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A CRIPICAL INVESTIGATION OF THE BLOOD GROUPS
AND THEIR MEDICO-ILEGAL APPLICATION,

I am indebted to Professor John Glaister for suggesting
the subject of blood grouping as one which would repay
further investigation.,
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SECTION X

INDIVIDUALITY OF THE HUMAN BILOOD

The fact that the sera of certain normal persons have the
property of agglutinating the red cells of certain other normal persons,
led to Landsteiner's (1) discovery of three types of bloods. Shortly
after, Decastello and Sturli (2) discovered a fourth type. According
to the behaviour of the blood serum and cells, human beings were divided
into four groups. Jansky (3) and Moss (4) classified these groups by
numbering them I, II, IIXI and IV, of which groups II and III were similar
in the two classifications, but I and IV were reversed. In order to
exclude the confusion produced by such difference, a new classification
was recommended by the Health Committee of the League of Nations, which

(1)
is the only one used in recent scientific literature, The relation

{1) This classification will be followed throughout this thesis.
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between these three systems to that originally designed by Landsteiner,
is given in Table No., 1.

TABLE No, 1

CLASSIFICATION OF THE FOUR_GROUPS

LANDSTEINER JANSKY MOSS INTERNATIONAL
c I Iv o
A II II A
B 111 111 B
DECASTELLO
AND STURLI v I AB

The reactions obtained when the sera of each of the four blood-groups
are mixed with the red cells of persons of each group as was originally

discovered by Landsteiner and Decastello and Sturli, are given in Table

No. 2.
TABLE No., 2
SERUM OF TESTED WITH CELLS OF GROUP
GROUP (o] A B AB
0 - + + +
A - - + +
B - + - +
m - - - -

= cells agglutinated.
- = cells not agglutinated.

Landsteiner explained these reactions by assuming the existence

of two agglutinable substance (agglutinogens) in the red cells and two
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corresponding agglutinating substances in the serum, Dungern and
Hirszfeld 25 named the agglutinogens A and B, and the agglutinins
(a) and (b)% In order to ascertain the relation between the agg-
lutinin and agglutinogen present in each blood, Landsteiner form-
ulated the following law,

*In a given blood containing a given agglutinogen the

serum will also contain all the iso-agglutinins which

are incapable of acting on the said agglutinogen®.
If agglutinogen A is present in the cells of group A and agglutinogen
B is present in the cells of group B as was originally designated by
Dungern and Hirszfeld, the distribution of the group substances in the
different groups will be as shown in Table No, 3.

TABLE No. 3

DISTRIBUTION OF

GROUP AGGLUTINOGEN IN THE RED CELLS AGGLUTININ IN THE SERUM.
0 Nil, - O (a) and (b)
A A (p)
B B (a)
(2)
AB A and B Nil. (o)

According to Tables Nos., 2 and 3, the blood-group of an individual can
be determined by testing ‘the blood cells of this individual against

known sera of groups A and B and by testing the serum against known cells

(1) These letters are meant to represent the greek ¢ and # , but
owing to the difficulty of printing these letters, they have
been substituted by the Roman small letters (a) and (b) which
are bracketed.

(2) The small letter (o) will be used to designate the absence of
both agglutinins from the serum.
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-5 -
of these two groups. This is shown in Table No. 4.
TABIE No. 4

UNKNOWN KNOWN CELLS UNKNOWN CELLS KNOWN SERA GROUP OF THE

SERUM OF OF GROUP oF OF GROUP UNKNOWN
BLOOD No, A B BLOOD No. A B BLOOD
1 + + 1l - - 0
2 - + 2 - + A
3 + - 3 + - B
4 - - 4 + + AB

NATURE OF THE GROUP SPECIFIC SUBSTANCES AND THE REACTIONS WHICH TAKE
PLACE BETWEEN THEM

The chemical composition of the agglutinogens was first thought
to be of a. protein or lipoidal nature. Recently Schiff (6) and others
‘have isolated a group specific substance of a carbo-hydrate hature from
the cells of group A. Nothing is yet known about the nature of the iso-
agglutinins (a) and (b) except that they are attached to the globulin
fraction of the serum. The fact that the agglutinogens A and B are anti-
genic in nature was shown by Landsteiner (7) and Dungern and Hirszfeld (8).
They proved that when cells of groups A or B are used to immunize animsls,
the anti-serum derived from these contains besides the human species agg-
lutinin, a specific agglutinin against the cells used. In order to obtain
a specific immune serum against A or B cells, the species agglutinins must
be removed from the serum of the immunized animal, by absorbing it with
human cells which do not contain the agglutinogen concerned, for example,

cells of group O. Such immune sera are similar in their action to normal
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sera’of groups B and A respectively, but usually are much stronger,
especially if the immunization was carried out over long perioéiz
The immune anti-A and B sera thus prepared are not suitable for carry-
ing out the agglutination test since they‘usually contain immune anti-
lysins besides the agglutinins, therefore hemolysis of the cells takes
place. In order to abolish the action of these lysins the serum is
inactivated by heating for half-an-hour at a temperature of 55°C, But
when the immune sera are kept in an ice-chest for a long time (4-6 weeks),
they lose their hemolysing action and therefore need not be inactivated.
The agglutinogen A was found by Schiff and Adelsberger (9)
to be related to Forssman's antigen found in the sheep's red cells. This
relation appears from the following observations:-
‘1) The sera of certain rabbits immunized with sheep's cells can
agglutinate the cells of group A.
2) The sera of certain rabbits immunized with A cells can hemolyse
sheep's cells.
These reactions do not occur if the anti-sheep sera are absorbed with
sheep's cells or if the anti-A sera are absorbed with cells of group A.
‘The fact that the anti-sheep immune serum does not contain anti-human
species agglutinins, has led to its frequent use in testing for cells
of group A, since no absorption is required, as in the case of sera

produced by immunizing animals with human cells of group A. The fact

(1) For convenience, the writer will use the following terms to differ-
entiate between the immune and natural sera acting on either A or
B cells,

&) Normal anti-A (Normal humen serum of group B).
b) Immune anti~A (Immune serum against A cells ).
¢) Normel anti-B (Normal human serum of group A).
d) Immune anti-B (Immune serum against B cells ),
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that not all immune anti-sheep sera can agglutinate cells of group A
suggests that the antigen of group A cells, although related, neverthe-
less is not identical with Forssman'’s antigen.

From the above-mbntioned facts one may conclude that the
reaction which takes place between these agglutinins and agglutinogens
is immunological in nature. Like other similar reactions it depends
on the union of the antigen (agglutinogen) and its antibody (agglutinin)
and in this particular case manifests itself through the agglutination
of the cells. Consequently, one would expect that the agglutinin will
disappear from the serum when this is mixed with a suitable quantity of
cells and after a period of contact is separated and tested. This is
confirmed by the following experiment:-

A packed sediment of cells of group B is prepared by taking the blood in
citrated saline in order to prevent clotting and the cells separated from
the serum by centrifuging. In order to remove a2ll traces of the serum,
the cells are washed with saline and re-centrifuged. One part of the
cell sediment is mixed with two parts of anti-B serum (normal or immune)
in a test tube. The tube is allowed to stand at room temperature for
1-2 hours after which the serum is separated by the centrifuge and tested
with cells of group B, when it will be found no longer active.// This
method of absorption has been widely employed in investigating the mech-
anism of blood-grouping and has been the basis on which several theories
have been formulated, especially as regards sub-division of the groups.
The method involvess:-

a) The determination of what agglutinins a particular specimen of red

cells can remove from the serum, and comprises also a study of the
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behaviour of these agglutinins, when they are again split off by
heating the treated red cells at 550C, so that the agglutinins
exist in an active state in the fluid when the cells are removed
by the centrifuge.

b) The estimation of the agglutinating action of the absorbed sera
in various red cells,

The union between the agglutinins and the agglutinogens takes
place over a range of temperature 0°C - 45°C, but agglutination is stronger
and occurs more rapidly at 0°C and decreases in proportion to the increase
of temperature. The possibility of splitting the agglutinin off the
cells used in ebsorbing the serum proves that the agglutinin has united
with the agglutinogen. This is described in the following experiment
according to the method used by Landsteiner (10).

Anti-B serum is absorbed for 2 hours at room temperature with
one tenth its volume of washed packed cells of group B. The agglutinated
cells are separated by centrifuging and then washed three times with cold
saline in order to remove the serum thoroughly. A suspension of these
cells is made by adding to them an equal volume of saline. The mixture
is allowed to stand in a water-bath at 55°C, for five minutes during which
‘the tube is shaken, At this stage the agglutination disappears and if the
mixture is centrifuged in a tube with a jacket filled with water at 559C,
it will be found that the separated saline can agglutinate cells of group B.

The specificity of the reactions obtained by these group specifiec
substances can be demonstrated as follows:-

1) Anti-A or B sera whether natural or immune agglutinate only their
respective cells.

2) Anti-A serum is exhausted of its agglutinin by absorbing it with a
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sufficiency of cells of group A. The same occurs when anti-B
serum is absorbed with B cells,

3) Cells of group A are incapable of exhausting anti-B serum and
B cells are incapable of exhausting anti-A, serum,

Occasionally it has been noticed that when the serum of group

0 is absorbed with cells of group A, these will not only absorb the (a)

agglutinins but also, to a certain extent, the (b) agglutinin, The

same occurs with regard to the agglutinin (a) when B cells are used.

This has been explained by Thomsen (11), on the assumption that the com-

pound produced by the union of the agglutinogen A and agglutinin (a)

possesses the property of binding the unspecific agglutinin. He claims

that cells of group A, although they cannot normally absorb the agg-
lutinin (b) found in group A serum, acqﬁire the ability to do so, if they
have been previouslj used to absorb the agglutinin (a). A more reason-
able explanation given by Landsteiner (12) is that the two agglutinins
are linked together so that when one is specifically absorbéd, the other
will be partly bound to it. The writer has found that this phenomenon
is only noticeable with weak sera of group O, and therefore he could not

confirm Thomsents statement.

FACTORS AFPFECTING THE AGGLUTINATION ﬁEACTIONS.

As mentioned, the union between the agglutinins and agglutinogens
takes place more readily at low temperatures; the extent of agglutination
is more marked at 0°C, fhan at higher temperatures. The maximum temperature
at which agglutination occurs depends on the sensitivity of the cells and
the strength of the agglutinin., The maximum temperature at which a weak

serum acts is less than that at which & strong serum can still produce
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agglutination, The highest temperature at which agglutination still
occurs is called by Biglosuoknia and Hirszfeld (13) the "thermal amplitude"
of the serum. They have found that it is proportional to the titre of
the serum i,e the highest dilution at which the serum can still produce
agglutination, The highest ﬁhermal amplitude met with is about 45°C.
~above which temperature no union takes place between the agglutinin and
the antibody. According to Bialosoknia and Hirszfeld, the serum con-
tains ééveral fractions of the agglutinin which can be separated by
absorbing the serum at various temperatures. For instance, if a serum
of group B is absorbed with A cells at 37°C. it can no longer agglutinate
cells of group A at this temperature, but it can agglutinate them at
lower temperature (0°C. -~ 25°C.) If the serum is absorbed at 25°C. it
can still agglutinate the cells at lower temperature than this. They
assume that these fractions absorbed at various temperatures possess
different affinities towards the cells, A fraction with high affinity
unites with the cells at higher temperature and a fraction of weak
affinity can only unite with the cells at a low temperature,

Although a low temperature is more convenient for the pro-
duction of the reactions, yet it is not suitable for the test of blood-
grouping since other agglutinins acting only at low temperature, are
found in the human blood. In order to exclude the latter, the test
should be performed at least at room temperature {(20°-250C), Naturally
the stronger the agglutinin'found in the serum, the stronger and guicker
will be the reaction. Similarly, the more sensitive the cells towards
the agglutinin, the stronger will be the reaction obtained.

On account of the presence of other phenomenae of hemo-
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agglutination which may simulate the above-mentioned reactions, certain
'precautions should be taken when the group of a blood is being determined,
.other%ise mistakes are liable to occur. A brief description of such

phenomenae and the precautions to be taken is given below.

PSEUDO-AGGLUT INATION.

If the serum of individuals suffering from certain infectioﬁs
diseases is mixed with the cells of other persons of the samé group, it
will be noticed that the cells are sedimented more quickly than if they
have been suspended in a normal serum of the same group. When the cells
mixed with the former serwn are examined under the microscope, they will
be found to be attached together in the form of rouleaux - and that is
the reason why the sedimentation was quicker, since these rouleaux are
heavier than the separate cells and settle down more rapidly. This
pPhenomenon is thought to be due to an increase in the fibrinogen content
of the serum of such persons, When even a normal serum of grou§ AB is
used in high concentration, there is a tendency to the formation of such
rouleaux, which may unite together and thus form small red clumps visible
to the naked eye. The reaction takes place at room temperature and
equally well at 379C. Although these appearances simulate the clumps
produced by the action of iso-agglutinins on their corresponding cells,
nevertheless it is usually easy to differentiate between them hy micro-
Scopic examination, since one can readily distinguish the lumps of true
agglutination from the chain-like rouleaux in cases of pseudo-agglutination.
However, it is not safe to depend on this method because the writer has
Seen some cases where the clumps were in all respects similar to those of
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real agglutination. In order to prevent the occurrence of this
phenomenon, Lattes (14)recommended the addition of lecithin to the
cell suspension, The writer has found that diluting the serum with
2 volumes of saline and preparing a suspension of not over 5% con-
centration will be sufficient to exclude the errors which might arise

from pseudo-agglutination,

UNSPECIFIC AGGLUTINATION DUE TO CERTAIN BACTERIA.

Hubener (15) and Thomsen (16) and others found that the cells,
after being left in the laboratory, may become agglutinable by all sera,
even by that of group ABo. This was found to be due to infection with
certain micro-organisns., Friedenreich (17) discovered two bacilli (M
and J) and Imamura (18) discovered another two (K and S}, all of which,
as well as others like vibrio cholera, can produce this phenomenon if the
cells or the serum become infected with them. Thomsen and Friedenreich
are of the opinion that the reactions obtained are due to the presence of
latent receptor and agglutinin which are called into action by these
bacteria, The reaction takes place at room temperature and usually fails
to appear at 37°C. Therefore it was recommended by Sachs and Klopstock (19)
to perform the test for group determination at 379C. in order to prevent
the occurrence of this phenomenon, It is true that the iso-agglutination
reaction takes place at this temperature, but the reactions at such a
temperature are much weaker than at room temperature and may not take place
if the serum used is weak or the cells are only slightly sensitive. The
addition of formalin was also suggested to inhibit the action of bacteria.
According to the writer's own experience in performing the test, it
suffices to take precaution to ensure the sterility of the material used.
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COLD AND AUTO-AGGLUTINATIONS,

Auto-agglutination was thought to be a form of pseudo-
agglutination, but the work of Landsteiner (20) and his assistants has
shown that it is due to an agglutinin which e¢an be absorbed by the cells
of the same blood, The agglutinin can also be recovered from the cells
in the same manner as the iso-agglutinin (a) and (b} previously described.
The only difference between the reactions of these and that of the atto-
agglutinin is that the latter acts only at low temperatures (0°C - 59C)
and it only acts at room temperature very seldom.

Another similar type of agglutinin is that described by Land-
steiner and his assistants, which acts only on certain cells of other
groups at low temperatures. These agglutinins, although weakened, yet
are not absorbed completely by the individuals own cells and therefore
were considered to be specific for certain agglutinable substance in the
cells agglutinated by them., However, it was impossible to draw any con-
clusion with regard to their specificity on account of the variations in
the reactions and the difficulty encountered in performing the test at 0°G

In order to avoid confusion with these reactions the sera to be
used in the test should be separated only after leaving the whole blood to
stand in an ice-chest, by which method the thermal amplitude of the cold
and auto-agglutinin is gfeatly diminished and therefore if the test is
afterwards applied at room temperature (20°- 259C,) these will not be
active, '
| In order to exclude any doubt about the specificity of the
reactions obtained, one may control the reactions given by the sera by
testing them with cells of group O and those given with cells by testing
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them with serum of group ABo. If there is agglutination in the control
specimen, one may then doubt the results and repeat the test with other

sera and another sample of fresh cells,

THE DEVELOPMENT OF THE GROUP SUBSTANCES IN THE BLOOD.

The agglutinogens are present in the stroma of the red cells:
this can be demonstrated by the inhibiting action of the stroma to the
serum, since they absorb the agglutinin in the same manner as the fresh
cells, They are also found in most of the tissues and secretions of
the body. Their presence here can only be demonstrated by the absorp-
tion method, The agglutinogens A and B are developed during early
foetal life, Dungern and Hirszfeld (21) found them in a 6 months'
foetus and Ohnesorge (22) in a 4 months' foetus, and Kemp (23) in embryos
of 2-3 months. The agglutinins are present in the serum and the tissue
plasma, milk, tears and other secretions, but not as regularly or so active
&8 in the derum. They only appear in the serum of the child about the
third month after birth and in certain cases not before the first year,

The sensitivity of the blood cells varies considerably accord-
ing to age, and even in individuals of the same age and of the same group.
The Blood corpuscles of adults are more strongly agglutinated than those
of children where there is a possibility of overlooking the agglutinogens,
€specially in certain cells of group A. Hence it is necessary to use very
strong serum when testing children's red cells, Sehiff and Hubener {24)
found that some cells of group A are agglutinated at a titre of 1325 while
others of the same group are agglutinated up to a titre of 1:800., The
difference between the sensitivity of the cells of Group B was not so

marked,
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The titre of the sera of the same group varies also according
to the age and in individuals of the same age, It also varies in the

same individuwal from time to time,

DISTRIBUTION OF THE BLOOD GROUPS IN DIFFERENT POPULATIONS.

L. and H, Hirszfeld (25) were the first to point out that the
frequency of the four blood-groups varies in different populations. The
study of the distribution of the agglutinogens A and B in different pop-
ulations revealed that the Tformer is more frequent on the Continent and
America than the agglutinogen B, which is more common in Asia, Table No.
5 shows the frequency of the blood groups in some populations, including
those tested by the writer.

TABLE No. 5.

