagnosis of acquired haemolytic anaemia and the finding of a
positive direct Coombs test. The serological results were as follows:
ABO group

Patient’s cells ] Patient’s serum

v — —

. AB
Anti-A  Anu-B serum ‘ Acells Beells O cells
-

Conclusion: Group A.

Rh group

Saline agglutinins: anti-C .. . B

anti-D ., v

anti-D v

anti-E -

Saline control . . .- -

ibody (serum anti¢ v

AB serum/serum albumin control .. v

Conclusion: The Rh group is R;R; or R,r. The result with the
anti-c is unsatisfactory, as the control shows. Unfortunately no
saline agglutinating anti-c of sufficient strength was available.

R



CHAPTER X1

BLOOD GRQUPING DIFFICULTIES IN CASES OF ACQUIRED
HAEMOLYTIC ANAEMIA

It this chapter it is proposed to describe difficulties of a serological
nature that arise in cases of auto-i acquired b Iytic i
In these cases there is evidence of the occurrence of auto-antibodies.
It is not proposed 1o deal with ¢linical or ather features of these cases,
but only with the difficulties that arise in respect of blood grouping
waork or the provision of compatible blood for transfusion,
Dacie (1954) classifies auto-immune types of haemolytic anaemia
as follows:
() Xdiop q lytic :
(b) Haemolytic anazemia following virus pneumonia and certain
other infections.
{c) Paroxysmal cold haemomoglobinuria. .
{d)} Haemolyti i fated withchronic lymphaticlenkaemia,
reticulo-sarcoma, or disseminated lupus erythematosus, ete.

T4, i Tend T

We shall not deal with Lederer’s anaemia nor with cold paroxysmal
haemoglobinuria nor the Donath-Landsteiner reaction. For detalls,
readers are referred to Dacle (1954). Thus, the other cases fall into
two classes, the idiopathic type in which the actiology is unknown, and
those secondary to virus pnevmonia, of dary to some malignant
or other disease.

These cases may be subdivided into two groups (Dacie, 1954}:

1. The warm antibedy type.
2. The cold antibody type.

Cases also occur which appear to be intermediate in reaction.

Warn ANTIRODY Tyre

In the warm antibody type of case, the direct Coombs test on the
patient’s cells is strongly positive with anti-p-globulin reagent. Cases
in remission may show similar results in the direct test. We have
observed a case which has been in remission for a period of five years
and still shows a strongly positive dircct test. This may be the extent of
the detectable serological change in the patient's blood; no antibodies
may be detectable in the serum. In many cases, however, auto-anti-
bodies are found in the serum of a non-specific, or specific, character.
Weiner ef al. (1953) have shown that these patients may possess specific
anto-antibodies in their sera active against antigens present on their
own red cells. These workers described a patient, of Rh group RR,,

240
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Representative Tests of Serurnt

Cells Coombs test reagent Serum | Saline Agglatination
et ] alhumin Ay
No. Group Antly Anti-non-y anrc rc 16* C.
1 R ++++ - ¥ v v
2 Re | e+t + v +4 4 v
3 Re +4+++ - v + 4+ ¥
4 RiRy | Ft - v v v
S Ry ++++ - v 44 v
6 + - ++ - v
7 m - - 4+ w v
8§ - - +4 - v
L + - ++4 - +4
ORI + - 4+ - —
T + - Tt - +
iz R Agz- Agg. v v 4
13 R w - ++ - v
Own cells +++ +++ + w -+
Tests of Eluate

These showed non-specific activity only and arc therefore not given.

Conclusion

1

»

w

N e ¥

This case shows a number of interesting features.

The difficulty in determining the ABO group. (This could have
been overcome by using Rh negative cells, See 6 below.)

The direct Coombs test was positive with anti-p-globulin and
anti-non-p-globulin reagents, showing that this is a case inter-
mediate in character between the cold and warm antibody types.
The serum showed anti-C+D specificity with the anti-y-globulin
teagent. This was probably due fo the fact that she had been
transfused with two bottles of group O Rh positive blood four years
previously, The Rh group had been incorrectly determined at this
time probably due to the autoagglutinin.

The Coombs tests with the R’ cells (No. 12) could not be per-
formed owing to the presence of intense apgfutination, suggesting
that there was 2 saline agglutinating anti-C present, reacting as is
usual more strongly with R’ than with RR; or R,r cells.

. The serum albumin tests showed the activity of the anti-C4+D and

a non-specific component.

The saline agglutipation tests at 37° C. showed a specific anti-
C+D agglutinin.

The saline agglutination tests at 16° C. showed a non-specific
autoagglutinin, The weak reactions with cells No. 9, 10 and 11
appear to indicate that a specific antibody is present. This is
misleading. These cells had been preserved in the frozen state
whilst all the other cells were freshly collected. The weak
reactions given by these three cells illustrate the labile character of
the autoagglutinin receptor when cells are stored frozen.
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Direct Coombs test

Anti-y-globulin ., e 4+
Anti-pon-y-globulin .. -
Salipe .. . . -

Representative Tests of Serum and Eluate

Serum Eluate
r A— ~—|— A
Coombs  Serum Saline Coombs  Serum Sahine

(anti-  albumin ——*————|  (anti-  albumin
y-globulin) 37° C. 37° C. 16° C. | y-globuliny 37° C. 37°C. 16°C.

RRy  +++  +++ — - ++++ - - -
Ryr ++ +++ - - +++ + - -
RsRy - - - - - - - -
R.r + w - — - - - -
bed + ++ - - +++4 w - -
e + ++ - - +++ + - -
m w + - - -+ W bl -

Conclusion: Both serum and eluate appear to have anti-C+¢
specificity. This was confirmed by further tests.

CAse 55

Mrs. EW. was referred for serological investigation following the
;_iuﬁgnosis of acquired haemolytic anaemia. The results were as
ollows:

ABO and Rh groups
The patient’s cells taken directly from the specimen were spon-
taneously agglutinated, but following washing at 37° C. a free cell
suspension was prepared.
anti- anti- anti- anti- anti- anti- AB| A, A B O
A B o4 D E ¢ serum| cells cells cells cells
16°C. w w NI NI NT NT w v v v v
37°C. - - - - - v - v v v +++
NT = not tested.

Conclusion: Group O, rr. The anti-A and anti-B content of the
serum could not be determined since the serum reacted with group
O cells even at 37° C.

Direct Coombs test
Anti-y-globulin s
Anti-non-y-globulin e +4++
Salme .- .. .. w
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and 37° C. Tnthe indirect Coorbs test (anti-p-globulin) the following
results werc obtained:

Standard Cells
Ry Ry RiRy R RyRy, tr rr rr Ry Ror RiRy
Serum A4 kbt b bbb bR W -~ -
Elate 44+ 4+ ++ o+t bEE W~~~ -

Further tests showed that the antibody concerned had a pre-
dominantly anti-C specificity, but it also rca_;icd‘\vcak\‘y.wm} certain
rr bloods and was thoughtt * - ‘ '

The Rh group could not
this time owing to the pos .
sample of the patient’s blood, examined a year later, was undoubtedly
Ryr. In particular it gave negative results with nine different anti-C
sera. The direct Coombs test was now negative and no antibody
could be detected in the patient’s serum.

Corp AnTizopY TYPE

These are much less frequent than the previous type and the direct
antiglobulin test on the cells is positive provided that anti-non-y-
globulin reagent is used. Very weak reactions, only, occur in some
cases with anti-y-globulin reagent. The serum of the case usually
contains high titre cold agglutinins. The titre and avidity of the
agglutinin s less at higher terperature than Jow temperature. Cases
do occur in which the autoagglutinins are apparently active against the
red cells at 37° C. using the saline agglutination test. ‘This is due to the
manner of collection of the specimen and the method of examination
employed, since once the antoaniibody has seized hold of the red cells
it is very difficult to dislodge it simply by raising the temperature of
the agglutinates to 37° C, Gardner (1949) has drawn attention to the
value of using acidified serum for the detection of antibodies in these
cases. Dacie (1953) states that, using acidified serum, a weakly positive
indirect antiglobulin test can be obtained using cells sensitized at 37° C,

Serological Tests
Difficulties arise in blood grouping in these cases because of the
positive direct antiglobulin test on the patient’s cells, or because of the
presence of autoaggiutinins which adhere to the red cells. Secondly,
difficulties arise in providing compatible blood because of the presence
of atypical antibodies in the patient’s serum, some of which may be
directed against antigens present on the patient’s own red cells,

TEesTs OF PATIENTS CELLS

The cells should be removed from the sample of citrated blood,
wasl.lcd three fimes at room temperature and examined on a slide to
see if the red cells are agglutinated. In many cases they will be found
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‘Where 2 specific antibody is found in the serum which is not present
i the eluate, it may be that it is an autoantibody associated with the
haemolytic process, or that it is an antibody resulting from the anti-
genic stimulus of previous transfusions. This distinction is of no
importance to the management of the case, since blood lacking the
corresponding antigen must, in any case, be given. The distinction
depends on whether the cells of the patient bear the corresponding
antigen, though this may be difficult to determine if the antigen is
masked by blocking.

Case 56

The cells of Miss LW. group A;R,R, were only weakly agglutin-
able by anti-c and anti-E sera, in spite of the fact that an eluate made
from the patient’s cells had an anti-c--E specificity. The ¢ and E
antigens could, however, be demonstrated after her cells had been
washed five times in saline at 43° C. A sample of blood taken fifteen
months later reacted normally with anti-c and anti-E sera although
the direct Coombs test was still positive.

The presence of transfused cells in the patient’s circulation may
sometimes lead one to think that he does possess the antigen when, jn
fact, the antigen is only present on the transfused cells. If a specific
antibody is found in the elaate, it is worth while to give blood lacking
the corresponding antigen, even though this specific antibody cannot
be detected in the patient’s serum. Here it may be presumed that the
patient is producing this antibody but that it is all being taken up by
his own cells; blood lacking the corresponding antigen may be Jess
readily destroyed in the patient’s circulation than would blood bearing
the antigen.

The picture is further complicated by the occasional occurrence of
cases in which specific antibodies can be eluted from the cells even
though the cells do not bear the corresponding antigen.

Cast 57
The blood of Mrs. L.S. was referred to us when she was found to
have a strongly positive direct Coombs test associated with cirrhosis
of the liver. Her haemoglobin level at this time was 13 gm. per

cent, so th * -+ . ¥ quiescent. She had
had three = oo .+ ear previously, The
serological .+ S

Group OR,t
Direct Coombs test
Anti-y-globulin .. ve
Anti-non-y-globutin .. =

Both serum aad eluate gave negative.rcsults with Group O standard
cells in the serum albumin test and saline agglutination tests at 16°C.,
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tests should be carried out by the following methods: Coombs test,
serum albumin and saline agglutination at 37° C. and saline ?gglulism-
tion at 16° C. Tests with papainized cells may also be done if nothing
is found by the other methods, but if all the tests by l.hc other mcghods
are strongly positive it is unlikely that the papainized cells will be
helpful.

Il:'any specificity is apparent, which may only be shown by differences
in the strength of reaction and may not be entirely clear cut, further
tests with suitable cells should be carried out to identify the antibody.
Titrations of serum or eluate are sometimes useful here,

If no specificity is found in the tests of the serum and eluate, 2
specific antibody may well be present, nevertheless, but may be masked
by a strong non-specific component. This problem would have to be
tackled by absorbing the serum and eluate with each of the bloods
mentioned above, and retesting the absorbed serum and eluate with all
the bloods by all the methods. This, however, is a laborious procedure
and very seldom, in our experience, does it show anything of interest.
Often in these cases, if serum or eluate is absorbed with -D-/-D- cells,
the absorbed serum or eluate will be found to give a negative result with
-D-{-D- cells, but positive results with cells of other Rh groups, Thisis
an interesting observation, the significance of which is not at present
understood.

If a specific antibody is found in the serum or the eluate, blood Jacking
the corresponding antigen should be given. If no specificity is found
and the serum gives positive results with alt the standard cells it may be
considered that all blood is incompatible, including the patient’s own.
If transfusion is essential, one can test a number of bottles and give
those which seem to give the weakest reactions with the patient’s serum,
though it is doubtful whether this procedure is of much value.

CoLp ANnTIBODY TYPE. (Direct Coombs test predominantly or

entirely due to anti-non-p-globulin, often associated with a strong auto-
agglutinin, sometimes so strong that the “Coombs test cannot be
satisfactorily performed.)
_ There are three difficulties in these cases; firstly, if a specific antibody
is present it is likely not to be an Rh antibody; secondly, complement
is often necessary for the action of the antibody, and thirdly, the
antibody itself tends to be thermo-labile.

Tests of the serum should be the same as for the warm antibody type,
except. that the Coombs test should be carried out using anti .
gl and anti-non-p-globulin, and the Coombs tests should be
done at 16° C. as well as at 37° C.

Two_ eluates should be made; one by eluting the cells at 37° C. and
removing th.e supernatant, and the second by taking these eluted cells
and subjecting them to a second elution at 56° C. The temperature
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to form a suspension free from agglutination. In certain cases they will
be found to be agglutinated and if the slide is warmed at 37° C. this
will disperse. These red cells should be washed with warm saline
at 37° C. and re-examined until agglutination has dispersed and a
free suspension of red cells remains at room temperature. In certain
cases it will be found that the red cells will still be agglutinated after
washing at 37° C. due to the presence of high titre autoagglutinin
in the serum. The red cells should be then further washed with saline
at 42° C. and re-examined. Washing with saline should not be at a
temperature higher than 44° C, or the erythrocyte antigens may be
damaged. In the majority of cases this will succeed in providing a free
suspension of red cells, which should be tested as follows:

1. ABO AND Ri1 Group. The cells should be tested with anti-A, anti-
B and AB serum. The patient’s serum should be tested with A cells,
B cells and O cells, but if the serum contains non-specific or other
antibodies, this part of the test may give unsatisfactory results. The
Rh group should be determined using anti-C, anti-D, anti-E, anti-c,
anti-e (if available) and AB serum.

Sera acting as saline agglutinins should be used and high titre anti-A,
anti-B and anti-Rh sera diluted in saline are preferable to low titre sera
used undiluted.

Careful ABO and Rh grouping is essential in these cases because
false results occur frequently and the cross-matching test may be so
difficult and unsatisfactory as to be virtually useless. Occasionally,
some of the Rh antigens are blocked by specific auto-antibodies and
in these cases the antigen may be revealed after the antibody has been
cluted from the red cells. This is a relatively hazardous procedure,
however, since it must be remembered that the Rh antigen is damaged
by a temperature of 56° C. (Murray and Clark, 1952).

2, DreEcT Coomss TEST. Anti-y-globutin and anti-non-y-globulin
should be used together with a saline control. This test will indicate
whether the case 1s likely to be of the warm or cold antibody type.

INVESTIGATION OF SERUM AND ELUATE

WaRM ANTIBODY TYPE. (Positive direct Coombs test predominantly
or entirely due to anti-y-globulin; little or no autoagglutination.)
Test the serum and eluate with R;R,, R,R,, and three rr bloods
bearing as many blood group antigens as can be managed. The
three rr bloods should not only bear as many of the blood group
antigens as possible, but should also be such that a blood lacking
each of these antigens is present. If all were S positive, for example,
one might mistake an anti-S for a non-specific antibody. Cells of
the same ABO group as the patient should also be included. The



CHAPTER Xl

THE IDENTIFICATION OF ATYPICAL ANTIBODIES IN
HUMAN SERA

Ix this chapter the recommended methods are those which will cnable
known antibodies to be identificd. It is not intended to suggest
how new antibodics can be identified, although by using these
methods they may be, nor is it intended to suggest how any necw
antibodies might be linked or associated with an existing blood group
system. The statistics in Chapter XIII are similarly concerned with the
identification of known antibodies.

Atypical antibodies are defined as all blood group antibodics other
than anti-A and anti-B. Such antibodics may arise in susceptible
individuals as a result of blood transfusion, or other parenteral injection
of blood, or following pregnancy.

If the stimulus is blood transfusion, almost any antibody can occur
in the serum depending on individual susceptibility. For example, it
seems probable that the Kell antigen may be as antigenic as Rh, but
fewer anti-Kell antibodies are found because the stimulus is less
frequently given. Siace homologous blood with respect to the D
antigen is customarily transfused, atypical antibodies following blood
transfusion do not nowadays usually include anti-D. Where pregnancy
is the cause of the iso-i ization, the antibodies are
those produced by the Rh antigens, anti-D, anti-C+-D, anti-E, anti-c,
anti-D+E, togetber with anti-X, in that order of frequency. These
antibodies are often accompanied by others, such as anti-Le?, anti-Le?,
anti-P and anti-M.

Antibodies may arise without obvious iso-immunization. These are
anti-H, anti-O, anti-P, anti-Le?, anti-Le®, anti-M, anti-N, anti-Wr,
anti-Mi®, anti-M¢, and occasionally the Rh antibody anti-E. Many of
these antivodies are active only at temperatures lower than 37° C.
although occasionally they are active at this temperature also, and
are commonly so in the case of Lewis antibodies,

In Chapter I it was pointed out that whereas antibodies may be

considered to be of natural occurrence, antigens similar to those
present on }mman red cells may be widely distributed in Nature.
Heterogenetic immunization may thus result in the production of
antibodies in human sera which are active against antigens present on
red cells.

Cameron and Staveley (1957) described the occurrence of blood
group P substance in hydatid cyst fluids. They showed that strong
anti-P agplutinins might be present in the sera of these persons and
considered that they were a selected group presenting a high proportion

249
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should not exceed these figures. In order to add complement, two
volumes of eluate should be mixed with one volume of fresh serum,
lacking A, B, Le® and Le® group specific substances. Such a serum may
be stored at —70° C. Tests of the eluate are the same as the tests of the
serum. Controls of the standard cells with the fresh serum by all the
methods will also be needed. Following the results of these tests,
proceed as described for the warm antibody type.

Each case presents its own problems so that the methods to be used
have to be adapted to the individual case and no set scheme will cover
all eventualities. It is hoped, however, that these observations will be
helpful in assisting those who endeavour fo provide blood for trans-
fusion for these difficult cases. The main emphasis is laid, firstly, on
getting the ABO and Rh group of the patient correct, and secondly, on
detecting any specific antibodies which may be present in the red cell
cluate or in the serum, or both. This is done by the investigation
detailed above, and by drawing upon one’s experience of what anti-
bodies are known to occur most frequently, and making specific fests.
It is often passible to provide blood which one feels is relatively satis-
factory for the patient but sometimes it is impossible to provide
apparently compatible blood.
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the antibody were determined using papainized red cells. The
results of this test are summarized in Table 63.

Tabir 63, ILLUsTRATING REsuvts v Cast 59

Papainized cell
Cells rechnlgue, 16 C.
RR, . P R L
RRy oo ev en | oo 4 4
Ry .. o . PO X e
Rr .. .. . ,e ++4
Ryt . . .- w
R.r . . . w
RR; .. . D e
ReRy .. . . +++
Rt . e O a
Rr. . . - +:+
Ryt e
4 P . -
T . -
o . - . -

<A distinction must be made between the detection of antibodies, and
their “identification, which is the determination-of their specificity.
Antibodies niced to be'identified following theif détection in laboratory
procedures; for le, in cros: hing tests or 1 tests, or
because of discrepancies arising during ABO typing. Alternatively,
tests for detection may be similar to those required for preliminary
identification of the antibody and under certain citcumstances, where

it is thought that atypical antibodies might be present in a serum, these
two procedures are combined and carried out at the same time. This
occurs when sera are examined: T

1. Following reactions to blood transfusion in a patient,

2. From mothers who have given birth to children affected with
haemolytic disease of the newborn (or where this is suspected).
and where no antibodies were detected antenatally.

3. From patients who have received multiple blood transfusions.

4. From cases of acquired haemolytic anaemia.

Materials
1. PANEL OF STANDARD CELLS

(a) READILY AVAILABLE. The panel of standard cells consists of a
number of group O cells which have been grouped as fully as possible.
In the standard scheme set out on P. 253 five cells are used as pre-
liminary test cells and subsequently another batch of two or three
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of unusually strong anti-P sera. They found that hydatid cyst fluid
contained P substance when live scolices were present but not when they
were absent.

Rh antibodies are occasionally present in sera in the absence of
obvious iso-immunization. In this regard, careful questioning of the
patient or donor will sometimes reveal a history of having received
intramuscular injections of blood previously. Nevertheless, cases do
occur in which there is no such history, and in which Rh antibodies are
present in the serum. Naturally occurring Rh antibodies are rare but
the commonest of these is anti-E, which may be accompanied by anti-
Wr*. Recently when searching for anti-Wr® a naturally occurring anti-E
antibody was detected. We have never seen anti-D as a naturally occur-
ring antibody in serum, but an unusual Rh antibody was observed in
the serum of a male donor and was apparently unrelated to iso-
immunization,

Case 58
J.M., aged 77 years, suffering from chronic urinary obstruction
due to benign hypertrophy of the prostate. He had never been
wansfused and, so far as he knew, had never been injected with
blood. He was group O Rh negative. Anti-E antibody was present
in his serum active at room temperature only against papainized red
cells. The results are shown in Table 62.

