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(With the technical assistance of MRS. LIvIA BLUM, MISS DORIS HOWLES

AND Miss HELEN WARD)

I

I T IS generally understood that the Rh system and the AB system are entirely

independent of each other. In spite of their complete independence, however,

only the full understanding of both the AB system and the Rh system make it

possible to interpret and to correlate clinical manifestations and test tube obser-

vations. A sensitized Rh negative patient might suffer a fatal hemolytic transfusion

reaction just as well if blood of the incorrect blood group is transfused, as if Rh

positive homologous blood is given. Barely 7 years have elapsed since the Rh factor

was discovered, and we are certainly far from having reached a complete under-

standing of this highly complicated and involved subject. It is now 47 years since

Landsteiner first discovered the major blood groups and yet those who believe

that we know everything about them are badly mistaken.

As an example, indicating the close interrelationship existing between the Rh

system on the one hand, and the AB system on the other, I would like to point to

the production of Rh test serum. Rh test sera used at the present time are prepared

from human blood obtained from Rh negative patients sensitized to the Rh factor

either by transfusion of Rh positive blood, or by a fetus whose blood cells entered
the mother’s circulation, stimulating antibody production in that way. Human

serum of course contains the isoagglutinins anti-A and anti-B, depending upon the

blood group to which the respective individual belongs. The elimination or neu-

tralization of those isoantibodies is a prerequisite in the production of reliable

anti-Rh sera. Unless completely eliminated these isoagglutinins will obscure the

diagnosis of the Rh factor and give rise to false positive reactions. The isoagglu-

tinins can be removed either by absorption with Rh negative A cells and Rh nega-

tive B cells, or by neutralization with the isolated blood group specific substances

A and B.* This technic has been used in the past by us as well as by others and has

been found to be satisfactory.

In cases of suspected erythroblastosis, we have been in the habit for many years

of testing the wife’s serum against her husband’s cells whenever feasible. if the

wife’s serum contains isoagglutinins against her husband’s cells, these isoagglu-

From the Departments of Bacteriology and Immunology, University of Buffalo School of Medicine,

and the Buffalo General Hospital.

Read at the International Hematology and Rh Conference, Dallas, Texas, Nov. i�, 1946.

* Purified blood group specific substances A and B as used in this paper have been kindly supplied first

by the Eli Lilly Company, and later by Sharp & Dohme. In most of the experiments zo cc. vials were used

containing solutions of A and B specific substances in dilutions of roughly z:2.ooo. They consist of mix-

tures of A substances isolated from the gastric mucosa of hogs, and AB substances isolated from the gastric

mucosa of horses.
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ERNEST WITEBSKY 67

tinins have to be neutralized with A and B substances in order to demonstrate

anti-Rh antibodies or any other abnormal antibodies which might be present in

the serum under investigation. We know now that besides the anti-Rh agglutinin

a different type of Rh antibody, the ‘ ‘incomplete’ ‘ or ‘ ‘blocking’ ‘ antibody (Race,

Wiener) might be present. By using as a diluent undiluted serum or albumin solu-

tion instead of saline solution (Diamond and Abelson, Wiener), this blocking anti-

body, too, will agglutinate Rh positive cells. It is advisable to use both saline

solution as well as some other diluent such as albumin solution or undiluted serum

in testing the patient’s serum against the husband’s cells in a case of suspected

erythroblastosis. Table i illustrates the experimental setup used by us under those

circumstances.

TABLE i.-Agglutinaticn of Blood Cells Group A (Mr. Ba) by Non-neutralized

and Neutralized Serum of Group 0 (Mrs. Ba)

Part I Non-neutralized Part II Neutralized

a b a
Serum Mrs. Ba.

Dilutions in

Saline Serum Saline Serum

1:3 ++++ ++++ - -

++++ ++++ - -

1:12. ++++ ++++ - -

1:2.4 ++++ +++ -

1:48 +++ +++ - -

1:96 ++ ++ - -

1:192. + + - -

1:384 ± ± - -

1:768 - - - -

0 - - - -

- = no agglutination; ± = faint agglutination; + = slight agglutination; ++ = marked ag-

glutination; +++ = strong agglutination; ++++ = v.ry strong agglutination.

Mrs. Ba is Rh negative, group 0; Mr. Ba is Rh positive, group A, and her serum

is to be examined for Rh antibodies. The experiment given in table i consists of

2. parts. In the first part Mrs. Ba’s serum is not neutralized. In the second part, Mrs.

Ba’s serum is neutralized by the addition of 2. parts of AB substances to i part of

her serum. In rows (a) serum dilutions and blood cell suspensions were made in

saline solution. In rows (b) serum dilutions and blood cell suspensions were made

in undiluted serum of Group AB. The tubes were kept for one hour at room temper-

ature and then centrifuged at medium speed. The resulting agglutination is shown

in table i.