NATIONALITY  INVESTIGATOR FREQUENCY OF __ GROUP NUMBER

0 A B AB EXAMINED
Scots Alexander 43.6 33,9  16.8 5.7 225
Scots Writer 49,59 36,59 9.52 4,30 746
Egyptian Shausha 24,3 32,6 29.2 13.9 417
Egyptian Writer 26,6 35.8 27.1 10.5 754
German Schiff 37.8 39.4 16.4 644 750
Italian Mino 35,9 51,1 8.6 4.2 1391
Danigh Johansen 43,0 42,0 12,0 3.0 512
French Kosovitch 42,1  42.3 11.1 4.5 962
Arab Altounyan 38,0 34.0 20,0 8.0 1149
U.S.A, Snyder 45,0 41.0 10,0 4.0 2000
Hindu(North) L, & H. 31.3 19,0 41.2 8.5 1000

Hirszfeld
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THE INHERITANCE OF THE GROUP SPECIFIC SUBSTANCES.

The agglutinogens A and B were found to be inherited according
to certain Mendelian rules. These will be described later when the
theories suggested for their inheritance will be discussed. However it
became an established fact that these agglutinogens cannot appear in the
blood of a child except when present in the blood of at least one of the
parents. With regard to the agglutinin, two different opinions are held
by Furuhata and Bernstein respectively. The former is of the opinion
that the agglutinins (a and b) are inherited like the agglutinogens. He
assumes that they should only appear in the serum when the agglutinogen
corresponding to them is absent from the cells. Bernstein assumes that
the agglutinins are gradually developed after birth in the form of =&
universal antibody against the cells of all groups. When agglutinogen
A or B is present in the cells, it absorbs in vivo the corresponding
agglutinin, once it appears in the serum, These opinions will be dis-

cussed later on.

STABILITY OF THE BLOOD GROUPS.

Landsteiner and Richter (26) pointed out that once the blood-
group of the individual is developed it remains constant through the whole
of life, TFew workers have reported that the blood-group was found to
change after cértain diseases like typhus, malaria, syphilis, carcinoma,
and after treatment with certain medicaments or the application of rontgen
rays or diathermy. Other rare cases reported weré that the blood-group
changed after transfusion,:. ~ Owing to the importance of this question the
subject has been ihvestigated by several workers (27), who found that
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different treatments and rays had no effect whatever on the blood-group
of a person. The blood-group of patients has been fested after blood
transfusion and it has been noticed that the donor's blood cells, if of
" a different group frﬁm that of the recipient, could be identified in the
mixture of thé recipientts blood cells by adding a serum'which agglutinated
the former but not ihe latter, This is not a permanent change since the
donor's cells disappear from the circulation after about seven weeks.(28).
With regard to the serum, it may happen, as found by Landsteiner and his
co-workers, than an immune iso-agglutinin to the red cells introduced may
develop in the serum of the recipient, especially after repeagdtransfusions
of the same blood. Such agglutinin will no doubt disappear after some time
as is the case with other immune agglutinins., Therefore these temporary
reactions cannot be interpreted as a definite change of the blood-group.
Some workers have watched the blood-groups of several individuals for
periods of over 20 years and no change was observed despite the occurrence
of severe illness with different diseases during this period. During the
'last four years the writer had the opportunity of watching the blood-groups
of several persons and found them to be constant, although some of them
suffered from certain infectious diseases, and were treated with different
drugs during this period. Moreover, if there were any relation between
certain diseases and blood-groups, one would expect that the frequency
of the latter would $how an abnormal preponderance in persons suffering
from these diseases , which by observation was proved not to be the case.

In no case where changeability of the blood-group has been
alleged, have precautions been taken to exclude the unspecific types of
agglutination namely:- pseudo-, auto- and cold-agglutination, and also
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agglutination caused by infection of the blood in vitrio with certain
bacteria, The workers Wwho asserted such changeability rélied upon
testing the blood cells alone and never controlled their results by
testing the éerum. Therefore it might have happened that the presence
of a weak agglutinogen was overlooked, especially if the serum used in
testing the cells was not strong., The importance of controlling the
reactions obtained with the cells by :examining those obtained with the
serum is demonstarted in the following instances-
Hubner (29) found a blood of a person who seemed to belong to group O
according to the negative reactions given by the cells, the serum of
which contained only (b) agglutinin, Later when this blood was re-
examined, the cells gave weak reactions with normal anti-A serum, and
only (b) agglutinin was found in thgwaérum, hence it belonged to group
A, Therefore one may explain this by the overlooking of the agglutinogen
A vhich was weak in this particular case. This is supported by the fact
that in the first and second examinations the serum showed the presence
of agglutinin (b) only, which is characteristic of bloods of Group A.
Had the serﬁm not been examined in this case, it could have been considered
a change of the blood group.

As the agglutinogens A and B are found in almost all tissues and
cells and secretions of the kody, it would be necessary, in order to
change the blood group of a person, that a complete change-over of the
system should take place. . The fact that the agglutinogens A and B are
regularly inherited according to certain mendelian laws strongly indicates
that the blood group, once established in the body, will never change,

DEVIATIONS FROM THE SCHEME OF THE FOUR BLOOD GROUPS.

The classification of the human blood into four groups is based
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on the presence of two agglutinogens ( A and B ) and two agglutinins (a
and b), the distribution of which in each group was previously given. (1)
According to this classification one may expect certain reactions to take
place when samples of blood of different persons representing the four
groups are examined by testing each gerum against the cells of each
blood sample.
These reactions are as follows:-
(1) The serum of group O agglutinates blood cells of group 4, & and AB.
(2) The semum of group A agglutinates blood cells of groups B and AB.
\(3) The serum of group B agglutinates blood cells of groups A and AB.
4(4) The serum of group AB does not agglutinate the blood cells of any group.
Acéording to this scheme, blood cells of group O are not agglutinated by
any serum and also the Blood cells of any person are neither agglutinated
by the persons own serum nor with a serum of a blood of the same groupe.
In addition, one may assume that the agglutinogens A and B are identical
in all persons belonging to groups A and B respectively; therefore the
cells of different persons in each of these two groups should behave
similarly towards their respective agglutinins. Exceptions to the above-
mentioned rules, however, were reported. Such exceptions may be divided
into two types, namely:-
(1) The absence of expected reactions.
(11) The presence of unexpected reactions.
Each of these will be discussed separately belows-

(1) The absence of expected reactions:

The exceptions of this type may reveal themselves either on the
part of the serum or on the part of the cells. With regard to the

former, it has been infrequently observed& that certain sera of group

(1) see page 3 | /20
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0, & or B lack the agglutinin (2) and (b). On this account, Guthrie
and his co-workers were led to’suggest further classificatiions.
Sera lacking the expected agglutinin seem to be very scarce, since
Thomson (30) in 3500 bloods met only 6 cases., The writer examined more tham
1000 bloods and did not find a cese. This was also the experience
of other workers. The absence of the expected agglutinin has never
been proved to be a constant character of such sera. This, together
with the established facts that the agglutinins are usually absent in
newly-born children and that the titre of the agglutinins varies in
different persons or even in the same person from time to time, makes
the rare absence of the agglutinins in the sera of adults of no grave
significance in relation to the validity of the four group scheme. This
is supported by the assumption of Bernstein that the agglutinins are hot
inherited like the agglutinogens, which may be considered as the
individualising factor. |

The absence of expected reactions on the part of the blood cells
reveals itself in respect of certain cells of groups A and AB not
being agglutinated with a weak normasl anti-A serum - these can only be
agglutinated with strong normal anti-A serum, but even with such serum
they are not so strongly agglutinated as other specimens of the same
group. Therefore two types of cells are found in each of groups A and
AB which may be called, for the purpose of differentiation, weak and

S‘brong types N

Dungern and Hirszfeld (31) were the first to show the difference between
these two types of cells by the absorption method. They absorbed normal

anti-A serum with group A cells of the weak type and then found that the

serum agglutinated only group 4 cells of the strong type.
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Such unexpected reactions became one of the bases on which sub-

division of groups A and AB was made,

(11)

The presence of unexpected reactions,

Contrary to expectation, certain reactiohs were observed, 'which

should not take place according to the scheme of the four blood groups.,.

These reactions were obtained either with the sera or with the cells of

certain individuals. The abnormal reactions of the sera are summed up

in the following statements,

(1)

(2)

The seras of certain individuals were found capable of agglutinating
their own cells, The camme of such reactions has been previously
discussed under the subject of auto—agglutinatigi{ This does not
interfere with the classification of the four groups, since the
auto-agglutinins are only active at low temperature, seldom at
room~temperature but never at body temperature. A similar
agglutinin has been found which acts only at low temperature on

the blood cells of other persons of the same group. This occurs
only in auto-agglutinating sera and persists when the aute-agglutinin
has been removed by letting the serum stand in contact with its own
corpuscles at a low temperature. This iso~-agglutinin

does not conform in its action to the scheme of the blood groups.
The gera of certain individuals of any group were found capable

of agglutinating the blood cells of other individuals of the same
group at room temperature or even higher, In such cases the

2)

reactions were due to the presence of additional agglutinins

(1) see page 11

(2) The term abnormal agglutinins from now on will be given to
agglutinins other than (a) and (B).
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in the serum and respective additional agglutinogens in the cells,

These agglutining are characterised by their specificity since they

agglutinate constantly the cells of certain persons and not their own

cells. Unger (32), Guthrie and his assistants (33), and some others
found sera containing these abnormal agglutinins and suggested the
addition of new groups. ILandsteiner and his co-worker, (34) who
investigated this question in detail, came to the conclusion that there
are other agglutinins in the sera of certain individuals, which are
different from the (a) and (b) agglutinins previously described., These
agglutinins are described below, according to the description given by
these workers:-

(i)  The agglutinin (al) is found in the sera of certain persons of
groups A and AB: it agglutinates the cells of individuals who
belong to the strong ﬁype of A and AB, representing the majority.

(1i) The agglutinin (ag) which is found in the sera of certain persons,
usually of group A, agglutinates the cells of persons who belongAto
the weak type of group A, but as a general rule, does not agglutinate
the cells of the weak type of group AB. The sera containing this |
agglutinin are not so common as those containing (a;) agglutinin,
and are generally active at a lower temperature.

On account of the presence of these two agglutinins, together with
the difference between the strong and the weak types of cells
belonging to groups A and AB, Landsteiner and his co-workers
classified each of these groups into two sub-groups, namely A3

anf A5, AB and ApB, as will be given in detail in 8ection 11.
(1ii) Apart from the above-mentioned agglutinins, Landsteiner and

Levine (35) found other sera containing a residual agglutinin which
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they called extra-agglutinin '1', This remasined in the serum when all
the other agglutinine so far mentioned hafe been removed by absorption,
It may occur in sera of the various groups and agglutinates the blood
cells of certain persons of every group. The reactions were not
similar in all cases, since the blood cells of certain persons were
agglutinated moderately and others weakly. They concluded that this
agglutinin acts on a special agglutinogen found in the cells which they
called P,, the presence of which was later proved by the aid of irmune
and normal animal sera, Still further agglutinins have been found which
acted in a different way from those described, as in the case reported
by Ottenberg and Johnson (36) in which the serum of a person of group B
agglutinated the cells of some other persons of group B and also some
of group 0, Landsteiner agreed to the unique character of this blood.

Such irregular case did not necessitate further classification
since no other similar sera were found. However, it indicptes that
there are still other agglutinogens in the red cells which may
differentiate between individuals of the same group.

Beside the normal reactions observed with the sera, other
abnormal reactions were observed regarding the behaviour of the blood
cells of certain individuals. Blood cells of group O which were supposed
to be non-agglutinable by any serum, were reported by several workers to
have been agglutinated with certain sera.

Landsteiner and Levine found that the agglutinin (32)
which acts on Ag cells, agglutinates also, and more strongly, all cells
of group O, Thomson (37) and Schiff (38) are of the opinion that this
agglutinin is specific for O cells and only acts on A, cells because

of the presence of the O receptor in them. Schiff (39) found that

/24




ox-serum, which agglutinates all humen cells, after being absorbed by
the blood cells of sub-group A;B, agglutinates O cells and to a less

extent Ao cells, On the basis of this observation he introduced a_ new

conception, namely, that the cells of group O are characterised by the

presence of another agglutinogen and not by the mere absence of

agglutinogens A and B,

Hirszfeld (4p)contradicts this opinion by assuming that the ox-serum
contains only species agglutinins which act on the cells of‘all human
beings to a variable extent..

He assumes that O cells on account of the absence of agglutinogens A

and B‘contain more species réceptors than the cells of other groups,

and also As cells have more of these receptors than A or A;B, because

of the weakness of their agglutinogen., Therefore when the ox-serum is
absorbed with &iB cells it acts on O and A, cells but not on the cells of
A]f B and AiB. He supports this opinion by his observation that the
OXx-serum can be completely absorbed by the cells of sub-group AlB if the

absorption is continued for a long time. Thomson is of the same opinion

&8 Hirszfeld, but he uses the term basal receptors instead of species
receptors,

- Purther reactions which indicate the existance of other agglutinogens
besides those previpusly mentioned were obtained when immune or normal -
animal.sera were used. The evidenmce for this is ag..follows: -

(i) Landsteiner and Levine (41) found that when immune anti-human sera
obtained by injecting red cells of any group into rabbits, are
absorbed with certain cells of one group, the treated sera will
still agglutinate certain othervcells of the same group. By

this method they purified two different agglutinins acting on two
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different agglutinogens which they called M and N. These were

equally distributed amongst the individuals of each of the four groups.

Three types of blood cells were found according to their content i,e,

these newvagglutinogens, namely M, N and MN,

(ii) Imamura (42) found that when pig-serum is absorbed with certain
cells of any group, it still agglutinates certain other cells
of each of the four groups. He named the agglutinogen detected
by such sera Q.

(11i) Sugishta (43) found another agglutinogen by the aid of eel's serum
which he called E, but this agglutinogen differs from the above-
mentioned in that it may be strong in the cells of group O and
weak in the cells of the other three groups.

THE MEDICO-IEGAL APPLICATION OF BLOOD GROUPS.

Landsteiner and Richter (44), shortly after the discovery
of the blood groups, demonstrated that the group of & dried blood stain
can be detérmined by applying the absorption method. Later Dungern and
Hirszfeld (45), after studying the inheritance of the agglutinogens A and
B, came to the conclusion that the blood §roup of a child is related
to that of at least one of its parents., These two facts were later
applied in legal medicine. The former is now accepted by several
courts of law as evidence for the determination of the origin of blood
stains in cases of murder etc. In several cases it has been known that
2 blood stain found on the belongings of the accused belonged to a group
different from his own, but to the same blood group as that of the victim,
. Such results have led to confession by the accused person, or have been

taken as evidence against his statements.

Among the theories laid down as a basis for the inheritance of
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the agglutinogens A and B, the Bernstein theory won the confidence of
almost all experts on this subject, hence this theory was accepted by
some courts of law as evidence in the exclusion of paternity and
maternity despite the existence of some observed exceptions, which
should not occur if this theory were absolutely correct. These
exceptions were findings contrary to Bernstein's assumption, which
postulates that an AB mother cannot give bvbrth to an O child.

The further complications entailed by the discovery of the further sub-
groups based on Al, A2 and M and N rendered medico-legal applications
difficult and delicate, unless some unity could be introduced into the
interpretation of the facts.

Another character which was observed by Schiff (46) is that
certain individuals secrete large amounts of agglutinogens A and B in
their saliva, while others secrete either small traces or none at all.
He called these types secretory and non-secretory, which charactersy:
according to him, are inheritable, and may be used in paternity and
maternity cases.

With regard to the P, Q, and E agglutinogens, although they
were found to be inheritable by the workers who discovered them, as yet
no one else has studied them.

The serious consequences of the application of this knowledge
in legal medicine appear from the following considerations,
(1) The results of testing & blood stdin might assume importance in
certain cases, in relation to the conviction of the accused.
(2) The results of testing the blood groups of a family are practically
the only evidence which, in certain cases, can decide whether

a child belonged to certain parents and not to others, and can prove
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the illegitimacy of a child,

Taking these grave consequences into consideration, the writer
has investigated the different problems presented by this subject
and has concentrated particularly on the study’of the questions which
are considered by eminent workers as suitable for medico-legal
applications,

This has involved an examination of the bases underlying
blood-grouping with special reference to the sub-divisions., The
writer believes that his experimental work has led to an orderly and
simple interpretation of the facts with reference to the sub-groups
which in their present state are highly complicated and confusing,
This explanation has a genetic foundation which permits a direct
application to the question of paternity and should prove valuable in
legal medicine.




SECTION 11

SUB-DIVISION OF GROUPS A, B and AB.

THE EXISTENCE OF TWO TYPES OF THE AGGLUTINOGEN A.

Dungern and Hirszfeld (31) were the first to demonstrate the
bresence of two types of cells of group A. They absorbed normal anti-A
serum with several specimens of group A cells and found that in most cases
the serum became inactive towards the cells of all specimens, Occagionally
that was not the case since when the cells of certain specimens were used
in absorption, the treated serum was rendered inactive towards these cells,
but remained active towards the cells of the majority of specimens., This
observation was confirmed by Schutze (47), and Coca and Klein (48)

Gutheie and his co-workers (33) found that the sera of certain
individuals of group A can agglutinate the cells of other individuals of
the same group, which they explained by the presenze of additional ﬂ
agglutinins and agglutinogens.

Landsteiner and his assistants (34) studied the observations of
Dungern and Hirszfeld and Guthrie and his co-workers, and came to the

conclusion that each of groups A and AB include two sub-groups, which they
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designated as follows:-

1)

2)
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SUBGROUPS SUBGROUPS
( Ay (&
Group & Group AB
( 4 (48

These workers based this new classification on the following:-

The observation of Dungern and Hirszfeld.

Landsteiner and Witt absorbed the normal anti-A seruﬁ”'with

half its volume of the blood cells of an individual (X) of group A.
The treated serum agglutinated the cells of individual (Y) of the
same group, and those of several others but not those of (X) and a
few others., On account of this they suspected the presence of an
additional agglutinin in the serum and a corresponding additional
agglutinogen in the cells of (Y).

This they proved in the following experiment:-

The separation of two agglutinins from anti-A serum,

8 c.c. of normal anti~A serum were treated with a small amount (0.25 c.c
of the (X) cells and the mixture was centrifuged after standing for =
two hours at room temperdture. The sediment was washed twice with ice-
cold saline and then suspended in 0,7 c.c. saline, The absorbed
agglutinin was split off by heating the suspension at 5500. The fluid

obtained was called No. l.