TabLe 62. TESTS ON SERUM FROM Casg 58

Papaenized slide i "
207 It Jutination
Cells technique A""’f:‘,’,b""" A[b"ﬁl_" Saline agglut
20°C. 37° C. fest I '2 ()—" C_‘. *—'—'—“\370 P

RiR, . -~ — _ _ — -

RR; .. | ++++ — _ = - -

Ry .. | +++ — - - - -

R .| +++ - - z - -

Ry — — - - - -

bl . . - - - —_ —_

pid _ - - - -— -

[ S — - - - - -

Owneells|  — - = - - -
Case 59

A male blood donor, aged 33, had never been transfused or
injected with whole blood. The antibody was first detected during
routine screening for antibodies. He was group O, R’r and an
unusual Rh antibody was present in his serum. The antibody was
not detected using the antiglobulin test or the albumin agglutination
test. The saline agglutination test was negative and the reactions of
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‘The Bass of Identification
This rests upon:

1. Tests of a preliminary nature with a pancl of standard cells.
2. Confirmatory tests.

(a) Further tests with standard cells, if necessary.

(») Demonstration of the absence of the antigen or antigens on the
person’s red cells against which the antibody present in the
serum is directed; this does not apply in cases of acquired
haemolytic anaemia. .

(¢) Qualitative and quantitative examination of the characteristic
reactions of the antibody.

The statistical considerations on which the identification is made are
given in Chapter XIIL It may be said, briefly, that the considerations
which have led to these recommendations arise from the fact that the
full groups of the standard test cells are, in the majority of cases, known
and the diagnosis is based on identification by exclusion.

Many antibodies have characteristic reactions. If an antibody of a
certain specificity appears to be present in a serum but does not have
the characteristic reactions possessed by the majority of such antibodies,
then one should very carefully reconsider whether the specificity has been
correctly determined, e.g. Case 71, p. 267. 1t may well be that it has, and
indeed antibodies are known in some cases to give unusual reactions.

Scheme of Identification
PRELIMINARY TEST

Standard preliminary test. The serum s tested with five blood samples,
all group O, the full groups of which are detailed in Table 64. It
will be observed that two of them are Rh positive, R,R, and R,R,, and
three are Rh negative. These cells are selected so as to vary as much
as possible with respect to their other blood groups. R,R; and R,R,
blood groups are particularly selected as the Rh positive test cells since
they are most useful for the identification of Rh antibodies. The three
Rh negative cells are selected so that they contain all other commoner
blood group antigens between them. They are also selected so that
each one contains one of the relatively rarer antigens, for example,
one is Le(a-+), a second is Lu(a+4) and a third K4 Cells of these

Tasie 64. CELL SAMPLES USED 1N PREUIMINARY TEST
Sample:

N ..ORR M Ss P+ Lu(a-) K~ Lefa—b+) Fy(a<) J(a+)
JB. ..O,RRy M Ss P Lu(a—) K~ Ile(a—b+) Fy(a+4) ’kEzr{'-)
S ..0, N s P4+ Lnfa—) X— le(@tb—) Fy(e—) Jka+)
C ..0m MN ss P+ Lulat) K— Le(a—bt) Fy(ad) Jk(a+)
H. ..0,r M S5 P+ Lua~) K4 Le(a—b4) Fy(a+) Ik(z—)
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times this number may be required for complete identification, The
five standard cells should be tested with anti-D (complete with tests
for DY), anti-C, anti-E, anti-c, anti-e, anti-M, anti-N, anti-S, anti-P,
anti-Lu?, anti-K, anti-Le?, anti-Le®, anti-Fy*, anti-Jk*, For the com-
plete investigation of Rh antibodics, cells of type R'r, and R'r, and
cells tested with anti-C*, anti-C* and, in some parts of the world, anti-
V, are useful. If possible, it is desirable in special Jaboratories that a
number of suitable cells should also be tested with anti-s, anti-JK?, anti-
Lu® and anti-Fy® to distinguish homozygotes from heterozygotes. Itis
an advantage if many of the test cells are Rh-negative, since if the serum
contains anti-D as well as other antibodies, this will make identification
of these easier,

Many antibodies show dosage effects; they have higher titres or
higher avidities when tested with the homozygote, than when tested
with the heterozygote. When searching for antibodies which show this
dosage effect it is an advantage if the test celfs are of homozygous type.
It is not always possible to select such cells, especially in the preliminary
test, but they are always included wherever possible.

(b) FROZEN CrLLS AS OCCASIONAL SOURCES OF REFERENCE. It is
often possible to obtain, usually with help from one's colleagues,
samples of red cells of rare blood groups which should be kept frozen
solid for special use. These will include group OKK, group OC¥ posi~
tive, group OC* positive, and simular cell samples of rare groups.

2. STANDARD ANTISERA

Standard antisera are also required because one of the most important
confirmatory tests is the blood grouping of the person’s cells in whose
serum the antibody was found. Standard antisera generally required
in the average blood grouping laboratory are:

Anti-A Anti-M
Anti-B Anti-N
Anti-A, Anti-8
Anti-H Anti-P
ti-D Anti-Ly?
Incomplete anti-D for detecting D® Anti-K
Anti-E Anti-Le?
Anti-C Anti-Leb
Antie Anti-Fya
Antic Anti-Jk*

Many additional sera, of course, are valuable if they are available.

The number of standard red cells and the extent to which they are
tested, and the number of standard antisera available in a laboratory,
will determine the extent to which antibodies can be identified. Those
fisted in these sections will be mainly confined to blood grouping
[aboratories.
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particular groups may not be available regularly; for example, some-
times cells of group Ryr or R,r have to be substituted for those shown
in the table.

The techniques used are as follows:

1. Saline agglutination tests in tubes at 16° C. and 37° C.

2. Serumalbumin tests in tubes at 37° C.; preferably performed in the
form of a titration.

3. Antiglobulin tests using anti-y-globulin reagent and anti-non-y-
globulin reagent.

4. Papainized cell tests, if appropriate, following 1, 2 and 3 above.

The patient’s own celfs should also be tested by all these means with
his own serum.

Theoretical results which are given by the common antibodies using
these five test cells are shown in Table 65.

Because of dosage effects (e.g. anti-c) and the occurrence of weak and
strong reactors (anti-P) the theoretical results may not always be
obtained. Nevertheless, a number of distinctive results may be found
even at this stage. Using these five test cells certain antibodies give
the same reactions, but even under these circumstances a clue might
be given as to which of the antibodies it is because of charactetistic
reactions of the one or the other. For example, in distinguishing
anti-Le> from anti-M, haemolytic activity of the former might be
helpful. The results of this preliminary test can be summarized as
follows:

ANTIBODY PRESENT AND IDENTITY INDICATED. IFfit is thought that
an antibody has been identified, it must be tested with three or more red
cell samples that fack this particular antigen but contain all other com-
mon antigens, and three red cell samples that possess the antigen (see
Chapter X1 for details). In most cases in which the identity of the
antibody is indicated and in which the results of the tests are charac-
teristic of the majority of similar antibodies, the only additional
confirmatory test that need be done is to ensure that the red cells of
the patient in whom this antibody was found lack the antigen. For
example, if the antibody is found to be anti-D, giving characteristic
reactions and coming from an Rh negative patient who has received an
Rh positive stimulus, there is no more that need be done.

Cast 60
Mrs. R. received a blood transfusion for haematemesis and since
1932 has had ten pregnancies. She then gave birth to a full-term
stillborn chid and her serum was tested and found to contain an
atypical antibody (Table 66). The results with standard cells indicate
the identity of the antibody as anti-c. This antibody gave the charac-
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Tante 68, Fuxnue Tosts N Case 61 usino
Paramazip Rro Cres

Results
Cell sample Papalnized
Rh Group ecll test

0 .. . RiR, -
D. .. . Ryt +44
Ao . Ry 44+
V. .. . Ry -
Ba. .. . 3 w
C .. . RyR, -
B. .. .. RiRy -
H. .. . w 4

CAsB 62

Mrss. S. reccived multiple blood transfusions and during the
cross-matching test incompatibility was detected. Investigation of
her serum using the standard cells gave the results shown in Table 69.
Here the identity of the antibody was indicated as anti-K. The patient
was group Okk, and the antibody gave the characteristic reactions
of anti-K antisera. The bottle of biood with which the incompati-
bility was originally found was grouped and was group OK+-.

Further tests of this antibody with several cells, K+ and K—,
c ining all other blood group antigens, confirmed its
identity.

TABLE 69. TesTs ON SERUM FROM CASE 62

Cells Antiglobulin :1‘;1'1'::1’?" m
test 3 C. ec prvy
N. RR, K- _ _ — —~
JB. RiRs K— — - - -
S. T K- - — = -
C. i K- .. — _ - =
H. X+ N [ SRR ot - e
Own . _ v - +
Case 63
Mr. B.T., admitted to hospital b of 1 s had
received transfusios 5

ons on many previous occasions. During the cross-
test an tibility was found in the anti-globulin test
el Tha carmten s cafamesd - T . QTR IS

LSRGV S
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teristic reactions of an anti-c antibody. The patient was group AR,R,,
and her husband group OR,r. Further tests with cells of type RyR,,
containing all other common blood group antigens, gave negative
reactions and it was concluded that the identity of the antibody was
established.

PRACTICAL BLOOD GROUPING

TABLE 66. TEsTs ON SERUM FROM CASE 60

g Tutinati

Ccelt Antiglobuim aflf;ur:?n Saline agglutination

fest 3 C. 16° C. 37 C.

N. RRy .. .. - - — -

IB. RaR: .. o] A4+ |t + +4

L N +4+++ + +

Lo R b + +

C. o . ‘e +4+ +4+++ + +

Own .. . ve - — - -
Cast 61

Mrs. H. was delivered of a jaundiced infant suspected of being
affected with haemolytic disease of the newborn and her blood was
referred for investigation. 37 - o ben T T geeaed
cells and the results are st I B [
not available on this parti. S i no :
used instead of the homozygotes. Mrs. H. was group OR,R,, and
her husband, group OR,r. She had received no previous blood
transfusions. The identity of the antibody was not indicated by
these tests but it was thought possible that it might be an anti-c
antibody showing dosage effects. Further tests were undertaken
et g camn 1. _‘_“ RS Sy :L..,.: ‘\:\"r'lln
N P led
A L 1to
react with samples of blood of groups R,r and R,R,. It is interesting
to observe that it gives a weak reaction with blood of group Rir-

arcae mm pyben ot Con

TAERLE 67, TeSTS ON SERUM FROM Cast 61

. Serum Saline agglutination
Cells Antiglobulin} ooy

3rc 16° C. 3rc
V. Ry - —- — -
D. R +4+ - - -
S. . +++ - - -
J m . + - - -
C. +t++ - - -
Own - - - -
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ibady reacted as a saline agglutinin at this temperature and gave
?33? ngaicdiﬂ‘crcnccs between the strengths of the reactions sug-
gested that it might be anti-P, The patient was P-negative. Further
investigation with P-positive and P-negative cells confirmed the
identity of the antibody as anti-P.

Tante 71. Tests ON SerUM FROM Case 64

Sertm Saline agglutination
Antiglobulin | albumin
Cells test ftest o o
rc, 16° C, °C
N. RR, P+ . - - +4 —
IB R:R: P+ L - - E I —

. P4 . - - +++ —
H o P+ . - - +4-+ 4 —
C. P+ . - - R -
Own .. . . - - ~ -

ANTIBODY PRESENT, ALL THE TESTS NEGATIVE. It may seem
curjous that this can occur, but the reason for it should be sought in the
reason why it was originally considered that an antibody was present in
the serum at all. This may have been the result of a positive reaction
between the serum and a single cell sample. Ifall the results are negative
in the preliminary testing it is obvious that the standard red cells could
not contain the antigen present in the red cell which was used when the
antibody was originally detected. In other words, it suggests that the
antibody is one active against a low frequency antigen, The procedure
in a case where all tests are negative is illustrated by Case 69 (p. 264).

ANTITBODY PRESENT, ALL THE TESTS FOSITIVE. In these circum-
stances it will be necessary to test the serum with a wider range of
standard cells. It may be that two or more antibodies are present in the

serd. Case 68 (p. 262) shows the procedure when all the tests are
positive.

FURTHER TESTS AND CONSIDERATIONS

1. TESTS WITH A WIDER RANGE OF STANDARD CELLS. If a pro-
bable identification of antibody has been made, the antibody gives
characteristic reactions, and if the person’s red cells in whose serum it
appears lack the corresponding antigen, it will ounly need to be tested
with three standard cells which are positive for the particular antigen
and three which are negative for the antigen but contain all other
common antigens. In the case of anti-C+D and anti-D+E, R’ and
R test cells will need to be included as well, However, if no identifica-
tion bas been possible, a wider range of test cells will need to be
employed. If the serum contains several antibodies, fifteen or more
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is anti-Fy*. Tests showed that the patient was group OrrFy(a—).
Nevertheless, during the course of testing this serum for antibodies it
had been tested using papainized red cells and a positive result was
found with Rh positive cells but not with Rh negative cells. Since
it was known that anti-Fy* was inactive using the papainized cell
technique, further investigations were made. It was found that the
serum contained an anti-Fy* antibody active in the antiglobulin
test and an anti-D antibody active against papainized red cells.
It is interesting to note that the serum “PRI™ described by Race,
Sanger and Lehane (1953), which contained an anti-Fy* capable of
agelutinating cells suspended in saline, also had a weak anti-D
antibody detectable only by the trypsin cell technique.

TABLE 70, Tests ON SERUM FROM CASE 63

. Serum Saline agglutination
Cells Antiglobultt | glpumin | e Ky
fest 3 C 16°C. rc
N, O, RR, Fy(a—) - —- - -
IB. O, R4R; Fy@a+) +4 - - -
S. O Fy(a—) —_ - - -
C. O, Fy@+) ++ - - -~
H O, Fy@t) ++ - it -~
Own . . - i - ~

ANTIBODY PRESENT AND IDENTITY NOT INDICATED. The results
may fail to correspond with any known antigen, but nevertheless the
qualitative nature of them might suggest what further tests should be
performed. The results might be doubtful, or equivocal, or suggest the
presence of more than one antibody, and it should be borne in mind
that a mistake in technique, in the standardization of the original cells,
or in recording, may produce results which are apparently confusing. If
a weak antibody which shows a marked dosage effect is present, positive
reactions will be given with homozygous cells, and possibly negative
ones with heterozygous cells. This will depend upon the number of test
cells present in the panel and sensitivity of the techniques employed.

Tests using a wider range of standard cells are required to make
jdentification certain.

Cast 64

M.T., admitted to hospital with is and mel No
previous blood transfusions. Four bottles of group ORh positive
blood were put up for cross-matching and in the saline agglutination
test at room temperature three of them were found to give positive
results of variable strength. The serum was put up with the standard
cells and the results are shown in Table 71. An antibody, active
only as a saline agglutinin at 16° C,, was detected. The fact that this
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standard cells are shown in Table 73. He was found to be group O
rrK-negative. Tests against a large range of standard cells indicated
the presence of anti-E and anti-K. The antibody detected during the
cross-matching test was anti-K, and the bottle of blood was group
OrrK-positive. It seems likely that during his transfusions, he had
received a botile of blood of group R°r. The resuits of tests with a
wider range of standard cells are shown in Table 74.

TABLE 74, SERUM OF CASE 66 TESTED AGAINST
A WIDER RANGE OF STANDARD Crits

Standard cell Amlfel;buhn

Ry K- - -
RiR; K- e —
Ra K~ e —
Ry K- . - +44
R{R, K-~ e e +4
RRy K- . e ++4+
Rr K+ v Aot
Ry K+ P 444
Rr K+ . 444
w K+ . . S+
Rr K- . v -
RT K- e At

Case 67

Mr, W, suffering from Di Guglielmo’s di ;
fgllowin'g a ‘1100(} transfusinn. p:eg,”....? sn..‘ siarif’.,}lag _a 2 maﬁ!-‘f’.n

. i |". . ’ 1 ‘.I
groups were A(B, r, MNs, P4, K—, Le(a~b-}), Fy(a—), Jk(a _)_):

TasLe 75. Tests ON SERUM FROM CASE 67

S
el Antiglobulin 5[. Z""’.‘ aline agglutination
test oionmin
3 C. 16 C. 3rc.
N. O, Rk, K~ _ =
B 0, RiR, K— = - tir -
S. Omr K- _ = +++ -
s Sm k- = ~ s Z
. L, K4 -
om amr ke |THEREL PR ey
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different red cells selected to be of value in this work are needed both for
identification and to satisfy the statistical criteria. Such cells are those
which are homozygous and heterozygous for as many blood groups as
possible and known to include P-strong and P-weak types and cells
with whose particular reactions the wotker should be familiar,

Case 65

The serum of Mrs. T. was ined during pr y and the
results suggested the presence of an antibody. The results with the
standard cells are shown in Table 72. Here the identity of the
antibody was thought to be anti-Fy* with the possibility of anti-Kell
in addition, and ftests with a further range of standard cells
were indicated, The patient's group was OrrtMNS P+, X—
Le(a—b—), Lu(a—), Fy(a—). Subscquent tests with a large range
of standard cells showed the presence of anti-Kell and anti-Fy* but
no anti-D was detected.

Tapte 72, Tests ON SERUM FROM Case 65

" . Serum Saline agglutination
Cells Antiglobulin|  on u‘mIn &
fest wrc fawec 3rc

N. O, RyR; Fy(a~) K—~

JB. O, R:R; Fy(a4) K~ +4+ - - -

S. 0,1 Fya~) K-~ —- - - -

C. O, Fylat) K~ 4+ - - -

H. O, Fy@a) K+ +++4+ )+ttt + ++

Own .. . . . - - - -
Cast 66

Mr. K. suffered from aplastic anacmia and had received at least 60
pints of packed cells. During a cross-] hing test, an incompat
bility was detected and his serum was referred for investigation,
He was group ORh negative, and so far as was known he had

always received Rh neg. blood. Results of testing his serum with the

TABLE 73. TESTS ON SERUM YROM CASE 66

Serum aline agglutination
Cells Antiglobutin | glbyumn - =

test irce 16° C. 3rC.
N. O, RjR; K~ - - - -
IB. O, RsRy K~ LT S I - -
s Om K- - ~ —_ —
C. O, K-~ -~ - - -
H O m K+ B - -
Own .. .. .. — el _— —_
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pregnancy her serum was examined routinely for the presence of
antibodies and a positive result was obtained using the papainized
cell slide technique. Her scrum was put up with the standard cells
and the results are shown in Table 77. Theantibody reacted positively
with all the red cells against which it was tested. The mother's
blood was grouped and she was found to be O, rr, MNS, P+,
Le(a—b—), K+, Lu(a—), Fy(a+4). It was observed that the
Teaction with the anti-K serum was the strongest that had ever been
seen using this serum, Her serum was put up with a further 15
standard cells, all of which reacted positively with it; it was obvious
that her antibody reacted with a high-frequency antigen. The fact that
her red cells gave such a strongly positive result with anti-K serum
suggested that she was genotype KK and that the antibody in her
serum might be anti-k. This Was supported by the fact that it reacted
less strongly with Kell-positive cells. The frozen cell panel of the
ltabomto{y contained two cells, genotype KK, one group O, R,R,,
1 AL B T T
"1 . . . . v L ] .

oLt e ~d Pt e B
contain anti-D. ‘Chis was in spite of the fact that the husband was
group OR,tMNS, Le(a—b+), kk, Lu(a—), Fy(a-+).

TABLE 77. TESTS ON SERUM FROM Cast 68

Serum Saline
Cells Antiglobulin olbumin agglutination test | Papainized
test test, |———A———| slide test
3rc 16°C. 3T C.

N O, RiR K— | bttt | 44|+ 4 [t
JB. O, RR: K— | +b+++ | +++++ | +  ++ | ++++
S. O, K— | 4+ [ttt |+ | bt
C. O K- | ++4++ | +++++ + ++ | e+t
lg;m o,rr K+ +++ +++ - + ++

‘The mother was subsequently delivered and the child affected with
haegn.olynp disease of the newborn. Its red cells gave a strongly
positive direct Coombs test and were group O, R;r, Kk. An eluate
was made from the cord cells, and the presence of anti-k was
detected in this eluate, and in the cord serum, but no anti-D was
present. This case illustrates the valye of fully grouping the patient’s

erythrocytes, secondly, the value of the fi i
the value of elution of the col;g (::ells.e rozea ol panel, and thirdly,

Where doubtful antibodies are present in a serum itisadvantageous to
carry out the blood grouping of the patient’s cells with more than one
particular antiserum, if at all possible. This, again, may help to indicate
the nature 51f the antibody present in the serum by drawing attention
to peculiarities of the reactions between the various antisera and the
ted cells; Case 69 illustrates this,
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Tests on a large number of standard cells showed that he had an
anti-Kell antibody present in his serum giving positive results in the
antiglobulin test. The results of further testing are shown in Table
76. The other antibody was considered to be anti-H active as a
saline agglutinin at 16° C.