Table i shows that there is no difference in the anti-A titer of Mrs. Ba’s serum

irrespective of whether the dilutions are made in saline solution or in serum. Fol-

lowing neutralization with AB substances the anti-A antibody is completely

eliminated. Therefore, there is no Rh antibody or any other abnormal antibody

detectable in Mrs. Ba’s serum against Mr. Ba’s cells.
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68 Rh SYSTEM AND A B SYSTEM

The second table is given only as an example to illustrate the agglutination of

Rh positive cells by the Rh blocking antibody in the presence of a suitable diluent,

such as undiluted human serum, as it is practiced in our laboratory at the present

time.

Decreasing amounts of serum of Mrs. Poll, Rh negative, group 0 (volume 0.2.

cc.) were mixed with 0.2. cc. of Rh positive group 0 cells, subtype Rh1 (2. per cent

suspension). In row (a) all dilutions including the cell suspension were made

in saline solution. In row (b) all dilutions, including the cell suspension, were

prepared in undiluted human serum. The tubes were kept for 6o minutes in the

water bath at 370 C., and centrifuged at medium speed for one minute. The result-

ing agglutination is recorded in table 2.. This experiment shows the presence of a

TABLE 2.-Influence of the Diluent upon the Agglutination of Rb Positive

Cells by Anti-Rb Serum Containing Rb Blocking Antibodies

Serum Poll, Group 0, Rh Negative a
All dilutions in saline

b
All dilutions in serum

Undiluted + ++

1:2. ++

1:4 - ++

1:8 - +

i:i6 - +

1:32. +
1:64 - +

0 -

blocking antibody of medium potency which manifests itself only if undiluted

human serum is used as a diluent instead of physiological saline solution.

II

The observations to be reported in this presentation have been stimulated by a

a patient whose history is as follows:

Mrs. Bong, 2.9 year old housewife, had 3 previous pregnancies: 1941, normal

male infant; 1942., premature labor at 6 months duration of pregnancy, female

infant weighing i lb. i oz., said to have lived io minutes; 1943, normal 4 hour

labor with dead-born female, weighing � lb. 10 oz., post mortem findings typical

of erythroblastosis. Mr. and Mrs. Bong were sent to us by the attending obstetri-

cians for blood examination regarding the Rh situation.*

Our findings were as follows: Mrs. Bong, blood group 0, Rh negative; Mr.

Bong, blood group A, Rh positive, subtype Rh1. Table 3 shows the isoagglutinin

titer of Mrs. Bong’s serum when titered against test cells of group A and of group B.

The experiment was carried out in the following way: Decreasing dilutions of

Mrs. Bong’s serum (volume o.i cc.) were mixed with o.i cc. each of (a) group A

cells, 2. per cent suspension, (b) group B cells, 2. per cent suspension. The tubes

were kept at room temperature for io minutes and then centrifuged at medium

* We are very much indebted to Dr. James King and to Dr. Milton Kahn for their kind co-operation.
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ERNEST WITEBSKY 69

speed. The resulting agglutination is given in table 3. According to this experi-

ment, Mrs. Bong’s anti-A titer is 2.56, her anti-B titer 12.8. In our hands these titers

are considered to be average or slightly above average.

In order to test Mrs. Bong’s serum for Rh antibodies, using Mr. Bong’s cells,

the isoagglutinin anti-A in Mrs. Bong’s serum had to be neutralized by the addi-

tion of AB substances. Table 4 shows an experiment which was carried out in or-

der to determine the minimum amount of AB substances necessary to neutralize

completely the isoagglutinins anti-A and anti-B of Mrs. Bong’s serum. Three

mixtures were prepared: The first consisted of 2. parts serum Bong + i part AB

TABLE 3-Determination of Anti-A and Anti-B Titer of Serum Mrs. Bong

Serum Mrs. Bong, Rh Negative, Group 0
A �el� B Cells

1:4

i:8

i:i6

1:32.

1:64

i:zt8

1:2.56

1:512.

0

++++

++++

++++

+++

++

+

+

-

-

++++

++++

+++

+++

++

+

-

-

-

TABLE 4.-Determination of Minimum Amount of AB Substances

Necessary to Neutralize Serum Mrs. Bong

Undiluted

1:2.

14

�:8

0

Mixtures to be tested

Mixture One Mixture Two Mixture Three

a
A Cells

+

+

±

-

-

b
B Cells

+

±

-

-

-

a b
A Cells B Cells

- -

- -

- -

- -

- -

a
A Cells

-

-

b
B Cells

-

-

substance; the second consisted of i part serum Bong + i part AB Substance;

the third consisted of i part serum Bong + 2. parts AB Substance.