The 8 c.c. of anti-A serum were re-treated for two hours at room
temperature with excess (4.0 c.c.) of (X) cells in order to remove all
the agglutinin acting on such cells. The supernatant fluid was re-
absorbed with 0.25 c.c. of (Y) cells which were agglutinated with the
treated serum as in the previous observation. The absorbed agglutinin

was gplit off in the same manner as before and the fluid obtained was

called No, 2. The fluids Nos. 1 and 2 were tested against the cells
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of (X} and (Y). The results are given in Table No. 6.
TABLE NO, 6.

Anti A serum absorbed Split off agglutinin tested with cells of group A
No. of with _
absorption cells In fluid No, (X) (Y)
1st 0,25 c,c. of At room
absorption (X) cells No. 1. temperature + +
2nd
absorption 4,0 c.c, of ‘
(X} cells = cece--
3rd 0.25 c.c. of At room
absorption (Y) cells No. 2 temperature - +
At 0% tr +

From these results they concluded that there are two different agglutinins

in the anti-a serugi namelys:-

(1) The agglutinin absorbed by the cells of (X) which agglutinated the
cells of (X) and (Y) to the same extent and therefore must be the
agglutinin (a) which acts on the agglutinogen A present in both the
cells of (X) and (Y).

(ii) The agglutinin absorbed with the cells of (Y) which agglutinated these

o
cells at room temperature, but not those of (X), although at 0 C., it

gave a weak reaction with the latter, This was considered to be a
new agglutinin which they called (al). Consequently the cells of
(Y) contain, beside the agglutinogen A, an additional agglutinogen
which they called Alg hence the cells of (X) and (Y), although

belonging to the same group A, represent two qualitatively different

i i ificati the four groups, this
1) A the original c1a531f1cat%on of ;
) sgga;g;ggszgpos:d togcontain agglutinin (a) which agglutinates cells

of group A.
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types in group A, on account of their respective composition, namelys:-

3)

Cells of (X) Cells of Y
: ,

The presence of specific abnormal agglutinins,

Landsteiner, Witt and Levine confirmed the existence of two qualitative
types in group A by the discovery of two abnormal agglutinins, each of
which is specific for a certain type, namely:-

(1) 4n agglutinin found in the sera of certain individuals of group

(1)
A or AB , which acts in a similar manner to the (al) agglutinin

separated from the anti-4 serum and therefore similarly designated,
This agglutinin, whether obtained from A or AB individuals or
prepared by absorbing anti-A serum with the A cells which do not
contain the agglutinogen Al, agglutinated the cells of the majority
of individuals of groups A and AB.

(1)  an agglutinin found in the sera of certain other individuals of

group A, which agglutinated only the cells of group A which were
not agglutinated with the agglutinin (al). This was explained

by the presence of an additionalﬁagglutinogen in these cells
corresponding to this agglutinin; they called these Aézgnd (az)
respectively. Consequently each of the two types is characterised

by a special agglutinogen besides the A which is common to both.

According to the original classification of the four groups, the sera
of group AB contain no agglutinins. ;
was found to agglutinate O blood cells which was

esence of related
These factors

The agglutinin (aj) _
expla%ﬁed by Lagdgteiner and Levine by the grand N
agglutinable factors in the gells of group ge
were not thought to be identical.
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They found that the same applies to group AB and therefore each of groups

A and AB is classified into two sub-groups, namely:-

Group Sub-group Agglutinogens Agglutining.
N Al ‘AAI) (ba2)
4, (Ad,) (va,)
| AgB (AAgBE) (a7)

The agglutinin ( ayj) was found in the sera of some individuals of the

sub groups Az and 323,4 The agglutinin (a@) was found in the sera of a

few individuals of sub-groups Ai and AlB’ as shown in the diagram,

Lattes (49), while admitting the existence of these two types,
is of the opinion that they differ only in a quantitative manner. He
assumes that thé Al differs from the A in that it is more sensitive
and therefore reacts more strongly to the anti-A serum, He supports this
opinion by the fact that if the anti-A serum is repeatedly absorbed with
Ay (the weak) cells, it will become completely inactive towards A, cells,
However, he did not explain the existence of the abnormal agglutinins
(a;) ana (2s)
Thomsgnts (37) opinion may be summed up in the following:~
(1) There are two agglutinogens - A, and Ay - both of which react with
anti-A serum, but the former reacts more gtrongly than the latter.,

(2) The agglutinin (a;) found in certain sera of groups A, or AgB is a

fraction of the agglutinin (a) and on account of its weakness, it is

fore ears
not bound to the weak cells of A2 and AzB and there app

» . ared b
in their respective sera. It 1S similar to the (al) prep J

absorbing anti-A serum with Aoy cells, but it is not identical since
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the former acts only up to room temperature, while the latter acts

at 37°C,

(3) The agglutinin (ay) is specific for the cells of group O. It
acts on the cells of the majority of Ap individuals because most of
these are heterozygotes and thus contain an O receptor. The cells of
the few individuals of Ag which are not agglutinated by this agglutinin
are homozygotes. This is supported by the observation that the agB
cells which do not contain the O receptor, according to Thomsen's
theorél)are not agglutinated by this agglutinin. He explained the
inability of the agglutinin (ag) to act on the cells of the hetero-
zygous individuals of group B and sub-group aq, by assuming that
the agglutinogens A, and B are stronger than the Ap, and therefore
mask the receptor O. The few cases where A cells were weakly
agglutinated were explained by incomplete dominance of the agg-
lutiﬁogen a1 over O.

Sehiff (38) and Sachs (50) differentiated the two types of A
cells by observing their absorptive power for immune anti-sheep serum
from the rabbit which was found to act on all 4 cells on account of the
similarity of Forssmen's antigen, contained in the red cells of the sheep,
%0 the agglutinogen 4, They found that the absorptive power of the ao
cells is much less than that of A1 Schiff who believes, like Thomsen,
that the agglutinin (ag) is specific for O cells, found that normal ox-
Serum, after being absorbed with 41B cells, which are supposed not to

contain an 0 receptor, agglutinates the cells of groups 0 and A,.

Hirgzfeld (40), who admits the existence of the two types,

(1) To be aiscussed under the subject of Heredity. /34
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expresses his opinion in the following statement:-

"The agglutinogens As and Aj are similar but not identical since

they possess unequal avidity for anti-A serum, which contains

a series of anti-bodies of decreasing thermal amplitude and

affinity."
He contradicts Schiff's opinion with regard to the presence of an 0
receptor, He assumes that ox-serum contains only species agglutinins
which act on all human cells but to a greater extent on As and O cells,
since the latter two contain more species receptors than those of A1, B
and AB, on account of the absence of isg-agglutinogens in O cells and
the weakness of agglutinogen A5 in the Ay cells., His opinion is
supported by the fact that if the ox-serum is repeatedly absorved with
AB cells, it becomes inactive towards all human cells, even those of
group 0O, ,

Friedenreich and Zacho (51), Wiener and his co-workers (51)
Wolff and Jonsson (53) and others, believe in the existence of two
independent agglutinogens A, and Age

From the above-mentioned statements one may conclude that

although most of the workers agreed that there are two agglutinogens -
i ualitatively different and
4; and A, - yet some believe that they are qua ¥

others believe that they are similar but not identical, both schools of

thought having their own reasons.

The discovery of the sub-groups 4; and Ao has acquired a special
importance owing to the suggestion of its application in paternity cases,
on the basis of a theory laid down by Thomson and his assistants. Hence

it became desirable to make a systematic study of these sub-groups and

their nature.
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(1)
PERSONAL INVESTIGATIONS

The object of this research was to prove the existence of these
sub-groups and then to study the nature of the two agglutinogens 43 and
Ay and the agglutinins (a,;) and (ag). In order to study both questions,
at one time, the writer had to find sera which contained these abnormal
agglutinins, This was attained by testing blood samples from different
adult individuals, the number of specimens examined daily varieg@ from
15-25 specimens., 5-10 ¢.c. of blood were collected in a sterile tube
and fvovdrops were put in a small tube containing 2 c.c. Of physiological
saline containing 1% sodium citrate, The first tube was centrifuged
after about 30 minufes, and the serum was separated from the clot and
tested with cells of known bloods of groups 0, A and B. The blood taken
in the small tubes was mixed with the saline and then the tube was centri-
fuged and the saline was removed. A fresh gquantity of citrated saline
was added to the ceii gediment to make roughly a 5% suspension, The cells
thus prepared were tested with known normal anti-A and B sera, of a titre
128-256, which were taken from normal persons and proved %o contain only
agglutinins (&) and (B) respectively. With the object of detecting any
abnormal reaction on the part of the cells, they were also tested with
serum of group AB which contained no agglutinins.

The test was made either on slides or in small tubes and at room
temperature, which varied in Glasgow from 20-25°C, and in Cairo from

20-35°¢,

THE SLITE METHOD.

The serum was diluted with equal volume of saline before being

(1) This work was done partly in Glasgow and partly in Cairo.
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used, in order to prevent the occurrence of pseudo-agglutination., One
drop of the diluted serum was added to one drop of cell suspension and
both were mixed by a glass rod; after 3-5 minutes the slide was gently
rocked from side to side; after another five minutes the reading was
taken by the naked eye and all the preparations were_examined by the low

power of the microscope.

THE TUBE METHOD.

One drop of the serum, one drop of saline and one drop of the
cell suspension were mixed in a small tube which was left to sténd at
room temperature for one hour, The reading was then taken by the neked
eye, and in all the negative preparations one drop was teken on a slide
and examined under the low éower~of the microscope.

After the determination of the blood-group of the specimens
collected daily, the sera and blood cells of all specimens of group A
were tested against each other and the same Was done with bloods of
group AB, Occasionally the sera and blood cells of group O and also
ﬁhose of group B, were tested against each other. The object was to
detect any abnormal reaction which might take place beiween the cells and
serum of two specimens of the same group.

The material thus examined consisted of 1154 bloods, out of
which 400 were examined in Glasgow, in which the frequency of the four

groups was as followsi-

Group 0 A B AB
Number of bloods 195 (49.0%) 144 (36.0%) 40 (10,0%) 21 (5.0%)
The other 754 bloods were exgﬁined in Cairo, in which the frequency of the
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foeur groups was as follows:-

Group (0] A B AB
Number of bloods 201 (z'eA 67) 269 (35.8%) 205 (27.1%) 79 (10.5%)
All the bloods of groups O ané B examined in the two series failed to
show any abnormal reaction, according to the scheme of the four groups,
as described in Sectigi)l.

In the first series, fouf sera of bloods of group A and three
sera of bloods of group AB showed abnormal reactions, in that all of
them, in a similar menner, agglutinated the majority of group A cells,
The fact that these sera did not agglutinate O cells and that the cells
of group A which were agglutinated were of the sensitive type, su%gested
that these sera contain the agglutinin (al) described by Landsteiner.
This, however, was proved by comparing their action with that of the
normel anti-A serum after the latter had been absorbed with the cells
which did not react with the abnormal agglutinin, There was no agg-
lutinin found corresponding to the (ap) described by Landsteiner in the
bloods examined in this series.

In the second series 13 sera of group A and 6 of group AB were
found to contain the agglutinin (aj). Other 9 sera of group A and 4
of group AB agglutinated the blood cells of group O, but only two of the
former and two of the latter agglutinated A cells which were not agg-
lutinated with the agglutinin (al). The fact that these four sera agg-
lutinated both cells of groups 0 and A indicated that this agglutinin
corresponds to the (az) found by Landsteiner.

Two sera of group AB shéwed the presence of active agglutinins.

{1) See pages 18-25
\2) See pages 22 and 31. /38
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The reactions obtained by them varied from those of (al) and (32) and

therefore will be described later.

THE AGGLUTININ (al)

Although the seven sera containing this agglutinin, found in
the first series, gave similar reactions, yet two of them were stronger
than the other five. The titre of the five weak sera at 20°C varied
from 134 - 1:8, and that of the strong two was 1:16. The maximum temp-
erature at which the weak five agglutinated the cells was 25°C. The
strong sera acted up to 3C°C.

The nineteen sera containing the agglutinin (al), found in
the second series, varied in their titre and their thermal amplitude.
Only three were active at a temperature of 30-35°C, and their titre at
25°¢. varied from 1:4 - 1:8. The others were only suitable for experi-
ment when the test was made at a room temperature not exceeding 25°C.

As a rule, the agglutinin (a1) found in the sera of group AB

was more active than that found in the sera of group A.

CONSTANCY OF THE REACTIONS OBTAINED WITH THIS AGGLUTININ.

The reactions obtained with this agglutinin were constant, in
that the agglutinable cells were always agglutinated when tested with the
sera containing this agglutinin, and the non-agglutinable cells were always
not agglutinated. The cells of several individuals of both types have

been examined on several occasions over & period of three years and always

behaved in the same mannere.
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THE CONSTANT PRESENCE OF THE AGGLUTININS IN THE SERA. ’
| In all cases the serum was re-examined at least once by
taking another sample of blood and in all of them the presence of
the agglutinin was always demonstrated, Two of the sera of group

AB were examined on more than ten occasions over a period of two
years and the agglutinin was consistently present.

Sera containing this agglutinin were found to agglutinate
70% ~ 80% of the cells of individuals of groups A and iB which con-
stitute fhe sub;groups Ay and A;B. The others which were not agg-
lutinated constitute the sub-groups Ay and AzB. It is interesting
to note that all the bloods in the serum of vhich the agglutinin (al)
Was present were of the sub-groups A, or AzB.

The reactions obtained with the agglutinin (al) were char-
acterized by being weak, since the titre of all the sera containing
this agglutinin was not more than 16, while the titre of the normal
(2) ana (b) agglutinins towards A and B cells respectively was much
higher (64-256).

It was also noticed that as a general rule the cells of sub-
group 4;B were more weakly agglutinated than the cells of sub-group 4,,
and these were not equally agglutinated since some of them were weakly
agglutinated like the AlB cells. Others were more strongly agglutinated,

This difference was not noticed amongst the cells of sub-group A,B.

(1) The cells of group AB were tested with the sera of group AB
containing the agglutinin (a;)e. The cells of group A were
either tested with these sera or with sera of group A con-

taining the same agglutinin. /40
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THE RELATION BETWEEN THE SENSITIVITY OF THE CELLS AND THE REACTIONS
OBTAINED WITH THE AGGLUTININ (al)

The sensitivity of the cells of several persons of each of the
sub-groups Al’ Ag, A1B and AgB was estimated by testing them with differ-
ent dilutions of normal anti-A serum. The results given in Table No. 7

represent the reactions obtained with each type.

TABLE No. 7.
. TITRE WITH TESTED WITH THE FOLLOWING DILUTIONS OF NORMAL

CELLS AGGLUTININ (aj) ANTI-A SERUM

1s2 134 1:8 1:16 13352 1364 12128
(As)AzB - + + tr, - - - - (1)
(Am)A2 - ++ + + tr. - - -
(Mb)AlB 14 ++ ++ + + + tr. -
(sa) Ay l1:8 -+ ++ + + + + +

This table shows that the cells which are not agglutinated with the
agglutinin (al) are lesssensitive than those which are agglutinated. The
cells of AoB are less sensitive than those of A5 and the cells of 4B
are less sensitive than those of A;, also the A4B cells are less agg-
lutinable with agglutinin (al) than are A, cells. These observations

suggest that the extent of the agglutinability with the agglutinin (a;)

(1) The following symbols are used throughout the thesis to indicate
the quality and extent of reactions,

- = negative reaction ) )
T.tr = traces of agglutination seen by the high power of the microscope.
tr = traces of agglutination seen by the low power of the microscope.
+ =  agglutination just visible to the naked eye.
+ = agglutination easily seen by the naked eye.
++ = strong agglutination.
+++ =

still stronger agglutination.
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runs parallel with the sensitivity of these cells ® agglutination by (a).

THE RELATION BETWEEN THE ABSORPTIVE POWER OF THE CELLS AND THE REACTIONS
OBTAINED WITH THE AGGLUTININ (a;)

Normel anti-A serum was absorbed with the cells of the individuals given
in Table ¥o, 7, which represent the four sub-groups. 2 c.c. of the serum
were absorbed with ¥ c.c., of the washed cell sediment of each individual,
for two hours at 30°C. The absorbed serum was tested with the cells of
the sgme four specimens. The results are given in Table No. 8

TABIE No, 8

Normal anti-A Dilutions of the absorbed serum tested against
Serum absorbed
with Cells l1:1 1:2 124 138 1:16 1332 1364 1:l28
(As) 4.8 AgB - - - - - - - -
not Ag tr - - - - - - -
agglutinated by A3B + + + + tr, = - -
agglutinin (al) Al + + + + + tr. - -
(Am) AoB - - - - - - - -
not A2 Ag - - - - - - - -
egglutinated by A3B + + + * - - - -
+ + + + + - - -

&gglutinin (aq) Ay

(Mo)- ,
0) 4B A2

agglutinated b A
agglutinin ( aJ 4_ AfB
(1:4) Ay

I B I |
1
L I |
(I A |
111
T 1113
LI I I |

+1 1)

(sa) Ay AgB

:Ggiuginate?. b¥ 225
gglutinin (a
(1:8) 17 A

I I B |
(I I |

These results show that the cells which are not agglutinated by the
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agglutinin (al) possess weaker sbsorptive power than those which are
agglutinated, It is also noticed that the extent of the agglutinability

with the (al) is proportional to the absorptive power of the cells.

THE RELATION BETWEEN THE AGGLUTININ (al) AND THE AGGLUTININ
PRESENT IN ANTI-A SERUM

The fact that the cells of sub-group Azg and A2 which are not
agglutinated by the agglutinin (al) are less sensitive and possess &
wéaker absorptive power towards anti-A serum, than the cells of A)B and
Jél? Which are agglutinated by the agglutinin (al), suggests a certain
relation between this agglutinin and the agglutinin found in the anti-A
serum, '

This, however, was proved by the following experiment:-

4 ceco of normal anti-A serum were absorbed for two hours at 30°C with
2 c.c, of washed cell sediment of (As) who belonged to sub-group AgB.
The absorbed serum was compared with the agglutinin (al) which was found
in the serum of the same individual (As), by testing both against the

cells of sub-groups A,B and 4.

Another 4 c.c. of anti-A serum were absorbed for two hours at
a temperature of 30°C with 2 c.c. of washed cell sediment of (At) who

belonged to sub-group A The absorbed serum was compared with the

2_.
agglutinin (al) present in the serum of the same individual, by testing

both with the cells of sub-groups 4;B and Aj.