TaBLE 76. FURTHER TesTs wrr StanDaRD CELLS

IN CASE 67
Saline agglutination
Cellr

16° C. rc
O, Rgxy K- o ++4 -
O, Ra K-~ .- +++ -
0, Rgr K- . ++4+ -
0, m K- P -
Ay, RiR; K~ . - -~
A, T K-~ - -
A:;, Ry K- +++ -
A, Ry K-~ . ++4+ -
Ayt K- P -
O, mr K+ . +++ ++++
0, Rgr K+ . +++ +e++
AB, i1 K+ . ++ +4+
AB, K- .. -~ -
AB, r K- . — —

2. BLOOD GROUPING TEsTS ON CELLS. The red cells of the donor
or patient in whose serum the atypical antibody s beingidentified shoutd
be grouped as completely as possible. Antibodies present in a person’s
serum are not normally active against antigens on their red cells. The
antigenic analysis of the red cells, therefore, will give an indication of the
nature of the antibody or antibodies which might be present in the
serum (Cases 68, 69), This does not apply to cases of acquired haemo-
Iytic anaemia (Chapter XI), If a full range of blood grouping sera is
not available and it is not possible to determine in every case whether
the patient is homozygous or heterozygous for a particular antigen, then
one should watch the results closely for possible dosage effect, bearing
in mind those antibodies which might be liable to give rise to this, e.g.
anti-c (Case 61, p. 256). If, when using a particular antiserum, it is
found to give a very strongly positive result with a particular red cell
sample it might suggest that the red cell is homozygous for that par-
ticular antigen. This, again, may be of help in the diagnosis of the
antibody present in the serum.

Case 68
Mrs. H. had two children and during her second pregnancy she
received 2 pints of group ORh negative blood, During her third
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5. Whether, in the antiglobulin test, a positive result i.s best obtained
using anti-p-globulin reagent or nnli-non-r-glopuhn.rcagcrllt: .

6. Whether decomplementation of the serum abolishes ils activity in
the antiglobulin test. L.

7. Whether group-specific substances or saliva are cffective in
neutralizing antibody activity.

Table 78 illustrates this.
Case 70

Mrs. W., a 6th para, had been known to have anti-D antibodies
in her serum for cight years, She was admitted to hospital for
delivery and her serum was tested at the 35th week when the presence
of anti-D antibody was confirmed; no other atypical antibedies were
identified using the standard cells. She was group A, Rh negative,
and her full groups were subsequently found to be AtTMNs P+,
Lu(a—), kk, Le{a+b—), Fy(a+), Jk(a—). Her husband was group
OR,R,, and the child’s cord cells, group AR;r, Jk(a4).

On admission to hospital she was delivered of a severely affected
child, group A, Rh positive. The dircct Coombs test was strongly
positive using anti-y-globulin reagent, but negative using anti-non-y-
globulin reagent. The cord hacmoglobin was 12 gm. per cent, and
1t was decided to give an exchange transfusion. A cross-matching
test was put up with several bottles of group A, Rh negative blood,
using the mother’s serum. The antiglobulin tests in all cases were
positive, but the saline agglutination tests were negative.

Late at night the case was referred to us for investigation and
was one of some urgency. The cross-matching test was repeated
vith several bottles of group A, Rh negative blood when it was
found that the saline agglutination tests were negative, the serum
albumin tests pegative, but the antiglobulin test was positive using
anti-non-y-globulin reagent alone. It was decided to identify the
antibody. Not all of the standard panel of cells were available that
Tnight, but quite a number were, together with some Rh positive ones.
1t was decided, therefore, to take advantage of the fact that the
anti-D present in the serum using this reagent might not interfere
with the tests. The results are shown in Table 79. The only Jk(a—)
cell available was the cell Bsn. which was atso R,"r. The serum was
inactivated and the tests repeated. Compatible blood was provided
that night and the antibody was confirmed as anti-Jk*. The cord
serum was found to contain anti-D antibody but not anti-Jkz,

This case illustrates the following:

1. The fact that the activity of anti-D in this serum could be avoided
by using anti-non-y-globulin reagent (p. 61) enabling an Rir cell
to be employed.

2. The value of knowledge of the characteristic reactions of anti-
bodies, which suggested anti-Jks originally (together with other
possibilities), but which more strongly suggested that it was anti-
Jk* when the results disappeared on inactivation of the serum.
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Case 69

Mss. X, was delivered of a full-term child affected with haemolytic
disease of the newborn. The direct Coombs test was positive. The
maternal serum was put up with the standard cells and the sesults
were entirely negative throughout. The mother’s cells were grouped
aund found to be A,R,R,MNS, P+, Le(awb), K—, Lufa4),
Fy(a-+), and the father, ARgMNS, P+, Lefa—b4), K—,
Lu(a-+), Fy(a+). The grouping of the father’s red cells was under-
taken with severa} anti-C antisera and different reactions were found;
some reacted very weakly, and it was thought possible that there
was some unusual kind of C antigen present in the father’s exythro-
cytes. A joint test between the father’s cells and the mother’s serum
was undertaken and a positive result was obtained in the saline
agglutination test at 37° C, in the Coombs test, and particulardy
using the papainized cell technique. This latter method gave 2
much higher titre than using any of the other methods. Ths sug-
gested that the antibady might belong to the Rh series of antibodies,
and coupled with the a{normal reactions obtained when the father’s
cells were tested with anti-C sera suggested that it might be some
antibady against the C anti Subseq testing led this to
be a new Rh antibody, anti-C* (Stratton and Rentosn, 1954). This
case iflustrates the value of (1) careful testing of cells with the various
antisera; (2) joint test in cases of haemolytic disease; (3) the help
given by the study of the characteristic reactions of the antibody.

Blood grouping of the husband’s blood in cases in which an atypical
antibody is present during pregnancy may be looked upon as confirma-
tion of the nature of the immunizing antigen, and may give a clue as 1o
the aature of the antibody present in the maternal serum, as illustrated
in the above case. It may, however, equally well show that the anti-
body present in the serum is not a sresulf of pregnancy but probably &
result of transfusion, or intramuscular injection of blood given
previously, We have seen thirty-six cases in which a D negative mother
married to 2 D negative husband had Rh antibodics present in the
serum which were attributable, in our opinion, {0 previous injection of
D positive blood.

3, CHARACTERISTIC REACTIONS OF THE ANTIBODY. Many anti-
bodies have characteristic reactions and these are common to the
majority of antibodies of that particular specificity, in many instances.
The characteristies which should be considered are:

. The technique which results in the strongest positive reaction
between the standard cells and the serum,

The optimum temperature of activity.

Haemolytic activity of the antiserum.

Whether the agglutinates show any particular features in the saline
agglutination test.

-

AW
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5. Whether, in the antiglobulin test, a positive result i_s best obtained
using anti-y-globulin reagent or anli-non-)'-glopulm'rcagcx:n: .

6. Whether decomplementation of the scrum abolishes its activity in
the antiglobulin test. X L,

7. Whether group-specific substances or saliva arc cflective in
neutralizing antibody activity.

Table 78 ilustrates this.
Case 70

Mrs. W., a 6th para, had been known to have anti-D antibodics
in her serum for cight years. She was admitted to hospital for
delivery and her serum was tested at the 35th week when the presence
of anti-D antibody was confirmed; no ot’ '
identified using the standard cells. She - .
and her full groups were subsequently ot ’
Lu(a—), kk, Le(a-+b—), Fy(a-t), Jk(@a—). Her husband was group
ORR,, and the child’s cord cells, group AR,r, Jk(a4-).

On admission to hospital she was delivered of a severely affected
child, group A, Rh positive. The dircct Coombs test was strongly
positive using anti-y-globulin reagent, but negative using anti-non-y-
globulin reagent. The cord hacmoglobin was 12 gm. per cent, and
1t was decided to give an cxchange transfusion. A cross-matching
test was put up with several bottles of group A, Rh negative blood,
using the mother’s serum. The antiglobulin tests in all cases were
positive, but the saline agglutination tests were negative.

Late at night the case was referred to us for investigation and
was one of some urgency. The cross-matching test was repeated
with several bottles of group A, Rh negative blood when it was
found that the saline agglutination tests were negative, the serum
albpmin tests negative, but the antiglobulin test was positive using
anti-non-y-globulin reagent alone. It was decided to identify the
antibody. Not all of the standard panel of cells were available that
night, but quite a number were, together with some Rh positive ones.
It was decided, therefore, to take advantage of the fact that the
anti-D present in the serum using this reagent might not interfere
with the tests. The results are shown jn Table 79. The only Jk(a—)
cell available was the cell Bsn. which was also R,%r. The serum was
Inactivated and the tests repeated. Compatible blood was provided
that night and the antibody was confirmed as anti-Jk®. The cord
serum was found to contain anti-D antibody but not anti-Jka,

This case illustrates the following:

1. The fact that the activity of anti-D in this serum could be avoided
by using anti-non-p-globulin reagent (p. 61) enabling an Rir cell
to be employed.

2. The value of knowledge of the characteristic reactions of anti-
bodies, which suggested anti-Jks originally (together with other
possibulities), but which more strongly suggested that it was anti-
Jk* when the results disappeared on inactivation of the serum,
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Tante 79. Trsts oN Strum from Case 70

Antiglobulin test
A

Fresh serum Inactivated serum
Cells ol N

—r \
Antly- Autl-tany Antly- antl-nony
globulin glabulin globulin globulin

N RiRy oo bt St | bR -
JB. RRy .o ] R bR ) R -
S. e - +++++ - -
C S - Rk b - -
Bsn, R'r Ns Jk(a—) + 4+ - ++++ -
Own .. . -

3. The importance of cross-maiching blood with the maternal
serum, since although this antibody did pot in this case appt;ar to
Besabaem oot T Toaloe Caorde wesfaras

4. -0 LI : e let- Ly which
10 our previous experience had shown some very weak positive
results with certain cell samples, led us to reduce the proportion
of cells to serum in the antiglobulin test and this enabled strong
positive results to be obtained in the crass-matching test.

We were surprised at the high percentage of positive resuls
that were obtained when tests were made on Rh negative cells using

this serum. It seems that this antibody reacted strongly under these
condiltiom of the test with a number of weakly reactive Jk(a-+) cell
samples.

Sometimes several antibodies are present in the same serum and
under these ci not only the preli ytest withthestandard
cells but the characteristic features of the antibodies, the groups of the
donors, and very many of the things previously referred to in this
chapter, all go to help in the separation and identification of these
antibodies. This is illustrated by Case 71.

Case 1

Mrs, LB, group AR, never had a transfusion but had two
normal_children followed by three jaundiced children and one
miscarriage. H: lytic disease was d and preliminary tests
showed that an antibody was present. The first ‘step toward its
identification was to do the preliminary t

est (Table 80).
The reactions with cell samples JB a " )

! : nd D suggested anti-E
and that with sample C anti-Lu®. The serum was therefore tested
with a further series of specially selected bloods (Table 81),
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Tapte 80. TeSTS ON SErUM FROM Case 71

con | Andlobn |y | S SRR
test 3 C 37 C. by
N. 0, RRy .- - - — =
B O, RR .| i+ s - I
S O .. .. - T - &
C O ., . Fs s i A
H Om .. .. i " H &
w. oRr .. .. - - ~ -
D. O, R .. . ENTR s - +
Own .. . .. - . il +

Taste 81, Furrier TEsts ON THE Strum oF Case 71

Cell Anti~ Serum Saline agglutination
sample Groups plobulin albumin
No. test e wrc 15° C.
8 0O, Lufa—) - - -~ +
? Q, BB, Lufa—) - ~ - ++
i Q, Ryr Lufa+) + 4 + - -+
1 0O, Ry Lu{a—) 4o ++ ~ ++
12 0, Ryr  Lufa-) + 4+ 4 - +
Own cells - - - -

These further tests confirmed the suggestmn of anti-E plus anti-Lu?,
(hough a third antibody active only at 16° C. was also present. The
antigenic constitution of the tegt sampres excluded anti-C, D, ¢, &
LM, N S, s, P, K, k, Let, Leb, Lub, Fyr, Fy®, Jk* and Jk® active
at 37° C.

"The full groups of Mr. and Mrs. L.B. were now determined. These
were:

Husband: A;, Ryr, MNS, P4, Le(atb~), K~, Lu(a$), Fy@a+), IhG+4)
Wr{a~)
Wife: A, Ry, NS, P+, Le(a—b—), K—, Lu(a~), Fy(z4), Jkfa+), Wrla—~).

The reaction of the husband's cells with anti-E was r\rv’- - d
further tests showed that his cells were »~~ .

portion of anti-E sera. He s 1
The rather vrr
natureof 7 v ¢
that furthe Lo .
Her serum F R St s of selected cell
samples by '~ . vt ¢ tun albumin fests at 37° C. as

follows:
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Number of | Result with maternal
Groups bloods tested serum
1 Positive
o Er e 6 Al positiye
0, E~, Lufa-) 5 All ncgnl}vc
0, E—, Lufa+) 6 All positive

It was thus reasonably certain that theantibodies were anti-Eand anti-
Lu. We were now able to turn our attention to the third x.mllbody
active only at 16° C. This antibody reacted xynh P-negative cells,
with M-negative, and with N-negative, and with Le(a—b—) cells,
and anti-O or anti-H was therefore suspected. It was tested at
16° C. as follows:

Number of
Groups bloods tested Result
0, E—, Lu@a—) .. . 4 All positive
Ay, E—, Lu(a—) .. . 7 All negative
Ay, E—, Lu(a—) .. .. 1 Positive

Further tests showed that the antibody was not inhibited by secretor
saliva, and it was therefore considered to be anti-O. This serum thus
contains anti-E, anti-Lu® and anti-O.

Special Cases
1. ANTIRODIES TO LOW-FRIQUENCY ANTIGENS

It may be found during a laboratory procedure that one celi sample
reacts with the patient’s serum giving a positive resolt, whereas all
the other red cell samples fail to do so. Furthermore, it will be found
that when the serum is put through the standard scheme, and even
possibly tested against further standard cells, the results are all negative
(Case 69). This suggests that the serum, if it contains an antibody,
contains one against a rare antigen.

Under such circumstances it should first be established that the
positive result is due to the presence of an atypical antibody in the
Ppatient’s serum and does not indicate the occurrence of some other

type of antigen-antibody reaction. Three alternative causes of antigen-
antibody reactions are:

1. that the cell possesses a rare ABO antigen, for example, A,, B,
not routinely recognized as such;

2. that there are changes in the sample resulting in it being poly-
agglutinable;
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3. that the reaction is due to the false positive results described in
Chapter V.

. Firstly, therefore, one should exclude these possibilities, and a fresh
sterile sample should be obtained. The cell sample should be tested with
a number of group O sera known o detect rare sub-groups of group
A or B, as described in Chapter VL Polyagglutinability should be
excluded by testing the cells with 20-50 fresh normal sera at 16° C.
using the saline agglutination tube technique. Polyagglutinability
cannot be distinguished from bacteriogenic effects, excepting where it is
known that the sample is sterile. Tests should show that the direct
antiglobulin test on the cell is negative, using anti- and anti-non-y-
globulin reagents, Remember, here, to make sure that the cells are not
coated with cold incomplete anti-H antibody.

The serum should be tested with cell samples containing low-
frequency antigens until the identity of the antibody is established.
It may help to group the cell sample originally found to give positive
reactions with the serum under examination, for rare antigens.

2. AXTIEODIES TO HIGH-FREQUENCY ANTIGENS

In these circumstances (Case 68) all the tests obtained with a large
panel of standard cells are likely to be positive. This may be due to an
auto-antibody, and certain auto-antibodies, especially from cases of
acquired haemolytic anaemia, appear to be active at 37° C. Anti-H or
anti-O will need to bz excluded, p. 123, since such sera may occasionally
react at a higher temperature with all group O red cells irrespective
of their other blood groups, although in the majority of cases these
antibodies are active only at low temperature (Case 71). The person’s
own red cells should also be negative with their own serum using all
tests. High-frequency antibodies are shown in Table 117 (p. 313).

Anti-Le* and anti-Le® when present together in the same serum, and
both strongly active, should be included in this series, since such sera
may react positively with more than 90 per cent of standard group O
test cells. They may even react positively with certain red cells of type
Le{a—b~—), especially from Lewis secretor individuals. In detecting
such a2 combination of anti-Lewis antibodies it is helpful to note that:

1. The patient’s red cells are of type Le(a—b—).

2. Cells which give negative results with the antiserum are all of
type Le(a—b—).

3. In the saline agglutination test the agglutinates show diagnostic
features (p. 295).

4, Haemolytic activity may be observed. We have seen a case in
which anti-Le* and anti-Le® were found together following a
transfusion reaction where both antibodies acted as haemo-
Iysins against normal red cells.
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CHAPTER XIII

STATISTICAL CONSIDERATIONS IN THE IDENTIFICATION
OF ANTIBODIES

Tre following method, though unconventional, is one which we have
found satisfactory in practice. Its basis is that one should first test the
unknown antibody in such a way as to exclude as many as possible of
the other antibodies which it might be. Statistical considerations
should only arise when this has been done and should only be used asa
means of excluding those antibodies which it has not been possible to
test for directly. The method is called:

Tdentification by Exclusion
The use of this method presupposes that the antibody gives clear-cut
positive and negative results, agreeing in specificity with a certain
antigen, and that all the serological results by which it is identified
are correct. (The second postulate will be further considered below.)

The method is a confirmation of identity rather than a method of

identification, and consists in showing that the antibody fulfils two
criteria.

(i) Three positive results and three negative results with cell samples
agreeing with its supposed specificity, e.g. three D positives and
three D negatives if the antibody is thought to be anti-D.

Two positive and two negative results are sufficient if the
antibody appears to be one of the commonest ones (anti-A;, D, P),
if it shows the characteristic mode of reaction expected from its
specificity, and if it comes from a patient whose cells lack the
corresponding antigen,

(ii) Negative results with cells bearing as many of the other known
blood group antigens as can be managed. These must include
C,D,E,c¢f, M, N,S, s, P, Lu?, K, Le?, Le?, Fy?, Fyb, 1k, JKb,
and preferably C= also.

The antibody is then considered to be satisfactorily identified.
The bloods used in these tests are not random blood samples but
bloods selected for their antigel.lic constitution, and bloods may need

rovide the requisite number of negative mults_i{x (i) as are used in

hat in an ideal case only three bloods giving negative results

needed to satisfy both criteria. Moreover, the results obtained
272

P
(i), so t!
might be
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in the initial tests made to identify the antibody may (.hcmsclvcs alone
be sufficient if they satisfy the criteria, In other casesitis qnly necessary
to carry out such additional tests as will satisfy the criteria when com-
bined with the results of the initial tests. i .

A certain amount of difficulty is sometimes encountered in obtaining
cell samples which are fully typed, and which are negative _wnh the
antibody under consideration. For example, in the case of anti-c, R,R;
cells fully typed for the other antigens would have to be used. Dx{ﬁcull
though this may be at times, it is, nevertheless, cﬁscn}ial before it can
be said that the antibody has been satisfactorily identified. A practical
example of this was an anti-k which we detected in the serum of a
D negative antenatal paticnt. It was essential here to test the serum at
least with D positive KK cells, in order to exclude the concomitant
presence of anti-D. Lack of care in the selection of suitable standard
cells may occasionally lead to difficultics when using this method. For
example, we were, on one occasion, much perturbed to find that an
anti-D serum had been identified by its positive results with two D
positive Kell positive cell samples, and had not been tested with D
negative Kell positive cells. The danger here is obvious, and is simply
due to carelessness,

In using this, or any other statistical method, one has to be carcful
of three things. The first is that statistical methods can only show how
closely two things are corrclated. They can never show that they are
identical. No amount of statistics will show, for example, whether an
anti-C serum is really anti-C or anti-C+4-C*, and an attempt to discover
whether an anti-c serum also contains anti-E by means of statistical
caleulations would be extremely laborious if, indeed, it could be done
atall. A single test, using C* positive cells in the first case and RjR,
cells in the second, would give the answer at once. The second thing
that has to be remembered is that “in blood group work we usually do
Dot set out to compare anything, but make the comparisons after the
work is done; the results may then be compared in many ways. The
number of ways in which the work has been compared makes a big
difference to the level of probability at which an observed association
1s considered to be ‘significant’ ” (Race and Sanger, 1954). This means
that, strictly speaking, one ought to first find out what the antibody is,
and then repeat all the tests using a different series of cells, so that
only a single comparison is being made. Since this would involve
doing everything twice it is not often practised, but the second series of
tests ought to be carried out if the antibody appears to be a rare one, if
it shows unusual characteristics or if the statistical calculations do not
give a low probability that the supposed identification is incorrect.

Thirdly, when a statistical test is applied repeatedly there is a cumu-
lative chance that one will be misled sooner or later, and in laboratories

where large numbers of sera are dealt with this may be quite important,
T



274 PRACTICAL BLOOD GROUPING

The value of this method of identifying antibodies by a process of
exclusion may be illustrated by the fact that in the past four years we
have detected and identified exactly a thousand new anti-D antibodies
(with or without anti-C and anti-E) in the sera of antenatal patients.
The identity of the majority of these has been confirmed by tests on
subsequent samples of the patient’s sera and by the birth of D positive
children suffering from haemolytic disease. In no case has the diagnosis
of anti-D been subsequently shown wrong, even though it was made
by the use of only two or three D positive and three D negative cell
samples in the first place.

Rationale of the Method

‘We now turn to the rationale of the method, and to the reasons why
these two criteria are sufficient to give a satisfactory identification of
the antibody.

If an antibody reacts with three D positive bloods and fails to react
with three D negative bloods, it is likely that the antibody is anti-D. The
question to which we seek the answer is: “What is the probability that
it is not really anti-D but something else?” If it were possible to test
the antibody against a seties of D negative bloods which between them
contained every known blood group antigen, and if all these tests were
negative and we were sure that all the serological results were absolutely
reliable, we would be able to conclude for certain that the antibody was
either anti-D or a new and hitherto unknown antibody. Furthermore,
it could only be a new antibody if, by chance, all the D positive bloods
‘bore the corresponding antigen and all the D negative bloods lacked it.
In practice, of course, we fall short of this ideal state of affairs, firstly
because no serological results can be considered absolutely reliable, and
secondly because bloods tested with every known blood group antibody
are not available.