The mixtures were kept at room temperature for 30 minutes. To decreasing dilu-

tions of the mixtures (volume o. i cc.) were added then in rows (a) 0.1 cc. test

group A cells, 2. per cent suspension; in rows (b) 0.1 cc. of test group B cells, 2.

per cent suspension. The tubes were kept at room temperature for x hour and then

centrifuged at medium speed. The resulting agglutination is given in table 4.

Table 4 shows that the mixture of equal parts of serum Mrs. Bong and AB sub-

stances results in the complete neutralization of the isoagglutinins anti-A and

anti-B. After having determined the minimal amount of AB substances necessary
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70 Rh SYSTEM AND A B SYSTEM

to neutralize completely the isoagglutinins of Mrs. Bong’s serum, we decided to

add 2. parts of AB substances to i part of her serum, about twice the amount found

necessary. Mrs. Bong’s serum thus neutralized could be examined for the presence

of Rh antibodies or any other abnormal antibodies which might act upon antigens

present in Mr. Bong’s blood cells. The experiment itself was carried out in the

following manner:

Decreasing dilutions of Mrs. Bong’s neutralized serum (volume 0.2. cc.) were

mixed in Part I with 0.2. cc. of Mr. Bong’s blood cells (2. per cent suspension); in

Part II with o.i cc. of test cells of group 0, subtype Rh1 (2. per cent suspension).

All dilutions were prepared in rows (a) with physiological saline solution, and

in rows (b) with undiluted normal serum of group A. The tubes were kept for 6o

minutes in the water bath at 370C. and then centrifuged at medium speed for i

minute. The resulting agglutination is shown in table �.

TABLE �.-Agglutination of Mr. Bong’s Blood Cells (Group A Rh1) by Mrs. Bong’s Neutralized Serum

(Group 0 Rb Negative)

Serum Mrs. Bong
Rh Negative

Group 0 Neutralized

Part I
Cells Mr. Bong (Grou p A, Rhi)

Part II
Test Cells (Group 0, Rhi)

a b a b

1:3 +++

i:6 - +++ - -

I:12. +++

1:2.4 +++

1:48 - + - -

1:96 - + - -

1:192. - +

0 - - - -

The experiment shows the following: (i) In row (a) of Part I, in which Mrs.

Bong’s serum was matched against Mr. Bong’s cells, no agglutination whatsoever

occurred, indicating the fact that Mrs. Bong’s serum was completely neutralized.

The diluent used in this row was physiological saline solution. (2.) Mrs. Bong’s

serum, though completely neutralized, agglutinated Mr. Bong’s cells up to a dilu-

tion of I: 192., provided all dilutions are made in normal serum of group A (row

(b) Part I). (�) The agglutination of Mr. Bong’s cells by Mrs. Bong’s neutralized

serum would be perfectly understandable if one were to assume the presence of an

Rh antibody in Mrs. Bong’s serum. This assumption is not substantiated by the

second part of the experiment in which Rh positive cells of the same subtype,

namely Rh1, group 0 were used. These cells failed to become agglutinated even

under conditions in which a blocking antibody should produce agglutination

(row (b) Part II).

Two possibilities had to be considered, the first one being that there was a differ-

ence between Mr. Bong’s Rh type and that of the test cells used in the experiment,

and the second that the antibody present in Mrs. Bong’s serum was not an Rh anti-

body at all, but was an antibody directed against the A factor present in Mr. Bong’s
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ERNEST WITEBSKY 71

cells and absent in Mrs. Bong’s, who belongs to the blood group 0. In order to

test the second possibility, the following experiment was set up:

Decreasing dilutions of Mrs. Bong’s serum neutralized by the addition of 2. parts

of AB substance to i part of serum, as in Experiment �, were mixed with 2. per cent

suspensions of (a) Mr. Bong’s blood cells group A, Rh1; (b) test cells group A,

Rh1; (c) test cells group A, Rh negative; (d) test cells group 0, Rh1. Serum dilutions

as well as blood cell suspensions were made in normal serum of group A. The tubes

were kept for 6o minutes in the water bath at 37#{176}C.,centrifuged at medium speed

for i minute and read for agglutination (table 6). This experiment shows that A

cells are agglutinated by Mrs. Bong’s neutralized serum irrespective of the Rh

factor, Rh negative A cells as well as Rh positive A cells being agglutinated. Rh1

cells belonging to group 0, however, are not agglutinated. The agglutination of

A cells by Mrs. Bong’s serum, under the circumstances described, and the lack of

agglutination of blood cells which did not contain the A factor was confirmed in a