The results are given in Table No. 9.
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TABLE No. 9.

SERUM TESTED WITH CELLS IN THE FOLLOWING DILUTIONS

122 1:4 138 1216 1232
Anti-A serum absorbed EAlB {:0) + + tr - -
with A Sa + + + + -

cells (As) AB ( 1 (Sa) b

Agglutinin (a;) present éAlB (¥Mo) + F - - -
in the serum of (As) (A (Sa) + + : - -
Anti-A serum absorbed (A;B  (Mo) + + ? - -
with cells (At) Az A, (sa) + + : ? -
Agglutinin (al) present (4B  (Mo) * - - - -
in the serum of (At) Ay (sa) + bt - - -

The results included in this table show the following:-

(1) The normal anti-A serum absorbed with cells of sub-group AoB (As)
behaves similarly to the agglutinin (a;) present in the serum of
the same person.

(2) The normal anti-A serum absorbed with cells of sub-group Ag (At)
behaves similarly to the agglutinin (al) found in the serum of the
same person, |

(3) The agglutinin (a;) found in the serum of sub-group ApB is stronger
than that found in the serum of sub-group Ay, likewise the anti-A
serum absorbed with cells of AgB is stronger than that absorbed with
cells of Ag.

One may conclude, therefore, that the normal anti-A serum contains a

similar agglutinin to the (a;) present in the sera of certain individuals
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(1)
of sub-groups Ag and A,B.

ARE THE PREPARED AND NATURAL (al) AGGLUTININS IDENTICAL?

The writer has examined more than 500 specimens of cells of
groups A and AB with both the natural and prepared agglutinin (al) and
found that they give similar reactions, provided the normal anti-A serum
has beem absorbed properly with sufficient Ag cells to render it inactive
towards all cells of fhis sub-groupe. As a general rule the prepared
agglutinin (al) gave stronger reactions than the natural., The difference
between the reactions was more marked when the room temperature was above
25%c, Thomsen believes that these two agglutinins, although similaf,
are not identical, because he found that the prepared agglutinin has a
higher thermal amplitude (37°C) than the natural agglutinin (25°C.). The
writer has previously mentioned that some of the sera containing the
natural agglutinin were active up to 30°C.

In order to study this question, the following experiment was
made:-

4 c,c, of normal anti-A sera were absorbed for two hours at room temp-
erature with 2 c,c. of washed cell sediment of sub-group Ag, and the
ebsorbed serum was tested with cells of sub-group A1 at different temp-

eratures,

(1) In order to differentiate between these two similar agglutinins,
the following terms will be used:-

(1) natural (a3) = the agglutinin normally present in the sera
of Ag and AgB.

(1) Prepared (a = the glutinin prepared by absorbing anti-A
d ( 1) seru;gwith the cells of Ao and AgB. /45
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inother 2 c.c. of the normal anti-A serum were absorbed for 24 hours
1t room temperature with 2 c¢.c. of washed éell sediment of the same
cells A2 and the absorbed serum was tested with cells of sub-group Al
at different temperatures. In order to compare the reactions of these
two absorbed portions of anti-A serum with the agglutinin (&;), the
latter was tested under similar conditions with the same Ay cells. The
results are given in Table No. 10,

TABLE No., 10.

TESTED WITH CELLS

TIME OF A1 and AqB
SERUM ABSORBED WITH ABSORPTION AT 25°9C. 30°C,

Normal ‘ AB + tr
anti-A % volume of Ap cells 2 hours T
Normel AjB tr -
anti-A equal vol. of Ap cells 24 hours A, F -
______ - AB 2 -
AZE (&) T A ¢ -?

These results show that the agglutinin prepared by the absorption of
anti-A serum for 2 hours with half its volume of Ap cells is stronger
than the natural agglutinin (ay) and of a higher thermal amplitude, but
when the absorption is made with an equal volume of cells and continued
for g long time, the prepared agglutinin is weaker and of a less thermal
amplitude than the natuiil. Therefore one may conclude that both the

(1) thnis observation supports Hirszfeld's opinion in that the serum
contains several fractions of the agglutinin which possess
vVarious thermal amplitudes.
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natural and preparedvagglutinin are identical but the thermal amplitude

of the prepared agglutinin differs according to the time of the absorption

and the volume of cells used,

THE SPECIFICITY OF THE AGGLUTININ Lalla

The fact that agglutinin (a;) whether natural or prepared,
constantly agglutinates certain cells and not others, suggests that it
acts in a specific manner. v

Landsteiner and his assistants who proved the specifieity of
this agglutinin by the absorption metggé, concluded that this agglutinin
acts on an additional agglutinogen Ay which is present beside the agg-
lutinogen A in the cells of sub-groups AlB and A;. If we assume accord-
ing to these workers, that the cells of subsgroups AzB and A2 do not con-
tain the agglutinogen A,, one should expect that such cells will not react
with the agglutinin (al). This, however, was contradicted by the follow-

ing observations:-

(1) The agglutination of cells of Ao and ApB at low temperature.

Both sera containing the natural and prepared agglutinin (al)
were tested with the cells of sub-groups Ag and AQB at 09C, and
agglutination was produced in all cases,

In order to study the relation between the reactions of A and A5B
obtained at low temperature, and those of Ay and A;B at room temp-

erature, the following experiment was performed:-

The serum of AgB containing the agglutinin (ay) was absorbed at 0°C

(1) see page 29.

|
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with 4+ its volume of cells of groups O, B, &5 and 4y. The
absorbed portions of the serum as well as the unabsorbed serum
were tested with these cells and also with those of AgB and AlB.
The results are shown in Tgble No. 1ll.

TABIE No. 11

' o
(1) TESTED AT 0 C_WITH CELLS OF
SERUM OF A,B (a) 6 B A, 4, KB (1] AB
Before absorption + + + ++ - o
After absorption With O cells - tr. + ++ + ++
at 09c, * B ocells - =~ + ++ + 4+
| * &g cells - tr. - + - +-

" Al cells tr. tr.

These results show the followings-
(i) Agglutination of Ao and AoB cells B8till occurred when the serum

was treated with cells of groups O or B, but did not occur when

the serum was absorbed with Az or Al cells, This indicates that .

the agglutinable factor in Ag cells is different from that in O
or B cells, but similar to that in A; cells,

(i) Agglutination of A, and A\B cells was not affected when the serum
was treated with the cells of groups O or B, but was diminished
after treating the serum with A5 cells. This also indicates
that the agglutinogens in Ay and A, cells are similar and the
former reacts more strongly towards the agglutinin (al) than the

latter,

(l) The AoB serum and AoB cells used in this experiment belong to
the same individual.
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(2) The ability of the cells of Ap and AgB to absorb completely the
agglutinin (al).

If the cells of sub-groups A and AgB lacked the a gglutinogen (&)
which reacts with the agglutinin (a;), one would expect that such
cells would not absorb this agglutinin, What actually happens con-
tradicts this assumption, since when a serum containing the agg-
lutinin (al) whether natural or prepared, is repeatedly ?g?orbed
with Ag or AgB cells, it becomes inactive towards Ay cells, This
is shown by the following experiment:-

The serum of sub-group AgB which contains the natural agglutinin
(21) was absorbed on three successive occasions with cells of

sub-group A, by using each time a quantity of cell sediment equal

to half the volume of the serum absorbed,

The serum containing the prepared agglutinin (a3) (the normal
anti-A serum absorbed with.Az cells) was similarly absorbed on

three successive occasions with cells of Ao

Both sera were also absorbed in a similar manner with the cells

of sub-group AQB.

The absorptions were made, in all cases, at room temperature and

the period was three hours.

The sera thus absorbed were titrated with cells of sub-group 4.

(1) This was also proved by several workers including Landsteiner (34).
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The results obtained are given in Table No. 12,

TABLE ©No, 12,

' ' TITRE OF SERUM WITH A; CEILLS
SERUM CONTAINING ABSORBED WITH CELLS Tsl 132 """‘_T‘é—l"—“lm : 1:16

Before absorption + + + tr, -
1st ab ti AsB =
st absorption o + + + - -
The with &2 r o+ tr. - -
Natural (a,) — '
2nd absorption (A + tr. - - -
(a;8) (1) with %A%B - - - -
3rd sbsorption (AgB tr. - - - -
with (Az, - - - - -
Before absorption + + + + i
1st absorption (AgB + + + tr. -
: + + + - -
The with (45
‘Prepared 2nd absorption {AzB + + tr. - -
with Ao + + - - -
3rd absorption %AZB + - - - -
with Az - - - - -

When these two sera were similarly absorbed with 41B and A1 cells, they

became inactive after one absorption.

(1) The AgB cells and ApB serum used in this experiment belong to the
Same individual. The fact that this agglutinin is completely
absorbed with the serum!s own cells is confirmed by letting the
whole blood stand for two days at 09C, after which time, if the
serum is separated while the blood is cold, it will be found to be

inactive towards Al cells at room temperature.
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These results confirm those mentioned in observation No. 1
(page 27) in that the cells of AgB and Ag react with the agglutinin (aj)
whether natural or prepared, but to a much lees extent than those of AyB
and A,. Therefore one may conclude that the cells of the four sub-
groups possess one kind of agglutinogen, which is more sensitive in cells
of sub-groups AlBl and Aj than in those of AgB and Az, One may assume
that this variation is due to ﬁhe cells of the former two sub-groups con-
taining a greater quantity of the agglutinogen than the cells of the
latter two, This is proved laiil.

Consequently one may suppose that the agglutinin (a;) reacts
with the same receptors of these red cells as it is actually an agglutinin
(2) but of a weaker affinity, therefore it agglutinates only the more sens-
itive cells of sub-groups A4B and Al.

This is contrary to the opinion of Landsteiner who stated thag he
could separate two different agglutinins (a) and (ay) from anti-A serum,
the férmer of which agglutinated the cells of Az,and Ay to the same extent,
while the latter agglutinated only cells of AI' The only possible ex-
planation of such results seems to pe the existence of qualitative diff-
erences but if we assume that the serun contains several fractions of
the agglutinin, as Hirszfeld has ingggated, one may easily explain them on
'a quantitative basis. #Hccording to Hitszfeld's assumption, anti-A serum

contains several fractions of agglutinin (a) which possess different

(1) see Section IIIX.
(2) See Bage 30.
(3) see page 3¢ - also page 10. /51.
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affinities and different thermal amplitudes, When such serum is
mixed with blood cells which contain agglutinogen A, it is to be ex-
pected that this agglutinogen will unite first with the fraction of
the agglutinin (a) which possess the highest affinity, hence if the
serum is separated at this stage it will contain only the agglutinin
fraction of low affinity. If we separate the fraction absorbed with
the cells by heating them to 559C as Landsteiner has done, and compare
its action with thé fraction left in the absorbed serum, by testing
both with the sensitive cells of group A persons, we will find that the
former is stronger than the latter. When both are tested with the weak
cells of a group A person, it is to be expected that these will be agg-
lutinated with the agglutinin fraction separated from the cells, and
not agglutinated by the agglutinin fraction left in the serum, since

on account of the weakness of the agglutinogen in these cells, it can
react only with the agglutinin fraction of high affinity.

Therefore one may explain the agglutinine (a) and (al)
separated by Landsteiner by assuming that the former is the strong
fraction of the agglutinin (a) and the latter is the weak fraction of
the agglutinin (a). Naturally the stronger the affinity of the agg-
lutinin, the less‘marked will be the difference between the reactions
obtained with cells possessing different quantities of the agglutinogen,
This explains why the agglutinin geparated by Landsteiner agglutinated
the Ay and Ay cells to the same gxtent. This is supported by the fact
that with immune anti-A serum, where the affinity can be raised by
active immunization, the difference between Ag and Ay cells is less
marked than with normal anti-A seTull.

The assumption that the two agglutinins (a) and (ay) are

identical as regards the agglutinogen (receptor) with which they combine
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but of different affinities and thermal amplitudes is supported by the
behaviour of some normal anti-A sera,

Coca and Klein, Wiener and the writer noticed that when certain
normal anti-A sera were absorbed with Ag cells, they lost the power to
agglutinate A; cells, This might be explained by the absence of the
agglutinin (al) in these sera. Hence one would expect that such anti-A
sera should contain only the agglutinin (a) which, according to Land-
steiner, must agglutinate cells of Ay and Ay to the same extent, This,

however, did not agree with what actually happened when one of these

Sera was titrated with the cells of the four sub-groups as shown in Table

No. 13,
TABLE No. 13
TESTED WITH REACTIONS OBTAINED WITH THE SERUM DILUTED

SERUM CELLS 1:2 4 1:8 l:16 1:32 l:64

51 + + + + tr -
Normal anti-aA AqB + + + . tr - -
which did not Ay + * - - - -
contain (al) 52;‘ + - - - - -

When the reactions obtained with such sera are compared with those ob-
tained with a strong normal anti-A and those obtained with the serum con-

taining agglutinin (a;), one observes that there are three types of sera,

3 hamelys-

' (1) Strong normal anti-A serum which agglutinates the A;, A,B cells

at higher titres than A, and A2B cells, and which contains

agglutinin (ag).
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(2) Weak normal anti-A serum which agglutinates Al and AlB cells
at higher titres than Az,and AgB cells, but the titres in this
case are less than those in the previous one, and the serum
does not contain agglutinin (al).

(3) Serum containing agglutinin (a) which agglutinates Aj and A,B
cells but at lower titre than the previous two sera, and does
not agglutinate Az.and.AéB cells.

The existence of the second type is contrary to Landsteiner's
view, and, as already mentioned, can be explained on the assunmption of
the presence of one agglutinin with different fractions which vary in
their action according to their affinity.

The nature of the difference between the sub-groups A; and Az(l)
was studied by immunizing rabbits and goats with the cells of each type .
If the cells of sub-groups Al contain two agglutinogens Aq and A and if
the cells of Az.contain agglutinogen A as well as Ag, but not A,, one
would expect the following, according to Landsteiner's view:-

(1) The immune serum prepared by injecting Ag cells will produce agg-

| lutinin (&) which acts similarly on the cells of both sub-groups
A, and Ay, and it should not contain agglutinin (a9).

(2) The immune serum prepared by injecting Al cells will contain both
agglutinins (a) and (ay): the former can be absorbed with cells
of A2 but not the latter.

What accurred was contrary to these expectations. The

immune serum prepared with Ag agglutinated the cells of A1 at a higher

titre than A2 and when it was absorbed with a guitable quantity of Ap

(1) This is described in detail in Section III.
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cells, a similar agglutinin to the (aj) remained im the serum.

The immune serum prepared with Al cells behaved im a similar
manner and when it was repeatedly absorbed with A5 cells it became
inactive towards Al cells, Therefore‘one may conclude that Lamdsteimer's
assumption of two different agglutinins (& and a;) is mot a smitable
explanation of the above-mentioned results which, howerer, cam be ex-

. plained on the assumption of quantitative difference, as previously
described.

There remains the explanation of the existemce of the agg-

;1utinin (al) in normal sera of groups A and AB. This, howerer, cam

%be supplied on the basis of Bernstein's hypothesis regarding the develop-
;ment of agglutinins in the body. He assumes that z universal asgglutimim
?is gradually developed in the serum of each individual againsi the cells
,§0f all groups. When an agglutinogen, for example, &, is presemt im the
%cells, it will fix in vive the agglutinin (a) and therefors will leave
:;agglutinin (b) in the serum. If the agglutinogen A is w=zz2ksr thamn
‘Eusual, as in cells Ag, these will absorb only the strong fra:iiom af

% acglutinin (a) and therefore will leave the agglutinin {b} and the wesker
B fraction of agglutinin (a). The latter shows itself in the form of
gbwhat we call (al). This opinion is supported by the fact that szax
lagglutinin is only present in the sera of the sub-groups Ag 3351425,
Where the agglutinogen A 18 weaker than in A3B and Ay. It 1“@3 onger

:in AéB than in A, serum because of the agglutinogen being stili:
in the former rsd cells than in Az.

Therafore the assumption of gwuantitative difference explains,
‘and in a more lnginal wey, »l1l the points on wheih Landsteiner and his

assistants nhsve hancd Lie guaglitative sub-division of these groups.
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Moreover, serological data have been brought forward which are not
compatible with Landsteiner's hypothesis,
Naturally then the question arises as to what regulates the
development of the agglutinogen A so as %o render it strong in the cells
of one person and weak in those of others, An explanation‘of this will

be found in Section IIIX.

THE AGGLUTININ (ap)

Out of the 269 bloods of group A and 79 of group AB examined
"in Cairo, 9 sera of sub-group 4, and 4 sera of sub=-group AlB agg-~

lutinate& all blood cells of group 0 at 300C, but only one of them was
active at 37°C. Four sera out of the thirteen agglutinated Ay cells
at 30°C, but all agglutinated these cells at 20°C, The reactions ob-
tained with O cells were stronger than those obtained with Ag, hence
they behaved like the sera containing the agglutinin (ag) described
by Landsteiner and his assistants.

The reactions were not as strong as those obtained with the
agglutinins (a) and (b) and their respective cells. Those of O cells
were similar in degree to the reactions obtained with (al) and A1 cells,
the titre of the serum against O cells at 30°C being not more than 138
and in most cases 1l:4. But those of Ag were weaker. The cells of few
specimens of sub-groups A; and AéB were agglutinated but still more

weakly,

CONSTANCY OF THE REACTIONS.

Several cells were examined with more than one serum and the
same reactions were obtained on each occasion, some cells were examined
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occasionally over a period of one year and the reactions were found to

be constant.

THE CONSTANT PRESENCE OF THE AGGLUTININ IN THESE SERA:

The second samplé of each of the 13 sera was re-examined and
in one instance the serum was tested several times over a period of 6

months and the agglutinin was always found,

SPECIFICITY OF THIS AGGLUTININ:

The fact that the normal anti-A serum did not agglutinate
cells of group O indicated that the agglutinin (ap) is different from
the agglutinin (a).

