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INTRODUCTION

VTuE anti globulin reaction, or Coombs® test, has pliyed a
major part m the desclopment of our knowledge of blood
groups 11 man and ammals It 1s an essential technique 1n
the forecasting and diagnosts of hremolytic discase of the
newborn m varous spectes, and through its use the trans-
fusion of blood from donor to patient has become a safer
procedure  The bacteniologst finds 1t a uscful technique
for the detection of bacterial antibodies, the forensic
scientist can apply 1t mn the detection of cnime, the hema-
tologist uses the test routinely in the nvestigation of
hzmolytic anzmias, for the study of antibodies to various
cellular elements of the blood and he may possibly find
1t helpful m the study of certamn plasma fractions, finally
the expermmental immunologist applies 1t to study antigen-
anttbody reactions /

Published descriptions of the antt globulin test as
ongmnally devised, and the more recent developments,
modifications and extensions of the techmque are widely
scattered mn various journals, making 1t exceedmgly difficult
for the student to grasp the underlying principles and to
apply them correctly in practice

This book 15 an attempt to provide, for those interesied
in medicine  bacteniology, hzmatology, blood transfusion
and the vetermary and forensic sciences an explanation of
the fundamentals of the ant1 globulin test with suggestions
for further reading which they may find helpful n the
application of the test to their own particular problems






CHAPTER 1
ANTIGENS AND ANTIBODIES

Berore embarking on the main theme of this book, 1t 1s
proposed to define for the reader some of the terms in
common use 1n the field of immunology

“The essential part of all the tests to be described later
15 the antigen antibody reaction  But what are antigens and
anttbodies 7”

vAn antigen 15 any substance which, when introduced mto
the body of an ammal to which 1t 1s foreign, 15 capable of
stimulating the host anmmal to produce a specfic anti-
substance or antibody Antigens may be protein 1n nature
and some carbohydrates are also antigenic  The ammal
which has been provoked, by the introduction of a foreign
antigen, mto producing an antibody directed specifically
agasmst that antigen 1s saxd to have been unmunmsed =

An antibod)y 15 a substance found 1n the blood plasma or

serum which reacts with cells, or substances in solution,
contarning the antigen for which 1t 1s specific  Such antt-
bodies are probably formed 1 the body tissues and some-
times thewr presence can be demonstrated in other body
fluids such as colostrum and pentoneal exudates Theyare
part of the globulin fraction ~

~ The most easily demonstrated antigen antibody reactions
are those used m blood grouping Serum contamng
antibody of known specficity 1s muxed with a saline
suspension of red blood cells If these cells then form
clumps or agglutinates they are assumed to carry the
equvalent antigen, 1f they do not agglutinate they are
considered to lack the antigen Conversely, by mixing
aserum which 1s to be mvestigated with a series of suspensions
of red cells of known antigen content 1t 15 possible, by noting

B 1
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reaction regardless of the composition of the fluid 1 which
the antigen 15 suspended, or the degree of magnification
employed to discorer st The presence of these crypt-
agglutinords can be disclosed only mndircetly by the anti-
globulin techmque

THE MECHANISM OF THE ANTIGEN-ANTIBODY REACTION
YThe forces underlying the antigen antibody reaction are
still a matter for conjecture  The most practical hypothesis
envisages 1t as a two stage response in which the stages are
not distinct for 1t 1s possible that the second stage starts
before the first 1s complete -
“In the first stage the antibody raptdly forms a chemucal
combination with the antigen although it produces no
outward evidence that such a combination has occurred’
“The second stage, which progresses more slowly, 1s the phase
of observable reaction 1n which agglutination or precipitation
becomes obvious It 1s probable that the second stage 1s 2
phystcal response depending upon, or modified by, such
factors as the composition of the medium m which the
reaction has occurred, the relative quantities and reaction
potential of anttbody and antigen, and the presence or
absence of complement’ “Antigen antibody reactions are
not all of the same type and they do not all require the
operatton of the same factors As an example, for the
detection of most lysins complement must be present, but
1t 15 not an essenttal ingredient in the demonstration of
agglutining ~
~Following this hypothesis 1t would appear that incomplete
antibodses are those which participate n the specific
combination of stage one, but are unable to complete stage
two s0 long as the surrounding medum 1s of small molecular
size  How can we know that stage one has m fact occurred ?
When the antigen 1s part of a red blood cell the fact that it
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the occurrence of agglutination, to determine whether the
serum contains an antibody and what 1its specificity 15 ©

CLASSIFICATIONS OF ANTIBODIES

“Antibodies can be divided mto a number of categories
They may be classified according to the manner m which
they react with the antigen m yifro” “An antibody which
precipitates the antigen 1s called a precipinn, one which
dissolves the antigen 1s a Iysin, while an antibody which will
produce clumping of cells carrymng the antigen 15 an
agglunmn® The antigens corresponding to these varieties of
antibody are respectively designated precipitinogens,
lysinogens and agglutinogens The reactions between these
antibodies and antigens can be seen by the unaded eye or
with a magnifying lens or microscope ~

~A slghtly different classification divides antibodies into
two broad groups based upon their ability to wteract with
the antigen suspended 1n 1sotonic saline solutron” Camplete
antibodies (sometimes called bnalent antibodies) are those
which cause an obvious alteration such as agglutination,
preciprtation or lysis of the approprate antigen 1n saline
medwum” “The mcomplete (or so called monoralent) anti
bodies are unable to produce such visible evidence of a
reaction with their corresponding antigen 1n saline and to
demonstrate their presence additional procedures are
required

Two types of incomplete antibody are recognised—the

agglutinoids and the cryptagglutinoids  An agglutinod 1s
an antibody which exhibits no visible effect on the antigen
unless the reactzon takes place 1n a protein medium such as
bovine albumin or in certain macro molecular solutions
such as dextran or until the antigen has first been modsfied
by enzyme action Agglutinoids are sometimes called

albumin antibodies Cryptagglutinoids, on the other
hand, are antibodies which fail to bring about any observable
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Not all mcomplete antibodies have this capacity to block,
wholly or partially, the corresponding antigen 7

“The mteractions between red cell antigens and complete
and complete antibodices are more esily understood when
represented diagrammatcally  The first tllustration (fig 1)
shows, n diagrammatic form, a red cell with blood group
antigen receptors on its surface and alongside 1t are two

0 B

Ant: Receptor Complete  Incomplete
e " (Bivalent) (Univalent)
Antibody  Antibody

na 1

¥rag 2 Cells d by 1 bod

complete and two incomplete antibody molecules The
agglutmation of red cells by complete antibody 1s visuahised
as a umiting of the cells (fig 2) by bivalent antibody bonds
In contrast, incomplete antibody attaches itself to the
antigen (fig 3) but bemng monovalent, fails to produce
agglutination unless an extra something 15 provided by
bovine albumin which links (fig 4) the coated cells together <
It must be emphasised that the exact nature of the
differences between complete and incomplete antibodies, and
the mechanism of the antigen antibody reaction, are not
yet completely understood The diagrams depict symboli-
cally what 15 thought to take place but they do not explain
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has combmed with its corresponding anttbody can be
demonstrated 1n at least two ways <

“Furstly, let us suppose that some red cells possessing
the antigen X (X posttive cells) are suspended 1n saline and
are thent mixed with serum contamning an mncomplete antr X
antibody They do not agglutinate 1 spite of their contact
with the corresponding antibody If however, the superna
tant serum and saline are removed from the sedimented cells
and an equal volume of a 209, bovine albumun solution 1s
substituted, 1t will be found that, provided the tume allowed
has been sufficient and the temperature at which the test 1s per
formed 1s suitable, agglutination of the cells will occur  This
agglutmation 1s not due to the action of the bovine albumin
alone stnce X-posttive cells which have not been exposed to
ant1 X do not spontaneously agglutinate when suspended
in the albummn  Therefore the antibody—ncomplete
antt X—must have combmed with red cells That the
reactton 1s specific 1s shown by the fact that the incomplete
anti-X will not combine with red cells other than those
carrying the X antigen  This albumin replacement techmque
1s a particularly useful method for detecting the Rhesus
(Rh or D) antigen 1n the red blood cells n man Only
mncomplete antibodies of the agglutinoid type will bring
about this agglutination reaction, cryptagglutmoids fail to
clump the cells even m the presence of bovine albumm -

~ A second proof that stage one has occurred 1s provided
by the blocking test of Wiener (1944)* A saline suspension
of X positive cells 1s muxed with an incomplete anti X serum
If, after a time the cells are washed free from incomplete
ant1 X and are then muxed with a complete anti X serum
the normally expected agglutimation will either not occur
or 1f 1t does, the degree of agglutination will be much less
than that shown by X positive cells not previously exposed
to tncompleteant1 X The incomplete antibody has blocked,
inhibited or prevented the action of the complete antibody

[
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all the types of reactions that have been observed “For
mstance, 1t has been shown that mncomplete blood group
antibodies can be made to agglutinate theirr appropnate
red cells suspended in saline provided that these cells carry
more than the usual amount of antigen,* or provided that the
cell surface has been modified, wcreasing the number of
antigen receptors, by partial digestion by enzymes 4 It may
be that ability or otherwise of an mcomplete antibody to
agglutinate red cells 1n saline 1s governed not by the number

f6 3 Cells coated by mncomplete ants ric 4 Coated cells agglutnated by |
body (not agglutinated) addition of bovine albummn

of combiming sites on the antibody molecule but, rather by
the number of antigen receptors and hence by the amount
of antigen available on the cell surface ~

The foregomg explanations have dealt mamly with
antigen antibody reactions as seen 1n blood group serology,
but 1t has been shown that stmilar incomplete antibodies to
bactenal antigens exist ¥ The two main points to be borne
in mund are (1) that some antibodies will give nise to no
visibly detectable reaction if the antigen 1s suspended
saline only, and (2) that no negative reaction can be accepted
unless the possible presence of mncomplete antibodies—
agglutinoids and cryptagglutimords—has been excluded -
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CHAPTER 11

THE SEROLOGICAL BASIS OF
THE ANTI GLOBULIN TEST

SPECIES DIFFERENCES

EacH species of amimal has, mn its blood cells, tissues or
body fluds, its own species specific substances  The
differences between these substances cannot always be
detected by chemical tests although they can be shown to be
serologically distinct By myection of red cells or serum
obtained from one ammal into another ammal of a separate
species an anti species antibody can be provoked which may
be an agglutimn, precipitin or lysin and which may be
complete or incomplete mn character  Simnce all antr globulin
sera are anti species antibodies 1t 1s essential for the user to
be aware of the possibiltties of cross reactions and of the
vanious differences and simulanties between species ~

“The myjection of human red cells mto a rabbst will lead
to the development by the rabbit of anti man antibodtes”
Although such antibodies can be made specific (able to
react only with the precise antigen which stimulated therr
production) 1t 1s often found that they will also react with
red cells and other tissue cells from related spectes “ They
combine most strongly with the antigen employed to provoke
them (the homologous antigen) but they may also react to a
lesser degree with antigens obtamed from a related species
of ammal (heterologous antigens) For nstance, fowls,
mmmumsed with rabbit serum develop an antibody which
reacts with both rabbit and hare serum and yet a hare,
ymmunised with rabbit serum, will produce an antibody
capable of reacting with rabbit serum but not with hare
serum < For more imnformation on the preparation of anti
spectes antibodies the work of Nuttall (1904)1 1s well worth

8



SCROLOGICAL BASIS OF THI ANTI-GI OBULIN TEST 9

consuling  Tor an understanding of scrological speaificity
the student s referred o the monumental work of Land-
stemner (1945) 2

~ ANTI GLOBULIN ANTIBODILS

“When human serum 1s mjected mnto a rabbit the rabbit
responds by making an antspecies antibody which will
agplutinate all human red cells, but this may not be the only
antibody which has been stmulated This first antibody
can be removed by mixing the rabit’s serum with well-
washed human red cells  The anti human species antibody
becomes attached to the red cells and can be discarded with
them, leaving in the rabbit serum a different antibody  The
second antibody 1s an antt globuli provohed by the antigenic
action of the globulins which were present in the human
serum used mitially to immunise the rabbit -

“The anti globulin antibody 1s also a species specific anti-
body—1nthiscasethe rabbit produced an anti-human globulin
1t will not agglutinate normal human red cells but 1t will react
with any globulins derived from a human source such as
whole serum and certain body tissues As mentioned
previously, anttbodies are themselves globulins and therefore
the ant: globulin antibody may be thought of as an anti-
antibody antibody ! In a mixture of two sera, one containing
anubody and the other contaiming the correct species
ant1 globulin antibody, the reaction could be mamfest as a
precipitate

There 15, however, a more usual and more useful way of
using an antr globulin serum, which forms the basis of the
Coombs test Let us take as an example the case of a
patient who has received a blood transfusion and who, as a
result, has developed an sncomplete antibody to the blood-
group antigen called “ Rh’  The incomplete anti-Rh serum
from ths patient will not agglutinate Rh positive cells
suspended 1n saline, but the antibody will become attached
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to the cells, giving them a coating of human globulin, there
may be also some excess of uncombined antibody i the
supernatant salme To nd the serum saline mixture of
unwanted globulins which would readily combine with
antt globulin anttbody and spoil the test, we must *“ wash’
these coated cells This we do by (1) centnfuging the
muxture, (2) removing the supernatant serum saline solution
(3) replacing this by a large volume of fresh salme, (4)
muang the cells thoroughly, and (5) re centnfuging  For

Rabbit
Rh Antibody Antl haman
Globulin Globuhn
Rh Antigen lBlvaIent)

Receptor

I 5

efficient washing this cycle has to be repeated several times
and the end product 1s a saline suspension of cells 1n which
the only globulin present 1s the antibody coating the cells,
1¢ specifically combmed with the antigen (One word of
warning should be interpolated here—cell washing 1s usually
performed at room temperature or occasionally at 37 C
Higher temperature should not be used since this may
result in removal of the antibody from the cells )~

¥We now take a rabbit ant1 human globulin serum—
prepared from the serum of 2 rabbit which had recerved
njections of human serum and from which the ant1 species
antibody has been absorbed If we mix this rabbit serum
with the washed, coated red cells the antt globulin antibody
reacts with the globulins on the cell surfaces, causing the
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cells to clump together as 1f the agglutinition were duc to
the action of the anti globulin alone  We hnow this
appearance to be false becausc the speaific ribbit antt human
globulin antibody will not cause apglutination of human
red cells unless they have first been exposed to the action of
a specific incomplete antibody

Again, pictonial representation of the supposed mechanism
may be helpful  The first diagram (fig 5) shows a red cell

gt
lﬁ??ulentl

coated with incomplete antibody, together with four mole-
cules of rabbit anti human globulin anttbody The second
diagram (fig 6) illustrates the attachment of red cells to
each other by the bondimng effect of the ant1 globulin reacting
with the globulins on the cells® surface

THE ROLE OF COMPLEMENT
“The work of Hackett (1950)  has shown that, so far as
antt human globulin human globulin reactions are concerned,
the addition of guinea pig complement neither enhances nor
mhibits the reaction On the other hand, 1t has also been
found that certain incomplete antibodaes to red cell antigens
In man, e g ant1 Kidd, anti Lewss, will coat red cells 1n the
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absence of complement, or complement hke substances,
but this coating will not be detected by the ant1 globulin
reagent ¢ However, 1f to the sensitised cells fresh human
serum 1s added and then the cells are rewashed, a positive
ant1 globulin reaction can be obtained ~

NOMENCLATURE

“When referring to anti globulin antibodies 1t 1s usual
to describe them 1n such a way as to indicate both the animal
m which the antibody was produced and the specificity
Throughout this chapter we have mentioned “ rabbit anti
human globulin serum” In an alternattve termunology
the name of the immumsed ammal 15 placed last Our
example then becomes * anti human globulin rabbit serum 7
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CHAPTLR 11
HISTORY AND NOMENCLATURE

“MaNy people refer 1o the anti-globulin test as the Coombs’
test and believe that it was discovered by Dr R R A
Coombs of Cambndge Unnersity in 1945 In fact, the
principle of the test was first employed m 1908 by an
Ttalian immunologist, Carlo Moresch: (1908) ! 2.
“Moreschi diluted specific ants sera to red cclls and
bacterra until the sera no Jonger caused agglutination  He
then thoroughly washed the unagglutinated cells and exposed
them to anti species sera and obtamned agglutination  The
antt species sera were specific for the animals which provided
the onginal sera which, diluted, failed to cause agglutination
Interpreting Moreschi’s observations 1t would appear that
on diluting the sera he diluted out the complete antibodies,
but left higher-itred incomplete antibodics capable of
coating the bactenia and the red cells  This coating would be
a globulin, and the ant-spectes sera contasned ant: globuhins
which caused the agglutination of the sensitised cells
~Unfortunately, Moreschr’s technique was not applied 1n
routime serology for the next 37 years and 1t was only 1n
1945, when the problem arose of finding new methods with
which to detect the recently discovered Rhesus antibodies,
that Coombs, Mourant and Race (1945),® unaware of
Moreschi s earlier work, devised this method Dr Coombs
(1954)¢ 1 a lecture dehivered 1 Rome, paid tribute to
Moreschu for his discoverses
Without wishing 1n the least to detract from Dr Coombs®
v:rel[ deserved distinction, 1t becomes obvious that the term
Coombs’ test” 1gnores the contributions of Morescht and
of Mourant and Race “Dr Coombs himself calls the
fechmque “the anti globulin sensitisation test”  To
13
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nclude the word *“ sensitisation > makes the title rather
cumbersome for routine use, but 1t 1s an advantage to omit
the reference to species (as in * anti human globuhin serum ™),
thereby giving a general description of the method 1rrespective
of the anti species globulins used ~

“The term * anti globulin test” indicates the potential
breadth of application of the technique and 1s to be preferred
However, 1 describing the method, especially when cells
and sera from different animals are used 1t 15 essential to
specify the spectes from which the antigen was obtaned and
the anmmal 1in which the anti globulin was developed“e g
goat ant1 rabbit globulin or ant1 rabhit globulin goat serum

“Hill, Haberman and Jones (1948)° devised the name

Developing Test ”* for the anti globulin techmque It 1s an
apt descriptive title since the anti globulin serum * develops ”
the agglutination of coated cells 1n a way analogous to that
im which various chemicals act upon a photographic plate 4
There 1s no 1ndication, however, of what 1s being developed
nor of which reagents are being used

THE DIRECT AND INDIRECT ANTI GLOBULIN TESTS

“The ant: globulin test can be used n two ways Where
there 1s reason to suppose that red cells may have been
coated by antibody, the addition of anti globulin serum
will show by the subsequent production of cell clumping
or by a lack of agglutination whether or not the cells have
been sensitised  The name comned by Coombs Mourant
and Race (1946)¢ for this technique 1s the Direct anti-
globulin test ©

“The Indirect antt globulin test 1s used 1n the 1nvestigation
of any serum which 1t 1s thought may contam incomplete
antibody The first step 1s to mx the unknown serum
with red cells and to allow time for the anttbody 1f present
to become attached to the cells If the cells are then
thoroughly washed and examuned for sensitisation by the
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Dircctantt globulin method, the devclopment of agplutinites
will indrcate that an mcomplete antibody, capble of corting
the cells, was present in the scrum which was being
mvestigated ~

AHG

“Human nature being what it 15, 1t was not surprising that
those working with antt human globulin serum m 1946 soon
found this title too burdensome and substituted for 1t the
abbreviaion  AHG™ It was unfortunate, therefore,
that some hzmatologists about the same time decided to use
the imtials A HG for an cntircly different substance, ants
hzmophilic globulin, a fraction of plasma cmployed to
combat the deficiency present in h-emophtha <

Considerable argument can be adduced for and against
the use of the letters A H G to sigmify the ants hemophilic
globulin but 1t 15 of conspicous practical importance that,

vin any laboratory handling both the anti hamophilic
factor and ant1 human globulin serum, steps should be
taken to avord confusion between them  The distinction can

be satisfactorily mamntamned by calling the former AHF
and the latter AHG
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mclude the word “sensitisation ” makes the title rather
cumbersome for routine use but 1t 1s an advantage to omit
the reference to species (asn * antt human globulmn serum ),
thereby giving a general description of the method trrespective
of the ant1 species globulins used ~

“The term * ant: globulin test” indicates the potential
breadth of application of the techmque and 1s to be preferred
However, 1n descnibing the method, especially when cells
and sera from different animals are used 1t 15 essential to
specify the spectes from which the antigen was obtamed and
the ammal in which the ant1 globulin was developed eg
goat ant1 rabbit globulin, or ant1 rabbit globulin goat serum

“YHill Haberman and Jones (1948)% devised the name

Developing Test  for the ant: globulin techmique It 1s an
apt descriptive title since the antt globulin serum ¢ develops
the agglutination of coated cells 1n a way analogous to that
m which vanious chemucals act upon a photographic plate /
There 1s no ndication, however, of what 1s being developed
nor of which reagents are being used

THE DIRECT AND INDIRECT ANTI GLOBULIN TESTS

“The ant1 globulin test can be used in two ways Where
there 1s reason to suppose that red cells may have been
coated by antibody the addition of anti globulin serum
will show by the subsequent production of cell clumping
or by a lack of agglutination whether or not the cells have
been sensiised The name comed by Coombs Mourant
and Race (1946) ¢ for this techmque 1s the Direct anti-
globulin test ©

“The Indrect ants globulin test 1s used 1n the investigation
of any serum which 1t 15 thought may contain mncomplete
antibody The first step 1s to mux the unknown serum
with red cells and to allow tume for the antibody, 1f present
to become attached to the cells If the cells are then
thoroughly washed and examined for sensitisation by the
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these Eyquem (1956) ¢ and Goodman and co-workers
(1957)* used, respectinely, donkeys and chickens *