TABLE 6.-Agglutination of Human Cells by Neutralim�ed Serum of Mrs. Bong

Serum Mrs. Bong
Neutralized

Blood Cells

Mr. Bong
Rhi Group A Rh, Group A Rh- Group A Rh, Group 0

Undiluted +++ +++ ++ -

1:2. ++ ++ ++

1:4 ++ ++ ++ -

i:8 ++ ++ + -

z:i6 + + ++
1:32. + + +

1:64 + ± +

0

larger series of investigations. Obviously, therefore, Mrs. Bong’s serum contains

an anti-A antibody of a new type which in some respects compares with the Rh

blocking antibody, being demonstrable only if physiological saline solution is
replaced by normal serum as the diluent. The peculiar nature of the anti-A anti-

body present in Mrs. Bong’s serum suggested the possibility that this antibody,

like an immune antibody, might possibly fix complement. The isoagglutinins

anti-A and anti-B occurring in normal human serum are characterized by their

failure to give precipitation or complement fixation when mixed with water solu-

ble A and B specific substances. Some reports in the older literature claiming ob-

servations to the contrary could never be confirmed in our hands. As antigens for

the complement fixation test, amniotic fluids, whose content in A or B specific

substances had been previously determined by their ability to neutralize the isoag-

glutinins anti-A or anti-B respectively, were selected. The experiment itself was

carried out in the following way:

Decreasing dilutions of(a) amniotic fluid of group A; (b) amniotic fluid of group’

B (volume o.i cc.) were mixed with o. i cc. of 1:2.0 diluted guinea pig serum. To

Part I, 0.1 cc. of x:� diluted inactivated serum Mrs. Bong was added, and to Part
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72. Rh SYSTEM AND A B SYSTEM

II, 0.1 cc. of i: � diluted inactivated normal serum group 0. After standing for i

hour in the icebox and an additional hour in the incubator at 37#{176}C.,o.t cc. of sen-

sitized sheep cells were added. The resulting hemolysis is shown in table 7.

The serum of Mrs. Bong fixes complement in the presence of A substance, but not

of B substance, in spite of the fact that her serum contains both isoantibodies

anti-A and anti-B. In contrast, the normal or natural isoantibodies occurring in

human serum group 0 do not lix complement, suggesting an additional difference

between the normal isoantibody anti-A and the anti-A antibody present in Mrs.

Bong’s serum.

TABLE 7-Complement Fixation Test

Part I. Serum Mrs. Bong Group 0

Part II. Normal serum Group 0

Amniotic Fluid

Part I Part II

a
Group A

b
Group B

a
Group A

b
Group B

Undiluted ++++ - - -

1:3

1:9

1:2.7

++++

++++

+++

-

-

-

-

-

-

i:8i ± - - -

1:2.43

0 - - - -

- complete hemolysis; ± almost complete hemolysis; +++ trace of hemolysis; ++++

no hemolysis.

III

The question arose whether the peculiar anti-A antibody as demonstrated in

Mrs. Bong’s serum was acting upon the A factor as such, or whether there was a

difference regarding the subgroups of A. For this reason the following experiment

was carried out:

Decreasing dilutions of serum of Mrs. Bong (volume 0.2. cc) were mixed with (a)

0.2. cc. of 2. per cent blood cell suspension group Ai; (b) 0.2. cc. of 2. per cent group

A2 suspension; (c) 0.2. cc. of 2. per cent group B suspension. The experiment con-

sisted of three parts: In Part I, native serum Mrs. Bong was used, meaning that it

was not neutralized, and all dilutions and cell suspensions were made in physio-

logical saline solution. In Part II, serum Mrs. Bong was neutralized by adding 2.

parts of AB substances to i part of serum and all dilutions again were made in

physiological saline solution. In Part III, serum of Mrs. Bong was neutralized as

in Part II, except that normal human serum of group A was used as a diluent for

all dilutions and blood cell suspensions. The tubes were kept for i hour at room

#{149}temperature and then centrifuged at medium speed for i minute. The resulting

agglutination is shown in table 8. According to table 8, A1 cells are agglutinated

by the neutralized serum of Mrs. Bong provided all dilutions are made in undiluted

normal human serum. (Part II, row (a).) In contrast A2 cells do not show the
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ERNEST WITEBSKY 73

phenomenon at all, or only to a very small extent, indicating the fact that the

particular antibody occurring in Mrs. Bong’s serum is directed against the A1

property rather than the A property as present in A2 cells. Furthermore, group B

cells are not agglutinated either.

