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A LABORATORY SURVEY OF A-B-O BLOOD-GROUP INCOMPATffiILITY D
NEONATAL JAUNDICE*

S, BRINK, M.B., CH.B. (CAPE Tow'), Provincial Blood Groupillg Laboratory, Cape To I\" 11

It is well known that A-B-O blood-group incompatibility
is respon ible for hyperbilirubinaemia'" in a large number
of infants. If the haemolytic disease due to Rh sensitiza
tion is compared with that cau ed by the A-B-O system,
it i suggested that the underlying immunological mechan
i m must be similar. With Rh ensitization, methods to
determine the degree of sensitization of the mother and
the severity of the icterus of the newborn are both
straightforward and reliable. The Rh antigen only occurs
on the red blood cells. whereas the A substance is present
in many tissues and also in various molecular forms.'

It is also well known that unaffected A-B-O incompat
ible infants can be born to highly immunized mothers and,
conversely, that severely jaundiced infants may be born
to apparently poorly immunized mothers,"s With the
study of a series of cases at this laboratory from I July
1966 to 30 June 1967 an attempt was made to correlate
the serological analysis of the maternal blood and the
infant's blood with the severity of the observed haemo
lytic disease of the newborn.

In addition, in order to demonstrate the incidence of
G-6-PD deficiency as the cause of neonatal jaundice in
Cape Town, an initial routine screening test for G-6-PD
deficient mother and for babies was included, and on all
the positive cases a further variety of tests to establish the
diagnosis were performed.

The criteria for inclusion in the series were as follows:
I. A total serum bilirubin value of > 12 mg./IOO m!.

during the first 7 days postnatally.
2. Cord blood examintion had to show:

(a) Anti-human-globulin test: Positive
(b) Total serum bilirubin> 3 mg./lOO m!.
(c) Haemoglobin :( 12 mg./ lOO m!.

3. The mothers and/or babie had to be G-6-PD de
ficient.

MATERIAL AND METHOD

The series took as the sources of its information 8,208
routine maternal and cord bloods, and also specimens
where a special request for investigations of the neonatal
jaundice was made. In this series 602 cases were included
(of which 500 were non-White), and only those 500 will
be considered for the rest of the paper.

Routine Management of Blood Tests on Mothers and
Infants

The mother's blood group and haemoglobin value are
determined antenatally as a routine. The maternal serum
is screened for the presence of atypical antibodies in all
cases. The baby's blood group and direct anti-human
globulin (AHG) test are determined on umbilical cord
blood. Whenever the materno-foetal blood groups are
incompatible the total serum bilirubin and haemoglobin
values are also determined as a routine.

Jaundice
If the baby becomes jaundiced, its serum bilirubin is

determined colorimetrically by Powell's method: as

• Date received: 22 November 1968.
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often a con idered necessary.
If any of the criteria listed are pre ent, the case i

investigated more fully a follows:
(i) Elution tests arc done according to Land teiner and

Miller.'· on the infanfs red blood cells; with determina
tion of A-B-O or Rh antibody specificity again t group A
Rh-negative. group B Rh-negative and pooled group 0
Rh-positive cells."

(ii) A direct AHG test is done, by the Rosenfield's
method, using suitable wide-spectrum erum."

(iii) The infanfs direct reacting and total erum bili
rubin are determined.'

(il) The haemoglobin value and reticulocyte count of
the infanfs blood are determined, and microscopic exami
nation of the baby's peripheral blood mear is done.

(I') Glucose-6-phosphate-dehydrogenase (G-6-PD) acti
vity of the infanf blood is determined by the brilliant
cresyl-blue dye test of Motulsky and CampbeJl-Krant.13

(vi) More extensive investigations of the maternal
serum for atypical antibodies are carried out, and when
ever the foeto-maternal blood groups are A-B-O incom
patible, a 2-mercapto-ethanol test as described by Adinolfi
and as modified at the atal Blood Transfusion Service
is done."·t:

Serum bilirubin is determined regularly until the
jaundice subsides.

The range of tests undertaken in individual instance
determined by the suitability of the specimens.

RESULTS

The 500 non-White cases in this series were divided into
5 main groups according to the materno-foetal blood
group combinations: O-A, O-B, other A-B-O incompat
ible combinations, A-B-O compatible combinations and
the incomplete group, i.e. where the maternal blood was
not submitted for investigations. The division i shown in
Table I. The figures in brackets indicate the number of
cases where the red blood cells of the baby were sero
logically affected as a result of Rh ensitization (that is,
either a positive AHG test or a positive eluate test).