The chotee of ammal may be governed by the volume of
the yield sequred  The amount abtamable from a goat
will be ten imes that which can be procured from a rabbit
Nevertheless, when small quantities only are needed, or
when several reagents from different amimals are required,
the rabbit 1s an 1dcal anunal

Withm a species, not all amimals are cqually good
antibody producers  The vanicties of rabbits known, n the
United hungdom, as Chinchilla, Flermish, Lop and Belgian
Hare arc generally more satisfactory than Rex or Dutch
rabbits  When a stram of rabbits 1s discovered to be
particularly competent in producing antibodics therr off-
spnng, too, will generally be found to be good antibody
producers  This suggests that the ability to develop anti-
bodses readily may be genetsically determned and, therefore,
breeding from such stock 15 recommended

Expenence with goats may be similar  Dunsford
(unpublished observation), using five goats of no particular
breed, has not yet fasled to obtain a satisfactory serum, but
Proom (1957) ¢ has been less fortunate

A full protemn diet supplemented with vitamuns, etc,
1s recommended for rabbits On the other hand, goats
appear to be capable of antibody production on any diet—
even including a laboratory coat or the morming newspaper
i available ' Laboratories maintamning amimal houses will
find excellent gmdance 1 the UFAW Handbook,
On the Care and Management of Laboratory Ammals,
published by the Universities’ Federation for Amnumal
Welfare, London, Second Edition, 1957 In countries where
myxomatosis 1s prevalent precautions should be taken to
reduce the chances of the rabbits becoming infected They

can also be protected by vacemnation (a suitable vaceine 1
preparei by Burroughs Wellcome Ltd , London)



CHAPTER 1V
THE PRODUCTION OF ANTI-GLOBULIN SERA

“THE serum of an ammal immumsed by ijection of serum
from another ammal may be found to contan two or more
antibodies —

1 The antispecies anttbody which will agglutinate or
hamolyse red cells of all members of the spectes from
which the immunising antigen was dertved,

2 The ant1 species globulin antibody—the reagent required
for the ant1 globulin test,

3 An bhetero antibody, which may be naturally occurring
(present 1 the unimmumsed ammal) or immune For
nstance, rabbits are commonly found to have m their
sera a naturally occurring antibody active against human
group A red cells

Before our ant: globulin serum can be used 1t must be
freed from the unwanted ant: species and hetero antibodies
Although simular procedures may be used to make, for
example rabbit ants fow]l globnhn serum 1n the mterests
of sumplicity the method of preparing ant: human globuln
serum only will be described

CHOICE OF ANIMAL

“The rabbit bemg comparatively small and easy to handle,
1s the anmmal most commonly used for the production of
anti human globulin serum  However 1t 1s quite possible
to immunse other species  Hill and Haberman (1954) ! and
Dunsford and Bowley (1957) ? have successfully immunised
goats  Stratton (1956) ® had success with sheep and also
experumented with a vanety of other species mcluding hens
and horses, though he does not comment on his results with

16
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suffering from acquired htmolytic antma  In this discase
the patient’s red cells are prematurely destroyed withmn his
blood vessels and s serum may be found to contmn
antibodics agamst hisown red cells - These anubodies may be
of two types—those which agglutinate red cells more readily
at 37°C (warm type antibodies) and those which react
more strongly at room temperature or below (cold anti-
bodies)

Komnmnos and Aksoy (1955)* have used as therr
antigen coated red cells from cases of acquired hemolytic
anzmia, and claim also to have produced potent anti-
globulim sera by the mjection of 1ntibody eluted from such
cells

Pisciotto and Hinz (1956) ** have used sera obtained from
patients with acqmred hamolytic anzma and assert that
the anti-globulin serum resulting from immunisation by a
serum contaimng warm type antibody differs in specificity
from the ant1 globulin serum evoked by a cold type antibody
This may be explamed to some extent by the findings of
Chnstensen and Dacte (1957)® who, by electrophoresis,
showed that although sera from “ warm antibody ™
hzmolytic anzmuas have no characterstic electrophoretic
pattern, sera from cold antibody * hzmolytic anzmias
have a peak 1n the y, region It suggests, too, that even
better reagents may be prepared by using as antigens, sera
from patients with abnormal globulins such as are found,
for instance, 1n multiple myeloma

“Sera from people whose blood groups are A, B or AB
should not be used as antigen 1n the production of anti-
globulin sera since they contan A and/or B blood group
spectfic substances 1n solution whech are antigenic and would
cause the rabbit or goat to produce anti A andfor ant:-B
antibodies 1n addition to the required ants human globulin
To averd the necessity for removing such additional anti-
bodes 1t 15 the custom to use a pool of sera obtamed from
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CHOICE OF ANTIGEN

In the search for the 1deal antigen for the production of
ant: globulin serum many materzals have been tried, including
serum, plasma, gamma globulins, coated red cells and
antibodies eluted from coated cells -

Coombs, Mourant and Race (1946) 7 in therr ongnal
expenments used erther whole human serum or human
gamma globulin and found them equally efficactous, though
whole serum was the easier reagent to prepare The authors
of the MR C Memorandum No 27 (1952) ® preferred
gamma globulin  Hill and Haberman (1954)* favoured
whole serum Wootton (1950)® preferred gamma globulin
while Singh Ramaknishman and Prakash (1952)1° found
plasma to be as effective as serum

“Kidd (1957) ™ has used gamma globulins prepared by
Kendall s method but since some anti red-cell antibodies
are non gamma globulins he later modified his immumnising
schedule by giving his anumals alternate courses of whole
serum and gamma globulins 1n order to guard agamnst
producing a serum with too narrow an anti globuln
spectrum * “

Milgrom Luszezynski and Dubisk: (1956) 22 employed,
as antigen globulin which had been denatured on the surface
of red cells as a result of an antigen antibody reaction
Rabbut red cells were agglutinated by human serum which
had previously been heated at 56 C to mactivate the
complement  After having washed the rabbit red cells free
of excess human serum the agglutmated cells were then
mjected 1nto a rabbit  Br weekly mjections for 6 weeks
produced a satisfactory reagent contaiung very low titre
anti human species antibodies requnng httle absorption

and the sera were free from zoning
A shightly different approach has been used by those
authors who have obtamed cells or serum from patients
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suffering from acquired hemolytic antmun In this discase
the patient’s red cclls are prematurcly destroyed within tus
blood vessels and his serum may be found to contun
antibodics agamst hisownred cells  These antibodies may be
of two types—those which agglutinate red cells more readily
at 37°C (warm type antibodies) 1nd those which react
more strongly at room temperature or below (cold anti-
bodies)

Komninos and Aksoy (1955)* have used as ther
antigen coated red cells from cases of acquired hemolytic
anzmia, and clam also to have produced potent anti-
globulin sera by the mmjection of anubody eluted from such
cells

Piscrotto and Hinz (1956) ** have uscd sera obtained from
patients with acquired hzmolytic anemia and assert that
the anti globuhin serum resuling from immumisation by a
serum containing warm type antibody differs in spearficity
from the ant1 globulin serum evoked by a cold-type antibody
This may be explained to some extent by the findings of
Chnstensen and Dacie (1957)¢ who, by electrophoresis,
showed that although sera from * warm antibody”
hemolytic an®mas have no charactersstic electrophoretic
pattern, sera from cold antibody ™ hemolytic an®mias
have a peak i the y, region It suggests, too, that even
better reagents may be prepared by using, as antigens, sera
from patients with abnormal globulins such as are found,
for nstance, 1n multiple myeloma

~Sera from people whose blood groups are A, B or AB
should not be used as antigen 1n the production of anti-
globulin sera since they contam A andfor B blood group
specific substances m solution which are antigenic and would
cause the rabbit or goat to produce antt A andfor ant1 B
antibodses 1 addrtion to the required anti human globulin
To avoid the necessity for removing such addrtional anti-
bodies 1t 15 the custom to use a pool of sera obtawed from
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CHOICE OF ANTIGEN

In the search for the 1deal antigen for the production of
ant1 globulin serum many materals have been tried, including
serum, plasma, gamma globulins, coated red cells and
antrbodies eluted from coated cells

Coombs, Mourant and Race (1946) 7 1n therr ongmal
expertments used either whole human serum or human
gamma globulin and found them equally efficacious though
whole serum was the easter reagent to prepare  The authors
of the MR C Memorandum No 27 (1952) ¢ preferred
gamma globuhn  Hill and Haberman (1954)* favoured
whole serum Wootton (1950)® preferred gamma globulin,
while Singh Ramaknishman and Prakash (1952)'° found
plasma to be as effective as serum

Kidd (1957)1 has used gamma globulins prepared by
Kendall’s method but since some anti red cell antibodies
are non gamma globulins he later modified his immunising
schedule by giving his amimals alternate courses of whole
serum and gamma globulins in order to guard agamst
producing a serum with too marrow an ant: globulin
spectrum 7

Milgrom Luszczynski and Dubiska (1956) 1* employed,
as antigen globulin which had been denatured on the surface
of red cells as a result of an antigen anttbody reaction
Rabbit red cells were agglutinated by human serum which
had previously been heated at 56°C to 1inactivate the
complement After having washed the rabbit red cells free
of excess human serum the agglutinated cells were then
mjected 1nto a rabbit  Biweekly imjections for 6 weehs
produced a satisfactory reagent contamung very low tifre
antt human species antibodies requiring little absorption
and the sera were free from zoning

A shghtly different approach has been used by those
authors who have obtamed cells or serum from patients
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obtam a better or quicher response 1n an ammal which has
been made shghtly febnle by the injection of a * foreign ™
proten  Kidd (1957)% mixcs dred tubercle bacillt with
gamma globulin and emulsifies the mixture with Arlacel
A (Manmde mono-oleate) With this reagent good antr
globulin scra are produced with low-titre anti human
antibodies

THe IMMUNISING INJECTIONS

“The routes by which the antigen may be mntroduced are
(a) intramuscular, (5) mtrapentoneal, or (¢) mtravenous” As
a rule, goats and shecp recene whole scrum or gamma-
globulin solution by mjection 1nto the scapular or gluteal
muscles “When dealing with rabbits one or more routes
may be used and 1t has been found that greater success in
achieving smmunisation will follow the use of all three routes
for the mtial course” Rabbits are rather susceptible to
anaphylactic shock when the materral 15 ntroduced ntra-
venously To reduce this nisk an intraperitoneal injection
should be given less than 24 hours before all mtravenous
mjections

The dosage of gamma globuhn required does not appear
to be cntical The course recommended 1n the MR C
Memorandum No 27 (1952) ® “employs Proom’s alum-
precipitated gamma globulin (1943)7  Five ml of the
solution are injected nto each buttock, this injection 15
repeated after 14 days and 10 14 days later the animal 15
bled It 1s claimed that there 15 less nisk of anaphylaxis with
this technique

en whole serum 1s being used as antigen 0 5 1 ml of
undiluted serum (or of 50 per cent serum diluted with
saline) 1s mjected ntrapentoneally This 1s followed within
24 hours by an intravenous mnjection, nto the external pern-
pheral auricular vein, of 0 Sml of 50 per cent serum diluted
with salne  Thereafier, for thenext 3 4 days, daily injections
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several group O persons The serum pool need not be
fresh, but 1t should be sterile 7

THE PREPARATION OF GAMMA GLOBULIN
(Proom’s (1943) 17 method)

Dilute 25 ml of pooled group O serum with §0 ml of
distilled water

2 Add 90 ml of 10 per cent aqueous solution of potassium
alum (K Al(SO, 12H O)

Adjust the pH of the muxture to 6 5 by adding 5N sodium
hydroxide The pH can be determuned by placing a drop
of the muxture on a tile and muang with 1t a drop of
Unnversal Indicator (obtamable from Brtish Drug House
London) Since the pH change 1s sudden the caustic
soda should be added carefully drop by drop

Centnifuge the muxture and remove the supernatant
flud

5 Wash the precipitates twrce with 200 ml of a 1 10 000
saline solution of Merthiolate (Elt Lilly & Co)

Make the washed precipitate up to a volume of 100 ml
by adding a further saline solution of 1 10 000 Merthio-
late

[
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This suspension can then be stored for at least 14 days at
4 C

Repeated 1njecttons of alum precipitated globulins are
apt to produce sterile abscesses in the muscles and sometimes
a paralysis of the hund quarters For this reason 1t 1s
recommended that although precipitated globulins may be
used imtially, once the anmmal has become immunised
pooled whole serum should be used for further boosting of
the antibody

Satisfactory ant: globulin sera can be prepared without
the use of an adjuvant though some workers feel that they



THE PRODUCTION OF ANTI-GLOBULIN SERA 21

obtam a better or quicker response m an ammal which has
been made shghtly febnile by the mjection of a *“ foreign ™
protein Kidd (1957) nuxes dried tubercle bacilll with
gamma globulin and cmulsifics the mixture with Arlacel
A (Manmde mono-oleate) With this reagent good anti-
globulin sera are produced with low titre anti human
antibodics

THE IMMUNISING TNJECTIONS
“The routes by which the antigen may be mtroduced are
(a) intramuscular, (6) intrapentoneal, or (¢} mtravenous” As
a rule, goats and sheep receive whole serum or gamma-
globulin solution by injection into the scapular or gluteal
muscles “When dealing with rabbits one or more routes
may be used and 1t has been found that greater success m
achieving immumsation will follow the usc of all three routes
for the mmtial course” Rabbits are rather susceptible to
anaphylactic shock when the materal 1s introduced intra-
venously To reduce this nisk an intraperitoneal 1njection
should be given less than 24 hours before all intravenous
mjections
The dosage of gamma globulin required does not appear
to be cnfical The course recommended 1n the MR C
Memorandum No 27 (1952) ¢ “employs Proom’s alum-
precipitated gamma globulin (1943)'7  Five ml of the
solution are injected 1to each buttock, this mjectton 1s
repeated after 14 days and 10 14 days later the anmmal 1s
bled It 1s claimed that there 15 less risk of anaphylaxis with
this technique ~
en whole serum 1s being used as antigen 0 5 1 ml of
undiluted serum (or of 50 per cent serum diluted with
saline) 1s mjected ntrapentoneally This 1s followed within
24 hours by an travenous mjection, mnto the external peri-
pheral aurscular ven of 0 5ml of 50 per cent serum diluted
withsaline  Thereafter, for the next 3 4 days, daily mjections
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of 1 ml serum are given either wmntramuscularly or ntra
venously

Slavin (1950) *# has advocated a method of immurnisation
by slow absorption A muxture 1s made of 1 ml sterile
group O serum with 4 ml of a sterile 4 per cent sodium
algmate solution (** Calgitex” obtamnable from Medical
Alginates Ltd, Wadsworth Road, Perivale Middlesex)
The muxture 15 1njected ntraperitoneally nto a rabbit and
immediately afterwards a second injection, of 2 5 ml of a
sterile 1 per cent aqueous solution of calcium chlonide, 15
made from a separate syringe nto the same site The
calcium chlonde reacts with the sodium alginate to form a
rubbery lump from which the serum 1s hiberated slowly as
the mass breaks down

~Once the animal has become immunised 1t should be left

as long as possible before booster njections are given
Stratton 1® observed that the longer the ammal was left the
greater was the titre of the antibody after boosting and
acting on lus suggestion to obtamn the best results the
next course of injections should be given only after three
months or more However, the antibody evoked by the
mtial course 1s hkely to be mainly anti human gamma
globulin and since other ant: globulin antibodies may be
requred repeated courses may be necessary before the
ammal 15 gwven 1ts rest pertod ~

The ¢ booster course* recommended for an immunised
ammal 1s
1 One ml stenile pooled O serum 1s mjected intraperito-

neally
2 Within the next 24 hours 0 5 ml of 50 per cent sterile
pooled O serum 1n saline 1s nyected mtravenously
On the third and fourth day 1 m! sterile pooled O serum
1s gtven either mtravenously or intramuscularly
4 10 14 days later bleed the animal

w
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, BLEEDING THE ANIMAL

~The best time to bleed the ammal 15 10 14 days after
the completion of the course of injections though small
amounts may be repeatedly removed between the 10th and
30th days  Only a small sample for examination should be
taken from an ammal which has completed 1ts imtal course
of immunising mjections and tests on this this will show
whether further bleeding would be justified -

When dealing with goats and sheep the blood 1s collected
from the external jugular vein after the hair or wool has been
clipped from the neck  The help of an assistant, who can
maneuvre the beast into a swuitable position and hold 1t
firmly there during the operation, 1s mnvaluable  The ammal
1s backed into a corner, the assistant stands astride its
back, gnpping its flanks firmly with his kneces, he then
raises the ammal s head upwards and shghtly bachwards
and holds 1t there The operator locates the lhine of the
external yugular with his finger uips, cleanses the skin over
1t with spint and nserts a long, large bore sterile needle
(20cm by 3 mm external diameter) 1n an upward direction
The blood 15 allowed to run straight from the needle into
a stenle collecting bottle When 400-500 ml have been
collected the needle 1s withdrawn from the vem and the
bleeding 15 stopped by firm digital pressure over the site for
45 minutes Meanwhile a sterile rubber wad and metal
cap have been screwed on to the bottle of blood which 1s
placed m the mcubator at 37°C until clotting has taken
place  As much serum as possible 1s aseptically removed
and then the clot 1s refrigerated at 4° C overmight On the
next day the remainder of the serum 1s separated from
the clot The second lot of serum 1s sometimes rather
hamolysed

Rabbits may be bled by heart puncture or by nicking the
external auricular vein  In the hands of those who are not
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experts cardiac puncture seems rather brutal and, since a
satisfactory yield can be obtained from the ear vem, this
latter method 1s usually preferred  The rabbit 1s immobilised
either 1n a switably designed box, or in the hands of a
trained assistant The harr of the ear 1s shaved and the
bare area over the vern 1s cleaned with alcohol A small
smear of petroleum jelly round the site and over the edge
of the ear will prevent the blood from clotting before 1t has
been collected The vemn may be punctured with a small
needle or a small longitudinal slit may be made with a scalpel
and the blood 15 allowed to drip mto a small bottle In this
way 40 ml of blood can be obtammed Bleeding 1s stopped
by firm pressure 1f clotting has not already taken place
The blood 1s allowed to clot at 37°C, 15 kept at 4 C
overmght and the serum 1s separated from the clot on the
followng day

INACTIVATION OF THE SERUM

~Immediately the serum has been separated 1t must be
heated to 56°C and mamtained at that temperature for
notless than 30 minutes i order toinactivate the complement,
otherwise the serum will hemolyse red cells Large amounts
of serum, which have been kept at 4 C will require a
certain time before the whole volume reaches a temperature
of 56 C and allowance should be made for this 1n addition
to the 30 munutes required for proper inactivation In
practice 1t has been found that even ome hour at this
temperature does not harm the ant: globulm anttbodies #

~The next step 15 to test the anti globulin serum for
freedom from hzmolysins A muxture of 0 02 m! of the
serum with 0 02 ml of a 10 per cent suspension of fresh
human group O cells i saline 1s mncubated at 37°C for
2 hours The cells will be agglutmnated by the spectes
specific antibody but they should not be hemolysed If
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hemolysis does occur the serum must be further heated at
56°C 7

~ Onee the serum has been freed from hemolysins it may
be put through the next stage of preparation, or it may be
stored at ~20° C untl time permuts of further processing *

TRCATMENT OF THE CLOT

The bulk of the anti globulin antibody has been removed
with the supernatant serum, but a surprising amount can
be obtamned from the residual clot by cutting 1t into small
pieces (4-5 em cubes) and by shaking these up 1n 1sotonic
saline  The mixture should be shaken for 5 10 minutes after
which it 15 centnfuged and then the supernatant saline 13
removed and retamned  The process may be repeated at least
oncemore These washmgs contain both antr globulin and a
small amount of hetero antibodics which will have to be
absorbed out before the reagent can be used The solution
may store well 1f kept at —20°C and can be used as an
ant1 globulin reagent by itself or 1t can be employed as a
diluent for antr globulin sera

REFERENCES

1 Hor J M and HaperMan § 1954 The Coombs (ant:t globulun)
test Indications and techucs  4m J Cln Path 24 305

Dunsrorp I and Bowrey C C 1957  The production of antt human

globulin serum (Coombs reagent) in goats J Clin Path 10 29

StratTON F 1956 Production of human ant1 globulin reagent 1n

Sheep  Narure 178 214

Eyquem A 1956 Personal communication to Dr Stratton

GoopMan M Ramsey D S Stveson W L Remp D G Basmiskr

D H and BRennaN M H 1957 The use of chicken antt serum for

the rapid determination of plasma proteins  J Lab Chn Med 49 151

wh W N

6 Proom H 1957 Personal communication
7 Coomps R R A Mourant A E and Race R R 1946 Inwvivo
;csl;smsauon of red cells in babtes with hemolytic disease  Lancet 1

o

MepicaL Researcn Councie  Memoranoum No 27 1952 The
Rh blood groups and their Clhntcal Effects P L Mollison A E
Mourant and R R Race Her Majesty s Stationery Office London



26 ANTI-GLOBULIN {COOMBS) TEST

9 Woorron I D P 1950  Production of Coombs serum — Nature
165 730

10 Smad J RAMAKRISHMAN S P and Prakasy § 1952 Human
plasma as antigen m the preparatton of precipitin serum  Nature
169 4291

11 kb P 1957 Personal communication

12, KeNpALL, J 1937 Studies on serum protetns I Identtfication of

a single globulin by immunological means  Its distrtbution 1n the sera

of normal 1ndividuals and of patients with cirrhosts of the liver and with

chrome glomerulonephntis  J Clir Imest 16 921

Microm F Luszczynskr T and Dumiskt § 1956 Preparation

of ant globulin sera  Aature 177 329

14 kow~mios Z. D and Aksoy M 1955 Production of Coombs
serum by injections of auto antibodies into rabbits  Am J Chn Path
25 967