The nature of the anti-A antibody present in Mrs. Bong’s serum suggested the

possibility of isoimmunization. In that case one had to assume that Mrs. Bong

was sensitized toward the A factor during pregnancy and that her children had

inherited the A factor from their father. We therefore included in our investigations

sera of patients who had received A and B substances either by the injection of

pooled plasma or by the transfusion of 0 blood containing the purified A and B

substances. The sera of many patients of that type were at our disposal. As an ex-

ample, the serum of patient Wall, who received iooo cc. of pooled plasma, as well

TABLE 8.-Agglutination of Human Blood Cells by Non-neutralim�ed and Neutralir�ed Serum of Mrs. Bong

Part I. Serum Bong, non-neutralized, diluted in saline solution

Part II. Serum Bong, neutralized, diluted in saline solution

Part III. Serum Bong, neutralized, diluted in normal human serum Group A

Blood Cell

Serum Mrs.
Bong

Part I Part II Part HI

a b C a b c a b c
A, A� B A, A2 B A1 A, B

i:� ++++++++++++ + - - ++++ + ±

++++++++ +++ + - - +++ +

++++++++ +++ ± - - +++ +

+++ +++ ++ - - - +++ -

+++ ++ + - - - +++ -

++ ++ ± - - - ++ -

++ + - - - - ++ -

+ - - - - - + -

as iooo cc. of group 0 blood conditioned with A and B specific substances was

selected. The experiment was carried out in the following way:

Decreasing dilutions of serum Wall, who belonged to the blood group 0, (volume

0.2. cc.) were mixed with 0.2. cc. of 2. per cent suspension of A1 cells and B cells

respectively. In Part I of the experiment native serum Wall was used; in Part II,

serum Wall was neutralized by the addition of 2. parts of AB substances to i part

of the serum. The experiment was carried out in duplicate; namely, in physiologi-

cal saline solution as well as in normal human serum of group AB. The tubes were

kept at room temperature for i hour and then centrifuged at medium speed for i

minute. The resulting agglutination is shown in table 9. This experiment reveals

the following facts: (i) Serum Wall agglutinates A1 and B cells fairly strong in

physiological saline solution, the anti-A titer being 1536, the anti-B titer 768.

(2.) The anti-A1 titer of serum Wall is increased by using human serum as a diluent

instead of physiological saline solution. However, the anti-B titer is not substan-
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* The increase in the titers of immune antibodies by replacing saline solution with normal serum or

similardiluents has been described by Boorman and Dodd, as well as by Wiener.

74

tially increased by this method.* (�) The addition of 2. parts of AB substances to i

part serum Wall results in a considerable decrease of both anti-A and anti-B titers

in saline solution, though the neutralization is not a complete one. (�) Serum Wall

neutralized in the way described agglutinates A1 and B cells almost to the same

extent as non-neutralized serum, provided all dilutions are made in normal human

serum. Examination of several other sera of this type revealed essentially the same

results, although sometimes the agglutination of A1 and B cells by neutralized

serum diluted in normal human serum did not equal the strength of the non-

neutralized preparation diluted in normal human serum. It should also be men-

tioned that these immune sera did not lend themselves as readily to complement

fixation as did the serum of Mrs. Bong.

TABLE 9.-Demonstration of “Immune” Isoantibodies Anti-A and Anti-B in the Serum of a Patient

Following Transfusion with Conditioned 0 Blood and Plasma

Blood Cells

Part I, Not Neutralized Part II, Neutralized 1:3

Serum Wall, A, B B A, B A B

All dilutions in

Saline Serum Saline Serum

++++� ++++ ++++ ++++ +++ ++ ++++r ++++
1:12. ++++ +4++ ++++ ++++ + + ++++ ++++

1:2.4 ++++ ++++ ++++ ++++ + ± ++++I ++++
1:48 ++++ ++++ ++++ ++++ ± - ++++ -l-++

1:96 ++++ +++ ++++ ++++ ± - ++++ +++

1:192. +++ ++ ++++ ++ - - ++++ ++

1:384 +++ + ++++ + - - +++ ++

1:768 + ± +++ ± - - ++ +

1:1536 ± - ++ ± - - ++ -

1:3072. - - + - - - ++ -

1:6144 - - ± - - - + -

1:12.2.88 - - - - - - - -

0 - - - - - - - -

Inasmuch as the anti-A antibody occurring in the serum of patient Mrs. Bong,

as demonstrated in table 8, was essentially an anti-Ai antibody, sera of other

patients who had received pooled plasma or 0 blood conditioned with A and B

specific substances were examined with regard to their content in isoagglutinins

anti-Ai and anti-A. As an example, serum of patient Uge, who had received one

transfusion with 0 blood conditioned with A and B substances, was tested as

follows:

Decreasing dilutions of serum Uge group B (volume 0.2. cc.) were mixed with

0.2. cc. of i per cent cell suspensions A1 and A2 respectively. In Part I the native

serum was used; in Part II, the serum was neutralized by the addition of i parts of
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ERNEST WITEBSKY 75

AB substances to i part of serum. In rows (a) and (b) all dilutions were made in

physiological saline solution. In rows (c) and (d) all dilutions were made in un-

diluted human serum of group A. The tubes were kept for 6o minutes at room tem-

perature, centrifuged and read for agglutination (table io).