Landsteiner and his assistants assumed that this agglutinin
acts on Az cells oﬁ account of the presence of an extra agglutinogen
which they called Ag. They explained its action on O cells by assum-
ing that the O and A, cells contain related but not identical sub-
stances, Thomsen and Schiff are of the opinion that it is specific

for O cells and only acts on the cells of the heterozygous individuals

of Az-

In order to study this question the following experiment was
mades:- '
3 c.c, of a serum containing agglutinin (a,) were absorbed for % an
hour at 3000 with + c.c. of washed cell sediment of A,. Another 3 c.c.
were absorbed in a similar manner with O cells, The absorbed serum was

titrated with both cells and the results are given in Table No.,
14,
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TABLE No,., 14

TESTED WITH TITRE OF THE ABSORBED SERUM -

SERUM CONTAINING (az) CELLS l:1 122 124 1:8 1:16 1:32
Ay + + tr 2 - -
Before absorption
0 + + + tr ? -
Az - - - - - -
Absorbed with Aa cells
, 0 + ? - - - -
Az - - - - - -

Absorbed with O cells

o - - - - - -

These results show that the Ay cells aré less agglutinable and also
possess a weaker absorptive power towards this agglutinin than O cells,
This may be explained either on a qualitative or a quantisative basis.
The latter explanation proved to be the more reasonable since when the
absorption with Az cells was continued over a longer period or if larger
quantities of these cells were used for a similar period, the treated
Serum failed to agglutinate O cells also. This experiment suggested
that this agglutinin is specific for an agglutinogen found in O cells and
A, cells but in larger quantities in the former than in the latter,

This was confirmed by splitting the agglutinin off from the
cells of Az and 0 used in absorbing the serum in the previous experiment.
The sediment of cells after treatment with serum, was washed twice with
ice-co0ld @aline and then re-suspended in 0.5 c.c. of saline, The tubes
were heated for.5 minutes at a temperature of 50°C and the fluid separated
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by centrifugihg the tubes while surrounded by water at this temperature,
in bigger tubes, The fluids were tested with A2 and 0 cells at 30°C,
The agglutinin separated from O cells agglutinated O and Ag cells: the
former were more strongly agglutinated than the latter. The agglutinin
separated from Az cells agglutinated O cells weakly but not Age  When
the latter were tested at a lower temperature (20°C) they were agglutinated.

One would expect the contrary if this agglutinin was specifiec
for Az cells, as was thought by Landsteiner. Therefore it seems that
this agglutinin is specific for O cells and that it acts on Ag cells
because they contain an 0 agglutinogen.,

Thomsen, who believes that the agglutinogen in Ao cells is
independent of that in Ay cells, assumes that the agglutinin (a2) acts
on the majority of the cells of As individuals because these are heter-
ozygous, He supports this opinion from his own observation that the cells

of a few individuals of sub-group A_, and those of all AéB.individuals are

2
not agglutinated by this agglutinin, because they do not contain an O
agglutinogen.

In order to study this question the writer tested the cells of
204 specimens of group A and 24 specimens of group AB with both (al) and

(az) agglutinins, The results were as follows:-
Beactions with

Group A (ay) (ag)
163 + -
3 A -
38 Ag - +
Group AB
18 A]_B + -
(1) 2] a3 T :
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These observations are contrary to Thomsen's view, since all
the 38 individuals of Az were heterozygotes and also the agglutinogen O
seemed to be present in the cells of certain individuals of sub-group
AZB' This was strongly indicated by the fact that these cells could
absorb the agglutinin (a2).

According to these observations, the cells of only 3 out of
166 individuals of sub-group Al were agglutinated by (ag). This number
is very small compared to the expected frequency of heterozygotes in
this sub-group. The same was observed by Landsteiner, Thomsen, Fried-
enreich and Zacho. This, however, may be explained by assuming that

(1)
on account of the greater development of the agglutinogen A in sub-group

51 , the 0 agglutinogen will be jess developed in this sub-group than
in sub-group Ag and therefore cannot be demonstrated with the weak anti-O
serum, This is supported by ﬁhe fact that the r eactions obtained with
these three individuals were weaker than those obtained with Ag cells,
When several specimens of blood of sub-group Al were tested at a low
temperature with this agglutinin - at which temperature the agglutination
reactions are stronger than at room temperature - the majority were agg-
lutinated to variable extents. The fact that some specimens were not
agglutinated suggested that the reactions were specific. This was
~proved by the absorption method, since the agglutinin was absorbed in
a specific manner only by the cells which were aggltuinated. The aame

was noticed with cells of individuals of group B, some bf which could

absorb the agglutinin (azl, while others could not.

(1) see page 21. o . e /60



- 60 -
This did not occur when the agglutinin (al) was absorbed with cells
of group B: in this case the treated serum was as active toward A
cells as the untreated serum. The behaviourof B cells towards the
agglutinin (ag) will be described in detail under the subject of
8ub-division of this Group.

The independence of the agglutinin (ag) from the auto-
agglutinins was proved by treating the serum of Ai%) which contained
a strong (ag) with its own cells, after which it was found not ta
have been absorbed. The same happened when the whole blood was allow-

ed to stand in an ice-box for 24 hours.

Therefore the ageglutinin (aglfﬂiffers from (al) since it

was proved that all sera containing the (al) could be rendered inactive

if they were repeatedly absorbed with their own cells at 0°C.

From the above-mentioned observations one may assume fhat
agglutinin (az) is specific for an agglutinogen mainly present in
group O cells and present to a less extent in A, cells and in a still
smaller quantity in cells of A, and some ApB cells. This, however,

has been proved by the aid of immune sera, as will be shown in Section

II1,

THE ¥XISTENCE OF TWO TYPES OF THE AGGLUTINOGEN B.

The writer examined about 200 bloods of group B by testing
the serum ang cells of'eaeh blood with known test cells and sera resp-
ectively, Occasionally when there were several specimens of this group
in the daily batches examined, the sera and cells of each of these

SPecimens were tested against each other, There was no exception to

———

(1) The celis of this blood were proved later to contain no O substance.
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the scheme of the four groups. This agreed so far‘with the resulfs
obtained by other workers in that the agglutinogen B is, unlike A,
jdentical in the cells of all blood. The presence of agglutinogén
0 in certain cells of group B could be demonstrated by the absorption
method as mentibned befoie.

At that time the only availade serum containing the agglutinin
(a5) was of sub-group 4 and it was impossible to. separate the fap)
agglutinin from (b), since the former was absorbed by the few specimens
of group B cells used for this purpose. Therefore the effect of (az)
on B cells could not be thoroughly studied. During that time the writer
was preparing immune sera for the agglutinogens 0, A a?g B and When an
immune anti-0 serum (from rabbits or goats) was purified) the cells of
a number of specimens of group B were tested. The cells of one Bpécimen
were strongly agglutinated, those of another were not agglutinated at
all, and the rest gave weak reactions. The bloods of these individuals,
all medical students, were taken and the sera and cells of eaﬁg)were
examined against those of the others. The sera of two specimens showed
abnormal reactions as given in Table No. 15 which also shows their effect

on cells of Group O.

TABLE No. 15.

GROUP B BLOOD CELLS OF GROUP__B :
SERUM OF Ad o Ba. Hif. Has. Ga.. Y.s. Ho. Sho M.I.H‘ Isk. 0 CellB

YOS. tr. 1- .t -_t i - tr. tr. + + -
MQIQH. _.? - - ’ - - ) t - | -? - - +
(1) see page 59.
(2) see section III

6
(3) Such sera are very rare. /62
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The fact that the serum of M.I.H. agglutinated the cells of group O and
of anly a few specimens of gfoup B, indicated that the agglutinin present
in this serum is similar to the agglutinin (32) previously described.
The serum of (Y.S.)did not agglutinate the cells which were agglutinated
by the former serum, but agglutinated all the others. This may be
explained by an agglutinin which acts on the majority of B cells just as
the agglutinin (al) acts on A1 cells. This was confirmed by titration

and absorption methods.

The cells of 20 specimens of group B (including those given in Table
No, 15), 12 of sub-groups A;B and 6 of sub-group ApB were titrated with

anti-B sera.

This revealed that the cells of these two groups vary in their sensitivity
towards anti-B sera. The difference was not so marked as in group A,
but still it agrees with the results obtained with the above-mentioned ~

sera of Y.S. and M.I.He.

The reactions obtained with B specikens were of three degrees, one was
highly agglutinated, one was comparatively weak and the third was inter-

mediate,

The specimens of the sub-group A.B were either weekly or moderately
agglutinated and the same was the case with the specimens of the sub-

group A _B.
2

The results representing the Varying dSevees of agglutination are given

in Table No, 16, The first three specimens are given in Table No. 15.
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TABIE No. 16

BLOOD CELLS OF | ___ANTI-B _SERUM
GROUP T4 1:8  1:16 1332 1:64 13128 131256

M.I.He (B) ++ + + + + tr. -
Ad., (B) ++ + + + + - -
Y.Se (B) ++ + * * .ol - -
Ri, (a1B) ++ + + i f.tr. - -
Su, (49B) ++ + + tr. - - -
A.S. (A5B) ++ + + + tr. - -
Mo, (AzB) ++ + i tr. - - -

On comparing the reactions given with the first three specimens
with the reactions of these specimens with the sera of Y.S., and M.I.H.

shown in Table No. 15, the following points are noticed:-

1) The cells agglutinated with the serum of M.I.H. are less sensitive
towards the anti-B serum than those which were not agglutinated,
This strongly indicates that the agglutinin of this serum, which
also agglutinated O cells, is similar to (a5} and therefore may
as well be called (by). Both of these should be called anti-O

2) The cells which were agglutinated with Y.S. serum are more sensitive
towards anti-B serum than those which were not ageglutinated, It
is interesting to note this parallelism. This, together with

the fact that the cells of Y.S., whose serum gave these reactions,
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were of the weakly sensitive type of B cells, strongly indicates that
we are dealing with an agglutinin similar in its nature to the agg- ﬂ
Jutinin (al) regarding its effect on Ay cells. Therefore one may

call it (by) and the cells which were agglutinated with its serum By,

and those which were not agglutinated Bg.

With regard to the presence of these types in group AB cells,
they were not tested with these two sera which contained also agglutinin
(a). But the two types By and Bg could be easily differentiated in each
of sub-groups AlB and AoB, according to their sensitivity towards normal

anti-B serum; therefore four sub-groups are present in group AB, namelys:-

Ale (su).
AE (A
Asz (HO o)

This was further confirmed by the absorption method. Normal anti-B
serum was absorbed for 2 hrs at room temperature with a 4 of its volume
of the washed cell sediment of M.I.H. (By}, Y.S. (Bp), Ri. (AB ),

Su (A1Bo), A.S. (A3B;) and Mo. (AgBg). The absorbed sera tested with

these cells and the results obtained are given in Table No, 17,
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TABIE No., 17,

ANTI-B SERUM :
ABSOREED . _TESTED WITH CELLS

M.IH. (B; ) - - - - - -
Y.S. (By ) + - f.tr, - tr. -
Ri, (AlBl) - - - - - -
Su. (A;3B5) f f.tr. tr. - tr. -
AsS.  (AgB) - - - - - -
Mo, (45B,) + -  f.tr, - tr. +

These results show that when anti-B serum is absorbed with A1Bg, AgBg or
Bp, the serum can still agglutinate the By, AgBj and A1B, cells. On the
other hand absorption with By, and AgBy, and A;By completely removes the
2gglutinating action of the serum for By, ApBy and A3B; cells, This is
similar to what happens with anti-A serum when absorbed with Ay and Ag
cells; the only difference is that with anti-B serum, the absorption with
By cells weakens the action of the serum more than in the instance when
anti-A serum is absorbed with Ay cells.

Several other sera of group B were tested but only one more

was found to contain agglutinin (bg) (anti-0), but none was found to con-

tain the agglutinin (bl)-

THE SPECIFICITY OF AGGLUTININS (bz) and (b3}

Ihe agglutinin (bs).

The serum of M.I.H. which contains the agglutinin (bg) was

/66



- 66 -
titrated with the cells of group O and sub-group Bs at 35°C and it was
found that the titre with the first was l:4 and with the second 1l:2,
Cells of both these groups absorbed the agglutinin completely. Certain
cells of sub-group By, namely (Ad) and (Hif) the reaction of which are
given in Table No. 15, could absorb thdés agglutinin although they were
not agglutinated with it. The cells of M.I.H. and Isk. of the same
sub-group could not absorb the agglutinin even after repeated absorption.
Therefore one may conclude that the agglutinin (bg) is specific for
agglutinogen 0, which is also present in all By and some B1 cells, but to
a lesser extent in the latter since its presence could only be proved by

absorption and not by agglutination,

The agglutinin (b4).

The serum of Y.S. containing the agglutinin (by) was absorbed
with the cells of sub-groups Bg and By, and it was found that the B; cells
absorbed the agglutinin in a singl& absorption and the By cells weakened
its action at the first absorption but could only remove it completely
after a second absorption. The same result was obtained with the agg-
lutinin (b;) prepared from anti-B serum. This is similar to what has
been noticed with the agglutinin (al) when it was absorbed with Ay cells,
the only difference being that the Bg cells can more readily absorb the
agglutinin (by) than the Ag cells do with the agglutinin (ay). This,
together with the weakness and rarity of the agglutinin (bl) may account
for the fact that other workers have not considered the possibility of
the sub-division of group B. This, however, can be accounted for by
assuming that the B agglutinogen is stronger than the A and therefore

reacts more strongly towards the anti-B serum even if present in small
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guantities as in By cells than the A with its corresponding antibody.
Consequently one may assume that the difference between the By and Bg
cells is based on the presence of a larger quantity of the agélutinogen
B in the former than in the latter, as is the case with the sub-groups A;
and Az.
The cells of 50 bloods of group B were tested with ﬁhe agglutinins
(bl) and (bg) found in the sera of Y.S. and M.I.H. respectively. The
cells of 44 were agglutinated by (bl) only and the cells of 6 bloods were
agglutinated by (bg) only. The reactions obtained with (b2) were always
equal and distinct but those obtained by (bi) were sometimes strong and °
sometimes weak.
The blood cells of 30 bloods of group AB were tested with the
\ serum of sub-group A;Bj which contains (bzym(az) agglutinin and also with
the agglutinin (by1) prepared by absorbing the anti-B serum with cells of
A1Bs (Su.); the results were as follows:- |
11 belonged to sub-group A1By, 13 to sub-group AjBg, 3 to sub-group AsBy
and 3 to sub-group AgBo. ‘
All the specimens were tested with anti-O serum (ag or bz) which was found
in a serum of sub-group AlBl and only the specimens which belonged to sub-
group Ang were weakly agglutinated; all the others were negative,
Recently the publication of ¥, Masski (54) has come into the
hands of the writer, in which he mentions that by titrating anti-B serum
against different B cells, two types of these were found, one being agg-
lutinated up to a titre 1:60 and the other up to a titre 1:160, the second
type was more common than the first. He also tested the esbsorbing power

of 13 blood cells of group B and found that in three cases the‘serum was

absorbed completely by 1/8th of its volume, in five cases by 1/4, in three
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cases by 1/2, and in two cases by an equal volume of cells, His
results seem to confirm those obtained by the writer which were ex-
plained by the existence of sub-groups in group B. He did not find
the abnormal agglutinins, |
The discovery of these types in group B strongly supports
the assumption that the sub-division of the groups A, B and AB rests
on a quantitative basis, since it would have been strange to find that
only the agglutinogen A could be present in different quantities. It
has also yielded further knowledge with regard to anti-O éerum (ag or
b2) and the presence of an agglutinogen in O cells which is also present
in Ap and B cells, as well as in the cells of certain individuals of
: sub-groups A1 and By, and group AB.
The pattern according to which the distribution of the three
agglutinogens A, B and O in the cells of the four groups is regulated

and the explanation of these sub-groups are conside;ed in Section III,
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SECTION III

- -

THE RELATION BETWEEN THE AGGLUTINOGENS O, A AND B

IN THE FOUR BLOOD GROUPS

(1)
The study of the abnormal agglutinin (aj) confirmed the

existence of the sub-groups Al’ Az, AIB and A2B already described by
Landsteiner and his assistants. It has also reveidled that the agg-
lutinogens Al and Ag are of the same quality and only differ quanti-
tatively. The study of the agglutinin (ag) showed that it is specifie
for an agglutinogen present in the cells of éroup O and therefore con-
firmed the opinion of Thomsen and Schiff. The action of this agg-

lutinin on the cells of all Ag specimens examined by the writer was

(1) see section IT. /70
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explained by the assumption that all such specimens contain agglutinogen
0 but in a lesser quantity than that found in O cells. This is contrary
to the view of Thomsen, that this agglutinin acts only on the heteiozygous
persons of sub-gr?gf Az. The fact revealed from family observations
that several Aj parents could give birth to O children indicates that
these individuals must be heterozygotes. Amongst the 166 specimens of
Aj examined with the.agglutinin (ag) only 3 specimens were weakly agg-
lutinated. This nukber was less than expected. However thé presence
of the agglutinogen O in other specimens of Al was proved by the ability
of such cells to absorﬁ the agglutinin (az). The same was proved with
some specimens of group B. The inability of the (apg) agglutinin to agg-
lutinate such cells was explained by its weakness. This was also
indicated by its low titre against O cells.

At this stage the writer decided to prepare an anti-0 serum
by absorbing ox serum with the cells of sub-group A;B, according to the
observations of Schiff (38) and Greenfield (55). Several ox sera which
gave stronger reaction with O cells than with those of the other groups,
were treated in this manner, but only in‘a few cases was a treated serum
obtained which agglutinated weakly the cells of groups O and Ag but did
not agglutinate Ay or B. The reactions were not stronger than those
given by the agglutinin (ag).

The results of Hooker and Anderson (56) regarding the pre-
paration of immune anti-0 from rabbits encouraged the writer to attenmpt
the preparation of immune sera, in order to study the nature of the
different agglutinogens found in the sub-groups knoﬁn at that time. 3By

this method, most of the animals immunized produced a gpecific serum

~/71
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for C cells, which also acted strongly on Az cells, The ability
of the immune anti-O serum to agglutinate strongly the cells of a
certain individual (Y.S.) and not those of another individusl (M.I.H.)
both of whom belonged to group B, led to the discovery of the sub-
division of group B in the same manner as grouéll, and further sub-
division of sub-groups A3B and AQB’ hence nine different types of bloods
could be differentiated namelyz:-

o, 4, Az, Bl’ 32, AiBl’ AlB, AzBl’ Asz.
The study of the immune anti-0 serum revealed the existence of six

additional types as described below.

IDMMUNIZATION EXPERIMENTS

The object of these experiments was to prepare immune sera
against the agglutinogens 0, A, B, ¥ and N, and also to study the nature

of the agglutinogens present in sub-groups A, and A

.