15 Psciotro A V and Hvz J E 1956 Vanatons m potency of
ants globulin sera prepared from serum contamming warm and cold
agglutiins  J Lab & Chin Med 48 930

16 CHrisTENSEN W N andDack ¥ V 1957 Serum protens in Acquired
Hzmolytic Anzmia (auto antibody type) Brit J Hemar III 153

17 Prooy H 1943 The preparation of precipitating sera for the
1dentification of amumal species  J Path Bact 55 419

18 Stavin D 1950 Production of ant1 sera mn rabbits using Calcrum
Algnate as an antigen depot  Nature 165 115

19 StratroN ¥ Personal communication

o



CHAPTER V

THL PROCESSING O ANTI HUMAN
GLOBULIN SERUM

THE PRELIMINARY EXAMINATION

“Previous chapters have described the immumsation of
the amimal, the collection of blood from 1t, the separation of
serum from the blood and the mactivation of complement
and destruction of haxmolysins present” Before carrying
out the labonous process of removing the unwanted anti-
species antibodies 1t 15 wise, at this stage, to examine the
serum to see whether 1t 1s Iikely to be good cnough to
warrant further action

The exact techmical procedure 15 deseribed in Chapter vi
and the reader 1s advised to make imself familiar with the
details and fallacies of the test beforc undertaking at
However, the principle of the preliminary examunation 1s
stmple ~“We want to know what are the relative amounts of
ant human species antibodies and antr-human globulin
anttbodies 1n the amimal serum we have collected  Serzal
dilutions (from 1/1 to 1/1024) of the serum are made by
adding saline Then, using a clean opal glass tile, each
dilution 15 tested against (1) a 50 per cent suspension n
saline of thrice-washed human group O Rh (D) positive
red cells, and (2) a saline suspension of the same washed cells
which have been coated with incomplete antt Rh (D)
antibodies/ The results of testing two typical sera are
shown 1n table 1

The serum of Rabbit A has agglutinated the untreated
red cells at a dilution of 1/4 as shown 1n the uppermost line
of results  Thus 1s a measure of the quantity of ant1 human
species antibody present The second line shows the dilution
at which the same rabbit s serum will agglutmate red cells

27
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which have been coated with anubody and it indicates the
presence of a considerable amount of anti human globultn
mn addition to the antt human speeics anttbody ~Tor the
serum to be worth processing the dilution at which 1t will
react with coated cells should be at least twenty times the
dilution at which 1t will clump unsensitised cells-  The
serum from Rabbit A would thercfore be regarded as
satisfactory  In contrast the serum from Rabbit B (the
lower two hines of table 1), appears to contan hitle antt-
globulin antibody and 1s unsutable for further processing
~ Some laboratones on finding that an ammal had produced
agood titre of antibody would kill it and obtain the maximum
yield of serum  This practice 1s not only unnccessary but
also unwise, since the “ spectrum * of antt globulin antitbody
will be less wide than that of an ammal which has been
further immumised
If, after the mtial course of immumnsing njections, a
rabbit has faled to develop a sausfactory utre of anti-
globulin, 1t should be rested for 6 to 9 months before bemg
given a second course  If the ammal again fails to respond
sufficiently 1t should be destroyed or used for some other
purpose The sera from ammals whuch have responded
adequately, whether obtamed from test samples or after
death need not be discarded, they should be saved, pooled
and mactivated  After removal of the unwanted hetero-
agglutinins the pool can be used as a diluent for good
antt human globulin sera, thus dimimshing the deterioration
which tends to occur on storage, even at —20° C, of serum
diluted with salme  Most rabbit anti-human globulin sera
can be diluted with an equal volume of such a “ neutral”
pooled serum and sometimes, with several volumes

THE REMOVAL OF UNWANTED ANTIBODIES

“t will be found, partscularly when working with rabbit
serum, that human red cells of the separate ABO groups
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are not all agglutinated to the same titre by hetero antibody,
since many rabbits have an apparently naturally occurning
anti A-type agglutinn and an occasional one will have
antibody which stmulates the action of ant1 B ~

“The hetero antibodies and anti human speces agglutinns
can be removed from ant1 globulm serum by absorption, by
dilution or by heat treatment Whichever method 15 used
the final product must not agglutinate fresh, well washed,
group A; B and O human red cells 7

1 Absorption Method

“For this procedure sterile fresh, well washed human
red cells of group O and group A,B are requred If A;B
cells are not available half quantities of A; and B cells may
be substituted ~

A suitable anti coagulant 1 which to collect the blood
1s 3 8 per cent of trisodium citrate (2 NayCgH;0,11H 0) 1n
distilled water mixing one volume of anti-coagulant solution
with four volumes of blood The solution 1s autoclaved
and the blood when taken must be kept sterile The blood
should be stored at 2 6° C and preferably the red cells used
for absorption should be no more than four days old
Older red cells more readily break down and are not so
efficient 1 removing antibodies

When the blood has been withdrawn 1t 1s refrigerated
until the red cells have sedimented  The next step 1s to free
these cells from all traces of plasma The plasma 1s
aseptically removed replaced with sterile 1sotonic saline and
the red cells and saline thoroughly mixed The muxture 15
then centrifuged to sediment the cells the supernatant 1s
removed, replaced with more saline mxed and agamn
centrifuged  If possible the red cells should be kept sterile
and a closed apparatus for the handling of large volumes of
blood has been described 1 V' The cells will require at least
six washings to free them from all plasma To determune
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whether this has been achicved the sulpho salicylic acid test
for protems 1s uscful  Take S ml of the saline from the last
washing and to this add 0 5 ml of 25 per cent sulpho
salicyhic acid  1f the washing has been efficient no trace of
turbidity should be <cen i the mixture ~

“The washing process 18 time consuming but must be
thorough, since traces of plasma present may confan
sufficient globulin to neutralise the anti globulin antibodics
n the ammal scrum during absorption » Furthermore, the
cells of cach donor must be washed separately before they
are mixed since reactions can occur between the plasma of
one blood and the red cells of another which cause the
agglutination of the red cells

‘At last we come to the actual absorption procedure which

15 performed 1n two stages  The antt human globuhn serum
15, firstly, well mixed with an cqual volume of the group O
washed pached cells and 1s then stored overnight at 4°C
durimg which time ant1 species antibody 1s adsorbed to the
cells  The O cells are then removed and discarded and a
second absorption 1s carnied out wiath A;B (or A;+B)cells
After this absorption the anti-globulin serum 1s tested for
reactions against A; B and O cells If hetero antibody has
been ncompletely removed further absorptions will be
necessary, but they should be kept to @ mmmum since, as
shown by Stratton and Jones (1955) # even well-washed cells
will reduce the titre of anti-globulin antibody #

"2 Dilution Method

“When an ammal has developed m its serum an anti~
human globulin antibody of high titre together with a
comparatively small amount of ant: human species antibody,
1t may be possible so to dilute the serum with saline that 1t no
longer agglutinates well washed human A,, B and O cells,
but 1t still retains 1ts capacity to clump red cells coated with
incomplete antibody globulms The disadvantage of this
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method 1s that, although the diluted serum may be a satis-
factory reagent with which to detect the presence of those
ncomplete antibodies whuch are gamma globulms, 1t may,
because of the dilution, dangerously fail to demonstrate the
presence of mcomplete antibodies which are non gamma
globulins  Since serum muxed with saline detenorates on
storage the dilution should not be made until required for use /

3 Heat Treatment

*n 1950 van Loghem? showed that hetero agglutimmns
could be destroyed by heating the animal serum to 63°C
for 1-2 hours Subsequently other workers have varied
the time and temperature requred Menolasimo and
Davidsohn (1954) ¢ found exposure of the serum to 70 C
for 30 mnutes to be effective, Hunter and Thomas (1957)
discovered that a temperature of 63° C for 30 munutes was
sufficient for some sera’ However these authors and later
Wilson, Stmmons and Semple (1958) ¢ have demonstrated
that heat treatment may impair the serum s ability to react
with some globulins “To avoid coagulation of the protemn by
these temperatures, the serum should be mixed with an equal
volume of saline before heating~ This method has certain
advantages in a laboratory where the supply of human red
cells for absorption 1s meagre or when the volume of serum
1s small or when the loss of antt globulin antibody during
absorption would be too great

THE PREPARATION OF ANTI GLOBULIN SERA FOR
OTHER ANIMAL SPECIES

Only the absorption of anti human globulin sera has
so far been mentioned, but ant: globulins for other species
can be prepared by an analogous method For example 1f
a rabbit ant1 goat globulin serum 1s requred the mactivated
serum from a rabbit which has been immumsed with goat
serum 1s absorbed with well washed goat red cells
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CHAPTER VI

STANDARDISATION OF ANTI HUMAN
GLOBULIN SERUM

“THE ant: globulin serum which has been prepared wall be
used prmcrpally for the detection of incomplete antibodres
of vanous titres and specificities  Therefore, before this
reagent 18 used 1t 15 necessary to know whether 1t will disclose
the presence of a weak antibody, whether 1t 1s capable of
demonstratmng the existence of a range of different antibodes,
and at what difution 1t 15 best used ©

In blood transfusion laboratories the antibody most
commonly encountered 1s the Rhesus anttbody, ant: D, and
1t 1s essential therefore in these laboratories, to determune
the optimum dilution of the anti globulin which will aggluti-
nate group O Rhesus positve red cells which have been
sensitised by a weak mcomplete ant: D serum It must be
remembered, however that what 1s an optimum dilution for
the disclosure of Rhesus antibodies may be too dilute to
demonstrate an antibody against another red cell antigen
eg anti1 Kidd Furthermore the ant: globulin serum may
only be able to detect Rhesus antibodies and may be quite
useless for the detection of other incomplete antibodies,
1e the serum lacks ant: globulins to these particular anti-
bodies A more complete explanation of this 1s given 1n the
next chapter ©

Tdeally, the anti globulin serum should be standardised
for each type of anttbody which 1t will be required to detect’
In practice this 1s hard to achieve because of the difficulty
of obtamng different types of antibodies for coating red
cells A schedule of proven worth followed in the Sheffield

34
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laboratory, 1s to st cach dilution of the anti globulin
scrum aganst
1 Rhesus positne cells sensitised with a sclected weak,

complete ant1 D antibody
2 Rhesus positine cells of type CDe/cDE sensitised with

weal, mcomplete ant1 E antubody
3 Kell positive red cells sensitised with weak anti-Kell
antibody (this 1s a sclected * non gamma™ type of
antibody, see next chapter)
A, cells coated with incomplete anti-A antibody
If available, red cells from a case of the ** cold antibody ™
type of acquired hemolytic anzrua
If available, red cells sensitised with a weak anti-Duffy
antibody -
“From the results obtamned we hope to find two dilutions
of the ant1 globulin serum at which all these antibodies have
been detected, and 1t 1s then used at these dilutions only~
If we find the ant1 globulin 1s only reliable for the detection
of Rhesus antibodies 1t 1s erther pooled with another serum
which will detect all types of antibodies, or 1t 1s only used 1n
parallel with another anti globulin serum which will detect
these antibodies

Ant1 globulin sera available may be supplied undiluted
or they may have been diluted before issue “if the raw
serum 1s supplied 1t 1s customary to show on the label or on
the accompanying report the dilution for the detection of
Rhesus antibodies only » The user of such serum may be
unable to standardise the serum for the detection of other
antibodies In this case the problem 1s overcome by
employmng serial dilutions of the ant1 globulin serum or,
n a less certain manner, by using a dilution of the ants-
globulin serum which 1s about one fifth of that recommended
for the detection of Rhesus antibodies

If 1t 1s known that the serum issued 1s already diluted,
or if the supplier states that 1t 1s swtable for use without

[V
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further dilution, then the user should be mnformed or should
determine that the reagent 1s suitable for detecting all types
of antibodies  One of us (I D ) has examined some commer
cially available antt globulin sera and found they have been so
diluted that they will only detect Rhesus antibodies No
mdication of this was given 1n the hterature issued with
the reagent, and the usage of such matenials can have
dangerous consequences 1n blood transfusion work

METHOD OF STANDARDISATION
For this test coated cells are required which have been
subjected to varying degrees of sensitisation  Each portion
of these cells 1s then mixed with a varety of dilutions of
anti globulin serum and the results of the interaction between
the cells and serum are noted

A The preparation of the coated cells

Select a weak, mcomplete anti D serum which will
agglutinate cells suspended 1n albumin at a titre of 1/16
to 1/32 but which 1s not active at greater dilutions

In tubes (9 mm by 75 mm ) prepare serial dilutions
(1/1 to 1/64) of this anti-D serum so that 1 ml of each
dilution 1s available

Toeach dilutionadd 0 5ml of a 50 per cent suspenston
1n saline of washed packed, group O Rh posttive cells
4 Incubate each mixture at 37 C for 30 mmutes
Centnifuge each tube remove the supernatant and add
at least 20 volumes of saline, flushing the cells up from
the bottom to ensure thorough mming

Centrifuge agamn at 800 1000 rpm to sediment the
cells, remove the supernatant saline and replace with
more saline until the cells have been washed at least
three times

Prepare 50 per cent suspenston in sahine of these
washed cells

—
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8 Prepare also 50 per cent suspenstons of thrice-wished
A,, B and O cells which have not been exposed to any
antibody

B The preparation of serial dilutions of the ants globuln serum

Prepare senal dilutions of the antt-globulin serum
saline from 1/1 to 1/1024 or more, according to the titre
which 1t 15 expected to reach, so that 0 5ml of each dilution
1s avatlable

€ The wteraction between cells and serum

1 A large white opal glass title measuring 20 inches
square 1s well cleaned with soap and hot water to
remote any traces of serum or globulin left by previous
tests  After drying with a clean cloth, kept specially
for this purpose, the tile 1s marked out into the squares
as shown m fig 7

Place one drop of the anti globulin serum 1n each
square of the vertical columns so that every dilution
can be tested against progressively less sensitised cells
and against the non sensitised A}, B and O cells In
the last column drops of saline are used 1n place of
ant: globulin serum

Moving from left to night add one drop of sensitised
cells (and then the unsensitised cells) to the squares
contaming each dilutton of the anti globulin serum

Carefully rinse the pipette 1 salime before taking up
each new batch of cells

Mix each lot of cells and serum with the end of a clean
plastic rod, nnsing and drymg the rod between each
mixing A quicker alternative 1s to use short lengths
of wooden swab stick to stir the muixture and to discard
cach one as 1t 1s used It 15 advisable to have two
people doing the muxing together 1n order to save time

and to prevent the drops from drymng too much before
the results can be read

(8]
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5 After 1-2 minutes (tmed by the clock) rock the tile very
gently back and forth and from side to stde  Let it
stand for a further minute and then repeat the rocking

6 After 1t has stood for 5-7 mnutes the results should be
read Check the absence of agglutinatton with a hand
lens 1n all apparently negative reactions
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THE INTERPRETATION OF RESULTS

When a rabbit has been immunised for the first time the
results of the anti globulin serum standardisation test are
likely to be of the pattern shown in table 1 The absence of
reaction between the anti human globulin serum and the
unsensitised A; B and O cells confirms that the ant: species
antibody has been satisfactorily absorbed No reaction
should occur between the cells and saline, thus establishing
that the ant1 D serum 1s truly mcomplete Provided that
these control tests are satisfactory exammation of the
remander of the results will indicate to what degree the
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ant1 globulin serum can be diluted The results shown 1
table 1t suggest that tlis serum would prove satisfactory at
a dilution of 1/8 to 1/16 for the detection of antt D antibodies

THE STANDARDISATION FOR OTHER GLOBULINS
For this standardisation, each dilution of the anti globulin
serum 1s tested agamst cells coated with the same amount
of antibody The type of result obtained 1s given 1 table m

THE ZONING PHENOMENON

A second pattern of reactions 1s seen 1n tables 1v and v
This picture 15 obtained by using ant: globulin sera from
much immumsed rabbits though 1t occurs less commonly
m goat sera “For ths reason Hill and Haberman (1954)*
suggest that ¢ further studies should be made to determine
if the goat may not be superior to the rabbit with respect
to the quality as well as the quantity of antt globulin sera
produced ’

“The configuration of results in tables 1v and v shows what
1s known as the zommg phenomenon - Its occurrence In
ant1 globulin sera was first described by van Loghem (1950)
and was later reported by other workers van Loghem,
Kresner, Coombs and Fulton Roberts (1950) 2 and Hubnot
(1951) ¢ “The Jack of reaction where the antibody 1s used
neat or 1n low dilutron 1s known as the pre zone or prozone
In the next few tubes where agglutination does occur 1s
the reaction zone and subsequently we reach the point where
no observable reaction has occurred the post zone #

vCertain findings suggest that the prozone phenomenon
could be due to a relative excess of anti human globulin
antibody over globulin on the surface of the red cells For
example 1f additional sensitised red cells are added to a
muxture of unagglutinated sensttised cells and ant: human
globulin serum 1n the prozone area agglutination takes
place” “Also if we add a small amount of a very dilute



41

ANTI-HUMAN GLOBULIN SCRUM

- - - - - - - - = o
- - - = - Z - - - I - = =
- - - - - - - v
postsuas jou i3
+ ++ ++  ++ ++ ++ + + o - - - OLET) 133 nuy
+ ++ +++ ++++ A+t L+ -+ b o+ R o+ + 4| v nEE Sunwur sje(dwodd]
- - - 3 n (+) + + + L 9551 +37) stup nUY
+) + + ++ ++ ++ ++  ++ o+ LI (sawun) Ayng nuy
YN pastisuas S{13D
000Z 000 00§ 95T 248 9 (43 9 8 L4 [
€601 ON YAtd O H V Jo suonnpicl
uw Tave



42 ANTI-GLOBULIN (COOMBS) TEST

solution of gamma globulin to the unagglutinated sensttised
red cell muxture, thereby lesseming the amount of anti
globulin present, clumpmg will occur  The weaker the cell
suspenston the more marked 1s the prozommng and this 15
one of the reasons why, mn performmg the Direct anti
globultn test, 1t 1s necessary to have a thick cell suspension
at Jeast (50 per cent cells 1n saline) to reduce the nsk of
false negative reactions <

“There may also be another explanation of the prozone”
It can be shown experimentally that the unagglutinated
sensitised cells of the prozone area are, in fact, doubly
coated with an mner layer of incomplete ant1 D and an
outer covenng of rabbit anti human globulin If these
unagglutinated cells are washed three times with large
volumes of saline and tested with goat ant1 rabbit globulin
serum they are agglutinated Since anti rabbit globuln
sera caused this, 1t shows that the cells are coated with
rabbit globulin and this must be the rabbit anti human
globulin, and this 1n turn must be attached to the Rhesus
anttbody which m turn 1s attached to the red cells This
would suggest that the prozone may be due to mcomplete
antibodies 1 the rabbit anti globulin which coat the red
cells and block the reactions of complete antibodies present
1n the anti globulin serum It can be further inferred that
ditution of the ant:1 globulin serum with salme dilutes the
complete antibodies so that they no longer block the
action of the complete antibody <

It 15 obvious from studying the results in tables Iv and v

that either explanation applies only to the anti globulin
antibodies detecting Rhesus antibodies, since the other

ntibodies are detected with Iess diluted ant: globulin serum
“Therefore this would suggest that a zoning ant1 globulin
serum may contamn at least three types of antibodies—
«complete and incomplete ant globulin detecting Rhesus
antibodies and complete antt globulins reacting with other
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antibodies such as certain anti Kells In the next chapter
further evidence will be given that anti human globulin
serum contains more than one type of antibody -
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CHAPTER VII
COMPLEAITIES OF THE ANTI GLOBULIN SERUM

“So far human globulin has been frequently referred to as
though 1t were a single entity and only a brief sndication
gnven that antiglobuln sera have anttbodies agamst
different types of globulins By electrophoretic or chemtcal
means alpha- beta- and gamma-globulin fractions can be
distingwished 1n serum, and still further subdivisions of these
fractions can be made Coombs and Mourant (1947)!
established that Rhesus antibodies were mostly, 1f not
entirely, ;m the gamma globuhn fraction of the serum
That bemng so, an antt human globulin serum, optimally
diluted for the detection of anti-Rh antibodies, will also
demonstrate the presence of other antibodies which are
gamma globulins but 1t may fail to reveal the existence of
antibodies which are non gamma globulin 1n nature -

An 1llustrative example 1s shown in table vi  An antr-
human globulin serum was tested against Rhesus positive cells
coated with incomplete anti-D antibody and the optimum
dilution proved to be 1/128 When the same antt globulin
serum was tested agamnst blood from a patient suffering
from acquired hzmolytic anzma, whose cells were coated
with ¢ cold ” type antibody, the agglutination pattern was
so different that, had the ant1 globulin serum been used only
at a dilution of 1/128, 1t would not have demonstrated the
fact that cells were coated with antibody
R"i)acxe (1950),> Crawford and Mollson_(1951)3 and

enton (1952) ¢ reported observations which showed tha

anti-globulin sera could be absorbed with one type o;'

sensitised cell without removing the activity against other

types of sensitised cells  Using this techmque, they demon-

strated that anti globulin sera had at least two types of
43
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antibodics—anti gamma  globulins reacting with Rhcsus
antibodies and some others, and anti non gammn globulins
which falled to react with Rhesus antibodies but would
detect other types” The techmques which these authors
describe can be used to preparc anti globulin sera that
have esther no antt gamma globulins or no ant1 non gamma
globulins  Renton (1952) ¢ referred to the anti-gamma type
as Fraction I and the anti non gamma as Fraction II  The
use of this termimology 15 confusing since preparations of
human gamma globulin are often referred to as Fraction
11 and, therefore, the terms anti-gamma and anti non gamma
are preferred  The anti gamma globulin titres are mvanably
higher than the antt non gamma globulin titres