Both A1 and A2 cells are agglutinated up to a dilution of 1:3071 by serum Uge

‘diluted in saline solution (Part I, a and b). The agglutination of A2 cells is some-

what weaker than that of the A1 cells. However, this difference is considerably

increased if normal human serum is used as a diluent instead of saline solution. As

TABLE �o.-Agglutination of A, and A2 Cells by Anti-A “Immune” Antibody

SerumUge,
Group B

Blood Cells

Part I, Not Neutralized Part II, Neutralized

a b c d
A1 Ai A, A2

a b c d
A, A2 A, A2

Dilutions in

Saline Serum Saline Serum

1:3

1:6

1:12.

1:2.4

1:48

1:96

1:192.

1:384

1:768

1:1536

1:3072.

1:6144

1:12.2.88

1:2.4576
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matter offact, the titer against the A1 cells is increased to 49000. The titer against

the A2 cells, on the other hand, is reduced to 768, (Part I, c and d).

In the second part of table io, serum Uge was neutralized by the addition of A

and B substances, resulting in the complete elimination of agglutinins for A2 cells

and the almost complete neutralization of the agglutinin anti-A1. However, if

normal serum is used as a diluent, cells of group A1 again become strongly aggluti-

nated in contrast to the A2 cells which remain completely negative.

Obviously, therefore, we are again dealing with an A1 antibody of considerable

potency and specificity, as in the case of Mrs. Bong. Sera of the type described could

be used very well for the differential diagnosis of A1 and A2 cells with better results

than most of the available commercial sera which have been prepared chiefly by

the absorption of B serum with A cells.

It has been known for quite some time that there is a group of A cells which
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76 Rh SYSTEM AND A B SYSTEM

could be considered an intermediate between the A1 and the A2 subgroups. The best

way to study the intermediate subgroups consists obviously in the use of a quanti-

tative titration which would give the best understanding of the degree of agglu-

tinability of the cells under investigation. An experiment of that type is recorded

in table ii.

Decreasing dilutions of serum Kale group 0 (volume o. i cc.) were mixed with

0.1 cc. of 3 per cent blood cell suspensions of (a) A1 cells, (b) A cells of an interme-

diate subgroup, (c) A2 cells. A serum dilution of 1:50 was prepared for the experi-

ment by adding to i part of serum Kale 3 parts of AB substances (Sharp & Dohme)

and 46 parts of normal human serum of Group A. Further dilutions were made in

undiluted normal serum of group A, and the cell suspensions were prepared by using

normal serum of group A as a diluent instead of physiological saline solution. The

tubes were kept for 30 minutes at room temperature, centrifuged and read for

agglutination.

TABLE I i-Determination of Sub-Groups by Anti-A “Immune” Antibody

Serum Kale, Group 0

Cells

a
A,

b
A

c
A2

1:50

�:�co

1:2.00

1:400

i:8co

i:i6co
1:32.00
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The experiment recorded in table i i shows definite differences between the 3 A

cells used . The A1 cell is strongly agglutinated, the A2 cell is completely negative;

however, there is an intermediate A cell which seemed to contain a small but deli-

nite amount of A1 substance. It is interesting to note that this intermediate cell was

not agglutinated by a commercially available anti-A1 test serum and had been

classified as an A2 cell on that basis. Other intermediate cells have been found

which were more strongly agglutinated by the anti-Ai antibody than the cell men-

tioned in table i i. On the other hand there were some cells which contained only

traces of A1 substance. On the basis of the anti-A1 test serum prepared by the

method described in this presentation, we should arrive at a different percentage

distribution of the subgroups of A than accepted at the present time. Of 400 speci-

mens belonging to blood group A examined so far we would classify 75 per cent as

A1 cells, i� per cent as intermediate, and only about io per cent as A2 cells. The A

factor in connection with the B factor as it occurs in the AB group is weaker than

the A factor occurring in the A group, a fact which conforms to previous observa-

tions. However, further investigations are necessary in order to reach definite con-

clusions regarding the subgroups of A in blood cells of the group AB.
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SUMMARY

The isoantibodies anti-A and anti-B which are described differ in several respects

from those occurring in normal human serum. This type of antibody has first been

observed in the serum of an Rh negative woman who exhibited a history of cry-

throblastosis. Her husband belonged to the subtype Rh1 and to the blood group A.