The question of the possible unreliability of the serological results
either in testing the antibody which we are identifying, or in the jnitial
grouping tests of the standard blood samples, can scarcely be subjected
to statistical treatment. All that one can do to avoid being misled by
this is to maintain a high standard of serological technique in the
laboratory, and to view unexpected or bizarre results with suspicion and
as requiring further confirmation. It is also wise when the antibody
being identified appears to be of an unusual specificity, to avoid if
possible relying at any stage in the reasoning on a single positive or
negative result. Strict application of this rule on all occasions would,
however, involve an almost complete duplication of the work which

would scarcely be practicable.

The second way in which we fall short of the ideal is that bloods
tested with every known blood group antibody are not available, and it
is here that statistical considerations arise.
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The frequencies of the blood group antigens are set out in Table 117
(p. 313) and it ought to be possible, in a laboratory equxp;}cd to under-
take the identification of blood group antibodies, to obtain a sclection
of cells such that all those antibodies whose antigen frequencies lie
between 99 per cent and 2:5 per cent can be excluded by direct tests,
(It may be noted that it is not necessary to have standard cells which
have been tested with anti-e, anti-s, anti-Fy® or anti-JK®, since cells
which are negative with anti-E, anti-S, anti-Fy® and anti-Jk® respectively
can be presumed to be positive with the first four sera.)

The antibody which we are investigating gives the reactions
44+ ——— with the three pairs of cell samples, agreeing with its
supposed specificity mentioned in Criterion 1, and we can be misled only
if the antibody is not, in fact, anti-Q (to take a purely hypothetical
example), but some other antibody which by chance gives the same
reactions with the three pairs of cells. The chance of this occurring
depends on the frequencies of the antigens and on the frequencies of
occurrence of the antibodies. The latter are only very approximately
knowa (Table 115, p. 312).

The probability that the antibody is not anti-Q can be calculated as
follows:

Let f, be the relative frequency with which anti-Q occurs; and
Let £, f,, f, be the relative frequencies with which the antibodies anti-X,
anti-Y, anti-Z, etc., which we have not been able to exclude, occur.
Since they are relative frequencies.
fatfatfy+fot ... =1

Let p,, p;, p,, ctc., be the probabilities that the bloods tested will have

that antigenic constitution which could mislead us in the case of
each antibody.

Consid.er, for example, anti-Kp?, Px,» is the probability that the three
Q positive bloods would all be Kp(a+-) and the three Q negative
.bloods would all be Kp(a—). Since the frequency of Kp(a-+) bloods
is 2 per cent,
Pipa = (002x098)
=T75x10¢
Now, _ol‘ t]\e. antibodies with which we are here concerned (which
comprise anti-Q and all the antibodies which could not be excluded):
The proportion which are anti-Q is f,,, and all th —_
with the six bloods. Qisfopan csereact +4

The proportion which are anti-X is £, and f, t -
with the six bloods. @A e b o

The proportion which are anti-Y is f , and f, _
with the six bloods. ¥ y Py teact -+ 44 ——
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And s0 on.
The total of those which react -+ + ———-, but which are not anti-
Q, is:
fx PxtHfy pyHfapat ..
Therefore, of all the antibodies which react +--+ ———, the pro-

portion which are not anti-Q is:

fxpxtfy py+fapat-...
fo-+x pxtfy Pyt P F . .0

and this is the same as the probability P, q that the antibody is not
anti-Q.

Now,
fetfytfat . oo= 1-fo
and if p, is the greatest of p,, Py, p.. etc., it follows that
fx pxtfy py+fapat ...
is Jess than

pr (e +Hfy+fz4-.. )
which equals
Px (1—fo)
So that

px (1—fg)
Prot o< 35 (—-T9)

Since 1—f is less than 1

Prot o< 15

This expression is true for all values of p, and f,, but can be made
more useful if the actual values with which we are dealing are taken
into account.

Now p, can be calculated from the frequency of the commonest
antigen* with which the serum has not been tested. This is Kp%
frequency 2 per cent, so that, as seen above,

Pa=DPrpz = 75x 107

Since p, is so small, we as; that it is negligibl pared with fg,
and write
p; T5% 104
Protg<< f;" or T —

The value of P, o now only depends on f,, and would only be large if
f, were very small.
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If the hypothetical anti-Q is onc of the commonest antibodies, fo will
not be Jess than 01, so that Py, o Will be <7-5 x 108 or 1/13,300; and
even if f, is as small as 0001, as might happen with a rare antibody,
P, q Will still be < 7-5x10-2 or 1/133.

These are the probabilities of error using three pairs of positive and
negative results in Criterion (i).

The use of only two pairs of positive and negative results increases
px to 00004, so that with the commonest antibodies where f, might be
as small as 0+1, P, o will be <1/250, and the identification will still be
satisfactory. With rarer antibodies, however, where f, might be as
low as 0-001, P, q can be as high as 0-4, which is obviously unsatis-
factory.

The conclusion to be drawn from these considerations is that three
pairs of positive and negative results can be considered to give a
satisfactory identification of the antibody unless it appears to be an
antibody of a very exceptional character. Two pairs of positive and
negative results can only be considered satisfactory in the special case
where the antibody appears to be one of the commonest ones (anti-A,,
D, P), where it shows the characteristic modc of reaction expected
from its specificity, and where it is known to come from a patient
whose cells lack the corresponding antigen.
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CHAPTER X1V
BLOOD GROUFP SYSTEMS OTHER THAN ABO AND RH

In this chapter various blood group systems will be described, including
the antigens of the red cells and the corresponding antibodies,

Some of the antigens of these systems are of common occurrence whilst
others are very rare. Likewise, some of the antibodies oceur relatively
frequently in sera and others are only very exceptionally present. The
antibodies of the different systems tend to have their own characteristic
mode of reaction in the different tests, and a knowledge of this is often
of great value in identifying the antibody and in preparing and using
the various grouping sera. However, it must not be forgotten that
antibodies of the same specificity do not always follow the set pattern,
so that an antibody showing features not characteristic of antibodies of
that specificity may be encountered. Antibodies may show a thermal
optimum different from that usually attributed to antibodies of the
same specificity, or may be enhanced by serum albumin, or active in the
antiglobulin test or occasion, though this is not the usual pattern of
antibodies of that particular specificity. Some antibodies act best of
entirely with anti-p-globulin reagents and some with anti-non-p-
globulin reagents, but here again exceptions to the usual pattern are
seen.

Blood grouping sera for the purpose of carrying out tests for these
special blood groups are difficult to procure in many instances, because
of their rarity or because of the difficulty of finding those which are
sufficiently potent. In many instances one has to use such sera as are
available and the tests have to be carried out by whatever technique
gives the best results with the particular antibody concerned.

Blood grouping sera may be of animal or human origin. Those of
animal ofigin are mainly concerned with MN typing afone, and others
are obtained from the sera of normal individuals or those who have
become immunized.

These human sera should be examined as described in Chapter X1,
to determine whether any blood group antibodies, other than the onc
which is required, are present. Tests against cells bearing as many of
the blood group antigens as possible must always be included, employ-
ing the technique by which it is proposed to use the serum, though
similar tests by other techniques should be carried out also. If such a
serum is to be used as a blood grouping serum all antibodies other than
the particular one required must be absorbed out. Anti-A and anti-B
will have to be removed in order to make the serum universaily
applicable, and other antibodies such as anti-D may have to be removed
also in order to make the serum specific. Sera containing only a single

218



OTHER DBLOOD GROUP SYSTEMS 2719

antibody are preferable to sera containing multiple antibodies, since
where multiple antibodies are present the unwanted ones may ‘be
difficult to remove by absorption and the repeated absorptions whxf:h
may be needed may weaken the antibody which it is desired to rcuur‘:.
Attempts to separate antibodies of the same system, e.g. anti-Le*-4-Le®,
are often unsuccessful. A potent and specific serum from a group AB
person is a great prize, since it requires no absorption. .Such sera as
anti-P and anti-Le® should be sought in group AB individuals.

Some sera may be inactivated by heating at 56° C. for 25 minutes
before absorption, but some examples of typing sera, such as anti-Jk*
and incomplete anti-Le® and anti-Le® should not be inactivated, since
their activity depends on complement or other fresh serum factors.
Absorption will, therefore, need to be carried out to remove anti-A and
anti-B using the procedure described on p. 54.

Where antibodies to high-frequency antigens, such as anti-k, are to
be absorbed to make them specific and universally applicable, it may
not be possible to find cells, for example, of genotype KK, and yet of
the appropriate ABO group. Under these circumstances the best that
can be done is to add group specific substances to the serum. Such
addition, however, may not entirely eliminate incomplete anti-A which,
in itself, may give a positive antiglobulin test. It may be necessary,
therefore, to make a careful study of the nature of the anti-A or anti-B
present in the serum to ascertain whether the addition of saliva, or
group specific substances, will produce a reliable typing serum which
can be used for all ABO groups.

Animal sera require absorption to remove species specific antibodies
and often to remove antibodies to A and B cells also. A mixture of
groups A, B, and O cells of other suitable blood group combinations
should be used.

Blood grouping sera are stored as previously described. The only
point which need be re-emphasized here is that absorbed sera may,
although specific when originally absorbed, Iose this specificity and
antibodies return to the serum for unknown reasons. Constant testing
is necessary to ensure that specificity is maintained.

Controls are very necessary in all blood grouping work. When using
the sera described in this chapter they are absolutely essential. This is
because the sera are often difficult to obtain so that weakly active sera
may have to be used, because the sera are used less frequently than
ABO_ and Rh grouping sera and so may have become inactive or non-
specific, and because the sera may give unfamiliar types of agglutination
or may have to be used by unfamiliar techniques.

Two types of control are needed; a positive control to show that the
antibody present is acting, and one or more negative controls to show
that absorption is satisfactory and that non-specific activity is absent.
The cells used as the positive control should be cells with the weakest



280 PRACTICAL BLOOD GROUPING

tigen likely to be ed in the tests. These will be heterozygous
for the antigen concerned and will be weak reactors in those cases
where variations of antigenic strength occur. The correct positive
control cells are indicated in each section, The correct negative controls
depend on the serum to be used and sometimes on the cells to be tested
also. It is essential to control the absorption by using, as a negative
control, cells with antigens corresponding to the antibodies which
have been removed, and this control also serves to show that the serum
is not giving positive results with all cells (e.g. if' it has become infected).
With some antibodies it is difficult {o secure control cells with the
required combination of groups, and if it is known that the cells to be
tested do not possess the antigen corresponding to the antibody which
has been removed from the serum, then the absorption contro} will be
unnecessary, but a negative control to guard against non-specific activity
must still be incleded.

Many of the causes of false positive and false negative results dis-
cussed in Chapters IV and V apply to the determination of the groups
described in this chapter, and certain additional causes of difficulty
peculiar to the individual systems are discussed in the appropriate
sections.

Different red cell samples often give different titres or scores with
the same fest serum. This is often associated with the fact that the
samples are h gous or heterozygous for that particular antigen
although differences may occur within each group, Some sera are
specially able to show this dosage difference between one red cell and
another using a particular technique, and dosage is more readily
demonstrable in some bloed group systems than in others.

The MNS Blood Group System
The MN groups were originally discovered by Landsteiner and
Levine (19272 and b), and the S subdivision following the discovery of
anti-S in a serum in 1947 by Walsh and Montgomery. Subsequently
anti-s was described by Levine, Kumichel, Wigod and Koch in 1951
This made complete genotyping with respect to these groups possible.
Table 82 shows the MN groups and their genotypes and frequencies:

Tanre §2. MN Grours

Groups Genotypes Apa:‘:fée’:’" :g:)n:y
MN MN 50
M MM 28
N NN 22

and Table 83 the MNSs groups and their frequencies:
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Tantg 83. MNSs GROUPS AND THER FRIQUENCIHS
{frequencies after Race and Sanger, 1954)

MNS group A N ol
MSMS NSNS MSNS

MNSs genotypes MsMs NsNs MSNs  MsNs
MSMs NSNs MNS .

Frequency .. | 20% 8% o Bn o B/ 1%

Table 83 is based on the use of anti-M, anti-N and anti-S antisera.
Anti-s antiserum is very rare and thercfore the full frequencics of all
groups are not given.

Some further rare antigens belonging to the MNS system arc known.
M, (Jakobowicz et al., 1949), N, (Andresen, 1947) and M (Dunsford
et al., 1953) are weak forms of the M and N antigens. Hunter (Land-
steiner et al., 1934) and Henshaw (Chalmers et al.,, 1953) are two
antigens which are common in Negroes but rare in Caucasians. They
have specific antibodies—anti-Hunter and anti-Henshaw.

In the case of Miltenberger (Mi*) (Levine et al., 1951) and Verwyst
(VW) (van der Hart et al,, 1954) the antigens are rare but the antibodies
are not uncommon (Wallace er al., 1957.) Vw positive bloods seem
to be Mi(a-) also, but the reverse is not the case. Both these
antigens were originally thought to be “family” antigens and each
came to light during the investigation of a case of haemolytic
disease of the newborn, where it was found that the mother’s serum
reacted with the cells of the father but not with any of a large number
of random bloods. Later it was shown that both antigens belong
to the MNS system and that the two are closely connected, and
further examples of Vw positive and Mi(a-1) cells were found. Aunti-Mi2
and anti-Vw were found to occur quite frequently in sera and appear to
be naturally occurring. The situation resembles that found with the
rare antigen, Wr* (p. 304).

The antibody anti-S» (anti-1J), also belongs to this system (Wiener ef
al.,1953; Greenwalt et al., 1954). SP-negative individuals are only found
amongst Negroes and their cells give negative results with both anti-S
and anti-s.

It is obvious that the MNS system is one of the more complicated
blood group systems, and that we are a long way from a complete
understanding of it.

ANTEM, ANTIN AND ANTIS ¥ HusaN Sera

Anti:M occurs rarely, and anti-N very rarely, in human sera. Th
are active as saline agelutinins at 16° C. and sometimes at 37°C. We

bave observed eight examples of anti-M. Two of these were in associa-
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tion with anti-D and six occurred alone in the serum. Four were detected
during antepatal testing, two during blood grouping and occurred in
normal healthy blood donors, and two during the performance of the
cross-matching test, All the persons in whose sera these antibodics
occurred were blood group N. All reacted as saline agglutinins at 16°C.
and two still gave positive results at 37°C. Sera would occasionally give
positive results at 37° C. using the serum albumin technique when the
result in the saline agglutination technique was negative, The serum
albumin technique, therefore, should always be employed when these
antibodies are sought. Dosage effects may be demonstrated (Table 84).

TaBLE 84, Dosact Errecr DEMONSTRATED by HumaN AnTr-M Serum (WA)
TITRATED IN SALINE AT 16° C.

Titre
Cells A < | Seore
1 2 4 8 16 32 64 128 Comrol
HoOM | +td44 ++++ +++ 44 ++ w - ~ - 16
FS. O MN 44 ++ B 6
Ha. O N - - - e - 0
Case 72

Mrs. M., aged 31 years, had three normal full-term deliveries and
no miscarriages. The last child was said to have been jaundiced at
birth. The mother received a blood transfusion of whole bload in
1937 with good clinical effect and no reaction. She was group Ay
rr, NS, and her husband was group A,, rr, MS. The maternal
serum contained anti-D and anti-M, the former resulting, pre-
sumably, from the blood transfusion. In the fourth pregnancy
fabour was induced at 38 weeks and the child was jaundiced for the
first 24 hours. The cord haemoglobin at birth was 14-5 gm. per cent.
The cord red cells were A, rr, MNS. The direct Coombs test
was negative. ‘The Wassermann reaction and Kahn test op both
parents were pegative. The maternal serum reacted strongly with
the child’s cord cells at 37° C. The cord cells showed no spherocytosis
or abnormal fragility. Anti-M was present in the cord serum. When
the child was 1 month old it was readmitted to hospital with
anaemia. Haemoglobin: 8'5 gm. per cent; RBC: 3,400,000; WBC:
10,200; Reticulocytes: 3 per cent. The child was given three simple
blood transfusions of group A, rr, N blood, and made a complete
recovery. The maternal scrugx_‘ﬁtrajghd with M pos, cells had a titee
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Tapie 85. TrRATION OF SIRUM IN Cast 72

Titee

Cell samles Technique 1 2 4 128 Cone’

ol

-
=
w
5]
b4

O,mM issne teCl +++ +4 - = ===
agglun.  37°C. - - - = -
o, m MN | nawen 1etCl 44 - -~ =
rC - - -~ =
o,mN i6*C. - - - o~ =
e - - - - =

o, m M Serum  I6°C.] 44+ +++ +HF+H H4+ PR A A - -
atbumin 37°C. w e

0, r, MN | test T +5h4d dbd+d 444 44w - — -
Irc, - - 2w m e e e -

O, m, N 16 C. - - - - - - - -
I C. - - - e e - -~

One example of anti-N has been observed by us in a healthy blood
donor which caused discrepant results in the ABO grouping. The
agglutinin was active only in saline at room temperature. It was
inactive at 37° C. The antiglobulin test at 37° C. was also negative.

Anti-S sera have been seen by us on two occasions. The first was
following multiple blood transfusions, when it occurred in combination
with anti-c antibody. The second occurred in a case of acquired
haemolytic anaemia. In this latter case it may have been due to the
associated blood transfusion, and the anti-S was associated with anti-
Wr* and anti-Mi®. The antibody observed in the first case was active
at 37° C. and d ble using the antiglobulin test alone (antivy-
globulin reagent). In the second case the antibody was active as a
saline agglutinin at room temperature but not at 37° C., although at the
latter temperature a positive antiglobulin test was obtained using anti-
v-globulin reagent. There was a difference in the strength of reaction
of the serum with heterozygous and homozygous S-positive cells
(Table 86). This serum is used as a typing serum using the saline
agglutination test at room temperature. Control tests of Ss and ss cells
are always included, Owing to the dosage effect and the fact that certain
heterozygous cells may give quite weak reactions with this serum, care
has to be taken in the actual reading of the test.

TaBLe 86. DosAGE EFFECT DEMONSTRATED USING ANTI-SCHE)
The anti-s serum used to group the test cells was kindly supplied by Dr. E. Giblett.

Saline agglatination at 16° C,
Cell sample A \| Score
1 2 4 8 16 Control
Q, M, S§ R B e e - §
0O, M, Ss - +++ v - = -~ 3
O, M, Ss Tt ow - = = - 4




282 PRACIICAL BLOOD GROUPING

tion with anti-D and six occurred alone in the serum. Four wers detected
during antenatal testing, two during blood grouping and occurred in
normal heatthy blood donors, and two during the performance of the
cross-matching test, All the persons in whose sera these antibodies
occurred were blood group N. All reacted as saline agglutinins at 16° C.
and two still gave positive results at 37° C. Sera would occasionally give
positive results at 37° C. using the serum albumin technique when the
result in the saline agelutination technique was negative. The serum
albumin technique, therefore, should always be employed when these
antibodies are sought. Dosage effects may be demonstrated (Table 84).

Tante 84, Dosace Errect DEMONSTRATED By Humaw AnT-M Sgrum (Wa)
ToRATED 1IN SALINE AT 16° C.

Tirre
Cells  {r oA V| Seore
1 2 4 8 16 32 64 128 Conmtrol,
H O OM 4+4+++ +d+4+ bt +d b W = = 16
FS, O MN ++ o + +ow - 3
Ha. ON - - - - - - ]
Casg 72

Mrs. M., aged 31 years, hiad three normal full-term defiveties and
no miscarriages, The last child was said to have been jaundiced at
birth. The mother received a blood fusion of whole blood in
1937 with good cfinical effect and no reaction. She was group Ay
tr, NS, and her husband was group A,, rr, MS. The maternal
serum contained anti-D and anti-M, the former resulting, pre~
sumably, from the blood transfusion. In the fourth pregnancy
labour was induced at 38 weeks and the child was jaundiced for the
first 24 hours. The cord haemoglobin at birth was 14-5 gm. per cent.
The cord red cells were A, v, MNS., The direct Coombs test
was negative. The Wassermann reaction and Kahn test on both
patents were negative. The maternal serum reacted strongly with
1he child’s cord cells at 37° C. The cord celis showed no spherocytosis
or abnormal fragility. Anti-M was present in the cord serum. When
the child was | month old it was readmitted to hospital with
anaemia. Haemoglobmn. 8-S gm. per cent; RBC: 3,400,000; WBC:
10,200; Reticulocytes: 3 per cent. The child was given three simple
blood transfusions of group A, rr, N blood, and made a complete
recovery, The maternal serum titrated with M pos. celfs had 2 titre
of 16 in saline at 16° C. and 2 at 37° C. The antiglobulin test was
negative snd the serum refested using anti-non-y-globulin reagent has
been found negative. Her serum at the present fime reacts as in Table
25. Note the saline agglutination test negative at 37° C. but serum
albumin test positive. The role of anti-M in this case was undecided.
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TauLe 85. TITRATION OF StRUM IN Cast 72
Tirre
Cell samples Technique 7 3 I

B

32 64 123 Con
1r

+

O, M |Salme 168G +4%
agglutie  37°C, -

3 - - -
0, m, MN nauon  16°C. + 4 - - - -
arc - - - - -
0, mN 16 C. - - - - -
irc - - - - -

Om M [Soum IS ClA4d b abdbe b bEE A4 - - -
atoymin  33* C. e

0O, rr, MN test ;6'(? +++++ +++++ +++ ++ W - - =
7 C. rTZ-IC- -

O, N 6°C. - - - T 2o -
3 C - - - - - = -

One example of anti-N has been observed by us in a healthy blood
donor which caused dxscrepam. results in the ABO grouping. The
agglutinin was active only in saline at room temperature. It was
inactive at 37° C. The antiglobulin test at 37° C. was also negative.