“An ant: globulin serum capable of detecting all types of
globulins 1s sometimes referred to as a “ wide_spectrum
reagent’  In Chapter 1v varous methods of production of
anti globulin sera using different antigens were described
When 1njections of whole serum are used as antigen the
ammal 15 Iikely to develop both anti gamma and anti non-
gamma globulins’ Even when gamma globulin 1s used as
antigen the resultant ammal serum may have anti non-
gamma globulins, suggesting that the gamma globulin was
not sufficiently pure  Possibly in the future purified globulins
may be used as antigens and specific anti-sera prepared

“A different approach to making specific anti sera was
used by Cutbush Crawford and Mollison (1955)5 They
studied the effect of the addiion of dilute solutions of
various globulin fractions (alpha, beta, gamma and gamma,
globulins) to anti-globuhin sera, and with these neutralised
sera they tested cells coated with a variety of different
incomplete antibodies < They also obtaned, from a patient
suffering from a condition known as agammaglobulinzna
a serum which contamed both alpha and beta glggﬁfl—ns,
but no gamma globulms This serum when added fo ant;
globulin sera gave them reagents lacking 1n certamn types of




48 ANTI-GLOBULIN (COOMBS) TEST

ant1 globulins and these were tested against red cells coated
with various types of antibodies “Therr results confirmed
that incomplete ant1 Rh_antibodses, the * warm type” of
mcomplete antibody of ncquxred h’EmO]yth anzmias, some
examples of anti Kell and some anti Duffy antibodies are
gamma globulins, and some are probably n the gamma,
globulin fraction of the serum  The cold type antibody
of acquired heemolytic anmma, the Sold mcomplete antibody
of normal serum, Dacie (1950)~ and some anti Lews
antibodies are contamed mn the alpha and beta globulin
fractions  Other anti Lews and ant: Duffy antibodies were
found to be a mixture of gamma and non gamma types «
The role of complement 1n the ant: globulin test has been
previously mentioned and several workers have shown that
some substance, possibly complement, in fresh serum 1s
necessary for the coating of non gamma globulins to be
detected An interesting experiment 1s to expose Lewis-
positive cells to an antt Lewss serum lacking 1n complement
The cells are then washed three times and divided 1nto two
Iots One portion s tested with an antt non gamma globulin
serum and no reaction will be observed The other portion
15 incubated for 30 munutes at 37 C with a selected* fresh
human serum after which 1t 1s further washed three times
and tested with the same anti non gamma globulin serum
when agglutination will be observed “Dacie Crookston
and Chnstensen (1957) ¢ consider that the components of
complement required are C1, C2 and C4 but not C3
These findings underhine the fact that unless one 15 using
fresh incomplete serum for sensitising the red cells for the
Indirect ant1 globulin test a non gamma globulin antibody
may escape notice  If the sensitising serum has been stored
for more than a couple of days 1t may be necessary to add
to 1t a volume of fresh human serum to ensure a sufficiency

of complement #
* Preferably from a person whose red cells are Le(a~b—)




COMPLENITIES OF THE ANTI-GLOBULIN SERUM 49

Enough has now been wntlen to make clear to the
serologst the mmportance of knowing and appreciating the
capabilities and hmitations of cach antt globulin serum with
which he has to work “He should be aware of the anti-
globulin serum which has been nd of 1ts hetero antibodies
by dilution, or by heat treatment, sinee such manipulations
may result 1n a serum which will detect only coatings of
gamma globulins 7

“Three methods can be employed with anti-globulin sera
to ensure detection of both gamma and non gamma globulins
The first 1s to use senal dilutions of the antt globulin reagent,
say from 1/1 to 1/512—the serial dilution anti globuln test
Ths techmque 1s tedious and mvolves a ot of unprofitable
work but 1t 1s necessary sometimes /

“The second method 1s to use the ant1 globulin sera in two
dilutions, one at the optimum dilution for the detection of
gamma globulins and the other at the dilutron for detecting
non gamma globuhns  For this to be a rehable techmque
the results of the standardisation test must be known though
n practice the dilution required to detect gamma globuling
1s usually found to be about four to six trmes that needed
for the detection of non gamma globulins ~

The third method 1s one used by some commercial firms
Two different ant1 globulin sera are selected, one of which
must be capable of detecting the non gamma globulins, the
other can be one contammng anti gamma globulins only
the sera from goats and rabbits can be mixed The optimum
dilutions for detecting the two types of globulins are
determined  The serum contaming the anti gamma globulin
1s then diluted to 1ts point of optimum activity with saline
or saline washings from the clots (obtamned as described),
or with a mixture of saline and neutral (1 e free from hetero-
antibodies) ammal serum “This antt gamma globulin serum
can then be used as a diluent for the other ant: non gamma
glubulmE serum 1n such a proportion that 3t will @ve a
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reagent which will detect both gamma and non gamma
globulins at the same dilution The prepared reagent can be
1ssued already diluted, or by adjusting the volumes used in
1ts preparation a single dilution factor can be recommended
which will give a satisfactory reagent > ““The simple calcula
tion necessary for prepanng 100 cc of reagent requiring
no further dilution 1s given for gwdance #

“Serum A—-Dilution at which gamma globulns are
detected—1/100

Serum B—Dilution at which non gamma globulins are
detected—1/10

1100 _
Amount of serum A required = o6 % T° lc ca
1 100
Amount of serum B required — BXT = 0cc

Amount of diluent required = 100—~11 =89¢cc ~

ANTIBODY ANALYSIS BY GEL DIFFUSION TECHNIQUES

Agar diffusion techmiques (Ouchterlony 19497 and
Oudin, 1952 8) show great promise as a means of analysis
of anti globulin sera  Vaughan (1956) ® has reported on
the analysis of ant1 globulin sera by these techniques
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CHAPTER VIII

THE TECHNIQUE OF THE
ANTI GLOBULIN TEST

THE details of the test to be described are those used 1n
human blood group and transfuston serology and in the
study of human disease The principles are equally applicable
to investigations in other anrmal species and 1n bacterial
immunology

~'To the umnitiated, the many published accounts of the
use of the test for the detection of antibodies, the study of
red cell antigens, the investigation of post transfusion
reactions, the diagnosis of h@molytic disease, or mn forensic
work, may suggest that a great variety of methods are used
Furthermore laboratory workers, speaking of the Indirect’
and Direct’ tests increase the impression that they are
different techniques, but this 1s not so ~

Basically, the ant: globulin test 1s performed 1n two stages *
In stage one, cells are exposed to the action of incomplete
antibody 1 such a way that the antibody becomes attached
to the corresponding antigen on the red cell surface,3n
stage two, the ant1 globulin serum 1s employed to demon
strate these incomplete antibody molecules present on the
cell surface  The difference between the Indirect and
Direct methods rests solely on the fact that, in the Indirect
techmque the first stage 1s performed 1n a test tube, whereas,
1 the Direct techmque the first stage has already occurred
1n the body before the blood sample was collected “

For the sake of simpheity the techmque of the antt
globulin test will be described 1n terms of the basic routine
procedure adopted for the detection of incomplete ant D
__the antibody most likely to be encountered in hospital
practice The reasons for certain recommended actions and

52
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the various modifications of reagents, which may be uscful
under different circumstances, will be outlined later

““Tye INDIRECT ANTI GLOBULIN TEST

Four drops of the serum suspected of contamning -
complete antt D antibody are placed in 1 test tube
Two drops of @ 50 per cent suspension m saline of

Lnown * group O D positive red cells are pipetted into
the same tube and are mixed with the serum
Control tubes are also prepared Control (1)—the
positive control—contains a mixture of the same group O
D positive cells with a serum known to contain mncomplete
ant D Control (n)—the negative control—contains
a mixture of the same cells with a serum known to contain
no antibodies
4 The three tubes, one contamning the suspect serum and
the two containing the control mixtures, are mncubated
for 13 hours at 37°C
Towards the end of this perrod remove a small amount
of the sedimented cells to a shde and examine micro
scopically for any agglutination which would signal the
presence of complete antibody
Provided that no agglutination has taken place, remove
the supernatant serum and saline from the remamng
cells 1n all three tubes The next step of the Indirect
test 1s the first stage of the Drrect test

—

[N)

w

w

(=2

THE DIRECT ANTI GLOBULIN TEST
The red cells with incomplete antibody molecules
adherent to their surfaces must be washed completely free
from serum so that the only globulin remaining 1s that of the
antibody If the Direct test only 1s being done positive and
negative control cells must be prepared at this stage
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—

To the sedimented cells add a large quantity of stenle
sahine, flushing up the button of cells and dispersing
them throughout the saline

Centrifuge the cell saline mixture at 800 1,000 rpm for
1-2 minutes

Remove the supernatant saline by pipette or by suction
from a water pump The more expert, after a bit of
practice can empty the saline from the tube by a quick
fiick of the wnist leaving the button of cells 1 sifu at
the base of the tube

Repeat the washing twice, or preferably thrice, and after
the final spmning remove every drop of supernatant
saline

™~

w

EN

5 Dunng the ntervals of cell washing an opal glass tile 1s
thoroughly cleaned dried and marked out in one inch
squares with grease pencil as shown in fig 8

~ b 8
Positive Negative Cell Suspenston
Control { Control i Test ‘ Control
1 2 3 4
AHG phs AHG plus AHG plus Test Cells
Sensitised cells Untreated cells Test cells plus Salmne

6 Using clean apparatus and unsoitled salme dilute the
antt globulin  serum accordng to the nstructions
applicable to the particular batch 1n use

Place one drop of ant1 globulin serum n squares 1 2
and 3 In square 1 add one drop of cells which have
been sensitised with known anti-D  To square 2 add
one drop of the cells which were mixed with mert serum
Squares 3 and 4 each recewve one drop of the cells under
test and 1n square 4 a drop of saline 1s put 1n place of
the ant1 globulin serum

Mix the contents of each square thoroughly spreading
them over an area of about § of an nch

~

-3
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9 As soon as the mixing 1s complete start a stop-watch
After 1-2 munutes rock the tile very gently and replace
on the bench  Repeat the rocking, agam very gently,
after a further minute or two and then leave standing
until ready for reading 57 minutes from the time of
mixing

10 Read macroscopically with the opal tile held over a
bght All apparently negative results should be
scrutimsed with a (x 10) hand lens  All controls must
be read first

SEROLOGICAL POINTS TO BE NOTED
“The Test Serum

“At the beginming of the test the serum suspected to
contain incomplete antibody must be freed from 1ts own
native cells If the serum 1s likely to contain antibodies 1n
the non gamma fraction complement must be present and
this can be affected by the addition of fresh AB serum to the
serum undergoing test” This point was emphasised on one
occaston when a hosprtal techmcian, searching for com-
patible blood for a patient, discovered an antibody by the
Indirect ant globulin techmque This same test, repeated
24 hours later 1n the reference laboratory, did not disclose
the anttbody until fresh serum was obtained from the
patient and was tested within 8 hours “The antibody
proved to be ant1 Les and, as shown by Mollison and

Cutbush  (1955)* could have caused a

transfusion
reaction ”

Cell Suspensions

“The best results will be obtained with fresh unrefrigerated
red cells  Cells which have been stored for a time 1m the
cold may have become coated by cold mcomplete auto-
antibody present in the donor’s serum and when they give
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a posttive anti globulin reaction 1t may be wrongly assumed
that the test serum contains anttbodies 7

When selecting blood for transfusion, which has of
necessity been stored at a temperature of 46 C, one
cannot avoid the use of stored, refrigerated cells however,
sodum_citrate has an anti compl ry effect which
prevel of the cells by cold incomplete auto
antibody Tlus 15 one of the reasons for the use of citrate
1n the pilot tubes of some blood transfusion services On
the other hand, this same anti complementary effect of
citrate may mask the auto antibodtes of acquired hemolytic
anzma and Roth (1954) 2 recommends that blood samples
from such patients should not becollected mnto ant1 coagulant”

~To avoid false reactions and to give more clear cut
results, cells must be washed free from thewr own serum or
plasma before admixTure with the sensiusing serum <

An 1mportant modification of the test was the mtro
duction of the use of enzyme treated cells Unger (1951) 2
and Unger and Katz (1952) * applied the anti globulin test
to cells which had, as a prelminary, been treated with
trypsin or ficn  and 1t was by the application of this same
technique to trypsinised cells that Plaut Ikin, Mourant,
Sanger and Race (1953) % were led to the discovery of the
antibody ant1 Jk» However as demonstrated by Mollison
and Cutbush (1955)* some antibodies such as anti Le» and
anti-P may cause lysis of enzyme treated cells when the
cell serum muxture 1s meubated -

“During the process of sensitisatton 1t 15 recommended
that the relative amounts should be two volu m
to one volume of cells The reason for advising these
proportions 1s that we wish to obtain cells coated with as
much 1ncomplete antibody as possible If cell suspensions
of a range of concentrations are mixed with an incomplete
antibody serum it 1s found that the weaker the cell syspenston
the more hkely 1s 1t that agglutmation will occur at this

Fl
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stage, the stronger the ccll suspension the more Iikely 15 1t
that the antibody will be absorbed, but the cells will not
be agglutinated # Table vir shows the results obtained when
a complete anti D scrum was titrated aganst varying
strengths of suspenston of the same D positive cells
“t 15 mewitable that some cells will be lost during the

washing process and allowance must be made for this, so
that at the final stage of the anti globuln test an ample
quantity of coated cells s available  Because of the prozone
phenomenon, described i Chapter vi, a falsely negatne
reaction 15 more lthely to occur when a weak cell suspension
1s mixed with the anti-globulin serum and the presence of
an anttbody may be mussed ~

Normally, the mixing of washed cells with the serum
which 15 expected to sensitise them 1s performed at room
temperature  Difficulties may anse, however, when
compatible blood 1s being sought for a patient suffering
from hzmolytic an@mia of the cold antibody type Under
these circumstances, 1t will often be found advantageous
to_heat the donor cells and recipients serum separately
to 40° C and to mix at this temperature before incubating
them Tor 2 mmimum of 30 minutes at 37° C 1n a water bath
Since the incubation time 1s comparatively short, a warm air
ncubator 1s not satisfactory Wootton (1951) ¢ showed
that 30 munutes’ incubation s not long enough to produce
the optimum results and that mcubation periods of up to
a maxmmum of six hours were required to give the strongest
reactions “If possible, therefore, when sensttising cells for
the Indirect antiglobulin test, the cell serum mixture
should be left for at least two and preferably four hours -

The thorough washing of the sensitised cells 1s a most
important step 1n this test  As can be seen 1n table vii, even
so small an amount as one part of human serum 1 4000
parts of saline will neutralise an equal volume of diluted
anti human globulin serum Moreover, the anti globulin
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serum reacts more_rcadily with_frec globulin than with
antibody globulin attached to the red cells, possibly because
the Bound globulin has alrcady used some of its combimng
sites whereas the free globulin has 11l its combiming sites
avalable  Careful attention must also be pud to the
provision of apparatus free from contaminating globulin

Test tubes, pipettes, teats, glass tiles or microscope shdes,
unless scrupulously cleaned, may result in hours of wasted
labour If the thumb or finger 1s used to occlude the end of
the test-tube during muxing, be sure first that 1t has on 1t no
trace of human serum -

TABLE VIl
Effects of traces of human serum on the anti globulin reaction

Dulutions of Heman Rh+ Coated cells+
Serummm AHG AHG

000 -
n 2 000 -
n 4 000 -
n 6 000 gV
11 12000 o+
Control (no serum) +4

n

=

1
1
1
1

“"The saline for washing red cells 1s normally used at room
temperature (18 -20° C) When cells have been refrigerated
and have become coated with aute agglutinun 1t 1s sometimes
advisable to wash with warm saline at 37°C A blood
specimen, collected from an infant’s umbthical cord, may
bave been contaminated with Wharton's Jelly, becommng
gelatinous at room temperature and in this mstance, too,
washing with warm saline may be more efficacious ~

‘When Coombs, Mourant and Race 7 first desernibed their
test 1n 1945, the final mxing of the ant1 globulin serum with
the sensiuised cells was performed 1n a test tube They read
the results both microscopically and macroscopically though
they reported that * in practice the macroscopic reading has
m every case proved sufficient” A year later, Coombs,
Mourant and Race (1946) ® compared the tube and tile
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serum reacts more_rcaddy_with_free globulin than with
antibody globulin attached to the red cells, possibly because
the bound globulin has already uscd some of its combining
sites whereas the free globulin has all its combining sttes
available  Careful attention must also be pad to the
proviston of apparatus free from contamimnating globulin

Test tubes, pipettes, teats, glass tiles or microscope shdes,
unless scrupulously cleaned, may result in hours of wasted
labour If the thumb or finger 1s used to occlude the end of
the test tube during muxing, be sure first that 1t has on 1t no
trace of human serum -

TABLE VI
Effects of traces of human serum on the ant: globulin reaction

Dilutions of Human Rh+ Coated cells+
Serummm AHG AHG

000
000 -
000
000

55685
O B

gw
2000

+
Control (no serum) ++

e

e

“"The saline for washing red cells 1s normally used at room
temperature (18 -20° C) When cells have been refrigerated
and have become coated with auto agglutinin 1t 1s sometimes
advisable to wash with warm saline at 37°C A blood
specimen, collected from an infant’s umbilical cord, may
have been contamnated with Wharton's Jelly, becoming
gelatinous at room temperatiré and in this mstance, 00,
washing with warm saline may be more efficactous ~

‘When Coombs, Mourant and Race 7 first described their
test 1n 1945, the final mixing of the ant1 globulin serum with
the sensitised cells was performed 1n a test tube They read
the results both microscopically and macroscopically though
they reported that  n practice the macroscopic reading has
m every case proved suflicient’ A year later, Coombs,
Mourant and Race (1946) & compared the tube and tile
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techniques and stated that™* 2 parallel test done n a tube at
37°C and read microscopically gave the same result as a
tile test n every case’ ~ “Nowadays most authorities prefer
to use the tile techmque having found 1t to be a more
sensitive method  Furthermore, 1if the degree of sensitisation
of the cells 1s slight, the agglutinates formed are rather loose
and are liable to be broken up while being transferred by
pipette from tube to microscopic shde” Opal glass 1s
selected for the tile because 1t has a smoother surface and 15
freer from small pits than any other type It can be easily
scrubbed clean with a soft brush hquid soap and hot water
rinsed free from soap and dried with a special  serum free *
cloth just prior to use <

The Antr Globulin Serum

“When nvestigating a patient s serum which may contain
mcomplete antibody the anti globulin serum should be
prepared m two dilutions (a) for the detection of gamma
globulins, and (b) for the detection of non gamma globulins
Normally, the correct dilution for each globulin should be
known before the reagent 1s put into use, but, if 1t 15 not, a
dilution of MMW:_M for the detection
of Rh antibodies will often be swtable~ These dilutions
must be made up 1n clean tubés usmng a new pipette and
clean teat on each occasion or alternatively the pipette and
teat, which 1s used for ant: globulin serum only, can be
stored 1n a clean dust free box “The saline with which the
anty globulin  serum 1s diluted should be clean and
uncontaminated by pipette rinsings® When a second dilution
of ant1 globulin serum 1s employed the squares 1 2 and 3 of
figure 8 must be duplicated on the tile YWhen an anti
globulin serum 15 capable of detecting both gamma and
non gamma antibodies at the same dilution, both types of
positive control cells should be placed on the tile 1n separate

squares side by side <
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The Mixing of the Reagents

~Dunng the miung process, when the anti globulin serum
and the sensiised and control cells are being brought into
intimate contact, the tile should be standing on a level bench
The mmplement used for strring may be a wooden swab
stick, 1 which case a separate stick 1s used for each mixture
Sometimes a plastic rod 1s used and it must then be quickly
washed and dried between each mixing© Race and Sanger
(1954) ® use the four corners of a mucroscope shide—a
differentcornerisapplied toeach squareof mixture  Although
this method 1s effective, false positives may result, especially
1f the glass microscope shde 1s rubbed hard on the opal glass
tile  Its occurrence appears to be related to the type, age
and composition of the glass

urther mixing of the reagents takes place during the

subsequent rocking of the tile It cannot be too greatly
stressed that the handling of the tile should be very gentle -
Race and Sanger (1954) ® draw attention to the fact that

when working with the less avid antibodzes * 1t 1s wise to be

very gentle with the tile and to tilt it only at the time of
reading” “Gentle rotation of the ule, keeping the cells

towards the centre of the area, 15 of the utmost help in

detecting the weaker incomplete antibodies -

“If the tile 1s left standing so long that evaporation takes
place the results can be difficult to interpret and, particularly
when the laboratory temperature 1s hugh, the tests should be
examined for agglutination 57 minutes after the mixing
If, however, the tmtmanmxstcmmc
reaction time and evaporation 1s mimmsed, the tests are
read at 5, 9 and 12 minutes after the mixing ~

CONTROLS
“No rehiance can be placed upon test results which have
been inadequately controlled It must be shown that (1)
the ant globulin serum 15 capable of detecting both types
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of globulin coatings, (u) the ant: globulin serum 1s not
gving false agglutination, (1) the agglutination of the test
cells 1s due to the action of the antr globulin serum and not
due to other causes ~

~To demonstrate the gamma globulin coating two volumes
of thrice washed group O D positive cells are mixed with
four volumes of a known weak, incomplete anti D antibody
and are incubated at 37 C for one hour Thereafter these
cells are washed at the same time and in the same manner
as the cells under test ~

