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It is by now well established that the frequencies
of ABO mating types among parents of children
with Rh haemolytic disease of the newborn are not
the same as in the general population. There is a
reduced frequency of matings in which the mother
has antibodies to ABO-antigens possessed by her
husband. It is possible that incompatible foetal
blood escaping into the mother's circulation is so
rapidly destroyed that its ability either to sensitize
or later to immunize the mother against Rh substance
is impaired. Nevanlinna and Vainio (1956) have also
shown that within affected families the proportion of
healthy children who are incompatible withthemother
for the ABO groups is even lower than the proportion
of affected ones. They have argued that because, on
average, healthy children occur earlier in these
families than do affected ones, the protective effect
of ABO-incompatibility is chiefly exercised at the
stage of sensitization (sensibilization in their terms)
rather than during the pregnancy when antibodies
are first produced in sufficient quantities to cause
disease.
Knox and Walker (1957) constructed an argument

based upon the birth rank distribution of affected
infants which led to a conclusion in the form of two
alternatives. One was complex, requiring an extra
genetic determinant, together with a risk of sensiti-
zation of the order of 0 39 at each Rh-positive
pregnancy, and a similar risk of immunization at
each subsequent Rh-positive pregnancy. The other
was much simpler (and therefore preferred), requiring
no important extra genetic determinants and a single
important adventitious factor related to only one of
the pregnancies, with a risk of occurrence of 1/17.
The method could not distinguish which pregnancy
this was.

It has since occurred to us that the protection
conferred by ABO-incompatibility, apart from its
intrinsic interest, may also be used as a tool to
extend our previous argument. For if it can be
shown precisely at which pregnancy or pregnancies
the protection is conferred, then that also must be
the location of an important adventitious factor
against which the incompatibility protects.

It is therefore necessary to press the arguments of
Nevanlinna and Vainio to a more precise and critical
stage; to deduce in detail the expected consequences
of the hypothesis they have set up and of alternative
hypotheses; to examine the facts in relationship to
these deductions. This is the purpose of the present
paper.

HYPOTHETICAL DEDUCTIONS
The simplest situation in which we can examine

the consequences of different plausible mechanisms
of Rh-sensitization and immunization is in families
in which the first child is healthy and the second
child affected. Obviously, if ABO-incompatibility
were irrelevant to the situation, we should expect
both first and second children to be incompatible
with their mothers in the same proportions as in the
population. If incompatibility were relevant in the
way Nevanlinna and Vainio suggest, the proportion
of incompatible infants should be reduced especially
in the first pregnancy, with a limiting value of zero.
The proportion in the second pregnancy should also
be reduced because of selection of particular parental
mating types, but not as low as in the first pregnancy.
On the other hand, if ABO-incompatibility exerted a
protective effect only in the second pregnancy, these
relationships would be reversed with an especially
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low frequency of incompatibility in the second
pregnancy and a less marked reduction in the first.

Unfortunately, this does not exhaust the possi-
bilities. It may be that incompatibility operates in
both situations, in which case we might expect a
more equal reduction of frequency in the two
situations.

It has not been possible to derive the expected
frequencies of ABO-incompatible foetuses for all
the mechanisms, but it has been possible to derive
those for the limiting cases. These derivations are
now presented.
The ABO mating types (ignoring the subdivisions

of A) may be put into three classes. These classes
may be designated 1, j, 0, according to the respective
probabilities of any particular child being ABO-
compatible. The frequencies of individual matings
are derived from the products of the parental
genotype frequencies (as given by Race and Sanger,
1958), doubling of products when the parents have
different genotypes being unnecessary here because
we have taken account of maternal and paternal
identities.
The summed frequencies of the three classes show

that 5*85 per cent. of all matings can never produce
an ABO-compatible foetus, while 28 06 per cent. will
do so in half of their children. The remaining 66'09
per cent. will always have compatible children.
Furthermore, it is simply derived that 80- 12 per cent.
of all foetuses in the population are compatible with
their mothers. This gives the expectation for the null
hypothesis; if the ABO groups were irrelevant to the
formation of Rhesus antibodies we should expect
19 88 per cent. both of first babies and of second
babies in the specified families to be incompatible
with their mothers.
The hypothesis suggested by Nevanlinna and

Vainio (1956) is that incompatibility at the first of
the two pregnancies is protective. In the limiting
situation of complete protection we expect the
frequency of incompatibility in this pregnancy, in
families selected through an affected second child,
to be zero. In this event the parental mating types
would consist of the following relative proportions:

Type 1

Type i
Type 0

66 09 x I
28 06xi
5 -85x0.

This gives absolute proportions of 82-49 per cent.
Type 1 and 17 S51 per cent. Type J. The second babies
consequently will be incompatible and compatible in
the proportions 8 - 76 per cent. and 91 * 24 per cent.