The patient’s serum completely neutralized with A and B substances still aggluti-

nated strongly the husband’s cells provided normal human serum replaced physio-

logical saline solution as a diluent for all dilutions. The impression was thus

created that an Rh blocking antibody was responsible for the agglutination ob-

served. It could be shown, however, that the abnormal antibody present in this

patient’s serum was not an Rh antibody at all but instead, an antibody directed

against the A property. This type of anti-A antibody resembles the Rh blocking

antibody in many respects. It becomes manifest only if undiluted human serum is

used as a diluent. Surprisingly enough this antibody agglutinated cells of group A,

although the amount of AB substances added to the serum was sufficient to neu-

tralize completely the isoagglutinin anti-A under normal conditions in which

saline solution is used as a diluent. This anti-A antibody therefore cannot be neu-

tralized as easily as the normal isoagglutinin anti-A. For its neutralization much

larger amounts of the blood group specific substances are apparently necessary.

The patient’s serum fixed complement when mixed with material containing water

soluble A substance, in contrast to the normal isoantibody anti-A which failed to

do so. The titer of isoantibodies found in the patient’s serum upon titration in

saline solution was not extensively high and, as a matter offact, was average. It is

therefore felt that an extremely high titer is neither a necessary requirement nor

proof of isoimmunization toward the A and B factors. Another interesting charac-

teristic of the peculiar anti-A antibody occurring in our patient’s serum was the

fact that it was essentially an anti-A1 antibody. The difference in agglutination

between A1 and A2 cells respectively becomes manifest if normal serum is used as a
diluent instead of saline solution. This difference becomes even more marked after

neutralization of the patient’s serum with A and B substances.

During the course of Mrs. Bong’s pregnancy the special anti-A antibody de-

scribed did not increase but rather decreased in strength. However, even after de-

livery the antibody was demonstrable for at least several weeks although we had

no opportunity to examine the patient’s serum further. That one must be very care-

ful in contributing any pathological significance to isoantibodies anti-A or anti-B,

even of the type described, is evident from the fact that the patient was delivered

of a perfectly normal baby belonging to the blood group 0 and being Rh negative.

Whether the difficulties experienced by the patient in previous pregnancies were

due to sensitization toward the Rh factor or to the A factor cannot be decided.

Antibodies anti-A and anti-B of the type reported were also found in the sera of

patients who had received large amounts of pooled plasma or 0 blood conditioned

with A and B specific substances. Again the anti-A antibody occurring in the serum

of these patients was mainly directed against the A1 property. Under the experi-

mental conditions described in this paper, such a serum can be used for the differ-

ential diagnosis of the subgroups A1 and A2 and constitutes a sensitive reagent for
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the recognition of the differences occurring within the A factor. With the aid of

such a serum only 10 per cent of A cells were found to belong to subgroup A2, 7�

per cent to A1, and i � per cent were considered to be of the intermediate type. No

subgroups were found so far in human cells of group B.

DI5CUS5ION

Dr. Hill.’ Dr. Race let us have your discussion.

Dr. Race. I should like to add my congratulations to the last speakers. They have made a tremendous

Lontribution, and Dr. Levine’s work I already knew about but Dr. Witebsky’s paper is something very

exciting and it sounds to m: as if he has years of work ahead of him. I hope he will be able to find the

time to follow up the cases similar to the one of Mrs. Bong. I have a question which I should like to ask

Dr. Levine; what he thinks of this idea as an explanation of the extraordinary difficulty in the production

.of the anti-Rh when the pregnancy is heterosplcific. I should like to ask Dr. Witebsky a question at the

same tim:. I want to ask if h: tried heating Mrs. Bong’s serum which will destroy the agglutinin, and did

it still givl th: curious effect you describ:d?

Dr. Davidsobn: I would like to add to the remarks made by Dr. Race regarding the relation of the bet-

�rospccific pregnancy in some of the cases described by Dr. Levine. Certainly the whole theory approaches

the problem of homosp:cificity or heterosp:cificity. We found that only heterospecific pregnancy was con-

.cerned in our tests. That would be in agreement with the previously reported papers. Dr. Levine men-

tioned about 2.4 or so cases.

In connection with Dr. Witebsky’s remarkable paper, we made an observation on several cases, that

when we had anti-Rh sera that were difficult to neutralize, tremendous amounts of A and B substance had

to be used before the anti-A or anti-B could be eliminated and at that time, we found that by testing at 3

temperatures, 370C. , room temperature and ice box temperature, the highest titre is usually at the lowest

temperature. In some of these cases we found the highest titre at body temperature and significantly lower

titres at ice box temperature. We think that this is a manifestation of some degree of immunization.

Dr. Hill.’ Dr. Levine is first to answer questions in regard to his paper.

Dr. Levine: Of course, the statistical deviation of group incompatible matings in Rh negative mothers

as opposed to random matings is not striking, (i�% and 3�% respectively). Nevertheless, my observation

was confirmed by the British workers. Actually, there is a greater incidence of matings incompatible for

A and B (3s%) than for Rh (i�%). Possibly, this indicates a greater antigenicity of the Rh factor. In my

opinion, an answer to this question must await the outcome of comprehensive studies with particular

reference to the secretor non-secretor variation of the A and B factors.