“To confirm the non gamma globulin coating one volume
of a 50 per cent suspension of thrice washed group O red
cells 1s muixed with ten volumes of fresh human serum and 1s
then refrnigerated at 4 C for 1 2 hours during which time
the cells will pick up cold incomplete antibody  These cells
are also washed at the same thime as the cells under test
but the saline used should be warmed to 37° C —Crawford,
Cutbush and Molltson (1953)® These cells are sometimes
referred to as *“ cold sensitised cells * ~

~The negative control 1s provided by the same group O
cells which have been exposed to a serum known to be free
from coating antibodies They are washed too, at the same
time as the test cells  For preference these negative control
cells should not be obtaned from refrigerated blood 1n
which thre serum may contain cold incomplete antibody
However 1if the blood was drawn mto ant1 coagulant the
antt complementary action of citrate will have inhibited
union of antigen and antibody

VA further cell suspension control 1s required 1n the last
stage of the ant1 globulin test The test cells, supposed to
have been coated with mcomplete antibody, are mixed, not
with ant: globulin serum but with a drop of saline Agglut:
nation of this mixture indicates that some cause cthe&thau
the globulinfant globulin reaction 1s at work” Some
authorities control the results still further by adding
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well-washed  sensiised cells to  all apparent negative
reactions  If agglutmation occurs then 1t demonstrates that
sufficient anti globulin serum was there to agglutinate the
onginal cells of they had been coated ~

APPARATUS

“Dunng the course of the fest a great many tubes are
constantly handled and moved to and from the centnfuge
and rachs, and 1t 1s obvious that some foolproof method of
identifying each tube must be devised” Grease pencil
markings are upreltable adhesive labels are more satis-
factory Murray (1957)" has overcome the necessity for
moving tubes dunng cell wastung by designing a centnfuge

with a head which will sccommodate metal racks holding
test tubes

RECORDING Ot RESULTS AND THEIR INTERPRETATION
~In registering the results of tests 1t 1s nadvisable to record

them merely as positive or negative, the degree of agglutina-
tion should be assessed and scored from ¢ + to® -+ 44’
and the symbol — should be used to signify absence of
agglutination  The results of control tests should be read
first ~

The mcomplete antibody used to sensitise cells for the
positive control 1s spectfically chosen for its weak action and
the degree of agglutination 1n square 1 of the tile1s therefore,
unlihely to exceed * +° A complete absence of agglutina-
tion m this square suggests either that the cells have failed,
for some reason to absorb antibody or that the anti globuhn
serum has Jost 1ts capacity to demonstrate the antibody
Under these circumstances, negative results obtamed 1n
square 3 (the actual test) cannot be relied upon and the
whole exercise must be repeated

The negauve control n square 2 should show no
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agglutination since the cells have not been 1n contact with
an antibody bearing serum If agglutinates do form in
this square they are probably caused by anti human species
antibodies which have been msufficiently removed from
the ant1 globulin serum  The tests should then be repeated
using a different ant1 globulin serum

“The cell suspension control composed of supposedly
sensitised cells mixed with saline, should remamn unagglutt
nated If clumps of cells develop 1n square 4 a comparnison
should be made between 1t and the degree of agglutination
of the test (square 3) A stronger reaction 1n square 3 than
1 square 4 suggests that the serum used for coating the cells
1 addition to the incomplete antibody present, contains
complete antibody which the subsequent cell washing has
failed to remove completely, with the result that the cells
1n saline agglutinate when rocked on a tile’ “The enhancement
of agglutination when these cells are mixed with antr-
globulin serum has been called by Sturgeon (1954)! the
antt 51%%% A serum contamng a
muxture of complete and incomplete antibodies can, after
mactivation of the complete antibody by heat, be re
examuned by the Indirect ant: globulin technique (Dunsford
and Bowley, 1955) 3

en the test cells and the cell suspenston control both

show the same amount of agglutination the whole procedure
should be repeated, usmng warm saline at 37°C for the
washing of the cells 'When the Indirect technique 1s being
applied the serum and cells should be separately warmed to
37 C before mixing -

“A word of warmng must here be given about the nter-
pretation of the test itself A negative or positive reaction
means very little when considered on its own The result
may be false even when all the controls are apparently
working correctly” In the next chapter a more detailed
account will be given of the possible fallacies
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CHAPTER IX
THE CAUSES OF FALSE REACTIONS

ALTHOUGH the number of ant1 globulin tests performed each
day must be considerable and the amount of expertence
gamed over the past thirteen years should have led to the
development of fool proof methods 1t remams largely an
expenimental techmque which 1s fraught with difficulty

“Each result must be interpreted as only a part of a serological
or antigen antibody reaction A test performed without
controls, whatever the result, 1s useless and may be danger
ously misleading, and, as previously mentioned a negative
or positive result by itself means very little even when the
controls are working correctly ©

CAUsES OF FALsE POSITIVE REACTIONS
1 Ants human species bodies in the ant: globulm serum
“Inadequate absorption may have been the cause on some
occasions when hetero antibody 1s found in the ant: globulin
serum, but some sera although mutrally satisfactory, seem
to regamn the unwanted antibody on storage=Cappell and
MacFarlane (1946)* This finding suggests that although
the bulk of hetero antibody can be absorbed on to human
red cells and 1s discarded with them, further amounts of
antibody are apparently neutrabsed m the serum On
storage thus neutralisation breaks down and the unwanted
antibody becomes active agam
Workers who use commercially produced ant: globulm
serum may find that the manufacturer recommends 1ts use
at such a dilution that the antispectes antibodies are
mactive, but 1f a less dilute solution 1s required the hetero
antibodies become effective again and confuse the issue

It 1s perhaps appropriate to interpolate here a warmng
66
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about recommended dilutions and expiry dates of sera
“The titres quoted by the suppliers of scrum are those found
by laboratory tests before the serum 15 issued and are for
guidance only Some sera storc less well than others and
nobody can guarantee that a particular serum will be speaific
at a particular titre at any particular time after 1ssue
Sumlarly, although the label on the serum contamner may
show that 1t has not yet passed the expiry date, this 1s no
gude to 1ts sutability <
“~The routine use of a negative control with every anti-
globulin test will detect false positive results due to anti-
species antibodies and 1f such anttbodies prove to be present
they can be removed from the serum by further absorptions “

2 Cold camplete agglutunns

“The test result will be mvahdated when these antibodies
manfest their presence by agglutination of the cell suspension
control  They have probably onginated 1n the serum with
which the cells were sensitised and, 1f the blood from which
1t was obtamned has been refrigerated, separation of the
serum while the blood 15 still at 4°C will ensure that the
bulk of the agglutinin 1s discarded with the unwanted cells,
leaving only a mmmmum free in the serum  When the aim
15 to free cells from such an antibody, Dunsford, Cowen and
Malone (1951),- and Holland (1952)23 recommend that
they should be warmed to 37° C for 15-30 munutes and then
washed 1 warm saline 10 the preparation for the final stage
of the ant1 globulin test Rosenfield, Vogel and Rosenthal
(1951) ¢ warm the cells to 37° C for only 1-3 munutes before
adding the antt glabulta serum and clasm satisfactory results »

3 Cold mncomplete antibodies
“~Considerable difficulty may be encountered when using
cells denived from clotted blood samples which have been
reftigerated for the cells may have become coated with the
cold ancomplete antibody commonly occurring 1n the serum



68 ANTI-GLOBULIN (COOMBS) TEST

of normal healthy donors This 1s particularly the case 1n

blood transfusion work if the pilot tubes provided contan
clotted blood or a suspension of the donor’s cells i their
native serum < Such cells may prove very troublesome when,
during a compatibility test, they are mixed with an antt
globulin serum which 1s nich 1n ant: non gamma globukin
fraction Coating of cells 1s particularly liable to occur
also 1 refrigerated clotted blood samples 1n which the
proportion of cells to serum 15 small as, for instance, 1n blood
drawn from a grossly anemic patient “No firm concluston
should be reached, therefore about the antibody content of
a serum under nvestigation until 1t has been shown that
the test cells without exposure to the suspect serum are not
agglutinated by the ant1 globulin serum~

“In the view of Spalt and Kinsell (1953)3 ¢ the mter-
pretation of a positive Coombs” test 1s vahid only on specimens
which have not been refngerated prior to separation of cells
from serum *< The avordance of refrigeration will reduce
the number of false positive reactions but 1t 1s not always
practicable “When blood must be stored in the cold 1t 15
preferable to mix 1t with ant: coagulant ~

~The cold antibodies already considered are those active
at refrigerator temperature but occasionally an apparently
healthy person will be found who has 1n hus blood a powerful
ncomplete antibody which 1s able to coat his own cells at a
temperature just below that of the body In consequence
cells obtained from clotted samples of s blood will always
give a positive Direct anti globulin reaction  To overcome
this difficulty blood from such a person must be collected
1nto 3 8 per cent_sodmm citrate which has been previously

warmed to 37 C~
4 Bacterial contamnation

“Any of the reagents used 1n the anti globulin fest may
become infected and cunous results may be produced
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Contaminated cells may give a false positive antt globulin
reaction which can be detected by the occurrence of

apglutination_1n_the cell suspension_control “1f the anti-
lobulin serum 1s 1nfected 1t may become pan agglutinating
with the result that 1t causes clumping of all cells with which
1t comes tn contact, including those of the negative control
The unknown serum, which 15 being nvestigated, may be
contaminated and cause pan agglutination as evidenced by
agglutination of the cell suspension control ©
~The only way to overcome this difficulty 1s by prevention
Blood specimens should be tested as quickly as possible
after collection and if they have to be transported to a
distance, cells should be suspended in Panocell mixture
{Cahan, 1955) ® which consists of
Equal parts of Alsever s solution with a drop
of pemicillin and streptomycin to give a final
concentration of about 30 units and 0 005 mg
per mullihitre respectively
Alsever’s Solution
2 05 per cent Dextrose
0 42 per cent Sodwum chloride
0 8 per cent Trisodum citrate
0 55 per cent Citric acid 1n aqua dist
The final pH should be 6 1
Sera can be sent 1n the lquid state if sodium azide 15 added
to make a concentration of_1/1000 or they may be dried
first  Ant1 globulin sera should be stored frozen at —20° C
while not 1n use 1n the laboratory -

5 Inadequate cell washing

~Coombs, Saison and Joysey (1955) 7 describe a condition
1 which antr globulin serum, although carefully freed from
anti species agglutinins, may clump red cells which have not
been completely nid of their surrounding plasma or serum
The antt globulin serum reacts with the plasma protein
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of normal healthy donors This 1s particularly the case n

blood transfuston work if the pilot tubes provided contain
clotted blood or a suspension of the donors cells 1n therr
native serum # Such cells may prove very troublesome when,
dunng a compatibility test, they are mixed with an anti
globulin serum which 1s rich 1n anti non gamma globuln
fraction Coating of cells 1s particularly hable to occur
also m refrigerated clotted blood samples 1 which the
proportion of cells to serum 1s small as for instance, 1n blood
drawn from a grossly anemic patient “No firm concluston
should be reached, therefore, about the antibody content of
a serum under nvestigation until 1t has been shown that
the test cells without exposure to the suspect serum are not
agglutinated by the anti globulin serum”
7 “n the view of Spalt and Kinsell (1953)% ¢ the inter
pretation of a positive Coombs test 1s valid only on specimens
which have not been refrigerated prior to separation of cells
from serum “ The avoidance of refrigeration will reduce
the number of false positive reactions, but 1t 1s not always
practicable “'When blood must be stored i the cold 1t 1s
_preferable to mux 1t with antt coagulant
~The cold antibodies already constdered are those active
at refrigerator temperature but, occastonally an apparently
healthy person will be found who has 1n his blood a powerful
mcomplete antibody which 1s able to coat his own cells at a
temperature just below that of the body In consequence
cells obtained from clotted samples of his blood will always
give a posittve Direct ant1 globulin reaction  To overcome
this difficulty blood from such a person must be collected
mto 3 8 per cent_sodium aitrate which has been previously

warmed to 37 C

4 Bacterial contamination
“Any of the reagents used m the anf1 globuhn test may
become 1nfected and curous results may be produced ~
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ssotome_stline_mixed gently with the tests will disperse
conglomerates but will not scatter true 3 s How-
ever, prevention 1s better than cure~ The tests should be
read before they begn to dry or, alternatively, the tiie may
e placed 1 a moist chamber, or covered with the hd of a
box to reduce evaporation

T The effects of silica

~Stratton and Renton (1955) 8 and Renton and Hancock
(1957 ® have shown that saline or sodium citrate solutions,
stenhised n_hottles made of certamn types of glass, may
contain_collordal sithca winch can cause spontaneous
aggtutination of well washed red cells# The presence of
serum mhbits this reaction, but when washed cells are
mixed on a glass tle with a glass rod, with the bottom of a
test tube, or with the comer of a microscope shde, and
when the anti globulin serum has been so diuted that
the inhibitory effect of serum 15 virtually neghgible, condi-
tions are fitted to encourage the development of red celi
agglutination which may be attnibuted mstakenly to the
ant: globulin serum  The occurrence of ths type of
apglutination will depend upon the compostion of the
glassware employed and upon the amount of gnnding
between one glass surface and another “Cells which have
been stored 1 the frozen state in glycerol and have been
subsequently recovered seem to be more prone to react to
colfoidal silica than do normal cells~

A change of glassware of a different composition mught
abolish this cause of false positive reactions and vanous
other arrangements muight be made~ For nstance, citrate
and sabme solutions might be autoclaved 1n plastic bags or
steriised by Seitz filtration or, providing that the saline 1s
to be used withun 24 hours of the preparation of the distilled
water used 1n its manufacture, the solution need not be
sterthsed YWooden swab sticks or plastic rods can be used
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precipitating and enmeshing the red cells—a state which
can be explamned by the phenomenon of co agglutination”
described by Bordet and Gengou (1911) % The cells of
some species are more susceptible than others to co-
agglutination and Coombs 7 and his colleagues first observed
1ts occurrence while applying the ant1 globulin test 1n a study
of pig 1s0 antibodies The same sort of reaction was seen
by Dunsford, Cowen and Malone (1951)2 when using
human serum and cells and the appearance was described as
“agglomerates of red cells, cylindrical, oval or sausage shaped,
hollow or sold, scattered mm a negative field These
resembled somewhat blood casts 1n unine, but were quite
unlike red cell agglutinates -~
e mmportance of adequate and proper cell washing

before the admuxture of anti globulin serum cannot be too
emphatically stressed Ineffictent washing gives mse more
commonly to false negative than false positive reactrons—
a problem which will be dealt with later <

~ Another difficulty of the same sort 1s an appearance of

grammess > m Indirect anti globulin tests <+ When a
serum 1s bemg imvestigated to determine whether or not 1t
contains antibody, the cells which 1t 1s to sensitise should
be washed at least twice before being mcubated with the
serum Otherwise even 1f the cells are subsequently well
washed before the addition of the antt globulm serum the
final reaction will be weak, gramy “&nd very difficult for
the mexpenienced worker to interpret

6 The effects of ¢ drying
“’Ant1 globulim tests performed upon an open tile at room
temperature (18 20 C) begm to dry round the edges after
about 7-10 minutes and the resultant conglomeratron of cells
smulates agglutination  Provided that the volumes of
reagents used in all the squares are equal the same appear-
ance will be seen 1n the negative control square  A-drop-of
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case of Pasteur pipeties 1t may be possible to store these
and therr teats 1n a separate box or large glass test-tube for
use only for ant: globuhn sera, but fuling this a new pipette
and teat should be used 7
Dirty saline which had been used for rinsing pipettes
should never be used in the antr globulin test, 1t 1s better to
open a fresh bottle
1f, when resuspending the button of cells 1n saline during

the washing process, the test-tube 1s up ended with a finger
or thumb over 1ts mouth, the presence of serum, or even of
perspiration on the finger tip may be enough to run the
test—Holland (1952)*

~In order to ensure that these difficulties will be recogmsed
when they occur, 1t 1s recommended that the control cells
and test cells should be washed at the same time “ The use
of control cells left over from a previous test might result 1n
a failure to notice that something had gone wrong with the
current reaction

“As an addittonal control and to demonstrate that
observed negative results 1 both test and control squares
are 1 fact, truly negative, one can add one volume of
well washed, sensitised cells to each mixture showing no
agglutination  If agglutination of these cells now occurs
within 5-7 munutes 1t will confirm that the ant globulin

serum 1s active and that the originally observed negative
result was correct ~

2 Incorrect dilution of the anti globulin serum

“Attention has already been drawn to the fact that
differing concentrations of anti globulin serum are required
for the demonstration of gamma and non gamma globulins
A high dilution may react with gamma globulin antibodies,
but fails to reveal the non gamma ones Conversely, a
lesser difution may comcide with a prozone area so that a
gamma globulin antibody escapes detectton The incluston
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to mix the cells with anti globulin serum on the opal glass
tile*and, so long as vigorous rubbing 1s avoided, the corner
of a microscope slide makes an effective stirrer It has been
observed, however that glass slides stored for a long time
particularly if the surroundings are damp, appear to cause
trouble more frequently than do new shdes

8 Other agglutinating substances m saline

Hopps (1958)1° has reported the occurrence of false
posttive results when a faulty 10n exchan a tus
was used to obtamn the pure water with which the saline
solution was prepared Traces of some metals or chermcal
substances 1n the resultant saline led to the agelutination of
all cells including the negative control and the cell suspension
control ~

CAUSES OF FALSE NEGATIVE RESULTS

1 The neutralisation of ant: globulin by traces of serum

“Although this cause has already been mentioned, 1t 15 by
far the commonest error committed by the inexperienced
worker There are five possible sources of the unwanted
globulin  1ncompletely washed cells, dirty glassware dirty
rubber bungs dirty saline or dirty fingers #

Hill and Haberman (1954) 1 gave most valuable advice
1n recommending that until the worker has become familtar
with the test cells should be given four washings Holland
(1952),! and Madden (1956) *® stressed Yhe need for avordance
of high speed centnfuging which would throw down the
cells before they could be properly washed by contact with
the saline ~

~Tn the average laboratory 1t is practically impossible to
segregate test tubes shides tiles and other glassware for use
for the ant1 globulin test only so a strict routine of cleaning
must be developed and adhered to which will ensure that
all apparatus used n blood grouping 1s dirt free In the
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the ant: globulin serum  When weaker cell suspenstons are
used for the test there will be an excess of antt globulin
antibody and nsufficient antigen on the coated cells with
which 1t can combme—one of the causes of the prozone
phenomenon descnibed earlier <

6 Orer-centrifuging i the tube techmgue

‘f\lthough agglutination can occur immediately the
ant: globulin serum comes 1n contact with strongly coated
cells 1n a tube, one 15 not always handling powerful reagents
and Holland (1952)*" has recommended that the muxture
should be allowed to stand for at least fifteen munutes so
that interaction may be possible before the tube 1s placed
1 the centnifuge If the spinnmg 1s begun too soon, or if
high speeds are used, there will be nsufficient contact
between antigen and antibody for a reaction to take place
and false negative results will be obtamed ~

T Poor storage of reagents

“Lount and Robb-Smith (1946) 17 found that * suitable
sera preserve their potency when kept at —20° C but, when
diluted and kept at higher temperatures, potency falls off,
although a diluted, absorbed serum can be used for at least
a week without loss of activity - Pickles,® in the same year,
reported that one of her sera diluted to 1/10 and stored at
—20 C, had lost half 1ts strength after five months “She
observed that weaker solutions deteriorate more rapidly and
that sera stored at 4° C fairly quickly become mnactive  She
recommends that only sufficient serum for about three
months’ work should be absorbed, that 1t should be stored
at —20° C and that when dilutions are being arranged only
enough reagent for one week’s work at a time should be
made up “ On the other hand, Aspiall (1955)1° was able

to store certain batches of diluted sera for months at —20° C
without loss of titre
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of correct controls with each test performed makes certain
that such errors will be noticed <

3 Lack of complement

Before non gamma globulin antibodies coating the cells
can be demonstrated by the ant: globulin test certan
components of complement must be present Since anti-
coagulants are anti complementary, patients’ plasma should
never be used for compatibility tests Furthermore, the
donor cells taken from a pilot tube containing ant: coagulant
must be nd of plasma and citrate by thorough washing
before exposure to the patient’s serum with which they are
to be matched The patient s serum must be fresh (stored
for less than 48 hours), otherwise additional complement
should be supplied 1n the form of fresh AB serum Blood
cells from patients suffering from acquired hamolytic
disease frequently give a posttive Direct ant: globulin
reaction but this will be abolished 1f heparin anti coagulant
15 added to the blood Roth (1954) 14 ~

4 The use of aged red cells

The best results will follow when fresh cells are used for
the test Cells stored in sahne suspension may hzmolyse
after a comparatively short time‘and, even when lysis does
not occur cells known to have been coated with antibody
loose that antibody into the surrounding sahne m 2 few
hours, Barrie and Krieger (1954)1* Even 1n clotted blood
kept at 4 C for several days cells known to have been
previously sensitised will sometimes give a negative Direct
ant1 globulin test “The practice of sending saline suspenstons
of cells for examination through the post 1s to be strongly
condemned

5 The use of thin cell suspensions

“Ellis (1952) ' has shown that better results and fewer
falsely negative reactions are encountered when a 50 per
cent (or stronger) suspenston of sensitised cells 1s added to
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¥On the whole, although some anty globulin sera can be
satisfactorily stored at 4° C 1t 1s preferable to maintain them
at a temperature of —20° C which will reduce the chance
of bactenal growth Quich thawing performed at 37°C
will minumise precipitation and the solution must then be
well mixed, otherwise 1t will be found that the top of the
container holds only saline while the acttve principle s
mainly confined to the lower part If the anti globulin
serum 1s to be stored at 4 C 1t 1s advisable to add 1/10 000
Methiolate or 1/1000 sodium azide as a preservative <