2

Five goats and twelve rabbits were immunized with the cells
of groups 0, Ag, A, and B respectively. The bloods of the five goats,
but not those of the rabbits, were tested before immunization., The
goat cells were tested with six human sera, of groups A, B and O. The
results are given in Table No, 18 which also shows the reactions given

with A and B cells.

(1) see section II.
/"2



- 72 -
TABLE No. 18

TESTED WITH SERUM OF GROUP
A(r.s) B(T.s) o0 (82) o0 (92) o (184) o0 (188)

CELLS OF GOAT

1 tr. i' - + - +
2 tr. + - * tr. +
3 tr. tr. tre. tr. tr. +
4 tr. tr. - - - +
5 - tr. - tr. - +
Human A - ++ ++ ++ ++ ++
Human B ++ - ++ ++ ++ ++

The reactions obtained with the goat cells were different from those
obtained with A and B cells which indicates that the former do not con-
tain agglutinogena A or B, therefore, the animals appeared suitable for

the production of immune sera against A and B cells,

The sera of the five goats were found to agglutinate all human cells,
They were absorbed by different cells in order to ascertain whether they

contained agglutinins (a) and (b) or whether the readtions were due to

species agglutinins.

Table No, 19 shows the results obtained by testing the absorbed sera with

different blood cells.
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TABIE DNo. 19

SERUM ABSORBED WITH O CELLS ABSORBED WITH Ay CELLS ABSORBED WITH B

oF AND TESTED WITH AND TESTED WITH AND TESTED WITH
Yoo 0 4 B 0 4 B 0 A B
1 - s + - - tr, + -
2 - tr. tr. tre - - '- tr. -
3 - tr, tr, - = tr. tr. + -
4 - + tr. - - - - + -
& - tr. % - - + tr. tr. -~

The results show that the reactions were either negative or weak, which
made it difficult to tell if such sera contained specific agglutinins
for the agglutinogens O, A and B. However, these reactions were taken
into consideration in choosing animals suitable for immunization by the
cells of each group, €.g. Goat No., 5 was immunized with B blood cells
because its serum showed a tendency to agglutinate these cells to a

greater extent.

Six types of blood cells were used by the writer(i? the immunization
experiments, namely, OM, OMN, A M, AN, BN and AgMN the last of which
reacted only with the sera containing‘stfong (ag) agglutinins., The animals
immunized with each type of the above-mentioned cells are shown in Table 20,

TABLE No. 20

IMMUNIZED WITH CELLS

RABBITS Nos, GOATS Nos. OF TYPE
1l and 2 1l OM
3 and 4 2 OMN

5 and 7 3 A2l
8 and 9 4 AN
10 and 11 5 BN
12 and 13 - AoMN

(1) At the time of immunization, the sub-group By and Bp were /14



METHODS OF IMMUNIZATION:

Various methods used by different workers have given
satisfactory results (57). Here are three examples which form the
basis of the different methods:-

1. ZFour or more intraperitoneal injections with an interval of 4 to
7 days between each injection.

2+ TFour or more intravenous injections with an interval of 2 to 4 days.

3. Daily intravenous injections for the first week, followed by an
interval of one week, after which another course is given. The
first injection is given subcutaneously or intraperitoneally, and
the others intravenously. A third course may be given if found
necessary.

In all these methods, the cells were washed twice with
saline and then made into a 30% suspension in saline before injection.

The method applied by the writer was as follows:-

The blood was taken in small jars containing glass beads and, after
being defibrinated, was centrifuged. The blood cells were washed with
gsaline, re-suspensed in fresh saline, and then filtered through a small
piece of cotton-wool to remove clots. The cells were then washed again,
and a 30% suspension in saline made. Every precaution was taken to
keep the blood sterile, by the sterilisation of all the vessels used

in the experiments, together with the instruments and saline used in
the preparation. The cells of the first five types, namely:-

OM, OMN, AgM, AN and BN were obtained from two or three donors for
®ach type; while the cells of the last type (Ag2MN) were taken from

one donor, All the bloods were used on the same day as they were

taken,
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The average weight of the rabbits was about 2 kilos, and
that of the goats 8-10 kilos,

Six injections were given to each animal, the F£irst of which
was intraperitoneal in the instance of the rabbits and intramuscular
in the case of the goats; the other five injections were given intra-
venously in all the animals., 2 c.c. of 30% suspension of the cells
were given to each rabbit, and 10 c.c. were given to each goat. The
interval between each injection was 2 days, so the course was completed
in 11 days. The reactions observed were very slight in all animals
with the exception of Goat No. 2, immunized with Group O blood cells,
in which there was a severe rigor accompanied by hemo-globinuria after
the fifth and sixth injections, which disappeared after a few hours.
All the animals survived the full course of injections,

Three days after the last injection, the blood was taken
and its serum titrated against all human cells, when it was found that
all of them had attained a high titre strength. On the seventh day
another sample was taken, and the titre was found to be still higher
in most of then. Two days after this, the rabbits were finally bled
by cutting the carotids, and between 30 to 40 c.cs. of blood were ob-
tained from each rabbit, while about 100 c.c. of blood was taken from
the jugular vein of each goat without any serious after-effect.

The blood which was put into centrifuge tubes was allowed
to stand in the ice~chest over night and next morning the tubes were
centrifuged, after which the clear serum was placed in sterile tubes

which were corked, sealed, and kept at a temperature below o°c,
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PURIFICATION AND PROPERTIES OF THE SERA OBTAINED BY IMMUNIZING ANIMALS
WITH O BLOOD CELLS

The sera of goats 1 and 2 and rabbits 1, 2, 3 and 4, immunized
ﬁith O cells were titrated with cells of groups 0, Ag, Al, B and AlB.
The results obtained, which are given in Tabkg No., 21, show that each
serum agglutinated all the cells to the same extent. The titre of the

8ix sera varied from 320-5120.

TABLE No, 21

SERUM No. OM  ON  OMN  AM AN AgM AN BM BMN A;BMN

G.1l 640 640 640 320 640 640 640 320 320 320
G.2 320 320 320 320 320 320 320 320 320 320
R.1 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280
R.2 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280
R.3 5120 5120 5120 5120 5120 5120 5120 2650 5120 2650
R.4 2650 1280 2650 2650 1280 2650 1280 2650 2650 2650

ABSORPTION TESTS.

The sera were inactivated by placing them in a water bath at
55°C. for half an hour to prevent hemolysis. This, however, was not
necessary in all cases, since, when the serum had been kept in the ice-
chest for 4-6 weeks, on being diluted, it did not hemolyse the blood

cells,

The sera of rabbits were diluted from five to ten times
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according to their titre, The :derum of goat 1 was diluted 1:3
and that of goat 2 was used undiluted. Cells of sub-group AIBMN
(Ri), the serum of which contained a comparatively:strong normal
anti-0 agglutinin (az'and hg), were used for absorbing the above-
mentioned sera,

The object in selecting these cells, was to absorb the
species agglutinins together with any specific agglutinin for 4,
B, ¥ and N agglutinogens, but not that for O agglutinogen.

According to the presence of the normal anti-O agglutinin
in the serum of this blood, one would expect to find no O agglutinogen
in these cells, and, therefore, they were suitable for preparing anti-
0 agglutinin,

The absorption was performed byalding to a small quantity
of serum half its volume of washed cell sediment, After two
hours standing at room temperature, the serum was separated and tested
with a specimen of the same cells as had been used in absorption: when
a serum was found still to give a reaction with these, it was re-absorbed
by a further quantity of fresh cells. In some cases, the absorption
had to be repeated three times before the serum was rendered negative
towards these cells, ,

The absorbed sera were then tested, and the results given in
Table No, 22 show that the sera of goats 1 and 2, and rabbits 1 and 3
contain an agglutinin, which acts strongly on 0 and Ag blood cells, and
gives weak reactions with both Al and B cells, but not with 4B cells,
used in the experiment, The fact that it agglutinated OM, ON and OMN
strongly, but not A,BMN and ABM differentiated this agglutinin from

anti-¥ and N agglutinin$.
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TABEE No. 22

ACTION OF PURIFIED IMMUNE ANTI-O SERA

SERUM No., TESTED WITH CELLS OF TYPES

ABSORBED WITH

A1 BMN . OM ON OMN ApM AzN AlM AN BM BMN A,BMN A,BM
Ge 1 ++ ++ +4 ++ ++ tr. tr. #* + - -
G.2 ++ ++ ++  ++ tr.. te. # + - -
R.1 +++ b+ b+ +4 + * * + - -
R.2 - - - - - - - - - - -
R.3 T N ++ * + + + - -
R.4 * + + tr. tr. - - - - - -

The writer thought at first that the reactionswith Al and B cells, were

due

to species agglutinins, and so reabsrobed the serum with a fresh

quantity of A;BMN cells, and let the tubes stand for 24 hours, but the

reactions were still obtained and at the same strength as b€fore.

The
may

1,

similarity of the reactions,obtained with these different sera,

be explained on the basis of one of the following two assumptions.
That the sera of these animals contain one similar agglutinin,

which acts on a corresponding agglutinbgen, present to a variable
extent in the cells which give positive reactions, and that, there-
fore the serum acts strongly on the cells containing large quantities

of this agglutinogen and weakly on those which contain small

quantities,
/79



- 79 -
2. That the serum in each animal contains more than one agglutinin
and the cells eontain different agglutinogens.,

In order to elucidate this point, the following experiment
was mades-
The serum of goat 1 was absorbed with each of the following cells:-
OM, ON, ApM, ApN, A;M, AN, BM and BMN, by using a quantity of cells
equal to half the volume of the serum. The absorbed sera were tested
with the same cells. The cells of O and Ap were found to absorb the
agglutinin completely, but A and B cells only weakened the action of
the serum to some extent, that is cells of types A; and B were not agg-

lutinated by sera treated with either of these blood cells, while those

of O and A2 were moderately agglutinated, as shown in Table No, 23.
TABLE No. 23
SERUM OF ABSORBED WITH TESTED WITH CELLS -

GOAT 1 CELLS OM ON OMN AQM AEN' AM AN BM BMN
Unabsorbed ++  ++ ++ ++ ++ tr, tr. % +

oM - - - - - - - - -

ON - - - - - - - - -

Aol - - - - - - - - -

Undiluted AN - - - - - - - - -
A ++ ++ o+ + - - - -

AN ++  ++ ++ 4 + - - - -

BM ++  ++ ++ + + - - - -

BMN ++  ++  ++ + + - - - -

The goat serum was diluted 138 and then was absorbed with cells of Ay,

B, and A;BMN (Ri). By this procedure the former two cells were /80
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found to absorb the agglutinin acting on Ag and O which did not occur wikh
A, BUN (Ri.) ce§%s. The results are given in Tabel No. 24.

TABLE No. 24

SERUM OF ABSORBED WITH TESTED WITH CELLS

GOAT 1 CELLS OM ON OMN Agi AoN A M AN BN BMN
Unabsorbed + o+ o+ + g - - tr. tr.
AWM R -
AN S -

DILUTED
1:8 BM - - - = - - - = -
BMN N T T -
A;BMN (Ri). + + 0+ + * - - tr. tr.

These two experimenté demonstrated the following four points:-

1. This anti-0 serum is different from anti-M and N séra, because while
it could be absorbed completely with the cells of the types OM, ON,
OMN, A M and AgN, it was not affected by A3BMN (Ri.) cells and only
to a slight extent by A;M, A;N, BM and BMN.

One might assume that M and N are developed in group O to a greater
extent than in A; and B blood cells, but this was not(§§und to be the
case as will Be described under the study of M and N types.

2., The strong agglutination of O and Ay cells and the weak reaction with

Ay and B cells are due to the presence of a corresponding agglutinogen

in all these cells.

Thus it would appear that:-
(i) © and Ap blood cells absorbed the whole agglutinin, so that the

(1) This result depends on the particular A,BUN used.

(2) section V. /81



treated serum no longer agglutinated any of the cells which were

previously agglutinated.

(ii) Treatment With'A1 and B cells weakened the action of the

undiluted serum on Az cells but not on O cells (see Tgble 6), and

rendered the diluted serum negative towards both O and Ay cells.
S The difference in the reactions with, and in the absorptive power

of O and A5 cells, on the one hand, and A, and B c#lls on the other,

1l
led to the conclusion that the agglutinogen common to the four
types of cells is present to a greater extent in the first two
than in the second two. The fact that the absorption of the
serum with 4, or B cells weakens the reactions with Ap more than
with 0, proves that O blood cells contain more of this agg-
lutinggen than A does. This was confirmed later by absorbing
the serum with repeated small doses of A5 cells, until the re-
action of these cells became negative, at which point the ©
blood cells were still weakly agglutinated,

4, A)BMN (Ri) cells could not absorb the agglutinin from the dil-
uted serum, and it has been previously shown that this was the
case also with the undiluted serum even after repeated absorptions.,
The results indicate that this agglutinin is not an anti-human
species agglutipin.

When this serum was tested with further specimens of blood,

it was found to give a strong reaction with the cells of one individual

(Y.§) of group B, and a negative reaction with the cells of another

individual ¢M.I.H.) of the same group. The study of the bloods of

these two individuals revealed the existence of the other sub-groups

/82



in groups B and AB. Thus nine blood types were obtained,namely:-
1
0, 51: Az, By, 32, AlBl’ Ale, A231 and A232

STUDY OF THE ACTION OF THE ANTI-O SERUM ON CELLS OF DIFFERENT TYPES.

Sera of rabbit 3 and goat 1 were absorbéd with the cells of
A BMN (Ri.) which, after the discovery of the sub-groups in group B,
proved t?zbe AlBl' The absorbed sera were used in testing the cells of
140 blaads)of different sub-groups, most of which have been already
examined, The sub-groups of the specimens of groups A, B and AB were
determined according to the technique described in Section II. The two
sera behaved exmactly alike with all the cells tested.

Four distinct types of reactions were obtained with the various
specimens tested, namely: strong, moderate, weak or negative.

The results obtained with the sera of goat 1 and rabbit 3 are

given in Table No. 25 according to the different reactions obtained with

the different types.,
TABLE No. 25

ACTION OF PURIFIED IMMUNE ANTI-O SERUM

GROUP o | A B f AB

SUB~GROUP A, A B, By k1) 415, AgBy ApB,
REACTION | gt, ;St. WW‘M Ne We, W o
NOMEER OF 50 |12 12 7 5 |6 12 5 4 | 9 128 3 3
SPECIMENS . T - T

EXAMINED | 55T 36 f 57 f 57

TOTAL 140

St. & strong Mod, = moderate We. = weak Mod., = moderate

(1) see seection II.
(2) Tn tsken by selection, hence the distribution of the
) grgigsbiggdzugfgioups in %hem does ndt represent the actual frequency

in Egypt. /83
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The results given in this table show that:-

1.
2o

Se

4.

All the blood cells of groups O, Ag and Bg are strongly agglutinated,
Some A4 and B, cells and all 5352 cells are moderately agglutinated.

Some Ay and Bj cells and all A1Bp and AoB; cells are weakly agg-
. ) 1

lutinated,

Some A, and By cells and all AjB; cells are negative.

1
The reactions so far obtained confirmed the existence of the

already-§known sub-groups and revealed the presence of three further types

in each of sub-groups Al and By. The existence of these types was.

confirmed by titrating the serum against the cells of the specimens which

were agglutinated. The reactions with each type are given in Table

No., 26.

TABLE No. 26

CELLS OF REACTION WITH ___ REACTION WITH DILUTED SERUM
TYPE UNDILUTED SERUM 1:2 1:4 128 1l:16 1232 1:64 1:128 13256

0 very strong N ek ++ + + h o -
Ao strong ++ ++ + + + tre - -
Bgy strong ++ ++ + + + - - -
& moderate + + + tr. - - - -
B moderate + + tr., =% - - - -
AgBg moderate ‘ + + * -? - - - -
Al weak tr. f.tr - - - - - -
Bl weak ‘ tr. =2 - - - - - -
4,B, weak tr. =% - - - - - -
AgBq weak tr. fotr - - - - - -

? means in some specimens of cells positive and in others negative,
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EFFECT OF ABSORPTION WITH THE CELLS GIVING MODERATE, WEAK OR NEGATIVE
REACTIONS.