Anti-S sera have been seen by us on two occasions, The first was
following multiple blood transfusions, when it occurred in combination
with anti-c antibody. The second occurred in a case of acquired
haemolytic anaemia. In this latter case it may have been due to the
associated blood transfusion, and the anti-S was associated with anti-
Wr? and anti-Mi®. The antibody observed in the first case was active
at 37° C. and detectable using the antiglobulin test alone (anti-p-
globulin reagent). In the second case the antibody was active as a
saline agglutinin at room temperature but not at 37° C., although at the
latter temperature a positive antiglobulin test was obtained using anti-
y-globulin reagent. There was a difference in the strength of reaction
of the serum with helerozygous and homozygous S-posmve cells
(Table 86). This serum is used as a typing serum using the saline
agglutination test at room temperature. Control tests of Ss and ss cells
are always included. Owing to the dosage effect and the fact that certain
heterozygous cells may give quite weak reactions with this serum, care
has to be taken in the actual reading of the test.

TABLE 86, Do3aGE EFFECT DEMONSTRATED USING ANT1-S(HE)
The anti-s serum used 1o group the test cells was kindly supplied by Dr. E. Giblett,

Saline agglutination at 16° C.
Cell sample A Seore
1 2 4 8 16  Control
0, M58 L+ttt o ow — o -
0, M, Ss . +++ v - = - - g
0, M, Ss el o w - - - 4
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PREPARATION OF ANTI-M AND ANTI-N GROUPING SERA

It is customary for routine work to use anti-M and anti-N sera
prepared in rabbits, although human anti-M sera can be used on
occasion.

The technique described below refers to the preparation of anti-M.
The preparation of anti-N is, of course, similar.

METHOD OF IMMUNIZATION. Various methods have been described
for the injection of rabbits to produce immune sera. For success it
is necessary to inject a number of rabbits and select those which
produce a high titre serum. Rabbits should be injected with 0-1 ml.
of washed packed group OM cells intravenously on five successive
days and rested for a period of two or three weeks, the course being
repeated. It may be necessary to repeat the course of injections several
times. The crude serum is titrated with cells of groups OM, ON and
OMN, and it is essential that a titre of 1 in 2-3,000 against homo-
logous cells should be obtained at the outset if a satisfactory reagent is
to be produced after absorption (less for anti-N).

ADSORPTION. The serum is inactivated at 56° C. for 25 minutes and
diluted 1 in 10 to 1 in 40 according to the original non-specific titre of
the serum, The absorbing cells should be of types AN, BN, and ON.
The serum is absorbed initially according to the rapid method described
on p. 25. Tests to ensure that a specific reagent has been prepared
should be undertaken using the tube technique at room temperature. It
should show a specific activity with M and MN cells and should be in-
active with AN, BN and ON cells. The titre of the absorbed anti-M
should be about 32 against homozygous cells, In the case of anti-N the
titre should be about 8 against homozygous cells. Animals tend to
respond more satisfactorily to injections of OM than of ON blood.

TecHNIQUE OF MN GROUPING

A tube saline agglutination technique at room temperature is
used, though with good sera a slide test may be used. Three anti-M
and three anti-N typing sera prepared in different animals are used
to test each cell sample. The cells are prepared from citrated blood
and are washed three times in saline. One volume of each of the typing
sera and one volume of the cell suspensions are put in the tubes and
they are allowed to sediment at room temperature for one and a half
hours. The tubes are gently tapped and the contents of those giving
negative results are removed from the tube and examined under the
low power of the microscope.

Positive and negative controls should be put up with each lot of
tests. MN is the correct positive control for both anti-M and anti-N

sera.
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It is often recommended that in MN typing it is desirable from time
{o time to make a statistical check of onc’s results (Taylor ef al., 1939).
This should be based on n minimum of 300 tests and an endeavour
made to sec whether the actual results obtained fit those expected. The
#* test can be used for this purpose. Statistical results are, of course, no
substitute for serological accuracy.

FALSE ResuLts IN MN GROUPING

In MN grouping false results can be duc to many causes (Chapter V).
There are, however, two causcs of false results which call for special
mention. These are false positive results due to the presence of serum
in cell suspensions, and secondly false negative or false positive results
due to loss of specificity of the reagents.

Incompletely washed cells may, under certain circumstances, be
falsely agglutinated by anti-M or anti-N typing serum, This is due to
the fact that sub-agglutinating doses of rabbit-anti-human-red-cell
serum may become attached to the erythrocytes under test. The result
is that when such coated cells are suspended in saline there is no
agglutination, but when they are suspended in certain human sera or
dilute human serum, agglutination occurs. This is particulatly the case
if the human serum concerned contains proteins similar to those present
in the serum of persons suffering from rheumatoid arthritis or allied
conditions. In other words, the effect is akin to that which occurs in the
Rose-Waaler test for the detection of rheumatoid conditions. Here one
is substituting a human sensitized cell in place of a sheep sensitized cell.
Such a test has actually been used by Gibson ef al. (1956), and by
Stratton and Rawlinson (1958), for this purpose. Tt is necessary in
MN typing, therefore, to be sure that red cells are well washed and that
e modieas - - “*  fany doubtful positive resulis

washed and the test repeated.

positive results to occur.
aun B wuu ey sera are notorious for their loss of specificity.
Thcy. are, of course, stored frozen solid, but even under ideal storage
cond.mons non-specific activity tends to return to the sera. The cause
of this is obscure, but it is thought possible that it is due to the dissocia-
tion of antigen-antibody aggregates avulsed from the absorbing cells
qunng serum preparation. This is the reason why the special absorp-
tion technique referred to in Chapter ILis considered valuable. Multiple

co;ﬁrol tests must be put up on each occasion when blood grouping is
being done to exclude this cause of error.

The P Blood Group System
Blood group P was first described by Landsteiner and Levine in
192~7, at the same time as they discovered the MN groups, and the
anti-P serum used was prepared in rabbits by injections of human red
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cells. Anti-P serum is difficult to produce in rabbits and consequently
nowadays other sources of P typing sera are used. These are either of
human or animal origin. Persons are either P positive or P negative.
Toble 87 shows the frequency of these groups:

Tasts 87. Tue P Grouves

Group Genoype Freguency
P positive e gg %%
P negative .. . o 2%

The antibody, anti-Tj%, and its antigen Tj*, belong to the P system,
This antibody yveacts with a very high proportion of bloods so that
Tia~) individuals are exceedingly rare. Samger (1955) observed
that all Tj{a—~} individuals were P negative and found that absorp-
tion of anti-T§* with P nepative cells gave an antibody whose reac-
tions were identical with those of anti-P. The system is thought to
be avalogous to the sub-groups A, and A, and this is shown in Table 88
together with & new terminology for the P-groups which Tj» necessitates:

TABLE 88, T Anm» ANTITH SHOW THE P SYSTEM TO BE LIKE THE A A,QF Systint
(After Sanger, 1956)

A A0 PPsp
E % A —————y
Phenatype Antibodies i Phenotype "
of eells serum of cells Antibodies in serum
[ Always anti-A +A; p{Tia—y | Always antiP1P, (nn\?-‘l'j‘]
A, .. § Sometimes anti-A, PP~ Sometimes anti-Py (@oti-F)
Ay .. { None PyP+) None

The P antigen varies in the strength of its resction with anti-P sera
and has been divided into P-strong, P-medium and P-weak; 15 per
cent of the total P positive results are of P-weak variety.

Anti-P commonly occurs in the sera of P negative people and accord-
ing to Heaningsen (1949), anti-P agglntinins can be found in as many
as 60 per cent of nnselected P negative persons. These are, on occasion,
weakly active and sometimes only at low temperature. We have
seen very many examples of anti-P. They are found during antenatal
testing in combination with anti-D antibodies or alone, and are detected
during the performance of the cross-matching test or in other serological
procedures. They dy act as saline agplutinins, active at 16° C.,
but are only rarely active at 37° C. The titre with P-strong cells at
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16° C. vaties from 1 to 128. We have observed anti-P in the scrum of
women at delivery 2 number of times but have never dgtccted the
antibody in the cord serum, so that it would appear that it does not
commonly pass through the placenta. We have seen three examples of
anti-P active at 37° C.; one was active in saline with a titre of 2; one
was active in serum albumin atone, and the third was Case 73.

TABLE 89. TirRe of ANTI-P (Ra), USING VARIETTES OF P Posrmive CeLLs

Tube Saline azglutination, 16° C.

Cell

sample | O Con-
1 2 4 8 16 32 64128236 trol

P Nommal |4+++++ ++++  +++ + — . == - =

strong | Papainized St b bbb bR b~ - =

P+ Normal + w - - - - = = - -

weak | Papamnized R + - R

P Normal - - = - - _- - -

11

negative] Papainzed - -

Rosenfield and Vogel (1951) described the value of enzyme treated
cells, and anti-P antibodies are very readily detected using papainized
P positive red cells. There is considerable enhancement of the agglu-
tinin titre although agglutination is not evident at 37° C. in the vast
majority of cases. Table 89 shows the titration of an anti-P serum
using normal and enzyme treated cells, Mollison and Cutbush (1955)
have described an antibody capable of sensitizing P positive cells to an
antiglobulin serum and also capable of haemolysing enzyme treated
P positive cells at 37° C. in the presence of complement, and the follow-
ing case showed the same uausual features.

Case 73

Mr. T., aged 62, group Ay, suffering from pulmonary tuber-
culosis, with positive sputum, had never received any previous blood
transfusions, Incompatibility was found on attempting to cross-
match blood following haemoptysis and this proved to be due to a
potent anti-P. Typical results are shown in Table 90.

Taptz 90. TYPICAL RESULTS WITH THE ANTI-P SERUM OF CASE 73

Antiglobulin reagent Serum | Saline agglutination | rro.mp Iysis
Cells K R albumin with papain-
Anticy | Antinony | 37° C. |37° C| 16° C. ized cells
P&tm!}g - +4 +++ — +++++ | Partial.
}P;-medxmn — - + ~ | +++++ | Trace.
-weak - - - — | 44444 I NL
P-pegative - - - - - Nil
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It is important to note that this presumably dangerous antibody
which was active at 37° C. and capable of causing in vitro lysis, was
present in the serum of a patient who had never received any previous
blood transfusions,

Anti-Tj?, so far as is known, is present in the serum of all people who
are Tjla~).

ANTI-P GROUPING SERA

Various sources of anti-P sera are available. They can be pre-
pared by absorption of certain animal sera, such as selected normal
pig and horse sera; these can give reliable results. Human sera
are preferable and r ded, and good ones can be obtained
without too much difficelty. The titre of the serum should be as
high as possible, having regard to the need to detect P weak cells
(Table 89). The saline agglutination titre will increaseas the temperature
falls, but we are not in favour of using sera at a temperature lower than
16° C., since normal sera often contain cold antibodies active as
agglutinins at 4° C., which act in a variable manner with different
samples of normal red cells. The serum, therefore, should have a
satisfactory titre at 16° C. and be capable of giving clear-cut, positive
reactions with P-weak cells at this temperature.

TECHNIQUE OF P (GROUPING

A saline apglutination test in tubes at 16° C. is used. After incubation
for 45 minutes the mixture is gently spun for 2 minutes at 500-1,000
r.p.an. The cell deposit is carefully removed with a pipette, spread out
on a slide and the result is read microscopically,

It has been stated previously that anti-P antibodies are more active
against enzyme treated cells and if an absolutely specific P antiserum is
available this can be used at a dilution of one in two against enzyme
treated cells for the purpose of determining their P group. This
method is suitable for forensic blood grouping purposes. Positive and
negative controls are essential; the corvect positive control is a P-weak
cell. False negative results in P grouping are very prone to occur dus to
the occurrence of the P-weak variety.

The Kell Blood Group System

In 1946, Coombs, Mourant and Race described a new blood group
antigen which they called “Kelt”, Persons were found to be Kell-
positive or Rell-negative. In 1949, Levine, Backer, Wigod and Ponder
discovered anti-k, 50 that two antisera are known, anti-X and anti-k, and
genotyping is possible wathin this blood group system. Anti-k is
sometimes called anti-Cellano from the name of the patient in whose
serum it was first discovered. The Kell blood groups and their
frequencies are shown in Table 91,
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Tame 94, Tur Kat Grours

Antisera n
Genotype requency
Group d Kell (anti-K)  Cellana {anti-k)

RR n — 037
1‘2: Kk + -4 959
K— k& - 4 N2

Allen et af. (1957) have found two othier antibodies belonging to the
Kell blood group system. These are anti-Kp® giving about 2 per cent
positive results, and anti-Kp} giving more than 99 per cent positive
results, Almost all the rare Kp{b—) bloods appear to.bc hoquy-
gous Kp*Kp®. The precise relationship of these antibodies to anti-K
and anti-k is not yet established and even bloods which are
K—k—XKp(a—b—) are known, though these scem to be exceedingly
rare (Chown et al., 1957).

ANTI-K AND ANTI-K

‘We have seen many examples of anti-Kell sera. They may occur
alone in the sera of Kell-negative persons, or frequently occur in
combination with other antibodies, for example anti-D4-Kell, anti-
Fy*-+Kell. Anti-Kell antibodies often occur in the sera of persons
who have been repeatedly transfused and who are known to have
produced one antibody, for example anti-E or anti-D.

Both anti-K and anti-k give rise to haemolytic transfusion reactions
and to haemolytic disease of the new bormn.

Anti-Kell sera have been described that act as saline agglutinins, and
most examples of anti-Kell will react as saline agglutinins if the
layering technique is used; Table 8 {p. 33). Grove-Rasmussen,
Dreisler and Shaw (1954) investigated the activity of anti-Kell sera with

TaBLE 92, TITRATION OF ANTEK (Mrs G) SeauM N VAROUR Diturnts

Titre
Cells)  Dilwent | "

Cor:
1 2 32 64 128 256 512 wol

4 8 16

Kx | 20% Bov alb. - -~ — e e e -
Kk | Serumalbumin ff 44 - T ZZZZo- <z
¥ | Freshserum T o4rt 4ttt i -2 C
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special reference to their action when the sera were tested with cells
suspended in whole serum and titrated in whole serum. Stratton and
Dimond (1955) confirmed this and showed how inactive these sera might
be in 20 per cent bovine atbumin, Table 92 illustrates this.

By selecting human sera for the titration of anti-Kell and especial}y
selecting those from certain patients suffering from rheumatoid
arthritis, it is possible to make this the principal method for the detection
of anti-Kell antibodies and for its use in blood grouping (Table 93).

Tasik 93. TrrraTion 0F ANTI-K (G) USING NORMAL AND SELECTED WHOLE SERA.
SEDIMENTATION For Two Hours

Tire I
A
Difuent {Celts Car
2 4 [ 15 32 st 123 256512 10242048 ol
Fresh  } Xk P i o 4 44 4 - PO
serum | kk - - - - - - - e = = 7
from
donor ~
Fresh | Kkfrdbdt pdbdt $hbdd dbbbb bhddd fbdd dbd F -~ 77
showma-lkk |~ - - 2 - ST - -
to1d
serum,

Most anti-Kell sera are detectable using the antiglobulin test and
anti-p-globulin reagent. Grove-R (1956) stated that he had
seen examples of anti-Kell which were detected more readily using the
whole serum technique than the antiglobulin test, and Table 94 lfus-
strates this in relation to an anti-Kell serum which had been stored
frozen for many months,

Tastz 94, Anti-K (M) ANMBODY TTXRATED usivg Vamious TeCHNIQUES

Titre
Method Cells A Sun
1 2 4 8 16 Conrol
Selected rheumatoid senm i Kk | 4 bdbdb A4 4 o -
difuent . P .. kk — - —
Normal serum difvent . & + o - -
Rontine antiglobulin test .. ﬁk - —_ e e -

Papainized red cells are not satisfactory for detecting anti-K anfi-
bodies. Dosage effects of K and k antigens are not very clearly
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demonstrable, but are best shown using the whulc.scrum agglutination
technique (Table 95) rather than by the antiglobulin test.

Anti-k sera occur only very rarely and we have seen one example
(Case 68, p. 262),

TABLE 95. DOSAGE EFFrCT IN KELL SYSTEM DEMONSTRATED Using ANTIK (G) anp
ANTIK (Ho), Wrni WHOLE SERUM AGGLUTINATION TECHNIQUE

Whole serum diluent
Cells Serum

—|Score
1 2 4 8 16 2
O R KK | AnEK | bbb A4 hh H bk bt S
O, m Kk {AMeK | 44 Tdd bbbt HHEbh Hhrbt

Antrk | b bR EeE A ~
O, mr, kk | AntrK

Anvk | bbbt bbb bR SRR

8
8
8
2
3
H

IREREE

IRERENI

[(RE RN}

rrert
~
b4

IRENR}

TECHNIQUES OF KELL GROUPING ,

Two techniques are useful: an agglutination technique using cells
suspended in serum (preferably specially selected serum) and the anti-
globulin technique. Controls are needed and heterozygous Kk cells

should always be used as the positive control in both anti-K and anti-k
grouping tests.

The Lewis Blood Group System
THE LEWiS ANTIGENS

The Lewis blood groups were discovered in 1946 by Mourant, who
found the anti-Lewis antibody in a human serum. This was subse-
quently known as anti-Le®, Andresen (19482) described another kind
of anti-Lewis antibody, subsequently known as anti-Le®. Two antigens
were therefore detectable on the red cells using these antisera and a

number of blood groups defined. The Lewis groups are detailed in
Table 96.

TABLE 96. LEWIS GROUPS USING ANTI-Le* AND AnTI-Leb

Phenotype Possible Frequency (Gp. 0)
genotypes (percentage)
Le(a+b~) P LesLes 2
Le(a—b+) - LesLed
LebLet 72
LetLe®
Le(a-~b~) . . LesLe® 6
Le'Les
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Andresen (19485} observed that parents of Le{a-+) persans could
bath be Le(a—) and therefore suggested that Le(a+-) was a recessive
character, This is now generally accepted. Consequently Le(a-+) is
not recognizable ss such in the heterozygous genotype LetLe® (in
adults). Cutbush, Giblett and Mollison (1956} supgest that if an
incomplete anti-Le® is used to sensitize ficin treated Le(b-+) cells to
an antiplobulin serum it will be found that some bloods of groups
O and A, which seemed to be Le(a~b+) by the usual tests appear
to belong to the phenotype Le{a~+b-t).

Andresen and Jardal (1949) have described a further Lewis anti-
body, anti-X, and have introduced o further system, X-x. Persons
who are xx appear to be Lefa—~b—). It may well be that ant-X isa
mixtore of ant-1e® and anti-1e®, In certain sera these vyo antibodies
are cqually strongly active and in one sample we have succeeded in
separating the two component parts and isolating anti-Le®

Sneath and Sneath (1655) found that celfs could lose the Le® or Le?
antjgen when incobated at 35° C. for 24 hours in plasma lacking the
antigen. Moreover, cells incubated in plasma containisy the antigens
could take them up and change their Lewis groups accordingly, 50
that, for example, cells reacting a3 Le(a +b+) could be produced.
These ¢changes are difficult to produce in vitro, but they might explain
why eertain anti-Le® and anti-Le® sera appear to react with cells of
type Lefa—b—) quite apact from their ability to detect heterozygotes.

It has also been found that excessive washing of Le{a-f-b—} cells in
saline tends to remove the Ler antigen from the cell surface {Grubb
and Morgan, 1949). This is sometimes a difficulty when using cells

Taste §7. Resvrrs or Tests on [0 Sameres of Grour O Corp Cruis

Normal cord Auts-Le* (Mg} AmiLer(E) Arti-Le? (M) | Anti-Le? (814}
sample No saline antiglobuin saline entiglobulin
agglutinntion test agglutination 1ot
! + +of - ~
2 -~ - - —
3 -~ nd ~ -
4 - N - -
5 - e had —
& - -~ ~— —
7 - - - -
8 - - - -
9 - -~ - -
10 - - - =
Adult  {¥e@+d—)}| ++4+4 § bhbdAd - —
normal< Lefa—b+) + - +obot ok o
eells Lra~b -} - - - +




OTHER BLOOD GROUP SYSTEMS 293

preserved by freezing in glycerol-citrate, since the recovery process
involves multiple washings.

Other interesting features concerning the Lewis blood groups should
be noted. These are:

1. The effect of age on the Lewis blood groups of the red cell.
Rosenfield and Ohno (1954) stated that all cord cells are Le(2—~b~—)
and this is largely our experience. Usinganti-Le* and anti-Le® potent
saline agglutinins, we find an occasional sample positive with anti-Le*
alone. Cutbush et al. (1956) report that using incomplete anti-Le* in
the antiglobulin test over 50 per cent of the cord samples showed the
presence of Le* antigen. We have examined cord cells with potent
anti-Le* and anti-Le® antibodies and some results are detailed in
Table 97.

2. Andresen (1948b) showed that, using anti-Le* serum, the per-
centage of Le(a-}-) results was higher in babies up to 1 or 2 years of age
than in adults (Table 98).