Some laboratories 1ssue antt globulin reagent diluted
ready for use  The chorce of diluting flid may be governed
by the local availability of material but saline should be
avoided whenever possible Anti globulin serum obtained
from rabbits may be diluted with other rabbit serum from
which the hetero antibodies have been absorbed, similarly
goat antt globulin serum can be mixed with goat serum
When describing the preparation of antr globulin serum
mention was made (page 25) of a method of obtaining
additional antibody by elution from the blood clot  Although
this eluate 15 largely saline the antibody content more than
makes up for the deterioration likely to follow the use of
salme as diluent Rosenfield Vogel and Rosenthal (1951) ¢
report favourably on the use of a 2 4 per cent solution of
bovine albumin (Cohn s fraction V) 1n saline as a diluting
flmd -

“Whatever the material used for dilution, the reagent,
if 1t 15 to be relied upon must still contain enough ant1 non-
gamma globulin antibody to detect cell coating by antibodies
of this type and the only proof that the ant1 globulin serum
1s active will be the evidence supplied by the behaviour of the
control tests
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various ways such as suspension in albumin, exposure to
enzymes or application of the Indircct antt globulin method ~

“The efficiency of the four most commonly employed
techmiques 1s compared 1n table 1x where it will be seen
that the ant globulin method 1s the most rehable single
test although no claim can be submitted that 1t will prck up
every antibody ~

“TABLE IX
Antibody Saline Albumin | Enzymes | Anti Globulin

| ~\ | * by ~“t
Anti A anu B{) + ES 3 +
AnttRh (1% B3 ES + x
Antt hell (v B + F +
Anti MNSs( » % + + = ES
Anty Duffy (4 F F F T
Ant Kudd (v) - — - +

Symbols used + = Excellent 4+ = Usually good
— = Nouse F = Not relable

“The performance of compatibihty tests takes time and
occastonally the need for blood for the patient will be so
urgent that the necessary delay of two or more hours required
for matching the blood will allow the patient’s condition to
worsen For this reason the practice of classifying patients
as Dangerous” or Safer reciptents—Tovey (1950) *—
has been widely adopted /

“The Dangerous recipient 1s a person who may have
developed a blood group antibody as a result offearlier
stimulation by bloéod transfusiorPby intramuscular mnjection
of blood or by a pregnancy m which a blood group
meompatibility between mother and child existed” “The
Safer recipient has no obstetric history suggesting maternal-
feetal incompatibility and has never receved blood” “Before
this classification can be relied upon, careful questioning
and accurate answers are most essential  Where any doubts
exist, or if the patient, being unconscious cannot give the

necessary information he should be regarded as potentially
¢ dangerous -~



CHAPTER X
APPLICATIONS OF THE ANTI GLOBULIN TEST

~THE ant: globulin test has 1ts main usefulness m the pre-
paration of blood for transfusion, 1n the study of hemolytic
disease of the newborn and 1n h-emolytic anemia 1 adults <
Other more specialised fields mn which 1t may be found
helpful will be briefly described though the reader should
consult the references for more detatled information before
applying the technique to tus particular problem

BLoOD TRANSFUSION

Before discussing the advantages of the anti globulin
test as employed 1n blood transfuston work 1t may be
profitable to review quickly some general principles

~ Transfusion of compatible blood can be a lfe saving
procedure 1n replacing lost red cells and in restoring a
depleted blood volume Before the transfusion 1s under-
taken, however a compatibility test must be done to ensure
that the donor’s red cells will not be prematurely destroyed
by an antibody in the patient’s circulation, such cell
destruction would do the recipient no good and might
endanger hus life

~In the compatibility test (also known as the direct match
or major cross match) cells from the donor are mixed with
the patients serum. In spite of a great many hours of
labour 1n many laboratories no smgle test has yet been
nvented which will unfarlingly detect all types and strengths
of antibody which may be present Donor’s cells 1n saline
suspension, when mixed with the patients serum will
disclose the presence of any complete antibody, while for
the demonstration of incomplete antibody several tests have
been devised which mvolve treatment of the donor s cells 1n

78
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have disastrous consequences  Resultant agglutmation
would show that an incompatibihty between donor and
patient cxisted and that it would be unsafe to give the
transfuson until compatible bload from another donor
had been found If no agglutination 1s shown by this
techmique 1t should not be assumed automatically that the
bloods of the donor and patient are compatible, unless the
saline and/or_albumin compatibility tests alse produce no
ageluttation *

Clintcians confronted with the plight of a patient sorely
m need of transfusion may, quite understandably, become
peevish at the delay occasioned by compatibility tests and
may urge that the tune allowed for the vanous procedures
should be reduced ~¥While sympathising with their frustration
1t must also be remembered that rapid techmiques are
less rehable and the accuracy of interpretation of their
results depends to some extent upon the expenence of the
technician It 1s only when the nisk to the patient of
withholding blood outwesghs the nsk of gwing possibly
ncompatible blood that departure from safer routine
methods 15 justifiable #

~2 The Rapid anti globultn compatibility test

~When the time available 1s not more than 30 minutes it
may be permussible to shorten the pemod of incubation
dunng which attachment of antibody to the red cell antigens
takes place ~

~Donor blood of the same ABO and Rh group as the
Pauent 15 obtained Two volumes of a 50 per cent saline
suspension of well-washed donor’s cells 15 mixed with four
volumes of the recipient’s serum 1n a test tube  The mixture
1s incubated for at least 15 minutes at 37° C 1n a water bath,
which will more quickly brng the tube 1o the correct
temperature than could be achieved m an mcubator 2 In
order to(l;)rmg the antibody and antigen mto close assocration
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~The point of making this classification 1s that the * safer’
recipient 1s unlikely to have developed an antibody which
will destroy the donor cells In his case therefore the
cross match tests can be done by the comparatively straight
forward and less time consuming saline and albummn
techmques Infrequently, an antibody will be unexpectedly
found 1n the blood of a patient whose history has not led
one to suspect 1ts presence In the majonty of such cases 1t
will prove to be an incomplete antt Rh antibody The
albumin technique which 1s excellent for the detection of
most ncomplete Rh antibodies should therefore be ncluded
1n the compatibility tests even when the patient belongs to
the safer ” category”

Compatibility tests for a  dangerous * recipient must
involve more searching techmques Saline and albummn
matching tests will disclose the majonty of more commonly
occurrng antibodies but some incomplete antibodres are
only detectable by the ant1 globulin technique and thus 15
used 1n addition to the saline and albumm methods -

e O

1" The antr globulm compat:btht} test N

~The Indirect ant: globulin techmque 1s used Washed
donor s cells are mixed with a double volume of the patient s
serum and incubated for 11 hours so that 1f an antibody
against antigens on the donor s cells 1s present 1t will have
an opportunity to become affixed to the red cell surface
Complement may be necessary for eventual detectron and
this pownt should be borne mn mind 1f samples of patients
sera are stored in the refrigerator for several days before
compatibility tests are to be done  After ncubation the
cells are thoroughly washed free from unbound globulin
1In the final stage of the test the anti globulin serum should
be used m at least two diutions to make certain that both
gamma and non gamma globulin antibodies are detectable
Failure to use ‘wide spectrum  anti globulm serum can
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especially where the volume of blood transfused has been
relatively large the repeated sahne and albumun compati-
bility tests may appear to give perfectly satisfactory results,
however, by performing a Direct anti-globulin test with
sertal dilutions of anti globulin serum on the unrefrgerated
cells obtamed from the patient’s post transfusion blood 1t
may be possible to show that the cells are coated with
antibody and that the transfused blood was probably
mcompatible ~

“THE DETECTION OF BLOOD GROUPS ANTIGENS
AND ANTIBODIES -

The use of the anti globulin technique to investigate
mcompatibihities found during the selection or following
the giving of blood has greatly advanced our knowledge of
human blood groups Ant1 Duffy (anti Fy®) was discovered
by this method and some red cell antigens, such as Ev, can
be detected apparently only by the ant1 globulin techmque

“Possibly the most important red cell antigen which 1s
detected by the ant1 globulin test 1 blood transfusion work,
15 the varant of the Rhesus D factor—Du It 1s character-
istic of cells beaning the antigen Dvu that they will be
agglutinated by some ant1 D sera, but not by others A
¢ igh grade D* ” blood contains cells whuch are agglutinable
1 saline suspension by some complete ant1 D sera, * low
grade D cells are not clumped by any saline anti D but
are <ensitised by some incomplete antt-D sera  Since 1t has
been proved that the Du antigen can immumise D negative
patients causing the development of anti D antibodses, 1t 1s
therefore essential to be able accurately to distinguish donors
whose blood 15 really Rh negative (cde/cde) from those who
appear to be Rh negative, but who have the antigen Dv
(cDvefede ) ~

“Since the saline and albumun agglutination tests are
unreliable 1t 15 a routine practice 1n transfusion services
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the tube 1s then spun 1n a centnfuge at 1000 rpm for 12
mnutes  After spining remove a drop of cells for micro
scopic examinatton  Agglutination at this stage would
demonstrate the presence of a complete antibody, the action
of which might not be detectable if observations were not
made until the cells had undergone their next stage of triple
washing  If no agglutination develops after the addition of
anti globulin serum, the blood of the dopor can be
transfused with reasonable confidence ~

“Whenever 1t has been necessary to curtail the techmque
1n this way 1t 1s wise to confirm the results of the rapid test by
immedsately setting up saline albumin and ant globulin
compatibility tests, allowing the full time for reactions to
take place” By the time these results can be read the blood
will probably have been transfused but if by any chance
the rapid method has failed to disclose the presence of an
antibody, 1ts subsequent discovery may enable the clincian
to antictpate and treat any complications which may anse
before rreversible changes have taken place m the patient
tissues

THE INVESTIGATION OF TRANSFUSION REACTIONS

“1t happens, unfortunately from time to time that, as
a result of a technical clerical or adminmistrative error, a
patient will recerve mcompatible blood When such a
mistake has occurred or 15 suspected a sample of the patient’s
blood 1s collected for investigation forthwith, or at least
within 24 hours of the development of the transfuston
reaction The grouping and compatibility tests are repeated
In spite of chinical evidence that a reaction has occurred 1t
may be found that no free antibody 1s demonstrable 1n the
patient’s post transfusion serum  This happens when the
transfused donor cells mop up and become coated by
the antagonistic antibody before being broken down mn the
patient’s crculatton  Under these circumstances and
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especrally where the volume of blood transfused has been
relatnely large the repeated sahnc and albumin compatt-
bility tests may appear to give pesfectly satisfactory results,
however, by performmg a Direct ant globulin test with
serial dilutions of ant: globulin serum on the unsefrigerated
cells obtaned from the patient’s post transfusion blood 1t
may be possible to show that the cells are coated with
antibody and that the transfused blood was probably
mcompatible ~

~Tse DETECTION OF BLoOD GROUPS ANTIGENS
AND ANTIBODIES

The use of the anti globulin techmgue to investigate
meompatibilities found dunng the selection or following
the giving of blood has greatly advanced our knowledge of
human blood groups Anti Duffy (ant: Fy*) was discovered
by this method and some red cell antigens, such as Eu, can
be detected apparently only by the anti globulin technique

“Possibly the most mmportant red cell antigen which 1s
detected by the anti globulin test i blood transfusion work,
1s the vaniant of the Rhesus D factor—Du It 1s character-
e of cells bearing the antigen Du that they will be
agglutinated by some anti D sera, but not by others A
“ lugh grade D ** blood contains cells which are agglutinable
m saline suspension by some complete ant1 D sera, * low
grade Dv * cells are not clumped by any saline ant1 D but
are <ensitised by some incomplete ant: D sera  Since 1t has
been proved that the Du antigen can immumse D negative
patients causing the development of anti D antibodues, 1t 15
therefore essential to be able accurately to distingmish donors
whose blood 1s really Rh negative (cde/cde) from those who
appear to be Rh negative, but who have the antigen Dw
(cDvejede) ~

“Since the saline and albumin agglutination tests are
unrehable it 1s 2 routine practice 1n transfusion services
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throughout the world to use the anti globulin techmique to
examine donor bloods which are apparently D negative,
and thts 1s of particular importance 1n peoples of negro
extraction i whom the genotype cDve/cde occurs more
commonly than 1s found in white populations #

~ The most reliable and sensitive method 15 to expose the
alleged D negative cells to the action of a pool of powerful
imcomplete antt D sera and then to exarmne the cells for a
coating of antibody Those cells which are unagglutmated
by the ant1 D sera, but which absorb the anti D antibody
and are subsequently agglutinated by the anti globulin test,
are presumed to have the Dv antigen  The cells declared as
Du should give a negative Direct ant: globulin test before
exposure to the ncomplete ant1-D sera <

~The Indirect antt globulin test has a further application
1 the mnvestigation of sera containing immune antt A and
ant1 B antibodies  Ideally, a patient should recetve only
blood of hus own group but sometimes group O blood 1s
transfused to patients of other groups in the mistaken behef
that 1t 1s umversally compatible While 1n the majonty of
cases no harm results, 1t will be found, when dealing with
large numbers of group O donors, that about 10 per cent
of them have n therr seraalpha and{or beta hemolysins and
incomplete forms m addition to,the naturally occurning
complete or salme antt A and ant1 B agglutimns The
transfuston of O blood contaimng mmmune ant1 A to an
A patient for mstance mmght result 1n a harmful reactton -

~One method employed to discover whether immune
forms of antt A or anti B are present, 1n addition to the
normal agglutinins 1n a group O serum 15 to neutralise the
complete antibodies by the addition to the serum under
nvestigation of A and B blood group specific substances
(obtamed 1n pure form or from the saliva of 2 secretor * )
Immune forms of ant: A and ant1 B cannot be neutralised
1 this way, but will be capable of coating A, and B cells as
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evidenced by the Indirect anti globulin techmque The
donors whose sera are able to coat A, andfor B cells are
classified as “ Dangerous group O donors™ and their
blood should be used only for group O patients Some
transfusion centres screen their group O donors and give a
distinctive label to bloods which are considered unsafe for
transfusion to patients of other ABO groups -

HamoLyTIC DISEASE OF THE NEWBORN IN MAN
“At the time of conception both parents contribute genes
to the new mdradual It happens not mfrequently that the
nfant mhents from 1ts father blood group antigens which
the mother does not possess and against which 1t 1s theorets-
cally possible for her to make antibodies So long as no
antibodies are present 1 her circulation the blood group
mcompatibility between motherand child 1sofno consequence
and can be ignored If she should develop antibodies,
however, which can pass the placental barrier and disrupt
the feetal red cells, the child’s hife may be endangered ~
~The mechanism of the stimulus to antibody production
provided by transfusion where “foreign” red cells are
mtroduced directly imto the patient’s blood stream can be
farrly readily understood It 1s less easy to postulate a
mechanism which explains how antibodies can be provoked
by pregnancy alone, since the maternal and feetal circulations
are entirely separate and have no blood vessels 10 common
by which feetal red cells could gain access to the mother’s
blood stream ~
“The most credible hypothesss ilustrated fig 9,
suggests that sometimes during pregnancy a breakdown of
adjacent maternal and feetal blood vessels occurs and permits
a small quantity of the child s blood to enter the mother s
capillaties  The break quickly heals but not before a number
of feetal cells sufficient to mtiate antibody formation, have
mingled with the mother’s blood ~ Cases have been observed
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and recorded—Chown (1954 and 1955) * and Dunsford
(1957) “—1n which recogmsable feetal red cells have been
found 1n the maternal circulation during pregnancy It may
be that small accidental hemorrhages of this sort can occur
several times during the gestation period, each occasion

FOETUS MOTHER
Rh Posttive Rh Negative
Amniokic Flud

Maternal
Cirevlation
o 0
Rh Antigen
©  Production of
© Anti Rh.Antibody

Haemolysis
of Rh.+Red Cells

AG 9 The mother 1s Rh negative The feetus 1s Rh
positive having inhenited this character from its father Rh_
antigen (either as feetal red cells or n soluble form via the
amniotic flud) passes from the feetus to the mother who
responds by producing anti Rh antibody The antibody
passes from mother to the {cetus whose Rh positive red cells
1t damages leading to h@zmolysis and so to anzmua and
Jaundice Ths process only takes place 1n a small mnority of
cases where an Rh negative mother has an Rh posttive baby

giving additional impetus to the development of antibody,
but 1t 1s more Iikely that the intermrxung of bloods takes place
at or about the time of parturition The antibody 15 then
first detected 1n the post natal pertod and therefore will not
affect the child whose red cells caused the immunisation of
the mother, although a subsequent child possessing the
same red cell antigen will be susceptible to the effects of the

antibody ~
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“The immunc anttbody produced by the mother, being
soluble and of sufficiently small molecular size, can diffuse
across the placental barnier to attach atself to the fetal red
cells which arc then destroyed or weakened, with the result
that at birth the child may be found to be anemic and
quickly becomng jaundiced after birth  In severe cases the
breakdown of the cells 15 so great that the feetus dies 11 utero
or within a few days of delivery ~

“Hzmolytic disease of the newborn occurs comparatively
infrequently the ncidence being only about 1150 to 1200
pregnanctes  Even where the blood-groups of the parents
are glanngly mcompatible immunisation of the wife and
subsequent disease of the chuldren 1s by no means inevitable
1t 1s fortunate too that hemolytic disease 15 one of the few
conditions affecting the newborn child which can be
anticipated, making 1t possible to plan the treatment which
may be necessary within a few hours after its birth -

e causative antibodies most commonly encountered
are those directed agatnst the Rhesus blood group antigens
The great majornity of cases, probably 98 per cent or more,
are due to the action of anti D) antibodies, although
occasionally anti C,_anti E,_anti ¢, anti f or antt C¥ have
been implicated  Antibodies against other blood-group
systems such as immune ant1 A, anti-K or ant1 k, may be
found also to have been responsible for destruction of feetal
red cells <

“fn order to be able to select and forecast those pregnancies
1 which hzmolytic disease 15 a potential hazard the mother’s
blood 15 usually examined once or twice during the course
of the pregnancy to discover whether or not she 1s developing
antbodies  As a rule the use of ordinary saline and albumin
agglutmation methods, 1n which her serum 1s mixed with a
panel of red cells of known genotype, will disclose any
antibody present Some antt-Rh and anti Kell antibodies,
however, are demonstrable only by the Indirect anti globulin
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techmque and this method should be ncluded routinely,
particularly when an anti natal patient presents who has a
history suggesting the possibility that she has become
immunised *

~If antibodies are found i the serum of a pregnant womarn
1t 15 usual to rec d that her confi should take
place 1n a matermty umt with facilities for early clmscal and
serological assessment of the child s condition and where,
if necessary within a few hours of 1ts birth, the child may
be treated by exchange transfusion of red cells which will
not be destroyed by the maternal antibody freely circulating
1 the infant’s blood stream <

“When the child of a mother who 1s known to have
antibodies 1s observed immedrately after birth to be obviously
anemic or jaundiced there can be little doubt about the
probable chimcal diagnosis of hemolytic disease of the
newborn However, when such a mother produces 2 child
with no chinical signs of the disease 1t may mean erther that
thechld is affected but the development of signs of hamolysis
1s less well advanced than in the previous case or that the
child 1s wunaffected since 1ts blood does not contamn the
antigen agamst which the maternal antibody 1s directed
The performance of a Direct anti-globulin test on red cells
obtained from the child s umbilical cord will distmguish
those infants whose cells are coated by maternal antibody,
and who are therefore suffering from hemolytic disease,
from those with uncoated cells who are unaffected #

“The circumstances 1n which 1t 15 especially smportant to
collect and test red cells obtained from the umbilical cord
are

~1 When a multiparous D negative mother has had no
examnation of her blood during pregnancy,

2 In the second or subsequent pregnancies of a D negative

mother Although examunation of her blood 1n the 32nd

to 35thweek of pregnancy may have shown no abnormality
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she may, occasionally, develop cnough antibody m the
later weeks of pregnancy to coat her child’s red cells,
When ante natal tests have shown that thc mother has
become immunsed to one of the red cell antigens,

“4 When a D positive mother has an obstetric or transfusion
Tistory which would put her in the ** dangerous recipient
category,

When the child has an unexplained anzmia or develops
Jaundice within three days of birth

“A knowledge of the reaction obtamned i the Direct
ant1 globulin test may be very helpful when a decision about
treatment has to be made, but the diagnosis must not be
allowed to hinge upon the results of this test alone A
negative reaction does not entirely exclude h-emolytic
disease, nor does a positive result by itself prove the condition
to be present  Certain other criterta must be fulfilled before
reliance can be placed upon the results It should be proved
(1) that the mother’s serum contains antibody active agarnst
the red cells both of the child and of 1its father, (u) that the
mother s red cells lack an antigen possessed by both child
and father, and (1) that the child’s red cells are, or can be,
coated by maternal antibody so that they give a positive
Direct anti globulin reaction  (There may be exceptions
to this rule when hmmolytic disease 1s due to ABO
incompatibility )

[

wn

P Fallacies of the Direct Antt Globulin Test
False Negative Results

1 If collection of blood from the baby 1s delayed for
several days after birth there may be no coated cells
left 1n circulation with which the anti globulin serum
can react Examnation by saline, albumm and the
Indirect anti globulin methods, of the ability of the
mother s serum to agglutinate or coat her child’s red
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cells should make clear whether or not the chid s
affected by h-emolytic disease