Table 11 details the findings in the 3 incompatible
groups.

The O-A and O-B Groups
More than half of each group became jaundiced, If a

positive 2-mercapto-ethanol (2-ME) test wa found in the
maternal blood, a large percentage of the infants had
indications that their red blood cells were erologically
affected.1S This can be observed from a study of Table n.
In 127 of the 157 in the O-A group and in 39 of the
66 in the O-B group a positive 2-ME test was demon-
trated, and in 132 of the O-A group and 27 of the O-B

group the infant had a positive direct AHG test or a
positive eluate.

On the other hand, the 2-ME test (which demon trate
the presence and titre of immune alpha- and/ or beta
agglutinins of y G type) was of no aid as a predictor of
jaundice."
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TABLE I. MATERNO-FOETAL BLOOD GROUPS

23 Augustus 1969

Other A-B-O A-B-O Incomplete
O-A O-B incomp. camp. group Total

Jaundiced 80 (3) 36 (I) 15 (2) 126 (16) 70 327 (22)
o jaundice 77 30 (I) 13 (I) 39 (16) 14 173 (18)

-- --
Total of serie 157 (3) 66 (2) 28 (2) 165 (32) 4 500 (40)
Observed % occurrence of materno-foetal

5'6% 33% 16· % 100%combination 31'4% 13·2%
Expected random distribution ofmaterno-

6'05% 77·64% 100%foetal combinations '75% 7·5 %

Figure in brackets = number of ca es with Rh ensitization.

TABLE n. DETAJLED ANALY ES OF fNCOMPATlBLE GROUPS

2-ME 2-ME 2-ME AHG Eluate neg. Exchange
Group Total positive negative not done Rh ab. positive E1uatepos. AHG pas. transfusioll

O-A group
Jaundiced 80 65 5 7 3 36 58 3 24
No jaundice 77 62 3 12 60 71

Total 157 127 8 19 3 96 129 3

O-B group
Jaundiced 36 19 3 10 7 16 12

o jaundice 30 20 4 9 20

Total 66 39 7 19 2 27 16

A-B-O incompatible group (not O-A or O-B)
Jaundiced 15 2 7 3 2 I I 2 0

o jaundice 13 I 12 2 0 5 3 5

Total 28 3 19 5 2 6 4 7

cases, therefore, were there indications that the A-B-O
incompatibility could be incriminated as the cause of
the jaundice. 0 exchange blood transfusions were re
quired in this group.

Incomplete Group (i.e. maternal blood not submitted)
This group of 84 included a wide variety of different

aetiological factors. A positive eluate was found in 19
cases and these could have been due to an A-B-O in
compatibility. Thirteen premature infants were included
and 6 cases of G-6-PD deficiency were demonstrated.

A-B-O Compatible Group
Results in the A-B-O compatible group are shown in

Table Ill. Of these 165 ca es, 32 demonstrated Rh sensi
tization with evidence that the infant's red blood cells

TABLE m. A-B-O COMPAHBLE GROUP

i~} 4 prematures

As shown in Table 1I, a positive AHG test" or a posi
tive eluaten was not very helpful in the prediction of
jaundice. The same was observed with a Iow cord-blood
haemoglobin: a high total serum bilirubin and the reti
culocyte count," although the figures are not detailed. The
onset of early jaundice clinically remained the most im
portant single indication that exchange transfusion would
probably become necessary.' Four babies in the O-A
group and 3 babies in the O-B group were G-6-PD de
ficient and all 7 became jaundiced.

The birthweights were not considered upon inclusion
into the series, and only 9 prematures were found in the
O-A group and 4 in the O-B group (taking the definition
of 'premature' as less than 5+ lb. birthweight).

When jaundice occurred in the O-B group it tended to
be slightly more evere than in the O-A group. Thi wa
indicated by the observation that an exchange blood
transfusion was required in 12 out of the 36 jaundiced
ca es in the O-B group, whereas it was needed in only
24 of the 80 O-A jaundiced cases.