TasLe 98. Errect OF AGE oN Le(a+) FrEQUENCY (after Andresen)

1-3 4-6 7-9 10-12

Months | Months | Months | Months | Aduls
Le{a-+) percentage .. 79 Fi} 36 29 21
And luded that ptors are weak at birth and the pre-

ponderance of Le* is due to a tardy development of Le®,

3. The results obtained when using anti-Le® typing serum depend
upon the ABO group of the person. Andresen (1948a) states that the
fr of Le® is diminished in A; persons; “the mere presence of
the character A; or corresponding gene inhibits the development of
the receptor Le® which corr ds to the ph in genetics

P

designated epistasis” (Table 99).

TasLe 99. EFFECT oF ABO Grours oN Lewis TyPme
(alter Andresen 1948a)

ABO group Le(b+) Le(b—)
(percentage) {percentage)
A .. . . .. 41-8 582
A, .. . - - 700 300
o - . . 720 280

Anti-Le® sera have frequently been described
which give the expected results with A, cells.
4. Grubb (1948) has observed a very close relationship between the

(Brendemoen, 1950),
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ability to secrete ABH substances in saliva and the groups Le(a-)
and Le(a—). All Le(a-) persons are non-secretors and nearly all
Le{a—) persons are secretors {(p. 127).

5. Y Lewis grouping is carried out on the red cells during pregnancy
anexcessive number of persons will befound who are of type Le(a~b~-).
Brendemoen (1952) found this and we have seen it also.

TiE LEWIS ANTIBODIES

Anti-Le® is commonly found as a naturally occurring antibody.
Kissmeyer-Nielsen, Bastrup-Madsen and Sterndervp (1935) from an
extensive survey considered that the incidence was 1 in 300, We have
observed examples in tests using papainized red cells on normal sera
of all ABO groups. Anti-Le® may occur alone in the serum or very
often in combination with anti-Le®. Sometimes both antibodies may
be equally active, giving rise to sera containing an antibody reacting
positively with approximately 90 per cent of group O cells. Anti-Le®
unaccompanied by anti-Le? is less frequent and may occur alope in the
serum or together with anti-H.

Lewis antibodies have certain characteristic features, as follows:

1. They occur in normal sers, very often without evidence of previous
immunization by blood transfusion or pregnancy.

Case 74

N.C., a girl aged 12 years, suffering from bronchiectasis, was
admitted to hospital for obectomy. She had not previously received
blood transfusions or intramuscular injections of blood. Cross-
smatching of blood preparatory to operation revealed incompatibility
and the serum was referred to us. It contained potent anti-Le* and
anti-Le® antibodies, She was A; Ryr, Le(a—b—) and was success-
fully transfused with A,, Rh positive, Le(a—b—) blood. (Table 100.)

Taste 100, Resurrs oF Testing Serum 1N Case 74 prior 70 TRANSFUSION

Saline agglutination Haemolysis "
Test cells . wing . Antiglobulin
s C I C cells sest
Le(@tb—~} .. | ++4+++  F4+ Present +++
Lefa—b+) .- | F+4+4 -+ Present FIEAN
Lefa~b-) .. - - Absent -
Lefa—b-) . - - Absent -
Qwm .. . - - Absent -

2. Activity as saline agglutinins. Most Lewis antibodies wilf aggiu-
tinate red celis in saline. Anti-Le* will agglutinate Le(a4) cells in
saline at 16° C. and at 37° C. Usually, but not always, the reactions
are stronger at 16° C. and may be very weak or absent at 37° C.






PLATE XVI.

Agglutination due to anti-Lea showing chains of cells
295 <220
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Often anti-Le* antibodies are much less readily dctcg(cd as s:t]mc
agglutinins if the serum has been inactivated by heating at 56° C.
for 30 minutes than when using fresh serum (Table 101), but' again
the reverse can occur, Using the tube technique, saline agglutination
may show certain characteristic features (Stratton, 1956). )

(@) Reversal of agglutination when the clumped and agglutinated

cells are spread out on a slide; and
(b) Characteristic appearance of the agglutinates.

TABLE 10]. EFFECT OF HEAT INACTIVATION ON SALINE AGGLUTINATION TITRE OF
Ann-Ler StruM

Temperature Titee
I-Led 4 A
ant I 2 4 8 16 32 Control
Fresh serum i6 +44++H+ b oW - — -
37 +4bt bkt b - - = -
Inactivated 16 + bt + - -~ = -
serum 3 +4 4 + - — - - —

The term “reversal” rather than “dispersal” is used because the pheno-
menon was first observed with an anti-Le* which gave a positive resuit
on an open slide using saline suspended Le(a<) cells. This agglutina-
tion reached a maximum in a minute or two and then slowly dispersed.
The speed of reversal of agglutination varies; it may occur in a few
minutes or in less than a minute, so that while the clumps are observed
on a slide and show the typical Lewis agglutination formation it will
be seen to melt away and evenly suspended cells remain. On the other
hand, no reversal may occur and firm agglutinates be present as long as
the slide is observed. It is, therefore, only certain examples of anti-Le®
sera that show the reversal phenomenon. Reversal is thus an active
process. Such sera are unsuitable for use as typiag sera.

The Lewis agplutination is seen in Plate X VT, and the chains of cells
linked together are characteristic of this type of agglutination.

On certain films an agglutination resembling strep 1 bacterial
chains is seen; multiple small chains of cells. The agglutinates are
often extremely fragile and break up on agitating the slide quite unlike
the firm clumps seen with antibodies of other specificities. Occasionally
the appearance may be mistaken for rouleaux formation.

3. The haemolytic activity. Rosenfield and Vogel (1951) described
anti-Le* and anti-Le® haemolysins. Anti-Leb acts as a ‘haemolysin
less frequently than anti-Les. Lysis may be observed using normal
red cells but it is much more readily detected, as Rosenfield and Vogel
(1951) showed, if enzyme treated cells are used. Papainized red cells
are recommended. Table 102 shows the frequency of occurrence of
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haemolysins in a number of anti-Le* and anti-Le® sera. The haemolysis
is dependent on the presence of complement,

Tante 102. THE HAEMOLYTIC ACTIVITY OF ANTI-LEWIS ANITBODIES

Number with Number with
. haemolysins to | haemolysins to Number with
Antibody normal and enzyme cells no haemolysins Total
enzyme cells only
Anti-Ler ., 7 6 3 16
Anti-Led 1 2 3 6

4. The dependence of certain Lewis antibodies on the presence of
fresh serum for their detection usiog the antiglobulin test, It has now
been observed by many workers that Lewis sera may give a positive
antiglobulin test. It was found that the antiglobulin test needed fresh
serum (Mollison and Cutbush, 1955) (p. 57). Certain sera, especially
when freshly collected, give a positive antiglobulin test with the anti-
v-globulin reagent, but many will not react positively in the antiglobulin
test unless an anti-non-p-globulin reagent is used. It was also suggested
that sera would not give a positive antiglobulin test unless fresh serum
was present during their sensitization. Vaughan and Waller (1957)
subsequently showed that when Le(a-}) cells were sensitized with
inactivated anti-Le® serum they gave a negative antiglobulin test, but
if the washed sensitized cells were suspended in fresh antibody free
serum and re-washed, the test became positive (p. 57). Typical
results are shown in Table 103. The problem is further discussed in
Chapter .

Tante 103. ANTIGLOBULIN TEST WITH ANTI-Le* AND AnT-Leb SERA

Antiglobulun test
Serum State N P - * PN N
”
reagent re:;genr I Control
Anti-Le* . F:sh.scmm +4+4++ Neg. Neg,
Heat inactivated Neg. Neg. Neg.
Anti-Le® Fresh serum +4 bt Neg Neg,
Heat inactivated Neg. Neg. Neg,

5. Reaction withenzyme treated testcelis (Rosenfield and Vogel, 1951).
Papain treated test cells may be used for the detection of anti-Le® and
anti-Le® sera, and there is enhancement of activity. The titre using such
cells at 16° C. is greater than that using normal cells (Table 104). Most
antisera are optimally active at 16° C., and using the papain cell slide
technique it is quite possible to detect anti-Le? and anti-Le® antibodies,
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though some of the weaker ones may \gc d.iﬂ'\cul:_ (lc;1 cdc‘:cclcllg ug;rr;;,;s li:;
ith occasional sera papainization o cells
ranggg&ge‘z:\d tzc Alternative methods of saline agglutination and the

antiglobulin test should be employed,

N¢ L AND PAPANZID
. ANTILE AND ANTHLEY TIRATID WITH NORMA
Tams 103 A Rep Cruts At 16° G

Titre
P

Serum Test Cells Con-
1 2 4 8 163264 trol

Anti-Let | Slide agglu- | N - - - —- - -
tination P w R -
Tubeagglu- | N | +++++ +dd 4 W o~
tination P B s i M e

Anti-Let | Slide agglu- | N w e e -
tination P B T o - -
Tubeagghy- | N | +++++ +++ 4+ - -
tinaon | P s ok b b Rl

N == normal cells. P = papainized cells.

'We have found both anti-Le® and anti-Le® associated with haemolytic
transfusion reactions, but their role in the causation of haemolytic
disease of the newborn is doubtful. We have scen anti-Le* pass the
placental barrier, but the infant’s direct Coombs test was negative,
%oss'lbly because the infant’s Lewis antigens were not developed at

irth.

Case 75
Mrs. EH,, group A, rr, Le(a—~b~), was found to have anti-Le*
+Leb in her serur T 7 - **4 other

antibodies were detect —b).

‘When her child was

. and the
cells reacted as Le(a—b~). The direct Coombs fost was negative

using both anti-p-globulin and anti-non-y-globutin reagents. The
maternal and cord sera gave the i 3
maternal and cord ser3 gave the results shown in Table 105, The

16 gm. per cent,

50, but there wa

$'5 gm. per cen :

any treatment and the role of anti-Let in this case was undecided.
ANTI-LEWIS GROUPING SERA

Anti-Le* for use as typing sera should

T preferably be sought i

persons of group AB, since absorption should bcyavoidcd g\blllc‘rl;
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TABLE 105, REACNIONS OF THE MATERNAL AND CORD SERUM OF CASE 75 wrm Cris
OF DIFFERENT LEwis GRoUPs

Mother's serum™ Cord serum*
A A
Method of test | 1e Te Te 8 Ie Le Le
@+b=) (a—b4) (a=b-) | (@+b-) (a—b+) (a~b~)

Antiglobulin

antiy . +++ ~ - + - -

anti-non-y O A 2 ot o} -~ - - - -
Saline agglutination

3°C. .. L4t H - - - - -
Saling agglutination

18°C, .. L +FH ++ - ++ - -
Papainized cells

(shde test) IR s ++ e +4+4+ - -
Haemolysis with

papainized cells

at37°C. .. Y% 14 0% 0% 0% 0%

H = haemolysis. * = Fresh serum.

possible. If this is not possible, persons of other groups can have
their serum suitably absorbed. Most anti-Le? sera suitable for use
as grouping sera are optimally active as saline agglutinins at 16° C.
Serum should be selected of high avidity and as good a titre as pos-
sible, and it should give a steady and firm agglutination and show
no tendency towards agglutination reversal. The anti-Le® sera should
be inactive against cells of Le(a~b--) and cells Lefa—b—). Many
anti-Le® sera contain traces of anti-Le®. It may be possible to re-
move this by absorption, but it may be difficult to do so and it is
desirable to avoid absorption of these sera as much as possible.

Secretor saliva cannot, in general, be used to neutralize anti-A and
anti-B in Lewis antisera, since most salivas contain Le* or LeP sub-
stances.

Anti-Le® sera suitable for use as typing sera are more difficult to
obtain. They are much less common in occurrence than anti-Le* and
the serum may contain other antibodies or have apparently non-
specific activity. Anti-H or anti-O are common additional antibodies.
Much confusion has arisen in the past owing to the fact that anti-H
antibodies may have activities which resemble those of anti-Le®,
Anti-Le® typing sera should have the following characteristics:

1. They should act as saline agglutinins withan opti temy wre
of 16° C. Temperatures lower than this should be avoided.

2, They should not react with group O, Le(a+b—) cells. Several
examples of this group should be tested.
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(hi i jes (1) and
3, Sera may be found which, although possessing properties {
(2) above, will react weakly, or not at all, with many ccl] samples
belonging to group A;. A serum should be selected which reacts
with as many Le{a~b+) samples of this group as possible.

When testing the sera of adults we have confined our blood grouping
to the use of potent saline agglutinins and have not thought it necessary
to use incomplete anti-Le* although 1his has been yscd cxpcnmcn.l:dly
on many occasions. Nor have we routinely used mcomp]glc anti-Le*
for testing cord cells, although in special cases it might be desirable to do
this; for example, where a suspicious case of haemolytic discase of the
newborn is associated with maternal anti-Le*,

Some examples of both anti-Le* and anti-Le® sera are difficult to
preserve frozen solid, since their avidity and titre fall. In selecting
grouping sera, therefore, it is desirable to sclect those which retain their
avidity and potency when stored frozen solid. A better system is to
have donors whose sera are known to contain anti-Le® and anti-Le® and
whose blood can be collected at intervals, I such sera have been
obtained following incompatible blood transfusion they may losc
their avidity and titre with the passage of time. Very often, for example,
they lose their ability to act as haemolysins.

TECHNIQUE OF LEwis GROUFPING

Saline agglutination techniques at 16° C. are gencrally the best and the
strength and firmness of the agglutinates are much improved by centri-
fugation. Incubation for 30-45 minutes at 16° C., followed by
centrifugation at 500-1,000 r.p.m. for two minutes, will generally give
satisfactory results. Controls are essential and Le(a+b—), Le(a—b-t)
and Le(a~b-) should always be included together with suitable
absorption controls where necessary.

Two causes of false negative results particular to Lewis grouping
arise from the instability of the sera and from the loose and unstable
prharaptan ~F sty om0 ™t - N

~emwe au flaing LG LESUILS WL Tuninuze the latter.

The Lutheran Blood Group System
In 1946, Callender and Race defined a new antigen on the red cells
which they called “Lutheran™. The antiserum was anti-Lu®, In 1956,
Cutbush and Chanarin described the finding of anti-Lu®., This makes
possible genotyping in the Lutheran blood group system (Table 106).
V_Ve have observed three examples of anti-Lu®, In the first case the
anti-Lu® antibody was active as a saline agglutinin at 16° C. but not at
37°C. Its titre was 2. 1t was detected during the performance of a
cross-matching test. The second case was also found during cross-
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TasLe 106 LutHIRAN GROUPS

Group Phenotype notation Genolypes Frequency
Lutheran positive Lu{a+b—) Lu*Lus 015%
Lu(a-+b+) LipLud 7%
Lutheran negative ., Lu(a—b+) TutLye 91y

matching and occurred in a male patient who had received many
transfusions for myeloid leukaemia. ¥t was active as a saline agglutinin
at 16° C. and 37° C. The third case is Case 71 described on p. 267, in
which the anti-Lu® antibody was present with anti-E and anti-H in the
serum. This antibody was unusual in that it gave a positive antiglobulin
test with Lu(a+-) cells and was active against serum albumin suspended
cells (Tables 107 and 80).

Taste 107, Tests oN Anmi-Lu® Serum of Case 71

Titre
Method Cells A ——
1 2 4 8 16 Control
Saline agglutination 16°C. Lu(a$)* ++++ W - =~
37 C. w - = =
Antiglobulin test:
(i.) antiv reagent . Lu(a4) +4
Lu(a—) s
(if) anti-non-y reagent .. | Lu(a+) ++
Lu(a--) -~

* Lu(a—) cells gave negative results,

These Lutheran antibodies, often detected as saline agglutinins at
16° C., have mostly been of low titre and difficult to detect. Rosenfield
(1957) has recently detected an anti-Lu® saline agglutinin having a titre
of 256 at 16° C.

TECHNIQUE OF LUTHERAN GROUPING

The saline agglutination technique at 16° C. is used. The cell
deposit is removed carefully and examined under the microscope.
The agglutination caused by anti-Lutheran antibodies often, but
not always, consists of small clumps of agglutinated red cells in 2
field ining a large ber of free cells. It is important to
examine the cells carefully when carrying out Lutheran typing, other-
wise this characteristic agglatination may be missed, Positive and
negative controls are needed. The Lu® antigen shows some variation
in strength and if possible a weak reactor should be used for the positive

control.
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The Dufly Blood Group System ; .
e Duffy blood group was described by Cu}bush, Mollison ani
PaTl}:in in 1;50 and fhcy F::zmcd the antibody anti-Fy*. §ubscqugn\\yh,
1kin, Mourant, Pettenkofer and Blumenthal (195!) descnbc_d nnn-‘fy .
Using these two antibodies, genotyping in this group is possible
(Table 108).
Tastt 108, Durry Grours

Group Phenotype Genotype ) Frequency
Duffy positive .. . Fy(a+b—) Fy*Fy* 17%
Fy@a+b+) Fy*Fy® 49:/.
Dufly pegative .. . Fy(a=b+) Fy'Fy* k24

Sanger, Race and Jack (1955) found that a high proportion of New
‘York Negroes reacted as Fy(a —b—), so that a third gene appearsto be
involved in the Duffy blood group system, though this is not found in
Caucasians.

We have encountered four examples of anti-Fy* serum, All
persons in whose serum this antibody was found had received blood
transfusions, many of them multiple blood transfusions. In one
case, the antibody was detected during the course of the cross-
matching test. In two of the other cases, blood which had been given
had resulted in signs of haemolytic reaction, i.e. there had been jaundice
or anuria. In two of the cases, anti-Fy* was the only antibody present
in the serum. In the third case it was associated with anti-K and anti-
Le* and in the fourth with anti-K. All these examples of anti-Fy*
acted only in the antiglobulin test, one of them acting both with antivy
and anti-non-p-globulin reagents. Anti-Fy» has been described as active
as a saline agglutinin and Race, Sanger and Lehane (1953) have used
such a serum to demonstrate *a clear dosage effect of the Fy* gene”,
Differences of antigen strength between individuals of the sarae geno-
type were also found. Such sera often seem to lose their ability to
agglutinate Fy(a-1) cells in saline following storage,

TECHNIQUE oF DUrFy GrouriNg

The antiglobulin test is used. Care should be taken to see that the
dose of test cells and strength of anti-globulin reagent are suitable for
the particular antj-Fy* serum.

Controls are required and positive controls need careful selection,
The strength of antigen varies from one individual to another (vide
supra) and a weak positive reactor should be used.

. ‘The Kidd Blood Group System
Ant-Tk® antibody was described by Allen, Diamond and Niedzeila
(1951}, who defined the antigen Jk*, Subsequently, in 1953, Plaut,
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Ikin, Mourant, Sanger and Race described anti-Jk® and pgenotyping is
possible within this group. The groups and their frequencies are shown
in Table 109, which is based on our own finding of 327 Jk(a ) indi-
viduals in a total of 400 group O and A donors tested.

Taste 109, Kmd Grours

Group Genotype Freguency
Jk@+b—y .. Jiedke 328%
Jea+b+) .. JkaJk® 489%
Jk@~b+) .. Jkke 183%

‘We have seen three examples of anti-Jk? antibody. One of these was
a weak antibody but the second was stronger and associated with 2
‘haemolytic transfusion reaction. The third was Case 70 (p. 265). These
sera were active only when the antiglobulin test was used. In the
second case, although the fresh serum reacted weakly with antiv-
globulin reagents, the stored serum would only react with anti-non-y-
globulin reagents and only with these if fresh serum was added when the
cells were sensitized. :

Fresh serum must aiways be present during the sensitization of the
cell or subsequently added for a reasonably strong positive antiglobulin
test to be obtained. The papainized cell Coombs test will give a higher
titre with anti-Jk? serum than when normat cells are used. Here, also,
fresh serum should be present. Sera may occasionally react as saline
agglutinins as did the original example described by Allen et al. (1951}

TecHNIQUE OF Kibp GROUPING

The technique used is the antiglobulin test with fresh serum added in
the first part of the test.

Many anti-Jk® sera deteriorate on storage and in the anthors® experi-
ence no method of storage has been found which will prevent this, This
does not appear to be solely due to the deterioration of fresh serum
factors, such as complement. After a short period of storage, activity
can be restored by the addition of fresh serum and even older samples
may be used by employing the enzyme cell Coombs test, but eventually
the serum b useless as a grouping serurm.

Controls should include Jk(a—) cells and a weakly reacting Jk(2+)
cell. The JK* antigen varies in strength like the Fy® antigen, so that
similar considerations apply.