Previously it was shown that O and Ap cells can completely
absorb the agglutinin present in this immune anti-O serum (see Table
No. 23+ In order to study the effect of the cells of other sub-groups,
the serum was absorbed with the ceil& of sub-group Bg as well as with
the cells of the three types of Al, Bl and all the types of group AB,
which were agglutinated moderately, weakly, or were negative respectively.
The serum was absorbed with half its volume of blood cells for two hours

and the absorbed sera were tested with all cells, Table No. 27 shows the

results obtained with the types Q§?AgianﬁfAB.The Bo cells absorbed the

,,,,,,,

those of A,, therefore have not been inserted in the Table,

"TABILE No., 27

SERUM TESTED WITH O |Ag &4 B, B AB A)Bp AgB, AB,
~~~~~~~ || |Mod WeiNegd~ * ‘Mod.We.Neg.| Neg. We. We. Mod.
Before absorption P ++| + tr. - ?*; + tr, - ; - tr. tr, +
Absorbed with %
A; moderately aggq§+ |- - = |2 g - - - - - - -
A; weakly " }++ } - - - } § - = - E - - - -
A7 not W fers | oe + tr. - ¥+§ + tr. - f - tr. tr, +
AlBi negative {++ }+ + tr. - f+§ + tr. - é - tr, tr. +
AB, weakly  * [+ |+ [tr? - - + - - = |- = - fur
AgBy weakly % |4+ |+ |- = = |* = = = | = - - -
A2Bg moderately * + |2 |- = = |# % - = = - = = -

These results show that the cells which were not agglutinated by this
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cserum has no effect whatever on the absorbed serum. Those which were
moderately agglﬁtinatéd had weakened the action of the serum to a more
marked extent than those which were weakly agglutinated.

In order to test the effect of repeated absorption, each
portioﬁ of the serum was re-absorbed twice with £ its volﬁme of fresh
blood cells of the same specimen as was used in fhe firat absorption.
The serum was titrated after each absorption with the cells of group ©

and sub-groups A, and Bge

2
It was found that the cells which were not agglutinated with

this serum had no effect even after repeated absorptions: those which
were moderately agglutinated absorbed the agglutinin completely after
the second absorption, and those which were weakly agglutinated absorbed
it only after the third absorption,

The results obtained with the two types A2B; and AgB2, which
represent the cells which are moderately or weakly agglutinated are given

in Table No., 28.

TABLE No. 28
No. OF ABSORPTION|PROPORTION |TESIED
OF SERUM OF G. 1l./AND TYPE OF | WITH TITRE OF ABSOREED SERUM
CELLS USED GELLS 121 132 124 138 1316 1332 1:64
0 ++ 4+ + + + tr. -
AZB| : A + + * tre -~ - -
1st absorption 1:2
0 ++ + + + tr. - -
AzBl . A2 tr. - - - - - -
B, tr. - - - - - -
2nd absorption 134
N o B - - - - - -
AgB Ay - = - - - _ -
2 By - - - =
| S - - - - C -
ard absorption 1:4 AgBl Az - - : : : _ -
B2 /86
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These observations were finally confirmed by diluting the serum 1:8
at which dilution it was still capable of agglutinating O, Ag and By
cells, and then by absorbing it with all the cells which gave either
negative or positive reactions with the undiluted serum. It was found
that the diluted serum was completely absorbed with the cells of all the
types which gave positive reaction, whether weak or strong. Those which
gave negative reactions namely some 43, B, and all A1B; cells were in-
capable of absorbing the agglutinin from the diluted serum even after
repeating thé absorption twice. A;B; cells were used in absorbing the
serum at 0°C and the serum still remained active.

From the above-mentioned results one may conclude that all the
specimens which were agglutinated by this serum possess a similar agg-
lutinogen which reacts with a corresponding agglutinin found in this
serum, The fact that some of these specimens reacted in various degreeé
indicates strongly that this agglutinogen is present in various quantities

in them,

DEFINITION OF THIS AGGLUTININ-AGGLUTINOGEN PAIR.

Taking into consideration the nature and strength of the reactions, the

following conclusions may b€ drawn regarding this agglutinogen.

(i) It is absent in the cells of all specimens of sub-group AlBl
and in certain specimens of Aj and Bj.

(ii) It is present in small quantities in all the specimens of sub-groups
A1Bg, AgB; and in certain specimens of Ay and B;.

(iii) It is present in moderate quantities in all the specimens of sub-
group AgBs and in certain specimens of A; and By.

(iv) It is present in large quantities in all specimens of sub-groups

A2 and Bao.
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(v) It is present in still larger quantities in the cells of group O.

On thés account one may be justified in calling this agg-
lutinogen 0, in the sense of the letter 0, but not in a negative sense.
This nomenclature is adopted for the purpose of avoiding confusion due to
the use of a new designation., The reason for changing the sense of the
desggnation is that the presence of an agglutinogen characterising the
cells of group O is definitely proved. Accordingly, the serum which acts

on these cells in this particular case, is called immune anti-O.

THE RELATION BETWEEN THE THREE AGGLUTINOGENS O, A and B.

In Section II the writer has previously shown that there exists
only one kind of A and B agglutinogens respectively. He has indicated
that the difference in behaviour between Al and By, on the one hand, and

As and B_,, on the other, towards anti-A and B sera respectively, is simply

2
due to the fact that A or B agglutinogen is more developed in the former
two sub-groups than in the latter two, and is not due to the presence of
an additional agglutinogen named A; by Landsteiner in the case of group
A, and similarly Bl in the case of group B.

In this Section the writer has shown that agglutinogen O
exists in the cells of many sub-groups in various quantities.

The question now arises as to whether agglutinogen 0O does
not play a part with A and B agglutinogens in the classification of human
bloods into 4 groups. A positivé answer to this question may be found
in the study of the theories of heredity which will be discussed later,
From the sero-logical point of view it may suffice, for the time being,
to say that the immune serum produced by O cells acts in a specific manner

on all cells of group O, in exactly the same way as immune anti-A and B
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act on their own cells, If this agglutinogen is, like M or N, independ-
ent of the A and B agglutinogens, we should expect it to classify each
of the four groups in a similar manner, according to its absence or
presence, What actually has been demonstrated is that this agglutinogen
has differentiated four sub-groups in groups A, B and AB but not in
group O,

THE RELATION BETWEEN THE QUANTITY OF EACH OF THE
THREE AGGLUTINOGENS PRESENT IN THE DIFFERENT SUB-GROUPS

It has been observed that each of the three agglutinogens
may be present in variable quantities in different sub-groups. The
relation between the extent of these three agglutinogens in a given
sub-group may be studied by estimating the quantity of each agglutinogen
.in that sub-group.

A rough estimation of these quantities may be obtained either
by testing the power of absorption of the different cells or by titrating
them against the different sera. As the latter method is quicker and

just as safe, it was selected by the writer,

He titrated several 0, A, B and AB cells with anti-0, A and
B sera. The results were not conclusive in all the bloods tested, but
anyone who has had ahy experience with titration experiments will realise
how difficult it is to obtain the expected results in all cases, or

even similar results with the same material.

The writer submits, in Table No. 29, the results which re-
pPresent the majority of the cells tested in each type of blood. The
same sera were used in testing all the different cells and the titrations

were all carried out under the same conditions.
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TABLE No., 29

CELLS HIGHEST TITRE AT WHICH THE CELLS ARE AGGLUTINATED
NAME GROUP  ANT1-0 SERUM ANTI-A SERUM ANTI-B SERUM
Mo. 0 128 (tr.) - -

N.D. Ay - 128 (+) 256 (tr.) -
M.Ge  Aq - 128 (+) 256 ( =) -

Sa, A, 2 (tr.) 64 (+) 128 (f.tr.) -
Wod. A 4 (tr.) 64 (+) 128 (tr.) -

Am. Ay 16 (tr.) 64 (tr.) 128 ( - ) -

Da. Ay 16 (f.tr.) 64 (f.tr)128 ( - ) -
Amer. A, 32 + 64 f.tr 32 (tr.) -

Hil., A, 32+ 64 - 32 (tr.) -
Isk. By - | - 128 (+ )
Okas. B, 2 (tr.) - 128 (tr. )
At. B 16 (f.tr.) - 64 (+ )
Y.S. Bg 32 (+) ' - 32 (tr.)
Mo. A B, - 64 (f.tr.) 64 (tr. )
Sw.  ABy 2 (tr.) 64 (tr.) 32 (f.tr.)
Ab, AgBy & (tr.) 8 (+ ) 16 (-) 64 (+ )
Moch. ApBg 16 (tr.) 16 (tr.) 32 (tr. )

The variation in quantity is more marked by the titration method with O

and A agglutinogens than with B agglutinogens which was esplained by

assuming that B has a stronger affinity than the other two an? §o it
1

gives stronger reactions even when developed in small quantities. The

(1) see section II. /90
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agglutinogen O seems to be weaker than A because it reacts with diffi-
culty when it is present in small quantities, therefore the anti-0 serum
is more suitable to differentiate these types from each other,

The results given in this table show a constant relationship
between the quantity of each of the three agglutinogens present in the
different sub-groups A, B and AB. To make this more clear, one may
clasgsify the different sub-groups according to the behaviour of the agg-
lutinogen in each sub-group, as shown in Table No. 30.

TABLE No., 30.

AGGLUTINOGEN

GROUP TYPE 0 ' A B
i very strong )
A 2 weak strong =00 ) e
3 moderate moderate
4 strong weak
5 —————— ) very strong
B 6 weak } e strong
7 moderate moderate
8 strong ) weak
9 0 eeme——— moderate moderate
AB 10 weak moderate weak
11 weak weak moderate
12 _ moderate weak weak

The writer did not meet with a case where AB blood was negative with

anti-0 and the A weak and B strong, or the A strong and the B weak., If

such t¥pes of blood exist, they must be very rare,
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THE EXPLANATION OF THESE RESULTS,

According to Bernstein's theory there aré three allelomorphiec
genes, 0, A and B, each of which may be transmitied from each parent to
the child in the form of one unit, therefore the child's genotype will
be composed of 2 units, which may be similar or different., The genotypes
obtained according to this theory are:- 00, AO, AA, BO, BB and AB. Thus
there are two types in each of groups A and B and one type in group AB,
and therefore such a theory does not explain the existence of the sub-
groups 0, A;, Ag, B> Bg, A9By, 4By, AgB; and ApBo, which have been
described in Section I1I. This, however, was explained by the modifi-
cation of this theory by Thomsen who assumed the presence of two genes

Ay and Ap and later B; and Bj3.

The writer has already shown in Section II that the genes A;
and Ay are actually4one, but differ quantitatively, the same was also
shown with B, and Bg.

Despite this, let us assume that Thomsen's assumption is correct,
and see how far this theory can explain the above-mentioned results.

If we consider that Ay and similarly Bj are independent genes

from Ao and By respectively, we will obtain the following genotypes:-

A0 %320 AgBo
A (BgBg
AZ 2 ( A2B_'L
Gr. 0 (00 Group A (A4,  Group B EBle group AB B
4,0 (8,0 172

if, as Thomsen says, A; madks the agglutinogen 0 to a greater extent
than A5 does, and naturally the same applies to By and Bp, the cells
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of either group A or B will give two kinds of positive reactions with
anti-0 serum, namely a strong reaction with Ay and Bg cells and either
a moderate or a weak reaction with Al and Bq, but not a‘sﬁrong reaction
with some Ay and By specimens and a weak reaction with others. Therefore
this does not explain the three different positive reactions already
mentioned., One may assume that some Al cells are more sensitive than
others and so react more with anti-O, If this be true, we should expect
that the Al cells which react more strongly with anti-O will react more
strongly with anti-A and those which react weakly with anti-O will also re-
act weakly with anti-A: but this is just the contrary to the results
reported in Table No. 29, where one may see that the cells which are
weakly agglﬁtinated with anti-0 are more strongly agglutinated with anti-
A than those which react moderately with anti-O. The same holds with
Blo Hence it appears that there are three different types in the sub-
groups called A4 and By, namely:-
1) Cells reacting moderately with anti-A and anti-O.
2) Cells reacting strongly with anti-A and weakly with anti-O, and
3) Cells reacting more strongly with anti-A, but not with anti-O,

One might also try to explain the different reactions of these
three types with anti-A by assuming that the agglutinogen Ay reactis to
a variable extent in the different genotypes Aq4g, A10, AlAl. The
answer to this is that it only explains the different reactions with

anti-A but does not explain the different reactions with anti-O, Even

according to this assumption Alo alone of the three should be agglutinable

by anti-0 - AjAp and AjAy being unagglutinable by this anti-serum.,

Another important point with regard to these results is

that according to Bernsiéin's and Thomsen's theories, persons of group

AB should not contain the agglutinogen 0: Dbut the writer has definitely
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proved its existence in this group in two forms, either in small gquantities

as in both sub-groups A1Bg and AoBy or in moderate quantities as in sub-
group Aégg. |

The»facts prove that each of the three agglutinogens, 0, A and
B take part in classifying the human bloods into four groups, and esp-
ecially that the three agglutinogens are present together in the cells
of certain individuals of group AB (A1Bg, AgB] and AsBg). This explains
why it is impossible for the above-mentioned theories to account for the
results obtained by the writer., The reason is simply because these
theories are based on the assumption that the genotype of the individual
is composed of two gehes and therefore the three agglutinogens will never
meet together in one blood,.

In order to explain the presence of the three agglutinogens in
such individuals of group AB, one must assume that the genotype contains
three units representing O, A and B. As the genotype of a child can never
be composed of three units, since it receives an equal number from each
parent, then the next possible genotypic formula will be the one containing
four units, two of which are transmitted from each parent.

If a large number of sets of counters marked respectively A,

B, 0, are placed in a bag and sets of 4 are picked out, it is clear that

the following combinations will be obtained.

00 7 ABOO 10 A4AO
1 0000 4 A4 10 am0
AAAA BBOO 8 AABO 12 A000
2 ° 13 BOOO
9 ABBO 14 ABBB

3 BBBB 6 AABB 1

To find out to what extent this hypothesis will explain the

data obtained by the writer, the formulae obtained according to this
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hypothesis are compared with the results given in Tables Nos. 29 and
30, One may see that the first 13 of these formulae represent the
presence of the three agglutinogens in the 13 subsgroups already ob-
tained. This is shown in Table No,., 31,

TABIE No., 31

FORMULAE OBTAINED SUB-GROUP OBTAINED BY THE WRITER GIVEN IN TABIESNos.29 & 30

ACCORDING TO THE DEVELOPMENT . OF AGGIUTINOGEN
HYPOTHESIS
0 A B
Group 0 { 0000 very strong - -
AAAK - very strong -
Group & ( AAAO weak strong -
( Aa00 moderate moderate -
( Ao0O0 strong weak -
 BBBB - - very strong
Group B ( BBBO weak - strong
- BBOO moderate - moderate
BOOO strong - weak
AABB - moderate moderate
( AABO weak ftloderate weak
ABBO weak week modersate
Group AB( AB0OO moderate wegk weak
( AAMAB These two types strong weak
( ABEB  were not found. weak strong

With regard to the last two formulae, it may be supposed either they

ere very scarce and so have not been found or they may not even exist

on account of something which we cannot yet explain.
However, their non-discovery is not an obstacle to the

8pplication of this hypothesis, since 1t is not a fact incompatible with

' i i i in detail under
the hypothesis. The hypothesis will be discussed later in il unde
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the subject of Heredity of the Blood Groups.

WHAT DOES THIS HYPOTHESIS EXPLAIN?

This hypothesis, although novel, seems to explain all the
difficulties which could not be readily explained by other theories,
namelys-

1., The existence of sub-groups can be explained without need of adding
new agglutinogens namely 4,, A2, B1 and Bg, and A3B,, AyBg, AgBy and
ApB2 as already described in Section IIX.

2. The presence of agglutinogen 0 in various sub-groups, especially
in certain ones of group AB.

3. The rare occurrence of natural anti-O serum (agglutinins ag and bg)
which may now b e explained by the fact that this agglutinin exists
in an active form in the sera of the sub-groups which do not contain
an 0 agglutinogen and which are actually very rare. The reason why
the writer found a larger number of these natural agglutinins than
workers on the Continent or in America, is due to the fact that the
frequency of group O is much higher in these countries than in
Egypt, hence in these countries one would expeet to find a smaller
number of homozygote A or B persons, as well as AB persons lacking
the agglutinogen O,

The reason why the normal anti-O serum failed to agglutinate the

A1, By and AB cells which contain the agglutinogen 0, is explained by

the presence of smaller quantities of this agglutinogen in such cells

than in A5 and By cells. Accordingly the cells of the former three sub-

groups did not react on account of the weakness of the serum,
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4, The occurrence of (al) and (bl) agglutinins in the sera of Ay
and Bz.bloods respectively, or their purification from anti-A
and anti-B sera by absorption with Ao and Bz cells (as describved
in Section II).

5. The difference in the strength of reactions obtained with different
cells of sub-groups Ay and By which might be explained by the
Presence of three types in each of sub-groups Al and Bl. (See Table
No. 29).

(1)

6. The weak cells of the type Ay which were found by Friedenreich
who called them Az and indicated the presence of a third quality
in Group A. As he says, the Az reacts weaker than Ag with anti-A
serum but anti-0 serum agglutinates Ag and Az to a practically
equal degree, Thus it may be assumed that both are of the type
(AOOO) but for some reason or other the sensitivity is lowered;
on account of having a very small quantity of A compared to that
of O, one would expect that the weakness would be more marked with
anti-A than with anti-O, which difference may altogether fail to
be detected by ordinary technique. Therefore it seems unnecessary
to assume that there is a third quality called A3.

7. The fact that the writer, in addition to other workers, could not
prepare anti-0O serum by absorbing ox-serum Wwith AlB cells by which
method Schiff and others succeeded, since it may be assumed that the
A1B cells used by the writer or the other workers were of the type
Ale (AABO) and therefore they could absorb the anti-O. |

Hirszfeld found that all ox-sera could be rendered inactive towards

(1) See the proceedings of the IInd Congress of the International Society
of Microbiology. July 1936. /97
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0 cells after being repeatedly absorbed with AlB cells, which
may be explained on the same basis as above.

8. Moureaux (58),after a detailed study, came to the conclusion that
it is impossible to differentiate the heterozygote from the homo-
zygote individuals of groups A and B, since they behaved similarly
towards anti-O serum prepared from ox-serum, He has chosen his

homozygote persons from the following family.

FAMILY SUB~-GROUP GENOTYPE
Father AoB AoB
Mother A1B A4B
Child 1. Ay AA,
Child 2. B BB

According to the new classification an AgB parent may be AOBO
and the other parent may be AABO. Therefore the A, child may
be AAOO and the B child BBOO or even B0OOO. From that one may
see that Moureaux was not dealing with pure types of A and B,

as he thought, but with heterozygotes which contain agglutinogen O.

ADVANTAGES DERIVED FROM THE USE OF IMMUNE ANTI-O SERUM.

At first the blood group of a person was determined by testing
the cells with anti-A and B sera, and the serum was tested with A and B
cells., later, after the discovery of (aj) and (a2) and also (b1) and
(bz), their application was suggested to differentiate the sub-groups
from each other. In practice, however, this was difficult owing to
their weak reactions and their scarcity. With regard to (al) it could
be prepared by absorbing anti-A serum with A cells which gives usually
a strong (al) agglutinin and so in this case the difficulty was overcome.
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With respect to agglutinin (az), some workers namely Schiff and Thomsen
and his co-workers obtained a similar anti-serum by absorbing ox-serum
with 44B cells but other workers could not prepare it, and so the