The Other A-B-O Incompatible Combinations
In this group of 28 cases there were 3 cases with posi

tive 2-ME tests. Two of the e developed jaundice but the
direct AHG test and eluate were negative; in the other
case the direct AHG test and eluate were po itive but the
infant did not develop jaundice. The AHG te t was posi
tive in 7 cases, but in the 2 cases that became jaundiced
the maternal serum contained anti-Rho antibodies and
anti-Rho was identified in the eluate. In none of these

Description
Total cases
Rh antibodies
Jaundiced: Rh antibodies

G-6-PD deficiency
AHG test positive

TO blood group incompatibility
demonstrated

Total

o jaundice: Miscellaneous group
Rh antibodies

Total

o.
165
32
16 ")

f ~ 21

lOO J
126

49

prematures
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were affected, compared with 8 cases out of the 251 in
the A-B-O incompatible group. The 9 infants with G-6-PD
deficiency in this group all developed jaundice.

DISCUSSION

The O-A and O-B Croups
In Table I the observed incidence of the materno-foetal

O-A combination is almost 4 times and that of the O-B
group more than double the expected random distribu
tion of these combinations in the non-White population.
Statistically this, therefore, demonstrates a correlation
between O-A and O-B groups and haemolytic disease of
the newborn.

To explain the fairly common occurrence of an un
affected A-B-O incompatible baby from a highly sensi
tized mother, a protective mechanism"'" of the foetus
against the harmful maternal antibodies has been postu
lated. Two ways of efficient protection have been sug
gested:

1. Weakness of A antigen at birth. Experimental evi
dence has recently confirmed the existence of two red
blood cell populations in newborn infants."'" By use of
the immunofluorescent technique it was shown that the
maternal antibodies will lyse and therefore depress the
expansion of red blood cells possessing a well-developed
antigen. To compensate, another A antigen develops
against which the maternal anti-A will be unable to react.

2. Specific blood group substances. The presence of
specific blood group substances (SSBGS) in the infant's
serum competing with the cellular A antigen could be
another means of protection." The sensitization of the
foetal erythrocytes by the maternal anti-A is weakened
in the presence of the homologous SSBGS. The effect is
most pronounced with cells having a weak antigenic
strength." Furthermore, Kochwa et al." observed in the
7S fraction of certain immune sera, antibodies which
proved highly resistant to inhibition in the sera of mothers
with a history of having had children with A-B-O erythro
blastosis. However, the antibodies from women with
A-B-O incompatible pregnancies but delivering healthy
children were readily inhibitable with SSBGS.·

Schellong'" pointed out that premature infants are pro
tected from A-B-O haemolytic disease, presumably due to
the fact that A and B antigens are even weaker than in
mature infants.

Other A-B-O incompatible Combinations
The expected random distribution of these materno

foetal blood group combinations (A-B-O incompatible,
but not O-A or O-B) in the non-White population in Cape
Town is 7'58%, as compared with 5'6% in this series.
StatisticallY, therefore, there is no correlation between this
group and haemolytic disease of the newborn.

In addition y G anti-A and anti-B occur more common
ly in group 0 mothers than in B or A mothers" (hence
the small number of positive 2-ME tests in this group).
It has been shown" in volunteers that injection of SSBGS
produced predominantly y G class antibody in group 0
individuals, whereas subjects of group A or B tended to
produce y M class antibody. It is the immune alpha- or
beta-agglutinins of y G class which serologically affect
the infant's red blood cells in haemolytic disease of the
newborn.

Bowden and Williams'· reported an unusual case of

A-B-O haemolytic disease in a group B infant from a
group A, mother. Zuelzer and Cohen'" reported 2 cases of
group A, mothers with affected group AB infants.

The Incomplete Croup
In most of these cases the baby was delivered at home,

the infant was brought to the children's hospital with
neonatal jaundice by a relative, the mother's blood wa
not submitted, and if there was no antenatal record of
the mother at the laboratory the investigations as to the
cause of the jaundice were incomplete. This group parti
cularly demonstrates the value of routine antenatal blood
group tests.'

The A-B-O Compatible Group
This group confirms the observations of evanlina and

Vainio'o and other observers" that an A-B-O compatible
infant was much more likely to immunize its mother to
the Rh system than one which was incompatible. They
also found that Rh-affected children were equally com
monly A-B-O compatible and incompatible, that is to ay,
once the mother had been immunized to Rh, A-B-O in
compatibility had no protective effect." This protective
effect of A-B-O incompatibility to Rh sensitization is
stronger in group 0 women." Murray et al." estimated
that O-A incompatibility gave 90% and O-B incompati
bility 55% protection."