Other Blood Group Systems
A number of blood group antibodies, other than those already
mentioned, are known (T ablq 110). Sﬁnlxe of these have been sufficiently
extensively investigated for it to be said that they are not connected
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with any of the blood group systems described previously, but others
have not been adequately investigated, and it is possible that they are
related to one another, or to the other systems. Some are of apparently
natural occurrence in the serum and act as saline agglutinins; others
are immune antibodies active in the antiglobulin test and causing
‘haemolytic disease of the newborn, Two of them, anti-Vel and anti-Yt?,
give more than 99 per cent of positive results; the remainder give less
than 1 per cent of positive results and in many cases the positive results
so far found are confined to the members of one family. These are the
so-called “family” antigens, but it is likely that other positive results
could be found in many cases if more extensive tests could be carried
out, and particularly if they could be carried out on the blood of

Tante 110, FAMILY ANTIOENS AND OTHER RARE BLoob Groups

Name Frequency Op tl;r;d;mr;:;de of Discoverer
Vel.. . 9996% Agelutination and | Sussman and Muller,
haemolysis 1952,
Yoo . 9962% Modified Eaton et al,, 1956.
antiglobulin
Diego (D1®) | Very lo“_r in Antiglobulin Layrisse ef al., 1955.
Caucasians; higher
in certain other
races
s .. -. | Ditto Antiglobulin Grblett, 1958,
Chry . 04 Albumin agglutin- | Kissmeyer-Nielsen,
) ation 37° C. 1955,
‘Wright (Wr%) 03% Various Holman, 1953,
Becker ., Positives confined | Antiglobulin Elbet and Prokop,
to a single family 1951, ’
gemns (Be’) | in each case Antiglobulin Davidsohn et al,, 1953,
atty (By®) Aatiglobulin Simmons and Were,
1955,
Cavaliere (Ca)! Antiglobulin Wiener and Brancato,
1953,
Graydon . Saline Graydon, 1946,
. x;gglgination,
&
Le )
vay Saline . Callender and Race,
ggglg‘maﬁon, 1946,
R« d i i
(“’{xﬂ o . Antiglobulin Val.\'glslllfr Hartetal,
Vea - Antiglobulin van L’oghem elal.,
1952,

(See also Table 111) :
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individuals of different races. Anti-Diego (anti-Di®) is an example of
this. It was at first thought fo define a family antigen and has given
negative results with a large number of Caucasian bloods, but it is now
known to give up to 36 per cent positive results with the blood of some
South American Indian tribes and certain other races. Anti-We* is
another interesting antibody which was at first thought to define a
family antigen. It is now known, however, that Wr{a-}-) individuals
can be found in the general population, though these are very rare. An
interesting feature of the Wright bload group system is that the anti-
body, anti-Wr?, is present as a naturally occurring antibody in the
serum of masy normal individuals (Dunsford, 1954). We tested 632
normal donors and detected 20 examples of anti-Wr2, This antibody
has been overlooked for a long time because its existence can only be
demonstrated if one has Wr(a-1) cells to test the sera with. A similar
situation occurs with anti-Mi* and anti-Vw, two antibodies of the MNS
system. Here again, the antigens concerned are very rare, but the
antibodies are not uncommon and are, apparently, naturally occurring.
The behaviour of antigens and antibodies of this type is certainly
intriguing and makes us wonder how far our knowledge of the other
blood group systems falls short of the truth.
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Tables of Blood Group Frequencies

Tasie 111, Farouencms oF PrENOTYPES
Bloods of Caucasian origin except where figures for other races are of special interest.

Sprtem Phenotype Fregquency %, Reference
ABO LA g Ikin et al, 1939,
Ay 99 {447 (These frequencies refer to
(v} 435 the South of England.
B 865 Frequencies for the UK.,
A 2671532 but without subtypings of
AB 06 A, may be obtained from
Dobson and Ikin, 1946)
Ay 1 in 1,000 of Gammelganrd, 1942,
group A
Ay 1 in 8,000-1 in Dunsford, 1955,
As Ay Aoy A Ay} Very rare
s, B, By Very rare
[+9 Very rare Simmons and D" Sena, 1955,
Bhatia ef al,, 1955,
Secretors 78 Race and Sanger, 1954.
Non-secretors 2
Becker .. | Becker positive | 0 in 272 tested Elbel and Prokop, 1951,
Berrens . | Be(ad) 0 in 448 tested Davidsohn e? af,, 1953,
Batty .. | Byla+) 0 in 500 tested Simmons and Were, 1955,
Cavalicre | Ca positive @ in 48 tested Wiener and Brancato, 1953,
Chr Chra +) 04 Kissmeyer-Nielson, 1955,
Diego Dila+) €1 1,000 Whites | Levine and Robinson, 1957,
2-36, Mongoloids,! Layrisse and Arends, 1957
Negroids,
Hybrid
Venezuelan
populations
Duffy ..} Fyla+b—) 172 Rate and Sanger, 1954,
Fy(a+b+) 485
Fy(a—b+} 343
New York
Negroes:
Fy(a+b—~) B8 Sanger, Race and Jack, 1936,
Fy(a+b+) 16
Fr{a~b+) 216
Fy(a~b-) 659




APPENDIX ' 30
Tante 111,—comd.
System Phenotype Trequency 75 Reference
Graydon | Graydon positise | 81n 61 tested | Graydon, 1946,
.. | 35 positive 0 in 240 Whites | Giblet, 1958.
b pos 19 Negroes
Kel .. | Kik+ 95 Allen and Lewis, 1957,
K-+k— 03
K-k+ 02
K-k~ Very rare
Kpla+b+) 215 Allen (cited by Chown et al),
Kp(a+b~) About 0036 1957,
Kp{a~b+) 978
Kpla~b-—-) Very tare
Kidd .. !Jx(a+b-) 328 sec p. 302
Jk(a+b+) 489
J(a~b+) 183
Levay .. | Levay positive 0in 350 tested Callender and Race, 1946.
Lewis® .. | Le(a+b-) 24 Race and Sanger, 1954.
Le(a—-b+) -6
Le(a—b—~) 60
Lutheran | Lu(a4-b~) 015 Race and Sanger, 1954.
Lufa~bY) 9233
Lua-+b+) 75
——
MNS See Table 114
My, M, N, Very rare
S® positive 100 Whites Wiener e al., 1954
98-8N.Y. Negroes
Henshaw positive | 0 in §,500 Whites Chalmers et al,, 1953.
2-14 Africans Shapiro, 1956.
e
Hunter positive 0-5 Whites Landsteiner et al,, 1934,
73 American
Negroes
217 West Mourant et al. (cited by
Africans Race and Sanger), 1954,
—
Mifa+) . 03 Mohn, 1957,
Vw positive About 015 Wallace et al., 1957, Mohn,
1957,
—_—_—
P ++ | P positve Race and Sanger, 1954
Tifa+) [ I

Kooptzoff, 1954,

Levine esal., 1951, Walsh and
——t
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Tables of Blood Group Frequencies

Tanie 11, FREQUENCIES OF PHENOTYPES
Bloods o Coucasian origin except where figures for other races are of special interest,

Spatent Phenotspe Frequency % Referene
ABO LAy 43 Ikin ez al, 1339,
Ay 99 f437 (These frequencies refer 10
e 433 the South of England.
B 86 Frequencies for the UK.,
AB 26132 but without subtypings of
Al (3 A, may be obtained from
Dobson and Ikin, 1946}
As 1in 1,000 of Gammelgantd, 1942,
group A
Ay 1 %0 8,000-1 in Dunsford, 1955,
,000
Ag Agy Ao, Aoy A, Very rare
B, B, Bx Very rans
a, ‘Very rare Siznmons and D° Sena, 1955,
Bhatia ez al, 1935, -
Secretors B Race and Sanger, 1954,

Non-secretors 2

Becker .. | Becker positive Oin 272 tested Elbel and Prokop, 1951

Berrens . § Bela$) @ in 448 tested Davidsobn e o, $953.
Batty .. | Bylad) 0 in 500 tested Simmons and Wer, 1955,
Cavaliere | Ca postive 0 in 48 tested “Wiener and Brancate, 1953,
Chy o b Chria4) 04 Kissmeyer-Nistson, 1955,
Diego .. | Difa+) 9an 1,000 Whites | Levinc and Robinson, 1957,
236, Mongoloids,] Tayrisse aad Arends, 1957,
Negroids,
FHybrid
Vencxuelan
populations
Dusty .. | Fy(a+b-) 72 Race and Sanger, 1954
Fatbt) 485
Fria~b-+) 343
Mew York
Wegroes?
Fyfa+b-) 88 SBanger, Race and Jack, 1956,
Fy(at+bt2 6
F{s—b4) 246
Fy{a~b-} 80
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TAmE 111 —contd,
System ‘ Phenotype Frequency % Reference
Graydon l Graydon positive | 0in 61 tested Graydon, 1946,
oo | Js positive 04in 240 Whites | Giblet, 1958,
1 \ post 19 Negroes
Xt .| Rk 95 Allen and Lewis, 1957,
K4k— 03
K~k 902
K—k— Very rare
Kplat+b+) 215 Allen (cited by Chown ¢f al.),
Kplatb~) About 0036 1957,
Kpla—b+) 978
Kpla—b-) Very rare
Kidd .. | Jk(a+b-) 328 sce p, 302,
Jkla+b+) 489
Jk@—~b+) 183
Levay .. | Levay positive 0in 350 tested Callender and Race, 1946,
Lewis* .. | Le(a-+b—) 224 Race and Sanger, 1954,
Le(z—b+) 16
Lela~b~) 60
Lutheran | Lu(a+b—) 015 Race and Sanger, 1954,
Lu(a—b+) 92:35
Lu(a+b4) 75
MNS Seo Table 114
My, M% Ny Very rare
S* positive 100 Whites Wicner ef of., 1954
98 8N.Y. Negroes
Henshaw positive | 0in 1,500 Whites | Chalmers ¢ af,, 1953.
2-14 Africans Shapiro, 1956.
Hunter positive 0-5 Whites Landsteiner et al,, 1934,
7:3 American
Negroes
217 West. Mourant et al. (cited by
Africans Race and Sanger), 1954,
Mi@4) 03 Mohn, 1957.
Vw positive About 0-15 Wallace ef al., 1957, Mohn,
1957,
P <. | P positive 789 Dorn e d e
Tia+) Almost 16
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Tave 1il—~coned,

System Phenotype Frequency % Reference
Romunde | Ry positive 0 in 200 tested van der Hart 22 al,, 1934
See Table 112
Rh .. | E¥ positive Qin 1,299 tested | Greenwalt and Sanger, 1955,
C* positive 131 Stratton and Renton, 1954,
C¥ positive 26 Race and Sanger, 1954,
f positive 657 Race and Sanger, 1954,
V positive 05 Whites De Natale ez of., 1955,
2240 Negroes
I See Table 113
Vel .. { Vel positive 9396 Sussman and Miller, 1952
Ven Ven positive 0 in 170 tested van Loghem et al.,, 1932,
Wright Wi{a4) 23 van Loghem ef of.,, 1955.
Yib .« § Yt@a-+b—~) 8806 Eaton ¢t af., 1956,
Yi(a+b+) 1156
Yi{a—b-+) 038

* These figures refer {o adults, and do not take into account the suppressing effect
of Ay In the Manchester area Le{a~—b-—) seems to be more frequent than 6 per
cent, perhaps 10 per cent or more.

+ Phenotypes distinguished by dosage effects.

The list of faruily antigens may not be exhaustive.
Tapte 112, Tue Rh Frequencies
(Figures taken from Race and Sanger, 1954, but anti-C = anti-C+Cv)

Antisera Rk Group Genot) pe
Frequency
C 0L | c e {TestedwithTestedwith] Group Genotype | Freguency
onti-C, D, { anti-CC, D,
£ E e
~— - =14 ] 353020 § 151020 o r 153020
+ + 07644 Rt Rt 07644
+ o~ - 07741
- + 00097 RR” R'R’ 00097
© + + a%215 Ry Rt 09235
- L o 09376
‘é? + - B0141 R7R* R'R” 0014t
4
= + o+ 00234 | RR" RR* 00234
2] Ryr © 0000
+ - 00000 | R'Ry R'Ry 00000
4 - 00234 -
-+ 00000 | RRy R'Ry 00000
- 00000 RyRy RiRy 00000




AVPENDIX M
Tastr 112—contd.
19930
]_+_\++\ 0609 ‘ 20000 | R ﬁ:{(. ¥
326%0%
T+ 34859 | Ry %:(R. 1608
R'Re 00408
—_ 5339712
v -+ 18-5073 R,R; %:%, \z-(sy‘z?‘l)
0 Ry Ry 109657
4+ 11:7510 h R‘.R. o724
R*Rq 00010
— 4+ 140769
5 R RR 19704
v +- 2315 | Rifa RR: | 03383
3 D R,R, R(R 11-8648
8 + + 133433 1Ra RI,R: 09992
a R,R’ 02775
Rer 01893
R:Re 00125
RyR, 00000
136279
T + - 00745 RyRs R,Rs 00687
R’R: 00058
RyRy 00000
-+ 02095 RyRz R;Rq 02047
R'Rs 00048
RiRy 00000
- - 0-0006 l R:Rs R:R; | 00006 -
RiRy 0-0000
Totals: 1000000 1000000 1Bgroups 36 genotypes 100 0000

TasLe 113, D* FREQUENCIES

Apparent group l Proportion reacting as D*

Rt 30-45% Approximately
R'r 10-20%;
m 007-05%
All bloods 03-06%

”
"

”»

TABLE 114, THe MNSs FREQUENCEES
Figures from Race and Sanger, 1954

\ S8 ‘ Ss ‘ 58 ! Totals

M &1 140 30 231
MN 40 238 221 499
N 06 62 152 220

ToraLs l 107 \ 40 \ 45-3' 1000
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TasLe 115. FREQUENCY OF OCCURRENCE OF ANTIBODIES

Regular Axti-A, B.

Common Anti-A,, D, C++D, O, H, P, Le®, Leb.
Anti-Wre, Mis, Vw (but the antigens are rare).

Uncommon Anti<, c+E, E, D+E, M, §, K, Fy*, Lu*,
Anti-C+te, e, (Usually in acqumd haemolytic anaemia.)

Rare All others.

TasLE 116. THe BLooD GRoUP ANTIBODIES

Percentage positive results arranged in a!pbabcnml order for bloods of
Caucasian origin

Anti-A 479 Anti-Jk= 817
Anti-A, 374 Anti-Jkb 672
Anti-B 118 Anti-Js 0 in 240 tested
Anti-Be* 0 in 448 tested Anti-X 98
Anti-Becker 0in 272 tested Anti-k 997
Anti-By* 0in 500 tested Anti-Kp* 22
Anti< 813 Anti-Kp® 9995
Anti-C 67-8 Anti-Les 22-4
Anti-C+e¢ 977 Anti-Le? 41-8 (Group A)*
Anti-C+D 840 716 (other ABO groups)
Anti<+E 815 Anti-Le241eb 944 (Group. O)
Anti-Ca 0in 48 tested Anti-Levay 0 in 350 tested
Anti-Chra 04 Anti-Lu* 77
Anti-C¥ 26 Anti-Ly? 9985
Anti-C* o1 Anti-M 78-0
Anti-D 832 Anti-Mp» 03
Anti-D+E 842 Anti-N 719
Anti-Dis 0 in 1,000 tested Anti-O Varies with serum and
Anti-E 287 ABO group
Antie 976 Anti-P
Anti-E¥ 0 in 1,299 tested Anti-Rm 0 in 200 tested
Anti-f 657 Anti-S 547
Anti-Fy* 657 Antis 893
Anti-Fy? 828 Anti-S® 1000
Anti-Gr 0in 61 tested Anti-Tp almost 100
Anti-H Varies with serum Anti-V 05
& ARBO group Anti-Vel 99-96
Anti-He 0 in 1,500 tested Anti-Ven 0iin 170 tested
Anti-Hu (133 Anti-Vw 0-15 approximately
Anti-Wre 03
Anti-Yes 996

* According to Andresen (1948), but varies with different sera.
References as in Table 111,
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Tante 117, Tite Titoon Grour Awmimonits . »
Pereentage positive results arranped in numerical order {ar tloodsof Cavcarianorigin

Ko Anth¥ys 657
AntrKe AnitS 547
Anti-Lu® Anti-A 419
Anti-s* Anti-Le* (Group A 41°8%
AniTp over 99° Anti-A, 314
AntiVel Anti-E n1
AntiYe Antides b
ibodics of -D-f-D- Antl :

Astibodics of -+ Ami 58
AntiHl ariable Anti-tar 77
Ani-0 Variable Anti-C* 26
Anti-Cie 977 Ant-Kpt 22
Anti¢ 976 Anti-Becker
Anti-Let +L1e® 944 Anti-Det

(Gp. 0) Anti-By*
Antis 03 AnlCa
Anti-D+E 842 Anti-Cut
Anti-C4+D 840 Anti-C*
Ani-D 832 Anti-Di*
Anti-Fyb §28 ~ Anti-E*
Anti-Jks 817 Anti-Gr less than 1*
Antic+E 815 Antl-He
Antic 813 Anti-Hu
Anti-P 789 Anti-Js
Anti-M 1780 Antl-Levay
Asti-N 719 Anti-Mi*
Anti-Le* (Gp, 0, A) 716 Antl-Rm
Anti-C 618 Aatlv
Anti-Jko 612 Antl-Ven
Antif 657 Anti-Vw

Antl-Wr*

* For further details see Table 111,

t According to Andresen (1948), but varies with different sera.
References as in Table 111,
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Cross-matching test . Donors dangerous universal . 135
advisability of giving blood 1n- Posage . . . 175, 280
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Duck . . . . . 2
Duffy groups . N . 301
anti-Fy* . 301
identification of . 257—258 260

antigen destroyed by papain ., 46
antigen destroyed by trypsin . 40
antigenucity in man and animals 2

frequency . . 308
techmque of Duﬂ'y groupmg . 301
variation in antigen strength . 301
Eande See Rh gmups
E*and E” N . 167
ED.T.A. . . . . 53
Eels, anti-H in serum ci‘ . .12
Eggalbumin . . .83
Elution
in acquired haemolytsc anaemia
246-248
technique of . . .02
vatue of 21
Emergency Ctoss‘matchmg (:st 236
Enzymes. See also Papain
activators . .40,43
enzyme cell Coomba test .t
esterase . B 11,54
ficin B 164,292
trypsin xvm, 40, 43, 46
Epistasis . . 293
Errors, clencal . 82 195,211

Erythroblastosis foetalis, See Hzemo-
Iytic disease of the newborn
Erythrocytes, See Cells

Esterase . 11,54
Ethylcnedxammmmccuc acid . 53
Extra-agglutinin 1 .oxvi

{. See Rh groups
False vegative results

dueto AB 108-109, 145-146
due to absence or weakness of

anti-A or anti-B 1095
due to blocking of anhgen

102, 196-197, 244

due to cell mixtures
due to chemical contammation’ xoz
due to deterioration of antigen 101

due 1o deterioration of antbody 3102
Jdue to erross of technique  105-106
due to factors affecting the

erythrocytes . 101102
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due 10 factors affecting the

serum . . . 02103
due to haemolysins 104, BL X1
due to haemolysis . 105

due to inactive antiglobulin

reagent . . . .76
due to m:\dequau: papainization
of cel
due (o )m:k of fresh serum
{factors B . 77, 296, 302

due to omission of serum from
tube . .

due to papmmmuon or cclis
collected in  unsatisfactory
anticoagulant .

due to poor technique in readmg
Tesults . 77,105, P1 Xiie, ¢

due to separation of pmt:ins

due 2o freezing . . 22,97
due 1o surface effects . .10
due to temperature of incuba-

tion
due to mxckness of eclt suspen-

sion . . . Pl Xltla, b
due to time of incubaﬁcm 2, 103

due to weak A antigen ininfancy 109

due to weak forms of antigen . 102
dye to zomng L35, 77, 14
in antiglobulin test .76
in Lewis grouping . . . 299
i MN grouping . . 285
in papain celf test . . 44
in serum albumin test . 35
method of elucidating . . 8%
False posutive results

due so accidental mixing of sera 99
due to agglutination of papain

cells by normal sera .
due to albumin autoaggluumt-

g property of serum 35
due to autoagglutination . .85 92z
due te autoznttbodies to enzyme

treated celis
due o bacterial contammauon

76, 87,95, PL Via

due to cell mixtures 90, PL VIig, &
@ne to chemical contamination

72, 89,95
due to clots . . 99,226
due to co-agglutination . .75
due to colloidal sifica 72, PL Ve
due to comets . 300, PL XY
due to —D~ and Stmng D 193«199
due to durty glassware .
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False positive results {eontd) 0l
dwetodningup . N
due to errors of technique 99100
due to factors affcting the
erythrocytes

due to factors nf'cdmg lhe
serum

due 10 hum:m scrum (M\
grouping)

due to |nadcqu:\l:ly nbxorbcd
antiglobulin reagent

. 3
due to incomplete anti-H 7-!. 02
due to infected albumin . . 100
due 1o leucocytes . 92, PL Villa, &

due to naked-cye reading of

results . . .. 101
ducto p:miclc:‘ .b ‘72. 97, VL. Xa
due 10 pot. utinability

polyees $7, 270, PL. VIb

due to poor quality saline 72, 101
due to rouleaux . . 96, PLIX
duetosaline agglutinins (Coombs

1est)
due to sepmuon of prolclns

due to fmmng

. 9
due to specics ngglu(mms . 285
due to spontancous agglutina-

tion of papainized cells «
due to syphilis

. . 75,202
due to unsatisfactory albumin

35
due to unsuspected antibodies , 98
due t0 use of cells with positive
Alrana e T, :
Y - B >
i MN grouping . . 285
in papain cell test . . . 44
in serum albumin test . -3
method of elacidating . . 85
relative fr:qucncy of . . 85
Family anugcns . 205,281,303
ate cpmesan £ Ttoven
Fi ' .
i A
Fiu., umngl uluslng Touleaux . 98
Ficio . . . 164,292
Formalin . . . . %
Forssman antigen . . .2

v

Fractiom § zd

%1
Fraciuty i A"ﬂ }g-ﬂm’ 'A. "
drcat . - -
Yreere dnire . . . . e

Yroering See SterarT.