Dr. Race.’ Why doesn’t a double immunization occur when a heterospecific pregnancy of A and B and

Rh occur?

Dr. Levine.’ I have no explanation to offer. I can’t understand why when there is a double incompata-

bility they both couldn’t immunize because the body is capable of responding to numerous antigens that

may be injected. It is for that reason that I have little faith in Dr. Wiener’s suggestion that the injection

of typhoid vaccine may perhaps prevent isoimmunization by the Rh factor. I, myself, would welcome an

answer to this question. Whether or not the secretor or nonsecretor plays a part in this, I do not know.

Dr. Witebsky.’ Dr. Race, we have tried to heat those sera containing the 2. different types of antibodies,

but I must admit that our results were inconclusive so I don’t care to comment on that. Of course, it would

be expected that this second type of immune antibody would be more heat stabile than the normal isoag-

,glutinin, but we are so far unable to prove this. Maybe some others will be able to do so. As far

as Dr. Davidsohn’s remarks areconcerned, I, too, feel that this antibody is certainly not a warm antibody,

but rather the antibody that works at room temperature and maybe a little bit better in the icebox. We

have done most of our experiments, though, at room temperature because it was the most convenient

thing to do, but it is certainly not the warm antibody.

Dr. Levine.’ I think that it will be of interest to recapitulate some of the early developments of the ge-

netics of the Rh-Hr system. In 1941 1 had available large quantities of potent anti-D (anti-Rho) and anti-

‘C (anti-Rh’), and a weak anti-c (anti-Hr’). On testing all donors of the Blood Transfusion Association, I

‘described, but did not name four types of reactions with anti-D and anti-C. But anti-C and anti-c gave

only three types and because of the analogy with the MN relationship, I applied the term anti-Hr to what
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is now known as anti-c. It was at the same time implied that the genetic relationship of C-c was closer

than that of C-D.

At the written request of Dr. Wiener, this material was made available to him and the schema of the

reactions appear in his book and elsewhere. Wiener neglected the Hr factor in his theory of multiple al-

Ides. When the E factor (Rh2) was found, Wiener met the situation by increasing the number of genes at

the one locus. As additional variants are found, it will be necessary for Wiener to keep adding alleles as-

suming that he will adhere to his theory. From the very beginning, I was confident that the multiple

allele theory was premature because it did not take into account the Hr factor.

It is of great interest that the British workers went along with Wiener until they found two sorts of

sera which like M and N gave only three and not four types of reactions The important consideration is

the quality of the sera available to Race and Taylor in each of their three papers in Nature (I�3-I9�).

At first they studied the relationship of anti-D and anti-c. Their second study was based on findings with

anti-D, anti-c and the newly discovered anti-E. Now, each of these sera give four types of reactions when

studied in parallel with any of the other two. If the three are studied together, then eight types of rcac-

tions are observed (2.3 = 8).

It so happened that anti-C was the last of these four antibodies found by Race and his co-workers. In

1944 these workers for the first time observed the three types of reactions given by anti-C and anti-c. As

in the case of M and N, a blood failing to react with both sera does not exist.

Accordingly, Fisher and Race abandoned the multiple allele theory and suggested linkage at three

different loci of a particular chromosome. This made it necessary for Fisher to predict theexistence of two

other Hr genes. When anti-e was found by Mourant, and anti-d by Diamond, the linkage theory became a

reality. I had already referred to my application of the Johannsen formula of gene frequencies which lends

powerful support to the linkage theory.

So far as terminology is concerned, it is advisable to adopt the Fisher-Race system. There seems to be

no need for the use of “R” or “Rh” as genes. However, there can be no objection to the use of the Rh

symbols for the phenotypes along with the CDE system. in referring to an Rh, individual, one may use

the term “DC” with the understanding that no reference to “capital” letters is necessary. In terms of the

Fisher-Race theory, an Rh2 individual is either DcE given orally as “D small c E,” or simply DE.

Genetic usage requires that allelic genes at any one locus be given as variants of a particular arbitrary

letter. If there is another locus on the same chromosome, variants of another letter or symbol must be used

to define the several allelic genes. In a sense the use of “D” is fortunate since anti-D refers to the clinically

most important, i.e., the “diagnostic” serum.

Finally, I should like to mention that geneticists generally were taken by surprise when confronted

with the findings on the pathogenesis of erythroblastosis fetalis. Superficially at least the geneticist is

reminded of “lethal” factors to explain this form of selective fetal and neonatal morbidity. It is obvious,

however, that the affected infant must be heterozygous while lethal factors are effective only in the

homozygous form.
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