difficulty still remained.

Now, it would appear that it is possible to prepare a much
stronger agglutinin by immunizing animals with O blood cells and absorb-
ing the serum with any cells which do not contain the 0 agglutinogen., By
the aid of such a serum we can identify the blood cells of group O by
positive reactions and not by merely negative reactions with anti-A and
B sera, We can also detect the presente of the agglutinogen 0 in the
blood cells of other groups, which was thought to be impossible béfore,
By means of the reactions obtained with the anti-O, A and B sera, the
four blood groups have been classified into 13, if not 15 types.,

THE ACTUAL NUMBER OF THE BLOOD GROUPS.
Tandsteiner and Decastello and Sturli classified human bloods

into four groups according to the presence or absence of the agglutinogens
A or B or both together. Having now a third agglutinogen O, the proper

classification will be seven and not four groups, as shown in Table No., 32.

TABLE No. 32
NUMBER GROUP FORMULA AGGLUTINOGENS PRESENT
1 0 0000 Cnly O
2 A AAAA Only A
3 B BBBB Only B
AAAQ
4 AO AAOC A and O
AQ0CO
BBBO
5 BO BBOO B and O
B0O0O
AABB
6 AB AAAB) rheoretical A and B
ABBB)
AABO N 1
7 A ABBO s B and 0
ABO AB0O
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However, for the time being, it is sufficient to differentiate these

types according to the formula of each as has been suggested before.

THE NATURE OF AGGLUTINOGEN O

Although the writer considers that the nature of agglutinogen
0 has not any bearing on the results obtained, still he would lik® to
say something in regard to the two opinions -expressed by Professor
Thomsen and Professor Sachs on the occasion of his reading a paper at
the IInd Congress of the International Society of Microbiology held in
London on the 25th July 1936. While they appreeiate the importance
and possibilities of the results obtained by the writer, Sachs was of
the opinion that the so-called O agglutinogen was in reality species
in character and not similar to A or B. Such species agglutinogen, he
believed, was present to the greatest extent in group O cells and to a
variable extent in the cells of other groups. Thomsen said that these
results could be explained by assuming that the agglutinogen O was a
basal substance present in all cells.

In groups A, B and AB, the agglutinogens A and B “cover" this
basal substance to a variable extent and therefore it usually gives
weaker reactions with the anti~-O serum in these groups than in group O.

The writer does not see any difference between these two
opinions, which are really derived from the Hirszfeld hypothesis,
previously discussed, namely thatadl the cells of all groups contain
human species agglutinogen. After the development of A and B agg-
lutinogens this human species agglutinogen will be displaced or

suppressed by them, and therefore, will remain more prominent in the

cells of group O.
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IS O REALLY A SPECIES AGGLUTINOGEN?

The answer to this question may be found in the following
paragraphs:-

l. According to Hirszfeld's hypothesis any immune anti-human serum
will agglutinate cells of group O at a higher titre than the
cells of the other groups especially those of group AB. The
writer has titrated 6 anti-human sera produced by O cells with
cells of all groups and found that AB blood cells were agg-
lutinated nearly to the same extent as O blood cells (See Table
21). An anti-human serum which was produced by B cells agg-
lutinated A cells at a much higher titre than O cells., Another
serum produced by A cells agglutinated B cells at a higher titre
than 0 cells, and it is interesting to note that these two sera
which were prepared from goats did not contain anti-M or N

agglutinins, therefore one might feel satisfied that one is

dealing with a purely species agglutinin. This would indicate that

the species agglutinogen is not related to the agglutinogen O,
2. According to Hirszfeld's hypothesis any immune anti-human serum
is suitable for preparing anti-O. That was not the case in the
immunization experiments made by the writer. He could only pre-
pare anti-0 serum from animals immunized with O blood cells or
Ap cells, Two out of the 6 injected with O cells which did not
produce anti-0, produced very strong anti-species agglutinins,
The development of anti-O serum by injecting Az cells is explained

by the fact that the Ay contains large quantities of the O

agglutinogen,
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3. According to Hirszfeld's hypothesis, such agglutinogen is
found in all blood cells but the writer has shown that it is
absent from the cells of sub-group A1B; and from the homozygous
types of groups A and B.
4., According to Hirszfeld's hypothesis, it should be possible to
absorb anti-O serum by all cells, even with those of group AiBl.
The writer has proved that certain types of cells namely AABB,
AAAA, BBBB, cannot absorb this serum even when diluted or when
the absorption igfepeated.
From these considerations it is clear that O is not merely
a species agglutinogen. Further, there are reasons for thinking that,
on the contrary, it is a speeific agglutinogen for O cells. These are:-
1. The presence of natural anti-O serum (ag and bg) which, although
it gives weak reactions, nevertheless agglutinates in a specific
manner O blood cells and which is not absorbed except by cells
containing this agglutinogen.
2. The constant relation between the presence of the three agglutinogens
and the fact that tthe inheritance of the agglutinogens A and B is

governed by that of 0, as will be shown in Section IV,

PREPARATION OF IMMUNE ANTI-A AND B SERA

The writer immunized six rabbits and two goats with blood

cells of group A and two rabbits and one goat with blood cells of group B,

as shown in Table No.20. The object was to find out if these cells contain

additional agglutinogens to A and B.
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Rabbits 5 and 7 and goat 3 were immunized with AoM blood all
of which gave a strong anti-A immune serum, also an anti-O serum was
produced by rabbit 5 and goat 3. This anti-0C serum was as strong as
that prepared from the other goats and rabbits immunized with O cells.,

Rabbits 8 and 9 and goat 4 were immunized with AjN cells and
all of these gave a powerful anti-A serum but not an anti-O serum.

Rabbits 12 and 13 Whiéh were immunized with AQMN cells gave
a2 moderate anti-A éerum and a strong anti-0 serum,

Rabbits 10 and 11 and goat 5§ were immunized with BN blood
cells; all of these gave a very strong anti-B serum, but not an anti-C
serum,

The production of an anti-0 serum in the animals immunized with
Az cells and not from the other animals is a definite proof that these cells
contain a large quantity of agglutinogen O, It also proves that the anti-C
serum is not related to the pecies agglutinins which were highly developed

in all the sera of the above-mentioned animals,

PREPARATION OF IMMUNE ANTI-A SERUM.

Anti-serum:of rabbits 5, 7, 8, 9, 12 and 13 and goats 3 and 4
were absorbed with BMN and OMN blood cells in the same way as described for
anti-0 serum. The sera absorbed were tested with OM, ON, AoM, AoN, AjM,

4 X, BMN’ ARM, ABN cells and the results obtained are given in Table No.
33 which shows that all the animals have produced a specific agglutinin

for A blood cells.

These absorbed sera will be referred to as “purified" anti-A

sera.,
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TABLE No, 33

SERUM OF  OM ON AM AN AM AN EFuN ABM ABN
R.5 - - + + ++ ++ - + +
R.7 - - + + ++ ++ - + +
R.8 - - ++ ++ +++ +4++ - ++ ++
R.O - -+ + ++ ++ - + +
R.12 - - + * ++ ++ - + i
R.13 - - + + ++ ++ - : +
G.3 - - + + ++ ++ - + +
G.4 - - o+ +4 +++ ++4+ - ++ ++

The titre of these sera hefore and after absorption is given

in Table 34.
TABIE No. 34.

TITRE OF TITRE OF THE DILUTED SERUM

SERUM UMNDILUTED SERUM DILUTED BEFORE AFTER ABSORPTION X DILUTION
No. BEFORE ABSORPTION ABSORPTION As A,

R.5 2560 1:5 320 1280

R.7 2560 315 160 640

R.8 5120 128 1024 4096

R.9 2560 1:5 160 640

R.12 1280 1:4 64 256

R.13 2560 1:5 80 320

G.3 1280 , 1:4 128 512

G.4 5120 1:8 1024 4096

The titre is multiplied by the dilution factor in order to make it /104
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comparable with the titre of the serum before absorption.
This table shqws that dl the animals have produced more or less powerful
anti-A serum which, after being absorbed, agglutinated Ag and 4, cells at
different titres. The difference of titre at which these two types of
cells are agglutinated is not so marked with the strong sera as with the
weak sera.

When all these purified anti-A sera were absorbed with Ag
blood cells for a short time they could agglutinate Aq but not Az cells,
When the absorption was repeated twice, or in some cases three times, the
sera became inactive towardé A, cells, even when the titre was as high as
512. This is a strong indication that the two kinds of A, and Ay cells
are of & similar nature but contain different quantities of agglutinogen
A, as was shown with the natural serum.

All the purified sera were absorbed with Al cells and in no
case could the treated merum agglutinate A2 cells, even when the serum
had been produced by Ag cells, which is contrary to what is expected
if the Ao cells contain besides the A agglutinogen another agglutinogen

which Landsteiner has called Az.

PREPARATION OF IMMUNE ANTI-B SERUM

The pera of rabbits 10 and 1L and goat 5 were absorbed with
AlMN aﬁd OMN cells in the same way as was described with anti-O serum,
and the absorbed sera were tested with cells of OM, ON, ApM, AjM, AjN,

BM, BN, A,BM and ABN and the results are given in Table No. 35,
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Tab];g No .35,

Absorbed Tésted with cells

serum of O ON A AM AN BM BN ApBM A BN
R.10 - - - - - +++. e+ ++ ++
R.11 - - - - - F++ e+ +4 ++
Ge5 - - - - - +h+ b ++ ++

Later these sera were titrated with cells B; and By before and after absorp-
tion with a mixture of A NN and OMN cells and all were found to be strong,

as is shown in Table XNo.36.

Table No.36.

Titre of undiluted Diluted before Titre of the diluted serum

Serum serum before absorption after absorption x dilution
No, absorption Bg B1
R.10 5120 1:8 2048 4096
R.11 5120 138 512 2048
G.5 2560 1:5 640 1280

The relation between the titres at which the two kinds of cells were agglu-
tinated was constant in the three sera.

When B2 cells were used in absorbing the prepared sera, they remained
only weakly active towards By, and the same happened with normal anti-B sera
from which the writer failed to prepare any strong (bj) agglutinin. ( By
cells were constantly capable of absorbing the whole agglutinins from the
serum, which could not, thereafter, agglutinate Bz cells., This supported
the opinion that B, and Bg‘differ in their reactions simply because of the
different quantity of agglutinogen B present in each.

Evidence was obtained that goats are more suitable than rabbits for

the preparation of immune anti-O, A and B sera, since no anti-M and N sera
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were produced in goats, as was the caée with rabbits, The presence of
anti-M and anti-N sera make the purification of anti-O, A and B sera some-
what difficult, owing to the large quantity of cells needed for absorption,

The‘goats were bled a month after the first bleeding and it
was found that the species agglutinins became much weaker and the specifie
agglutinins also became weaker, but not to the same extent.

A third bleeding wes made after another month, and only in two

goats could specific agglutinins be demonstrated.
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SECTION IV,

A P WD T e S D =

HEREDITY OF THE BLOOD GROUPS AND SUB-GROUPS

The possibility of the jnheritance of the blood groups was originally
suggested by Ottenberg and Epstein (59). This was confirmed by Dungern
and Hirszfeld (60) who, after testing the blood of 72 families, came to
the conclusion that the groups were inherited according to certain Mendel-
ian laws. This observation was followed by an extensive study by several
workers who examined the blood groups of about 9000 families including
about 20,000 children (61).

Four theories were advanced by different workers in order to explain

the basis on which the qualities characterising the four blood groups were

inherited, namelys-
1. The Dungern and Hirszfeld Theory (62), according to which the heredity

of agglutinogens A and B depends upon two pairs of independent allelo-

morphic genes, namely A énd (a)

agglutinogen A, and B and (b) which rep

agglutinogen B. /108
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The Bernstein Theory (63) according to which the inheritance of A amd
B agglutinogens depends on three allelomorphic genes, R, A and B, of
which A and B are dominant and R is recessive,
The Furuhata Theory (64) according to which the bloodgroups are in-
herited by means of two pairs of allelomorphic genes, A ané (a), B and
(b), of which A and B are domnant over (a) and (b) - A and B represent-
ing the agglutinogens and (a) and (b) representing the agglutinins,
The difference between this theory‘ahd that of Dungern and Hirszfeld
is that the four genes are transmitted in three completely linked pairs
namely Ab, aB and (ab).
The Bauer Theory (65) accoréing to which there are two pairs of genes
A and (a), B and (b), which are not independent like those of Dungern
and Hirszfeld, and not completely linked like those of Furohata. Each
bair is present in the same chromosome, but they afe far apart from

each other, and hence crossing over may take place between them.

DUNGERN AND HIRSZFELD THEORY.

According to this theory 4 is inherited independently from B. The

former ig inherited by the pair Aa, and the latter by the pair Bb., Con-

sidering A alone, one obtains three different genotypes representing two

phenotypes, namelys- AA, Aa, which represent the phenotype reacting with

anti-A serum, and (aa) which represents the phenotype which does not react

with anti-aA serum.

Similarly three genotypes are obtained with B, namely

BB, Bb and (bb). When the genotypes of A and B are crossed together the

genotypes representing each group can be obtained - these are given in

Table No.37.
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Table No e37,

GENOTYPES
PHENOTYPES HOMOZYGOTE “HETEROZYGOTE
0 aabbd As
A AADbDY Aabb
B aaBB aaBb
AB AABB Monohybrids Dihybrid

AaBB

AABDb

AaBb

According to this theory the agglutinogens A amd B can only appea

in the blood of a child when present at least in one of the parents,

Table

No.38 shows the children possible and impossible to be obtained from each

mating.
Table No.38.

__ CHILDREN f
PARENTS POSSIBIE IMPOSSIBLE
0O X o o A, B, AB
0 X 4 0, A B, AB
0 X B o, B A, AB
A X 4 0, A B, AB
B X B 0, B A, AB
A X B o, A, B, 4B —mmm— -
0 X B o, A, B, B =m—m——e- —
A X a8 o, A, B, AB e e
B X B o, A, B, 4B =emmmm—ees
4B X 4B 0, A, B, 4B mo=mmemmes

Some exceptions to this rule were found but they were few and

could be explained either by mistakes in the technique or by illegitimacy.

In 1925 Bernstein (63) tested the accuracy of this theory from the statis-

tical point of view and found that the frequency of the different blood
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groups expected according to this theory did not agree with what was
observed in different populations.

The expected percentage of group AB in the English and Greek
bpopulations are 6.5 and 15.5 respectively, while the actual percentages
are 3.0 and 4.0.

According to the theory of Dungern and Hirszfeld, the following
equatioh should hold: OXAB = AXB. The theory was tested
against different populations and it was found that O X AB was huch lower
than A X B. For example, among the population of Glasgowspersonagl in-
vestigation has shown that the frequeney of the blood groups was as |
followss~ |

o A B AB

49,.,6% 36,6% - 9,5% 4,3%

From that,yalue of O X AB = 0.496 X 0,043 = 0,021528
" and A XAB = 0.366 x 0,095 = 0.03577

which shows 2 marked inequality.
BERNSTEIN'S THEORY.

When Bernstein found that the Dungern and Hirszfeld theory conflicted

with the statistical point of view, he proposed another theory, based

on the existence of three allelomorphic genes, A, B and R. According

to this theory A and B which represent the agglutinogens A and B are

dominant and R, which represents their absence, in group O, is recessive.

Therefore we have four phenotypes and six genotypes, as given in Table

No.39,
— Table No 0390
CGENOTYPE —

PHENOTYPE HOW0ZYGOTE HETEROZYGOTE

0 RR —

A AA gg

B BB pes

ﬁ -
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According to the Bernstein theory there are two rules governing
the heredity of the three genes, namely:-

(1) As A and B agglutinogens are dominant, they only appear in the biood
of a child when present in at least one of the parents, and therefore,
this theory agrees with the Dungern and Hirszfeld theory concerning
this point.

(2) An AB parent has only one genotypic formula, namely AB,'so that one
of these genes will be transmitted from this parent to the child which
will contain either A or B, and consequently cannot belong to Group O,
even if the otherlparent belongs to this group, which is possible
according to the first theory. The children, possible and impossible,

to result from each mating, according to this theory, are given in

T Table No.40.
Table No 040 .

CHILDREN -
PARENTS T POSSIBLE IMPOSSIBIE
X 0 0 ' A, B, AB
0 X 4 0, A B, AB
0 X B 0, B A, AB
A X A 0, 4 A, AB
B X B 9, B A, AB
A X B o, 4, B, AB —————————
0 X 4B A, B 0, AB
A X AB A, B, AB o
B X AB A, B, AB Y
AB X AB \A, B, 4B 0

|

/112




- 112 -
When this theory was tested by comparing the expeeted frequency of the
blood grouﬁs with their observed frequency, they agreed in a satisfactory
manner, If r, p and q represent the frequency of the genes R, A and B
respectively, in a homogeneous population, then according to Bernstein,
values of r+ p+ ¢ = 1. The values of r, p and q were calculated

according to the theory (66) and it was found that:-

r = /0O
P = 1 - /group O + B
@ = 1 - /group O + A

From the frequency of the blood groups in Glasgow already mentioned, the
values of r + p + q were found to be 1,007 which is really not different
from what was expected and such was the case with other populations tested
by Lattes, Wiener and Snyder. Therefore the Bernstein theory is suit-
able from the statistical point of view to explain the frequency of the
blood groups in different populations, From the point of view of heredity
there were many exceptions to the Bernstein theory, according to which,
when one of the parents or both of them belong to group AB, no O children
could be obtained. Several O children were found in such families but
that wag explained by the supporters of this theory as due to faulty
technique, and they pointed to the fact that fewer exceptions were recorded
' following the advancement of this theory than before it was known. Accord-

ing to Wiener the percentage of the exceptions against this theory before

and after its application are as follows:-

MATING BEFORE 1926 AFTER 1927
0X 26.26 3.61
AX o 3.77 0.87
B X AB 11.11 0.83

AB X AB — -—

He explained such decrease by improvement in the technique, and by the
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fact that when an exception to the theory was found, the blood was re-
examined. The few exceptions encountered after 1927 were explained by
illegitimacy when the exception was against the father, but there wvere
some cases in which the exception was against the mother, which could not
be explained by illegitimacy. These as Wiener states, can be explained
by the occurrence of a recessive mutation (from A to R or from B to R)
or according to ILevine, as a result of non-disjunction, both of which
explanations are theoretical. Schiff suggested testing this theory by
the study of the blood groups of mothers and their children, and after a
large number had been examined by him, Wiener and Thomsen, no exceptions
were found. Therefore the Bernstein Theory was considered by all the
leading workers to be reliable as a basis for the inheritance of the
blood groups.

With regard to its medico-legal spplication, it became accepted
as evidence in paternity suits by several courts of law on the Continent,
Some experts, as ILandsteiner (67), Marx (68) and Hirszfeld (69), and
others, although they do not doub% the validity of this theory, recommend
that in paternity cases where the child is of group O and the father of
group AB, or vice versa, the court should be informed that at least one
such exception against the mother vas recorded by Haselhorst and Lauer
(70), and to express the opinion that such exceptions when found against

the father are to be considered in all probability, but not in certainty,

as evidence of illegitimacy. In Germany and in other countries, this

theory seems to be accepted without any reservation.

FURUHATA'S THEORY.

According to Furuhata's Theory, there are three completely

linked pairs, namely Ab, Ba, and (ab), each of which is situated in one
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