Frecring, sepzration of proinen .
Qusto . .+ . s . %
oqUEniy

! of D* ’t_ PR )}
of !-,xrm.;h. drxae of the "
of MNS :tm::-t . .
of oocurrence of antidedicn . M2
of phenotypes . . P '~ ]
of pmitive roudts g by

antibodicy . . <ONLM
of Rh groups . . . o

Treund's sdjuvart . KSR
Fy* and Fy*, Sce Dufly groum
enes, modilying and supprouing .

1,12

“Genolyping™ Rhitests . 197-199

Globulins, eand 8 . . 55161

Globulin,y . . . .
nnhoompkmcnl:ry

Glucose, )nhnb\ﬂng incempld:
anti-H . . .1

Goats . ., R 3

Graydon . . . . 30
frequency . . . M

Group specific subsl:\nocx S¢ce Secre-
tion

Guinea pig

Gum acacia

. . . .2,10
. . . 3

H. See ABO groups

h, anti-. See n!so Bacterial con-
tamination of serum

N xud, 95
Haemoglobin
as s\ab'aliling agent:
in Coombs reagent . . 70
in eluates 26,103
Haemoglobin standards l'm- com-
Plement titration . . 82
‘Haemolyging
anti-A and anti-B . 104,133
antiLe® and anti-Le® . 295-206
anti-p . . . 55,287
anti-Ty* . . . . 55
anti-Vel .

. . . 55
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Haemolysins {contd) Tdentification of antibodies  Ch. X
causing false negative results in acquired haemolytic anaemia
104, PL X1 246-247
detection of . . . 55 in antenatal testing .. W
rabbit amx~shcep u:ll . . 51 basiz of “ . . . 253
mrzmon of . . .55-56 m cross-matching . .on%an
causmg false 1 from polyaggluti
results . . 105,208 ability . . 8
Hacmolyuc :mcmta See  Acquired and high-frequency nmlgcns P
baenwf)’!xc anacttua and low-frequency antigens 269
H: di of the newh 1 yiest . 253-259
actiology of « B . 13415 statistical criteria for . . 212

antibodies commonly causing ., 249
anti-D failing tocanse . {77~178
1ehi

Identification of blood specimens 83-84
Immunc adherence phenomcnon . ")‘i

difficlty in

blood inacase of .
dus to ABO incompatibility
134-135, 136, 202

227229

carly cbservationson . xvii
effect of ABRO group on Rh
haemolytic disease . .14‘15
frequency of .
high proportioaof DD husbmds }97
oleof D* » 162, 196-197
role of anti-Le* | . .27
1ole of anti-M . . .28
special tests where suspec?ed
203208
Haemophilia . . . 26
Hand fens. . . s
Hapten . . . . . 1
Heating
effect onz
anti-A . PR 74
antiglobuln n:agcm .76
ant-Le* 293, 296
complement . .53
Hen . . 2,65
Henshaw . . . 281
frequency . . 308
Heparm . N 19,20
Heterogepetic antigens . 2
Heterospecific pregnancy . . 14
Heterozygote, not dotected jn
cross-matchag 227, 229
Hodgkin's disease 233
Home . - 510,65,131,288
Hr, anti- . 156

Hubner-'!bomps-on phnnommon 87
See also Bactersal contamunation of

s 281
Hunter .

. 309

I . 249

Hydatid cyst, P substance in

hatinin .

Immunity and lmmunmnon 1213
Immunological toletance . .3
Inactivation of compfement .33,53
Incompatible transfusions

clinical effects of 219

detected by direct Coombs test 78
due to anti-Fy* .30
due to anti-Le* and gntile® . 297
dug 1o failure of human clemept 81
Indians, South Amcric:xn, Diego
groupsof . . X%, 304
Infants, newborn
absence of anti-A and anti-B . 107
A typing 109
Blood confused with matcmn!
bloed . .
collection of samplc .
‘Wharton's jelly . . 93, PLXb
Lewls groups of . .
1ests on . .
cross-matching for . . . 236
Infection. See Bacterial contami-
nation

Infectious mononugleosis . .13
Inhibitors (papain) . N 43,44
Inocufation schedules
antiglobuhin reagent N . &5
anti-M and anti-N sera .28
Interval technique 66, 284
Tonic strength . . . .
JL‘ and Jk.a See Kidd groups
JYoint tests for detection of haemo-
ytic disease . - . 204205
I . . . . . . 303
frequency . " e
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Mentifiationof . 27,0361 et of prepme ey i
and papaintzed cells A2 frequesey Ll . Ry ‘ . o
anti-k (Cellano) 173,279, 99 Towh preup £ i
identification of , 5 N ) l:“u f et VR ] . -
antigenicity . . . -2V ] stropuien . . . o
frequency . . . ./ e stion = . B ."

Kell grovping . . . hinlam I;'lh Lutheess . ‘.‘

vale of theumatoid sera . 290 and soorttion f A, 1N aa -
KeWKp* . . . Lo yutntanoes . . L
Riddgowps . . . | 201  xx . oo
absorption of typing sera o M Unlape, pereiic . N N -

anti-Jk* . . . 3] Luthera prowm . LU
fresh serum factors |, 87, 8 antl-Lu* VR
Papain cell Coombs test Hentification of A O]

identification of ,
i

readting in CoomIn 1ot

. m
) potdacied by papain et 46
\chnigue o Ridd prouping . 302 appearance of agzitization |, M0
rasslion inantigen strength. . 301 frequeny ... L ;0
linkage with Lewds . AL
technique of Luthersn proupirg 300
Label compatibilsty .o variation in antipen sirngth . M0
stick onwrongbottles . . 219 Lyophitization . . . o
Laboratory worksheet s Lot .. . L ¥
in ABO grouping .42, Fig. 3
in antenatal testing . 193
Lattice hypothesis = s, 7 M. Sce MNS groups
Layering technique L2833 MM, ., 281
and spatial pelatj ip of 1 fum fons . . A1,53
erythrocytes | + 174 Mcthods. Sce Techniques
BB o le Mt .6
L‘uc"F}"CS. as 2 cause of false Miltenberger (M), 281, 283, 304
positiveresults gy py, Villa, b frequency .0, T My
aemia, causing difficulty in Mixtures, cell . . 90, PL VIL
Cross-matching . .23 in Coombs test 8, Pl XVh
Leay © » 33 MNSgoups . . 2g0.gs
frequency Cor oo 2% ent-MandaniN. L 7 3y
is groups . Xxx, 291-299 preparation of grouping sern 284
anti-Le* and antj.Le> | 294299 anti-§ . . - 23,283
appearance of agglutination antigenicity . . . 2
295, PL, XVI antigens destroyed by papain 46
and complement - 57, 58,296 antigens destroyed by trypsin . 40
In cross-matching 231, 232,233 discovery . . . xVi
distinction from anti-H and frequency . . 309,31
a0 L T Henshaw <. 28
enhanced by papain 295, 296-297 frequency . 309
enhanoed.by trypsin . 40 Hunter ., . . . . 281
haemolytic actimty s, 295-296 frequens L. . 309
identification of , . . 270 linkage with sickle celts . «oxx
instability of | . 2-103 *, M, . . . 281
reversal of agglutination 33,295 Miltenberger (MiY) - 281,308
role in haemolytic disease . 297 auti-Mi* associated with anti-
and Bombay bloods . . 126 Wr*-Lanti-S

. . . 283
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MNS groups (contd.)

frequency . . 309
MN grouping . . .28
Ny PR .. st
s - . . ..o281

frequency B . . 309
U . . . -3
Verwyst (Vw). . . 281, 30%

frequency . . . 303

Meolecules
number imolved in antigen-
antibody reactions |
Monkey . . . . tu 2, 65
Mononucleosis . . Bt
Mosaic structure of D :mugcn .36
Mouse . . 65

My:)mform\: !
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inhumansera . . . 286
identificanonof . . 25825
positive antiglobulin reaction
5,47
simutating awtoagglutinin . 93
discovery . . . . M
frequency . 3
P substance § in h)d:md cysts . g;:

technique of P groupmg .

preparation of grouping scra 288

K . 35,286,288

\nmnon in :mugm strength . 286

Panagplptination (anti-h) . xxi, 23,95

Sec also Bacterial contamivation of

serum

Papainized celis

mabsorpuon of Coombs reagent 61

dies against, in rabbits . 43

and .8
causmg rouleanx . 96, 224, 234-235

N. Sce MNS groups

s . . . .

Na patella syndrome, hnkagc
with ABO groups . xx

Natural antibodies. See Amxbcdxes,
naturally oceurring

Negroes, blood groups of
p oLz ®
Duffy - PR (114
Henshaw . - . 281
Huntcr . . 281
xx, 167
Ncwbom See Tnfants
Nomenclature of Rh groups 154156
0. See ABO groups
O, 126
Ovarnian Cm fluid 122
Ovalbumin 53
Ovalocytosis, hnkage with ;m
groups .
Ox . 10,121, 139
P groups . 285.288
ant-F . . . 286288
in aounal sera 285, 286, 288
causing incorrect ABG group 119
in cross-matching test . o232
enhancement with:
papain eells . . .o287
in cells B . 40
haemolytic activity 5%, 287-288

autongglutininsto . . 42, 44,
common aptibodies against < 45
reaction with:

ant-H,0 . . . 4
anti-N> . .o
anti-Kell 46,29
anti-Lewss 295 296297
anti-Lu® . . . . 4
apti-M, N . . 46
ani-P . . . . W
Papain cell test
activators in . . A04
anticoagulant, effect of . A42-43

in detection of Rh antibodies
187, 188, IZZ

digestion of antibodies . -

enzyme whibitors R R
false results in . AdS
PH, effect of . . .43
single stage methods .4
standardization . 4041

subsntute for Rh (ypmg -
techmque of paparnization . 40

1echmque of test L4142
value . 4546
in :wss-matchmg tes!
223, 234
Patermty testing P ]
Paul Bunnef] test 13t
Pensaitiin 19
Penay (Kp’) 289
Peptone . 131
Perfodate . 920
pH . 29
and .scqurmd hxemolyﬂc
anzemia . - 245
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M (eontd).

F d&nng freeze drying . L2
effect on complement . . 83
effect on papainization . 43

Phenol . . . . 89, 102

g . . . . 288

Pipettes . .1, l";l

Placenta, hntmcnhagc lhroush

1, PL Vb

Placenta, passage of nnubodm

through
anieH . . . . 1320
anti-K and k . B . . 289
anti-Le* P U
anti-M . . . 282
anti-P . ... 287
Plasma

Rh antigen in . . .13
as suspending medium xviii, 35
Plasmin . . . 53,54
Pneumococci . .13
Tt T TLV
~ st P vix, 95

serum . . . . 8
Polyvinylpyrrolidone . . 36,96,127
Pregnancy
collection of samples during
effect on Lewis groups
Preservation. See Stora,
Procedures and techniques, distine-
tion between

. 192
. 294

P § X
Properdin - |
Prozones. Sce Zomng
“Pure agglutinin™

. . m
R, Rb;, R/, etc. . . 154-156
Rabbt, antibodies in

anti-egg-albumin ., . 53
anti-human-globulin nagem . 65
anti-human-red-celi (surfaoe
effects) . . 103
anti-infectedcell | .
anti-M and anti-N typing scra 284
anti-P . . 285-286
anu-papamnzed—eeﬂ . . 9
anti-periodate-treated-cell . 90
anti-polyagglutmable-cell . 88
anti-sheepcell haemolysin . S1
discovery of Rh factor xvi
Racks, ABO grouping . . 143

cros-matching L 2012012, l‘t X¥Va
Rautenberp (Kp1) . 29
R.BC. Scc Cells N
R.C.F. (relative centrifugal foree} 32
Receplor, autoapglutinin 30, 94, 243
Records, laboratory
142,193, 2I2 213, Fign. 3, 5,6
Refrigerator, far cross-matc!
blood . . 22
Relative cmmfugal {om: . .on
Reversal of agglutination .33, 46, 295

B B . Ch.VIL
Rhchoum. . . . .18
anti-C
*“cold anti-C" . 176
detectionof . . o183
cluted from Rur cells  243-245
typingsera . . . 182

strongly reacting C antigen
158-15%

. . . . . o
anti-c
detectionof . . . 188
identificationof . 254,256
reactionsof . . .15
typingsera . . . 183
c . . . . . 158
< . . . . 158
[oyd . . 13,158
c* . . 158, 264
D . . 154
aggluumblhty cr . .1
anti-D
in D positive individuals
164
importance of . . . 156
pure agelutinin .17
typingsera . . . 178
zoning with . . 172
antigenicity in man and
animals . . . <213
general reactions of . 161
homozygosity in hacmolyuc
discase . . . 197
mosaic structure of . 164
number of sitesper RBC, . 89
d . . . 154
antid 157
—D—

. 159—161 163
and z.nubodxcs of .acquired
haemolytic anaemia . . 247
causing false positive result . 199
D* . . 159-162

frequency of ..o
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Rh groups {contd) oentrifuge xcchniquc . . IBS
and haemolytic discase of the controls . . 186
newborn . 162,196-197 of donors . 187
imoportance in blood donors 187 of husbands and ml‘nnxs 196-192
partially blocked eells reseme sandwich technique . 185
blmg b 196 tube technique . . . 184
reaction with purv ngghmmn 177 fyping sern
. . . . . 154 for antiglobulin control . 181
anti-E for detection of D* . . 81
eross-matching in prcsence for sandwich technique . 181
ef . . 231 for tube technique . . 178
detection of . . 388 Strong D . . 159-161, 163
identification of cattting false positive results
260-261, 267-269 198199
paturally occurrivg . . 2% A\ . . . . Xix, 167
prescoce of anti-c + 157 Rh-Hr notation . . 154,156
typing sera . . 183 Rheumatoid arthritis serum 15-12, 283
[N . . . . . 154 value in Kell typing . N
anti- . . . . 137 “Rugisg" theclot N 1 4
in quired  h {(Rm) T
anaemiz . 241-242 frequency . . . 310
detectionof . . . 188 Rose-Waslertest . . 11,285
typmgsera . . . 183  Rouleaux . . . 96, PLIX
2 . . . . 167 distinction from autoagglutmm
ol . . . 167 tion . . .
f. . . . 167 in cross-matching test . 224
antif .. 157 intense rouleaux . . . 234
detection of 188 in papaia cell test . . 44
frequency . - . R
approximate . O =)
in various races . xix
Hr, antj~ . . 156 Sands. See MNS groups
linkage with ova\ocylosls .OXX . . . . . . 281
nomeuclamn: . . 134-156 frequency . . . . 309
Ry, Rby, R, ete. . 184-156  Saline,  poor quality
Rh antxbcdlcs 256-158 167178 causing false positive results in

activity in bovine and serurs
albumin . . 3639

Coombs test . 72
Salipe aggiutination tests, Scc Agglut1~

agglutinm and incomplete nation
xvui, 167168 Salna, See also Secretion
detection of 187, 199-20¢ collection from infants . .1
m cross-matching test  217-218 processing of . . .18
loping late in 1 of i . 1o
dxsoovery of . . . xvt uses of . - 26, 130, 184
formationof . . 156-158 m joint tests for detectson of
paturally ecowrring 249-250 baemolytic disease . .
rapid development of . . 210 Samp
stimutated by plasma trans- astenatat, times of collection
fusion . i3 192-193
thermat optunum . 167 eollection of . . .18-20
Rh (ypmg cross-matehing:
in acqmmi hasmolylic patient . . . 09
anaemia - o domor .. .. 210
of uwmtal patiesds . . 196 identification of . . R
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Sundwichtechnique . .+ 185 Softmarlde ..o a0
anti-D typing sera for . . 18 Sodlut;l t)":rll b r““' ‘a1 |72-174
Scoring of aggluumlxons Spatial relatiomhip o ‘0. 8.2
8, PLULPLIV  Species specific antibodics . 3
Secretion, See also Saln-a Spherocytonit in ABO hasmolytic
of ABO substances .127-129 disease C
cormelation with ant-O and Stabilizer 5
antiH . . . . inantiglobulin reagent . . 70
frequency of secretors . 308 s in tl‘\mﬁ P
kage with Lutheran . xx tatistics
It‘;hnsuelu: for dcmomlm(mg in Identification of antibodics
Aand Bsubstances . 128 3 Ch. X111
H substances .. 130 in larpe-scale ABOQ grouping
of Lewis substances . 127,98 ., . 148-151
Seitz filtration . . 23 in, I.HN grouping . . . 288
Serum, as a suspending mcdmm Sterilization of bottles . . 18
35-36,37 Storageof cells | B . . B
with anti-A . 132 by freezing . . .20-21
with anti-K and antik 39. 290-291 anticomplementary activity . 55
in detection of ABO h:\cmolyuc and colloidat silica J2-73
distase . . . {abile nature of some antigens 94
Serum, collectionof . . . 21 Storageofsera . »21-22
Serue, fresh ond anticomplentary acdvuy .8
in detection of: anti-Kidd, loss of potency 302
anti-Lewis . . 57, 58,296 anti-Lewis, loss of potency 22,299
antiJk* . . ., 302 bacterial contamination . . 2}
haemolysins . . .55,56 Coombs reagent and stabilizers 70
in Kidd grouping . . . 302 complement, loss of . . 3
value in antiglobulin test. .7 freeze drying . . 2
Serum, storage of, See Storage proteins, separation on I’mcnng
of sera 9
Serum albumin agglutination tests rouleaux activity, loss of . 9
34-39  Streptokinase . . . 5
See also Albumin bovine . Streptomycin . . .19
with anti-K and anti-k . . 290 StrongD . . 159-161, 163
in detection of Rh antibodies . 188 causing false positive result 198199
false results . . 35,100 Surface effects . 103
titrations . . . 47 Suspension, cell. See Oclls
value of . .36-39  Syphilis, causing false positive
i cross-matching test Coombstest . ., . 75202
214,223, 234
Sheep cells . - 2,14 51
Sheep, Coombs reagent in . . 65 Tandanti-T . 87,82
Sickle cells Sec also Bacterial contamination of
dll‘m?‘;shcd aggluunabxmy of cells
xxi T.AB. vaccine . . .
linkage with MN groups Techniques B
Silica, cobloidal , 4502 AcAityping . . . 121
causing false posmvc Cocmbs ABO grouping
test . . . 1,PLVc tube, microscopically . . 115
Slides, testson . . 28,3132, 116 tube, by tapping. . . 115
Soaps | . slide , . . . . 116
causing false positive results |, 97 absorption . 2325
and complement . . 54 rapid method . 25
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Techniques (conrd.)
Coombs reagent . .
antiglobulin test . . .
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Timeoftest . ., , 29,108
See also Technique of various tests
Titration .

blacking titration . . 163 complement . . . 5152
complement titration . .51-52 haemolysins . . . .55-56
concentration of group sub- technique of . . A7-48
stances . . Titre, definition of . . 46
Coombs test | . . .0 effect of antigen srmngth . 163
cross-matching test . . 213 effect of incomplete antibody . 174
emergency 236 effect of spatial relationship of
demonstration of mcamplcte cells . . . 172-174
antiH . T . 55,286, zss
detection of haemolysms . 55 Tolctancc, unmunologml . .
detection of immune anti-A and Transfusions, incompatible. See Inccm-
B . 133 patible transfusions
direct Coqmbs tcst . « 70 Transplacental haemorrhage
Dufly grouping . . 301 91, PL VII&
elution . . . . 26 Trsodiumcitrate . R £ 1
freczing cells . . .20 and formation of colloidal silica
haemolysin titration . .85-56 -~
indirect Coombs test . .7 Trypsin . . xviii, 40, 43
investigation of  suspected reversl phenomensn . . 46
haemolytic disease 203-205 trypsin Coombs test . . n
Kelt grouping . - 291  Tubes, advantages of .. 28
Kidd groupmng . . . 302 Twins . R . . .oxxd
Lewis grouping . . 299  Tydallization . . . . 113
Lutheran grouping . 300 Typhoid vaccine . . . 13
MN grouping . . .28
P grouping . . . 288
papain cell test . . 41-42
papainization of cells . .40 U . . . . . . 281
preparation of anti-A, . . 114 Unuarial hypothesis of antibodies 4
preparation of  anfi-pon-y~
globulin . . - . 67
Rh typing
fube . . B 18 v . . . . xix, 167
centrifuge . 185 Vel . . . . B 55,303
sandwich . . . 185 {requ:ncy . . . . 310
saline .agglutmauon test Ven . . B . 303
stide . . 231-32 frequency . . 310
tube . . . ‘3‘2—31 Vemnal buffer (b:ubual) . . St
hyering B . . 33 Verwyst (Vw) . 281,304
er Ib Tuth . . 309
test . . . . . 34 Volumes of mgems used in tests 30
titration . 47-48
Temperature of test . . 30
and amoagg)utmms . .85-86
and false negative results . §05 Washing
and Rh antibodies . 167 cel} suspensions . .2
Tetanus antiserum - . 11 effect on Lewis anfigen . .29
’l'hompsan-Hnbner phcnumcnon 87 effect on old cells . . . 210
See abp Bacterial contamination of w Coombs test . 11,7677
cells Wassermann annbody and com-
Tikes, tests on .« . . .28 plement . . .
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Wrght(Wr) . . . 303,304 frequency . . . 30

anti-Wr*
associated with antS and

anti-Mi* . 28 Zogimg .o . . . 9
causing false ABO gmup . 14 inalbumin . . L3817
naturally oceurring . 250 with anti-A and nnli!! . .1
frequency . . . . »o withanti-D . N .n
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