The antithesis of this hypothesis is that ABO-in-
compatibility protects only at the second pregnancy.
In this case, the reasoning is a mirror image of that
already presented, the expected proportions of
incompatible foetuses being zero in the second
pregnancy, 8 76 per cent. in the first.
The hypothesis that complete protection occurs

in both pregnancies clearly results in zero incom-
patibility in each situation. Heterogeneity, in the
sense that some families are protected in one manner,
others in another, others not at all, will result in
proportions which are mixtures of the results for
individual hypothetical mechanisms.
The four main hypotheses, the limits of a variety

of possible ones, are presented in the Table.

TABLE
EXPECTED PROPORTIONS (PER CENT.) OF

ABO-INCOMPATIBLE FOETUSES IN FIRST AND SECOND
PREGNANCIES, WHERE THE SECOND CHILD HAS

HAEMOLYTIC DISEASE OF THE NEWBORN

Hypothesis First Second
Children Children

No protection from incompatibility .. 199 19 9

Full protection at first pregnancy only .. 08

Full protection at second pregnancy only 8-80

Full protection when either pregnancy is
incompatible .0 0

OBSERVATIONS
(i) Almost all infants with haemolytic disease of

the newborn in the Newcastle area are treated in
this Department, and in the period 1948 to 1958 we
have records of 331 babies who were the second
baby in their families and the first affected, and for
whom we knew the ABO groups of both the baby
and its mother. Of these 331, thirty (9-06 ± 1 58
per cent.) were incompatible.

(ii) We knew the ABO group of the first child
also in some of these families, but since our data
were not complete we could not be certain that
selection in terms of some relevant variable had not
taken place. We wrote, therefore, and asked all those
mothers who lived within a reasonable distance and
whose record was incomplete, if they would attend
with the older child. In this way we collected a sample
of data which we suppose not to be substantially
biased, although some failed to attend.
Of 71 children in this sample, three (4@2 per cent.)

were incompatible.
By adding first children whose blood groups were

known previously and who lived outside the area of
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the supplementary survey, we have four of 99 (4 per
cent.) incompatible. Since the addition has not
materially altered the result it is probably valid to
use all the information.

DiscuSSION
The proportion of incompatibles is significantly

less than in the general population both at the first
and at the second pregnancy, confirming that
protection occurs. The proportion is lower at the
first pregnancy than at the second, suggesting that
protection occurs especially at the stage of sensitiza-
tion, but the difference is not statistically significant
and the protection is obviously not complete.

However, with four of 99 first children incom-
patible, we can say that the proportion is less than
the minimum expected for full protection at the
second pregnancy to a degree which approaches
statistical significance (X2(') = 2 87, P < 0 1, . . . or
P<0 05 on a single tail test), and that it is quite
certainly less than the proportion expected for any
degree of protection at the second pregnancy which
would be consistent with an observed incompatibility
rate there of 9 *06 per cent.
On the other hand, the degree of protection

necessary at the first pregnancy in order to produce
an incompatibility rate of 9-06 per cent. among
affected second babies is consistent with the findings
at the first pregnancy. It is true that the proportion
of incompatibles at the first pregnancy is somewhat
higher than might have been expected having regard
to the proportion at the second and that it is possible
that there is some protection at the immunization
stage also. But this cannot be great, and most if not
all of the protection appears to be conferred at the
stage of sensitization.
The proportion of incompatibles at the first preg-

nancy suggests that an ABO-incompatible Rh-positive
foetus carries about 20 per cent. of the normal risk of
sensitizing an Rh-negative mother. This corresponds
with the estimate reached by Nevanlinna and Vainio
(1956). The proportion of incompatibles at the
second pregnancy suggests that the risk is somewhat
smaller and seems to indicate that 20 per cent. must
be near the upper limit.

For the purposes of our present thesis and the
extension of our previous argument, it is to be
concluded that important unknown adventitious
factors, which determine that one woman becomes
immunized while another does not, are chiefly con-
centrated at the sensitization stage, and that when
she embarks upon the next Rh-positive pregnancy
the outcome in terms of immunization is already
decided.

SUMMARY
Previous work has suggested that ABO-incom-

patibility of husband and wife may protect against
Rhesus immunization of the wife. It has also been
shown that, besides this incompatibility effect, im-
important unknown adventitious factors are at work
to determine whether immunization occurs. It is
argued that the timing of the protective effect, which
can be inferred, can be used to identify the location
of the adventitious factors. It is shown that ABO
protection occurs at the stage of sensitization and
inferred that the adventitious factors must operate
here also.
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ADDENDUM
Since submitting this paper we have re-examined

the four families where the first child was ABO-
incompatible. The ABO and Rh groups were all
confirmed, but one case was found not to be a case
of Rh isoimmunization. The diagnosis had been
accepted originally upon a doubtful result since a
request for further blood samples had not been met;
the error was due to cold agglutinins. This streng-
thens our conclusions, but we have not re-analysed
our data since this would not be legitimate without
serological re-examination of all cases.
Another of the four children was stillborn, but we

examined the ABO secretor status of the other two.
One was a secretor and the other was not. There is
no evidence here that the secretor status might
explain the occurrence of exceptional sensitizations
in the presence of incompatibility.
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