2 When hemolytic disease 1s due to ABO mcompatibility
the condition may be missed if the result of the Drrect
anti globulin reaction forms the sole diagnostic
criterion  Although Rosenfield (1955) 5 claimed that,
using a modified technique, positive results were not
infrequently observed, our experience and that of
Mollison (1956) ¢ 15 that the result 15 quite often
negatrve and that when positive the reactions aré
comparatively weak When trymg to establish the
diagnosis the more reliable signs are (1) the presence
of ant1 A or ant-B h-emolysms at 37° C 1n the mother s
serum, () the finding of incomplete antt A or anti B
i the childs blood, and (ur) spherocytosis and an
1ncreased osmotic fragility of the child s cells (Dunsford
and Bowley 1955 5¢, and Mollison, 1956) ® A positive
Direct test may sometimes be obtamed by incubating
the child s cells with fresh adult serum

~3 The child may have had a transfuston before the blood
samples were taken for testing (Jakobowicz, Kneger
and bimmons 1948) 7

“False Positive Results

1 Contamination by Wharton’s Jelly of blood samples
collected from the cut end of the umbilical cord may
cause the red cells to conglomerate, giving an appear
ance of agglutination A smular picture n the cell
suspenston control should draw attention to the false
nature of the result The blood sample should be
warmed to 37 C the cells are transferred to salne at
37°C and are then rewashed before repetition of the
test Contammation by Whartons Jelly can be
avoided by using a needle and syninge to collect the
blood from the umbilical vein
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2 VA falsely positive Direct antt globulin test may result
from the action of a_cold incomplete anttbody which
had 1ts origmn 1n the mother’s serum (Hollander, 1952) ®
This antibody 1s mactive at body temperatures and
when 1t passes through the placenta to the infant’s
crrculation 1t does no harm It 1s not until a blood
sample, taken from the child, 1s allowed to cool that
the free antibody present actively coats the red cells
which then show a positive Direct anti globulin
reaction If blood from the mother 1s stored in the
refrigerator her cells, too, will give a posttive result
though the reactions of the cells of a group-A,; mother
may be weaker than those given by the cells of her
group-O child The antibody 1 the maternal serum
will be found to have no activity against fresh, un-
refrigerated samples of cells from the childs blood
from the father’s blood or from the genotyped panel
of donor cells ~

These deceptive results are not the only possible causes
of difficulty, when anomales are found constderation should
also be given to the causes of false reactions previously
mentioned on pages 35 64

zmolytic disease of the newborn cannot with certamty
be diagnosed from an investigation of the baby s blood alone
It 15 essential to examine the mother’s blood as well and
ideally the father’s blood also should be tested On rare
occasions the mother s blood does not appear to contamn
an antibody agamnst a panel of cells and yet she gives birth
1o a baby whose cells give a positive Direct reaction * “An
examunation of the mother s serum for antibodies against
the father s cells will help to determine whether the baby s
positive Direct test was a false or true result ~

“Any assessment of the seventy of a particular case of
hzmolytic disease 1s usually based mamly on chnical signs
and on the hemotological findings Wiener and Gordon
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(1953) ® considered however, that a quantitative antt globulin
test can indicate the degree of affliction  The baby s cells
are washed thoroughly and are then tested agamnst senal
dilutions of a suitable standard anti globulin serum At
the same time the ant: globulin serum 1s titrated against
D positive cells which have been sensitised by exposure to
a standard antit D serum The ratio of the two titres
multiphed by 100 represents the degree of coating of the
child’s cells  Greenwalt and Wagner (1955)10 applied this
quantitative ant1 globulin techmque 1n 86 cases and found
no regular correlation between the test results and the
severity of the disease -

THe AFTER ErfFECTS OF HEMOLYTIC DISEASE
OF THE NEWBORN

“Children surviving hzmolytic disease of the newborn
without treatment and a small percentage of those who have
been treated may have some degree of brain damage
(Fulton Roberts, 1957) 1 As a result the chuld may present,
months later, with athetoid movements of the limbs
spasticity mental retardation unexplamed deafness or
hepatomegaly and splenomegaly (Drummond and Watkns,
1946)* —and the nature of the underlyng cause may not be
revealed by clinical exammnation The performance of an
Indirect anti globulin test, using the mother’s serum and
the child s red cells, may give a pointer to the @tiology ~

¥Some women, known to have become immumsed during
pregnancy have no demonstrable antibody when the blood
15 examuned a few months after the birth of an affected chuld,
‘but most immunised women continue to produce antibodies
throughout hfe In general the younger the chuld the
greater the chance of demonstrating any blood group
incompatibility existing between 1t and the mother” How
ever, 1t has been possible by the Indirect anti globulin test,
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to demonstrate 1n the blood of a 70-ycar-old woman, immune
antibodies against the red cells of her 40-year-old son

HEMOLYTIC ANAMIA

“The name *hzmolytic anemia® covers a number of
conditions 1n which the man feature 1s a shorteming of the
Iife span of the red cells manufactured by the pattent”
Sometimes the underlying cause can be readily recogmsed,
sometimes its ongin and the reason for the hemolytic
cnises which recur pentodically are frankly unknown The
field 15 too vast to attempt more than a bref description
here The reader who wishes to study the fascinating
confusion of the subject should consult Dacie’s book,
The Hamolytic Ananuas, where he will find many of 1ts
complexities unravelled

“ITwo broad categomes can be distingmished In the
congenital or hereditary type of hamolytic anmzmia an
ntnnsic defect 1n the structure of the red cell, or of 1ts
enzymes, apparently causes 1t to age more quickly than a
normal cell Hereditary spherocytosis, sickle cell disease
and Mediterranean anzmia are examples of this type of
condstion “The label, acquired hamoly tic anena, 1s attached
to a more diverse series of abnormal states  As implied by
the tstle the abnormality 15 not snherited, 1t 15 probable that
the fault 1s mn the environment of the cell rather than i the
cell 1tself, although the extrinsic factor may so alter the cell
structure that 1t becomes more vulnerable to normal
destructive forces While 1t may be possible occasionally
10 attribute a hzmolytic episode to a bacterial mfection or
a chemical poison 1t more often happens that no such
connection can be traced In some cases an auto antibody,
which may be erther an agglutinm or a haemm_c—:m—be
demonstrated by serologreal methods 1n the patient s blood,

though the purpose or cause of such a self destructive
mechanism 15 hard to understand *
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(1953) ® considered, however, that a quantitatmve anti globulin
test can ndicate the degree of affiction The baby’s cells
are washed thoroughly and are then tested against semal
dilutions of a suitable standard ant: globulm serum At
the same time the anti globulin serum 1s titrated against
D positive cells which have been sensitised by exposure to
a standard anti D serum The ratio of the two tires
multiplied by 100 represents the degree of coating of the
child s cells  Greenwalt and Wagner (1955)° apphed this
quantitative ant1 globulin techmque m 86 cases and found
no regular correlation between the test results and the
severity of the disease <

THE AFTER EFFECTS OF HZEMOLYTIC DISEASE
OF THE NEWBORN

“Children surviving hemolytic disease of the newborn
without treatment and a small percentage of those who have
been treated may have some degree of bramn damage
(Fulton Roberts 1957) 11 As a result the child may present,
months later, with athetoid movements of the Limbs
spasticity, mental retardation, unexplained deafness or
hepatomegaly and splenomegaly (Drummond and Watkins,
1946) **—and the pature of the underlying cause may not be
revealed by clinical examunation The performance of an
Indirect anti globulin test, using the mother s serum and
the child s red cells, may give a pointer to the stiology ~

¥ Some women, known to have become immunised during
pregnancy have no demonstrable antibody when the blood
15 examined & few months after the birth of an affected chuld,
but most :immunised women contmue to produce antibodies
throughout hfe In general the younger the child the
greater the chance of demonstrating any blood group
ncompatibility existing between 1t and the mother How-
ever 1t has been possible by the Indirect ant: globulm test,
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to demonstrate 1n the blood of a 70 year old woman, immune
antibodies against the red cells of her 40 year old son

HEMOLYTIC ANEMIA

“The name “ hemolytic anema ™ covers a number of
conditions 1n which the main feature 1s a shorteming of the
Ife span of the red cells manufactured by the patient”
Sometimes the underlying cause can be readily recogmsed,
sometimes its ongmn and the reason for the h-emolytic
cnises which recur periodically are frankly unknown The
field 15 too vast to attempt more than a brief description
here The reader who wishes to study the fascinating
confusion of the subject should consult Dacies book,
The Hamolytic Anamias, where he will find many of its
complexities unravelled

YTwo broad categonies can be distinguished In the
congemtal or hereditary type of hemolytic anemia an
ntrinsic defect m the structure of the red cell, or of its
enzymes, apparently causes 1t to age more quickly than a
normal cell Hereditary spherocytosis, sickle cell disease
and Mediterranean anzma are examples of this type of
condition” “The label, acquired hemolytic anerua, 1s attached
to a more diverse sertes of abnormal states  As implied by
the title the abnormality 1s not inherited, 1t 1s probable that
the fault 15 1n the environment of the cell rather than 1n the
cell stself, although the extrinsic factor may so alter the cell
structure that it becomes more vulnerable to normal
destructive forces While 1t may he possible occastonally
to attribute a hemolytic episode to a bactenal infection or
a chemical poison 1t more often happens that no such
connectton can be traced In some cases an anto antibody,
which may be erther an agglutinin or a hmmmm
demonstrated by serological methods mn the patient s blood,

though the purpose or cause of such a self destructive
mechanism 1s hard to understand *
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(1953) ? considered, however, that a quantitatne anti globulin
test can indicate the degree of afflicion The baby’s cells
are washed thoroughly and are then tested against senal
dilutions of a suitable standard ant: globuhn serum At
the same time the anti globulin serum 1s titrated against
D positive cells which have been sensitised by exposure to
a standard ant1 D serum The ratio of the two titres
multiplied by 100 represents the degree of coating of the
child’s cells Greenwalt and Wagner (1955)1° apphed this
quantitative anti globulin techmque 1n 86 cases and found
no regular correlation between the test results and the
severity of the disease «~

THe AFTER EFrecTs oOF HEMOLYTIC DISEASE
OF THE NEWBORN

¥Children surviving hzmolytic disease of the newborn
without treatment, and a small percentage of those who have
been treated, may have some degree of bran damage
(Fulton Roberts, 1957) 11 As a result the child may present,
months later with athetoid movements of the lmbs,
spasticity, mental retardation, unexplained deafness or
hepatomegaly and splenomegaly (Drummond and Watkins,
1946) **—and the nature of the underlying cause may not be
revealed by climical examination The performance of an
Indirect anti globulin test, using the mother s serum and
the child s red cells may give a pointer to the ztiology <

¥Some women known to have become immumsed duning
pregnancy have no demonstrable antibody when the blood
1s exaruned a few months after the birth of an affected child
but most immunised women continue to produce antibodies
throughout Lfe In general the younger the child the
greater the chance of demonstrating any blood group
incompatibility existing between 1t and the mother” How-
ever, 1t has been possible by the Indirect ant: globulm test,
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stored m the refrigerator the red cells may become coated
with the cold meomplete antibody commonly found 1n the
sera of healthy people, so that they give 1 positive Darect
anty globulin reaction which 15 not indicative of hemolytic
anzma To avoid confusion of this sort, blood samples
from patients suspected to be suffering from hmmolytic
anzmia should be tested before they are aliowed to cool
Tao do this effectively the venepuncture should be made with
a warm svringe, the blood should be collected into a warmed
contamer and it should be kept at 37° C untl the clot has
formed The subsequent centnfuging and separation of
serum should be carned out without delay  Dacie (1954) 14
advoecates that * erythrocvies sensitised by cold antibodies
must be washed 1n saline warmed to 37° C 1n order to elute
agglutimns®  However, Dunsford and Bowley, 1955 56 have
not found this necessary 1f the blood 1s collected as described
above, since the cold antibody 13 given no chance to become
bound to the cells Under these aircumstances the use of
salme at room temperature (18 20° C) for cell washing has
proved satisfactory #

/To make 1t as certan as possible that the antibody
coating the patient’s cells will 1f present, be detected a
Serial dilution anti-globulin test should be performed The
techmque 15 similar to that of the Direct anti globulin test
except that the anti globulin serum should be prepared in
doubling ditutions of from 1/1 to 1/1000 or more, depending
upon the titres which were found to be optimum for the
demonstration of gamma globuling  If possible at least
two different batches of antt globulin serum, both contaiming
anti gamma and aoti non gamma components should be
employed Red cells coated with gamma and non gamma-
globuhn antibodies must be used as a positive control to
test each dilution of the anti globulin serum,, e tile
technique 15 deemed to be the more sensitive and, mdeed,
Wnght, Dodd, Bouroncle, Doan and Zolhinger (1951)% and
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~Shortly after the description of the antt globulin techmque
was published Boorman, Dodd and Loutit (1946) '3 applhed
the test to a serses of cases of hremolytic anemia and found
that'Cells from patients suffering from the aquired form gave
a positive Direct ant1 globulin reaction whereas cells from
patients with the congenital type of disease did not It was
thought at first that here was a splendid tool by which cases
of acquired hzmolytic anemia could be distinguished from
other chinically similar conditions?”

Later experience has shown that a diagnosis cannot be
made 1n so simple a2 manner and that the results of the
anti globulin test should be interpreted with caution It 15
still true to say that auto antibodies are never found 1n
congemital hzmolytic anzmia, they may be demonstrated
1n the majority of cases of the acquired form of the disease,
but ‘there are occasions when no antibody can be detected,
perhaps because our armament of tests 1s still inadequate to
reveal 1ts presence  This should not be taken to imply that
the anti globulin test 15 of little value 1n hemolytic anema
On the contrary provided that 1t 1s appreciated that a
negative test result does not necessanly exclude the disease,
and that posttive reactions can occasionally be found n

¥ other disease conditions and even 1n normal individuals,
the information obtained from the ant: globulin test can be
most helpful -

”When an active auto antibody 1s found 1n the serum of a
patient suffering from hzmolytic anemia 1t may have the
charactenistic behaviour of either a cold or a2 warm antibody
and may be exther 2 gamma or non gamma globuln, or 2
mxture of both  The results obtaned mn the anti globulin
test will depend to some extent upon the correctness of the

~ dilution of the ant: globulin serum employed and whether
1t contams the antibody for the particular type of globulin

with which the cells are coated /
“As has already been mentidned when blood samples are
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anti globulin method, its behaviour and speaificity can be
mestigated (Roth and Frumun, 1957) 1#

~When, 1n the performance of an Indirect anti-globulin
test, the serum being mvestigated appears to react with the
antigen on the red cells cmployed, it should not be confidently
assumed that the serum contains antibody until 1t can also
be shown that the test cells are not already coated by a
“normal ” cold wncomplete antibody In practice this
hazard 15 avoided by the setting up of the cell suspension
control which 1s, 1n effect, a Direct ant1 globulin test applied
to the cells  Washed cells which have not ‘been exposed to
the sensitising serum are subjected to the same dilutions of
ant: globulin serum at the same time as the main test 1s
performed on the cells which have been exposed to the
sensitising serum It should then be obvious whether the
reaction observed 1n the main test 1s due to a coating of
normal cold incomplete antibody already present on the
red cells, or whether the ongin of the antibody now bound
to the cells was 1n the serum undergomg investigation~

PLATELETS, LEUCOCYTES AND THE CORRESPONDING
ANTIBODIES
“The study of blood group antigens 1n human platelets
has always been difficult because of their pronounced
tendency to adhere together spontaneously whenever they
come wnto contact with a surface which 15 not absolutely
smooth This viscous metamorphosis, which 1s part of a
phystological mechamism designed to prevent loss of blood
from damaged vessels, makes difficult the mterpretation of
agglutination reactions when studying the antigenic structure
of platelets, or when a patient’s serum 15 bemng examned
for the presence of anti platelet antibodies «
In 1954 Gurevitch and Nelken®® described a method for
overcoming this spontaneous adhesion of platelets and

~demonstrated the existence of A and B antigens on their
H
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Hare, Heck and Mathieson (1954),18 have cast doubt on the
value of the tube method of performing the anti globulin
test 1n the study of hemolvtic anemia  That the red cells
are not alone 1n beng coated by antibody 1s suggested by
the finding of Nelken and Gurewitch (1956)%" that the
patient s platelets may also give a positive Direct ant
globulin reaction”

#'The Indirect anty globulin test 15 used to study the
antibody content of the patient’s serum It 1s advisable to
use washed cells of known antigenic structure 1n order to be
able to distinguish an antibody wath group specifiaity from
the non specific type The serum should be fresh since
complemem must be avalable before a cold anttbody can

ns p by attact to the red cells In the
mitial stages of the investigation, when 1t 18 not known
whether the antibody 1s of the cold or the warm vanety,
tests should be performed both at 20°C and at 37°C”7 A
particularly avid cold antibody with a wide thermal range
may show such actnaty at 37 C that the mvestigator 1s
musled 1nto thinking that a warm antibody 1s also present
Thus pitfall can be avoided by heating the washed cells and
the patients serum separately to 37 C before muxng
them together The capacity of a cold antibody to sensitise
cells can often be intensified 1f the patient s serum 1s acidsfied
by the addition of N/4 hydrochlone acid (in the proportion
of one volume of acid to nine volumes of serum) before
subjecting the cells to 1ts action/

“The serum of a patient with acquired hzmolytic anzmia
very often reacts with all the cells with which 1t comes 1n
contact, suggesting that a mixture of antibodies 1s present,
some of which are coating the red cells while others are free
mtheserum  The antibody which wall be of most importance
to the patient 1s the one with which his own cells are coated #
‘When thus antthody has been eluted off hus cells it can be
used 1n the place of a sensitising serum and, by the Indirect
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ant: globulin method, 1ts behaviour and specificity can be
mvestigated (Roth and Frumin, 1957) 16

~When, in the performance of an Indirect anti globuhn
test, the serum being nvestigated appears to react with the
antigen on the red cells cmployed, 1t should not be confidently
assumed that the serum contams antibody until 1t can also
be shown that the test cells are not already coated by a
‘normal ” cold incomplete antibody In practice thus
hazard 13 avoided by the seting up of the cell suspension
control which 1s 1 effect, a Direct anty globulin test applied
to the cells Washed cells which kave not ‘been exposed to
the sensitising serum are subjected to the same dilutions of
anti globulin serum at the same time as the main test 15
performed on the cells which kave been exposed to the
sensitising serum It should then be obvious whether the
reaction observed 1n the mamn test 1s due to a coating of
normal cold incomplete antibody already present on the
red cells, or whether the ongin of the antibody now bound
to the cells was 1n the serum undergoing mvestigation/

PLATELETS, LEUCOCYTES AND THE CORRESPONDING
ANTIBODIES
“The study of blood group antigens 1n human platelets
has always been difficult because of their pronounced
tendency to adhere together spontaneously whenever they
come nto contact with a surface which 15 not absolutely
smooth This viscous metamorphosis, which s part of a
physiological mechanism designed to prevent loss of blood
from damaged vessels, makes difficult the nterpretation of
agelutination reactions when studying the antigenc structure
of platelets, or when a patient’s serum 1s betng examned
for the presence of anti-platelet antibodies
In 1954 Gurevitch and Nelken® described a method for
overcoming this spontaneous adhesion of platelets and

“demonstrated the existence of A and B antigens on their
H
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Hare, Heck and Mathieson (1954) 16 have cast doubt on the
value of the tube method of performing the anti globulin
test m the study of hemolytic anzmia  That the red cells
are not alone 1n bemng coated by antibody 1s suggested by
the finding of Nelken and Gurevitch (1956)17 that the
patient s platelets may also give a positive Direct antt
globulin reaction”

e Indirect ant: globulin test 1s used to study the
antibody content of the patient’s serum It 1s advisable to
use washed cells of known antigenic structure 1n order to be
able to distingmish an antibody with group spectficity from
the non specific type The serum should be fresh since
complement must be available before a cold antibody can
manifest 1ts presence by attachment to the red cells In the
mtial stages of the mvestigation, when 1t 1s not known
whether the antibody 1s of the cold or the warm varety,
tests should be performed both at 20°C and at 37 C7 A
particularly avid cold antibody with a wide thermal range
may show such activity at 37 C that the investigator 1s
nusled 1nto thinking that a warm antibody 1s also present
Thus pitfall can be avoided by heating the washed cells and
the patients serum separately to 37°C before mxing
them together “The capacity of a cold antibody to sensitise
cells can often be intensified 1f the patient s serum s acidified
by the addition of N/4 hydrochloric acid (in the proportion
of one volume of acid to nine volumes of serum) before
subjecting the cells to 1ts action

“The serum of a patient with acquired hzmolytic anzmia
very often reacts with all the cells with which 1t comes 1n
contact, suggesting that a mixture of antibodes 1s present
some of which are coating the red cells while others are free
1n the serum  The antibody which will be of most importance
to the patient 15 the one with which hus own cells are coated ~
When this antibody has been eluted off hus cells 1t can be
used 1n the place of a sensitising serum and, by the Indirect
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a papain solution and are then ncubated with the serum
suspected of contaming antibody  After a thorough wash
to remove unbound antibody the cclls are mixed and
incubated with a suitably diluted anti globulin serum  This
mixture 15 finally added to a suspension of well washed
D positine red cells which have bzen previously coated with
anti D antibody / “ff no agglutination now occurs the anti-
globulin serum must already have been used up by absorption
mto combination with an antibody coating the platelcts or
leucocytes with the result that 1t appears to be mactive when
mixed with red cells which are known to be coated with
anti D antibody  If agglutination of the sensitised red cells
does occur the antt globulin serum has not been ** consumed ™
by the platelets or leucocytes and 1t can be assumed, there-
fore that the serum under examination did not contan an

antibody specific for the antigens on the platelet or leucocyte
surfaces <

OTHER APPLICATIONS OF THE

. ANTI GLOBULIN TEST

Bacterwology

Fifty years ago, 1n his second paper, Moreschi (19085) 25
desenbed the acceleration and strengthening of bactenal
agglutination reactions by what we now call the anti-
globulin techmque and since sts re discovery by Coombs *®
and s colleagues 1 1945>fnany nvestigators have used
this method 1n studying the agglutination of bacteria  As
m other fields 1t has been shown that antibodies directed
agaimnst bactenal antigens may be of either the complete of
tcomplete variety or a mixture of both and, furthermore,
the titre of the antibody 1s apparently enhanced when tested
by the ants globulin method /

“Morgan and Schultze (1946) 27 reported the finding
human sera of mcomplete antibodies specific for Shigella
orgamisms and _anti-Typhoid _aptibodies could also be



98 ANTI-GLOBULIN (COOMBS) TEST

surface if these were present in the red cells” In 1955 Coombs
and Bedford 20 subjected suspensions of platelets to the
action of anti-A or anti B antibody 1n order to allow
absorption of the antibody to the platelet surface When
the platelets were washed free from uncombined antibody
they were mixed with weak suspenstons of A, B or O red
cells  Platelets from a group-A person, treated with antt A
serum, would cause the agglutination of A red cells, but
would not cause clumping of B or O cells ¥ The mixed
platelet erythrocyte agglutination was speafic and could
only occur providing the platelets and the red cells had
antigens in common

If the antibody first taken up by the platelets was of
the mcomplete type, then, after washing and mixing with
the red cells, no agglutination would occur However,
Coombs Marks and Bedford (1956) % overcame this obstacle
by applying the Direct ant1 globulin method to the platelet
erythrocyte mixture  In therr experimental work they were
able to demonstrate anti platelet antibodies produced
rabbits and although 1n 34 cases of idiopathic thrombo
cytopenia 1n human patients they were unable to prove the
existence of ant1 platelet antibodies the technique has seemed
to show sufficient promise to make 1t worth pursuing

Many workers have demonstrated the occurrence of
platelet sensitisation by employment of the Direct ant:
globulin test In 1956 Jaeger-Draafsel, Weigman and van
Loghem? used the technique of Dausset and Mahnvaud
(1954) 2 to search for ant: platelet anttbodies 1 the serum
of 159 patients and by this method they showed that more
than 50 per cent of the patients had an incomplete anti-
platelet antibody

The anti globul, or test a
modification devised by Moulimer (1956) %can also be of
assistance m the study of antibodies agamst platelets or
leucocytes  The platelets or leucocytes are first treated with

y
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cercbro spinal flwd contans small quantities of globulins,
but that 1n certamn pathological conditions such as syphihs
the amount of globufin 1s inereased ~
“By the anti globuln splubition techmgue the globulin

content of a solution may be mvestigated Varymng
strengths of the solution are mixed with senal difutions of
anti lobulin serum and are left for at least 30 minutes at
room temperature after which cach mixture 1s tested with
well washed sensitised cells  1f agglutination of the sensitised
cells occurs the anti globulin scrum cannot have been
mactivated by globulins in the solution  But1f no agglutina-
tion results the solution must have contaned globulins
which, by their reaction with the ant1 globulin serum, appear
to mhibit 1ts capacity to agglutinate coated cells

This exposition of the method 15 correct so far as 1t goes
but the results must be interpreted with circumspection It
1 possible, for example, that a solution contmning non-
gamma globulins would neutralise the activity of the anti-
non gamma fraction of an ant1 globulin serum, while leaving
the ant gamma globulin moicty free to react with cells
coated with gamma globulin antibody, the resultant
agglutination would suggest erroneously that the solution
had been globulin free  Since1t s possible to prepare special
anti globulin  serum which will combine with gamma
globulins only, or with non gamma globulins only, 1t 1s
Practicable to measure both the gamma and the non gamma
globulins 1 a solution vif still purer ant: globubin sera
could be prepared the antt globulin hibition techmque
mught profitably be used to supplement electrophoretic
methods of serum analysis{(Grubb, 1956) 3

In table x 1s shown the pattern of results to be expected
when traces ot normal serum are muxed with serial dilutions
of an anti globulin serum The ‘mdicator’ cells were
Eroup O Rh positive red cells coated with incomplete anti-D
antibodies (which have been shown to be gamma globulins)
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demonstrated by the anti globulin techmque The test was
applied by Griffiths (1947) 2% to the study of Brucellosis and
by Coombs and Stoher (1951) -° 1n 1nvestigations of Q fevers

Middlebrook and Dubos (1948) 3 devised a modified
technique with which to examine sera obtamed from patients
suffering from tuberculosis Concentrated aqueous extracts
of tubercle bacilll were adsorbed on to the surface of red
cells 1 order to produce an agglutinable antigen  Admuxture
of serum from a patient who had proved tuberculosis would
usually agglutinate the red cells but occasionally no such
reaction was observed By performmg an anti globulin
test 1t could be shown that the lack of agglutination was due
to the presence of incomplete antibody Those readers who
may require more detailed information will be interested 1n
the wrnitings of Hall and Manton (1951),% Mynell (1952)3
and Haberman (1955) **

More recently, when using the test to observe the
reactions of anti sera against vanous orgamisms, Ford and
De Falco (1956) % concluded,”** Such diseases as those
caused by anmmal parasites, allergens, fungi and viruses may
possibly be detected with much more facility by applications
of the Coombs test or by modifications of this technique
We believe that a wider application of this techmique 1
serological tests may be well worth the effort ~

Estimation of Globulins mn Serum and other Fluds

~It has been reterated repeatedly that the successful
performance of an anti globulin test depends to a great
extent upon the thorough removal by washing of the
coated cells of unbound globulin or serum which would
neutralise the actvity of the ant1 globulin serum employed
This knowledge that small quantities of globulin 1n solution
will mnhibit the ability of ant: globulin sernm to agglutinate
coated cells was ingeniously applied by Wiener Hyman
and Handman (1949) ** when they demonstrated that normal
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In contrast, tables a1 and an illustrate the very different
disposition of reactions ginen by ser1 from two patients
e patient who suffered from multiple mycloma had the
charactenistic hyperglobuhnemia assocrated with this disease
so that even m high dilution his scrum inhibited the anti-
globulin serum, whereas the serum from a small child
afflicted by congemital agammaglobulintmia had very little
neutralising effect It follows, therefore, that the antt globulin
nhibition test can be used 1n the diagnosis and in the control
of treatment of agammaglobulineria  The results of this
test can be obtained more quickly than can those of bio-
chemical methods and Muralt, Barandun and Hassig
(1957)" claim that the test will detect gamma globulins m
concentrations too low to be detected by electrophoresis #

SForensic Medicine

ust as flud human serum will inhibit the action of
antt human globulin serum, so also will dricd human sera or
blood staims  Alhson and Morton (1953),% using the anti-
human globulin mhibition method, claimed that it could
Wentify with absolute speaificity dried blood or serum
stains of human ongin which were ten years old, and that
it worked successfully with mummified remains at least
5000 years old  Anderson (1954) 3 while agreeing that the
test was more specific than the standard anti-human
precipitin. test, doubted whether 3t was so sensitive He
found that chimpanzee blood and serum were as efficient as
human blood 1n inhibiting the action of ant1 human globulin
serum though Rhesus monkey serum had no effect It
would be interesting to discover whether a chimpanzee
antt human globulin serum could be prepared which might
Prove to be a more specific reagent /
“The fiirst step 1n the rdentification of stains 15 to cut out
2 small piece of the staned matenal and to take also an
unstamed piece of the same size from the same maternal,
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which will serve as a control  The two picces are placed 1n
separate but equal, amounts of the same standard anti human
globulin serum and are left overmght On the following day
the test flmd and the control fluid are cach titrated separately
agamst both sensitised and non sensitised red cells The
cells used are human group O Rh positine erythrocytes, one
portion of which has been coated with mcomplete antt D

antibody while the other portion has been left untreated

‘The point of testing the control fiuid 1s to show whether the
matenal alone has any mhibitory cffect on the ant: globulin
serum  When the test fluid 1s mixed with the sensitised cells
and no agglutmation results, provided that the control tests
have been satisfactory, the stain can be assumed to be of
human ongin #

“
Hamolynic Disease of the Newborn m Ammals
Consequent upon the discovery of the underlying cause
of hamolytic disease of the newborn 1n human babes, 1t was
natural to turn attention to the young of ammals and to try
to find out whether any of the neonatal deaths occurnng m
other species could be aftributed to simular blood group
Elcompahbxlny mechamsms Tt was soon established that
gm‘ﬂ)’tlc disease of the newborn could occur mn horses
§) oombs, Cro»&hurst, Day, Heard, Hinde, Hoogstraten and
arry, 1948 49)in mules”(Caroh and Bessts, 1947 ), and 1n
glgs (Buxton Brooksbank and Coombs, 1955 4} and 1t has
een experimentally produced i ammals of other species too”
bre;::{m; (1955) 4 considers that 1 per cent of thorough
by B celorses n the Newmarket area have foals afflicted
esluna:::; ytﬁc disease of the newborn and Brion (1949) *
eiden that m the mule breeding region of France the
1 pge 1 in mule foals 15 as high as 8 per cent  The incidence
s onty Oaz not yet been published, but even if the frequency
three per cent then the loss from the disease 1n these
species of amimals 1s of economic importance
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bv a foster mother"whose milk does not contain the noxious
antibodies

The Indirect anti globulin test has been used to search
for antibodics 1n the ser1 of mares and sows and 1t has been
possible to demonstrate m these ser1 both complete and
mcomplete antibodics which will react with the red cells of
ther mates” Further studies of the blood groups of horses
and pigs should cnable breeders to sclect switable sires for
their amimals, thus avording the ntervention of hemolytic
disease with its conscquent cconomuc losses

In the period 1948-1952 an cxcellent series of papers
was published by Young and s colleagues, who chose dogs
as the amimals 1n which to study experimentally produced
hamolyue disease and various transfusion problems  The
logical first approach was to delineate the canine blood-
8toup systems  Among other interesting observations,
Chrstian, Ervin and Young (1951) ¢ demonstrated that
dogs may have an antigen, Al, with serological charactenstics
which are very similar to those of the Du antigen 1n man
Like Dy, the At antigen 15 readily detected by the action of
dog anti-A serum n the Indirect ant1 globulin test  Swisher
and Young (1954) ¢ were able to prove by the same method
that camine anttbodies may exist 1n the incomplete form
Hzmolytic disease of the newborn was experimentally
Produced 1n pups and, although at birth the Direct anti-
globulin test applied to the pups red cells gave a negative
Tesult, the reaction became positive when they were suckled

by their mother (Young, Christian, Ervin, Davies, O Brien,
Swisher ang Yuile, 1951) 47

d"Studles of blood groups and experimental hzmolytic
iSease of the newborn n rabbits have shown that the
&nti globulin technique 15 an exceedingly useful tool with
Which to detect mcomplete antibodies and to demonstrate
Sensttisation of cells”Heard, Hinde and Mynors (1949),48
Kellner and Hedal (1952),%* and Anderson (1956) 3¢
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“The =tiology of the disease 1 ammals differs shightly
from the mechanism producing human hzmolytic disease
of the newborn  The placentz of most animals have several
chorio-epithelial layers which provide a greater barner to
the passage of antibodies from mother to feetus than does
the single layer of the human placenta As a result, the
offspring are born healthy, having been unaffected 2 utero
by maternal antibody, but they succumb a few days later to
the effects of maternal antibody secreted mn the colostrum
and mother s milk -

The blood-group systems of horses, donkeys and pigs
have not been studied to the same extent as those 1n man and
knowledge about the behaviour of the antigens and antibodies
mvolved 1s less complete  Just as in man, the discovery 11
the laboratory of serological differences i the blood groups
of mother and offspring does not mean necessanly that

"{ncompahblhty evsts which will have® chinical repercussions”
Before making a diagnosis of hamolytic discase 1t 1s
necessary to show that antibodies directed aganst antigens
on the red cells of the feetus are present n the maternal
serum and i the colostrum and that these antibodies are
able to coat or destroy the red cells of the young antmal
Confirmation that hemolytic disease of the newborn 1s the
underlying cause of some cases of anzmia 1 sucklings 18
provided by the finding that the red cells, which give a
negative Direct anti globulm reaction at birth subsequently
show evidence of sensitisation 1 a positive Direct antt
globulin result after the ingestion of colostrum

For the performance of such tests special ant: globulin
sera must be prepared In the study of the disease m pigs
rabbit anti1 pig globulin serum 1s used 1 nvestigations
mvolving horses and mules rabbit ant: horse globulin serum
1s the approprate reagent

+Once the diagnosts has been made the anemia may be
cured by transfusion or the young animals may be suckled
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agamst the conjugate  There may be many other appheations
of this test i the study of protemns, polypeptides and
polysacchanides of biological and pathological importance
It has great possibilities in the sphere of allergy ~

A problem of blood group serology which still awaits
full mvestigation 1s the determination of the number of
antigen receptors, pertaiming to cach blood group system
on the red cells  The use of a radiorctine todine method
led Boursnell, Coombs and Rizk (1953) ** to postulate that
5500 Rh (D) antigen receptors were available on cach red
cell  Wiener and Gordon (1953) ® described a quantitative
anti globulin test which they considered could be applied to
determine the relatne number of antigen receptors on the
red cells for the vanous blood group systems The same
problem was tackled by Grubb (1955),%° using the anti-
globubin technique 1n a rather different way Suspensions
of well washed Rh positive red cells were prepared 1n
volumes known to contain about 10° cells  To each volume
of cells was added a measured volume of anti-D serum m
vanious diluttons and the mixtures were then incubated to
allow the cells to become coated After thorough washmng
to remove free antibody, measured volumes of diluted
ant1 globulin serum were added to the sedimented cells At
the same time identical dilutions of anti globulin serum
were mixed also with standard solutions of gamma globuhn
A companison was then made of the abihty to 1gglutinate
further amounts of coated cells by the ant1 globulin solution
neutralised by red cells and by the anti globulin solution
mhibited by standard gamma globulin ~From this could be
found the amount of gamma globulin 1n a particular dilution
of ant1 D antibody which combined with a known number
of red cells and, assuming that the molecular weight of
gamma globulins 1s 165,000, Grubb calculated that there
must be a mimmum of 2000 receptors on each red cell #
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In other species of animal, cattle, for mstance, the blood
group systems have been intensively investigated, but much
remamns to be discovered and the vetermary sctentist will
find the anti-globulin technique a necessity for a complete
study

v{n/zmunolagmal Research

Coombs, Gleeson White and Hall (1951)5 devised a
multi-stage anty globuly bulding up an ant
globulin globulin lattice 1n order to effect agglutination of
certain bovine red cells which had been sensitised by
heterophile antibody, but which were not agglutinated by
the ordinary single stage antt globulin test (Gleeson White,
Heard, Mynors and Coombs, 1950)5- These two papers
made 1t clear that, 1 at least one species although the red
cells may possess a particular antigen, 1t will only be detected
by superimposing on the cells specifically combined alternate
layers of antibody globuln anti-globulin antibody globulin
and antt globulin until agglutination occurs

VIt has been recogmised for many years that the agglutina
tion reaction provides a much more sensitive method than
precipitation  for demonstrating the specific antibody
content of serum  When the antigen 15 a soluble protem
and the precipitin antibody 1s of the incomplete type any
mteraction which occurs between them will not be readily
detectable~ Coombs, Howard and Wild (1952),% attempting
to find a way m which to recogmse that such reactions
had taken place contrived a sensitive agglutination method
1n preference to precipitation “~They were able to conjugate
the soluble protemn antigen with an incomplete anti D
antibody and then, by mixing the conyugate with Rh positive
cells to coat those cells with ant1 D antibody conjugated
with protemn antigen This coating could be detected erther
by testing the red cells with anti human globulin serum or by
the use of a specially prepared ant: globulin serum active
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CHAPTER x!
ODDMENTS

Tais book 1s not ntended to be a complete review of the
ant1 globulin test, but rather to act as a broad basis on
which the student can bwmld It 1s for this reason that, 1n
this chapter, a few oddments are mentioned which may
suggest lines on which future work could be planned

THE ANTI GLOBULIN TEST IN CANCER

v Green, Wakefield and Littlewood (1957),* using ant:
human globulin serum  at lower dilutions than standard
(te at dilutions which were more likely to pick up non
gamma than gamma globulin antibodtes), found that the
red cells of 43 per cent of patients with cancer gave a positive
Durect anti globulin reaction whereas 1 non cancerous
patients the Direct anti globulin test was positive n 15
per cent The degree of positivity was stated to be related
to tumour size and was greater with larger tumour masses
Tumours of lymphoid tissue and advanced carcinoma gave
the greatest number of positives These authors suggested
that the an®ma of malignint disease might be due to an
auto antibody produced by the tumour cells and from the
evidence presented, the antibody they were detecting was of
the non gamma globulin type <

v Dunsford (1957) found that the sera of patients with
cancer more often contained auto agglutinms or pan
agglutiuns than did the sera of patients who did not have
cancer’ It was an antibody of this type which caused the
positive Direct ant1 globuln test 1n a case of pernicious
angrma reported by Selwyn and Alexander (1951) % and 1t
may have been this sort of antibody which was responsble

for the findings of Green! and co workers In a small
114
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series of 40 cases Dunsford 2 observed that the Direct
antt globulin test was always negative if the cells from
patients with malignant discase were tested before they had
been allowed to cool to a temperature below 30°C
Madden (1956)* reported positive Direct anti globulin
reactions given by sera obtammed from patients suffering
from cancer 1f the samples had been first refrigerated

Auto antibodies appear to play a definite role in acquired
hzmolytic anemia and 1in Hashimoto s and other diseases”
(Roitt, Domach, Campbell and Vaughan-Hudson, 1956)+
“Furthermore, normal healthy people can be shown to have
anti H as a normal incomplete cold antibody 1 their sera™—
Crawford, Cutbush and Mollison (1953) *—and yet at the
same time these people have H-substances in their tissues
One possible hypothesis advanced suggests that if this
auto tolerance should break down n a particular organ the
tissue cells may become so modified that they lose therr
tissue specificity and result in a malignant condition
Certainly the theory of the immunological basis of cancer
enunciated by Green * and his colleagues and the observations
recorded by them warrant further mvestigation ~

THE ANTI GLOBULIN TEST IN
Lrap POISONING

Sutherland and Eisentraut (1956), using the tube method
of performing the ant1 globulin test advocated by Rosenfield,
Vogel and Rosenthal (1951) 8 found that n“fhe anzmm
produced by lead intoxication mn humans and n exper1
mentally induced lead poisoning 1mn dogs, the red cells

gave a positive Direct anti globulin reaction”

“Dunsford (unpublished) also has observed a strong
positive Direct anti globulin result given by the red cells
of a child sufferng from severe lead powsoning although
negative reactions were obtained 1n tests on the bloods of
three men, workers in the car mdustry, who had been exposed
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to lead for some time and all of whom had marked symptoms
of plumbism« These interesting observations ment further
mvestigation by those making a special study of lead
poisoning

THe ANTI GLOBULIN TEST AND
OTHER CHEMICALS
~ Following the ntravenous admimstration of phenyl
hydrazine to a dog, Muirhead, Groves and Bryan (1954a) ®
found that both the Direct and Indirect anti globulin
reactions became positive These positive results could not
be obtamed if phenylhydrazine was added to the dog's
blood after collection, 1 other words, the phenylhydrazme
was not able m vitro, to modify the dog s red cells so that
they became agglutinable by antt globulin sera# The same
team Muirhead, Groves and Bryan (19545)1° however
reported later that the addition of hydrazine to the dog
blood 1 vitro simulated the phenomena observed after in vivo
action of phenylhydrazine  The authors considered several
possible explanations It might be that hydrazine uncovered
protein on the dog erythrocytes which would react with the
rabbit anti dog antibodies to produce a positive Direct
ant1 globulin result, perhaps the hydrazine altered the
surface of the dog erythrocytes in such a way that 1t absorbed
protemns, or 1t might be that the hydrazine acted as a
coupling agent between the red cells and the normal proteins,
“Murthead and Groves (1956} further reported that
hpid solvents acting 2 vivo modified dog erythrocytes so
that they gave a positive Direct ant1 globulin reaction ~
As reported by Jandl (1955)* and Jandl and Simmons
(1957) 3 several metallic cations are capable of attaching
protems to the surfaces of human red cells, thus  sensttising™
the cells, which can then be agglutinated by anti sera
specific for the protems attachment ~For instance, anti
human globulm serum agglutinated the cells if human
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globulin had been attached to the red cclls by the action of
metallic cations  The effect was observed when the cations
Cr+++, Fo+++, Bett+, Rh+++, and Al+++ were cmployed

Red cells so treated can be used as positive controls for the
anti-globulin test  Such cells wall heep for at least a week #

A TEST WHICH MAY SUPPLEMENT
THE ANTI GLOBULIN TECHNIQUE

When a 1 per cent solution of protamine sulphate was
added to a saline suspension of red cells coated with 1n-
complete ant1 D antibodies agglutimation occurred (Roth
and Frumin, 1954) 1t Cells which had not been coated by
antibody were not agglutinated and neither were cells
obtained from cases of acquired hzmolytic anemia  After
further observations Roth and Frumin (1957),% described
the results obtained with this and other tests on red cells
from 17 patients suffering from acquired hemolytic anzma
In some cases agglutination occurred, 1n other cases 1t did
not This may have been due to a distinction 1n the globulin
coating of the red cells, such as the difference between gamma
and non gamma globulins More study 15 necessary for
the understanding of the mechanism and for an evaluation
of the helpfulness of this method as a supplementary
technique 1n the investigation of hemolytic disease ~
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