C-6-PD Deficiency and Neonatal Jaundice
In this series of 500 non-Whites there were 7 cases

with G-6-PD deficiency and jaundice in the O-A and O-B
groups, and in these the A-B-O incompatibility could have
been the major cause of the jaundice. No other cause was
demonstrated for the jaundice in the 9 cases of the A-B-O
compatible group and the 6 cases in the incomplete group,
who were G-6-PD deficient. G-6-PD deficiency appears
to be a fairly common cause of neonatal jaundice in
Malaya,'"' in Greece" and in Nigeria.ss

SUMMARY

A study was made of A-B-O blood group incompatibility in
a series of non-White infants with haemolytiC disease of the
newborn over a I-year period. Examination of the infant's
blood was correlated with the severity of the observed
haemolytic disease, and an attempt was made to establish
whether antibody specificities could be found in the mater~al
sera of mothers of jaundiced infants, which would otherWise
be absent. It was concluded that there was no safe prediction
method.

This work was started by Dr G. S. D. Davis and I wish
to thank her for permission to publish. Dr A. G. W. Farrell was
responsible for the antenatal management of many of the ca es.
I also wish to thank Mr B. H. Bates and Mrs E. M. MacIntyre
for their expert technical assistance.
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ABNORMAL CARBOHYDRATE METABOLISM IN BRONCHOGENIC CARCINOMA*
E. F. VALDES, M.D., Chief of Medical Department, N. S. ROMEO, M.D., Chief of Medical Service, AND D. L.

PERAZZO, M.D., Chief of Section, Faculty of Medicine, University of Buenos Aires, Argentina

Recently hyper- and hypometabolic states have been
described that are related to various neoplasms.'" The
first report came from Freund, in 1885: concerning
hyperglycaemia in 62 out of 70 patients with neoplasms.
His findings were confirmed by Tuffier," and Rebitzer'
described patients in whom the cancer had preceded the
appearance of the diabetes.

By means of the glucose-tolerance test Theis and StoneS
studied 180 patients with carcinomas and found positive
results in 26%. Langston9 obtained similar results. He
stated that there did not seem to be a typical or charac
teristic curve in cases with carcinoma and suggested that
the abnormal carbohydrate metabolism was the result of
the overgrowth of tumour cells.

Puchulu et al.' studied a group of 324 neoplasms of
diverse origin and found overt diabetes in 14'2% of the
cases; in 127 cases of bronchogenic carcinomas they
found 17·5% with overt diabetes. They suggest that
bronchogenic cancer acts as a precipitating factor of a
genetically determined diabetes.

We studied a group of 35 patients with certified
histopathology who had not received specific treatment,
and matched them by age and sex with a control group
of 35 healthy subjects by means of a modified Conn and
Fajans test.

MATERIALS AND METHODS

Two groups of 35 patients of comparable sex and age
were studied by means of a modified Conn and Fajans
test (by venepuncture). The group with bronchogenic
carcinoma comprised 32 males and 3 females, with ages
ranging from 45 to 78 years. The control group of nor
mal persons ranged from 49 to 76 years (32 males and 3
females).

Patients for the first group had to fulfil the following
criteria:

(a) Histopathologically confirmed bronchogenic car
cinoma (by means of endoscopic and! or lymph node
biopsy) had to be present.

(b) Only patients who had not received any specific
treatment (surgical, radiotherapy or chemotherapy)
were included.

'Date received: 3 December 1968.

(c) They had to be without overt diabetes, liver di
sease, infection or fever.

Technique
The glucose-tolerance test was performed in the fol

lowing way: a diet of 1,800 - 2,300 calories, containing
300 G of carbohydrates, was administered for 3 days be
fore the test. At 8 p.m. on the evening before the test 10
mg. of prednisone was administered, and a further 10 mg.
at 6 a.m. on the morning of the test. Blood samples were
obtained immediately before and at 60, 120 and 180
minutes after the intravenous administration of 100 G
of anhydrate glucose solution. Determinations of blood
sugar were made by the method of Folin and Wu.

In the statistical analysis each point of the curve was
considered and was regarded as abnormal when the dif
ference was more than 2 standard deviations of the
normal mean.

RESULTS AND DISCUSSION

The results obtained revealed significant differences in the
incidence of abnormal GTT between the group of
bronchogenic carcinomas and the control group. The per
centage incidence of abnormal GTT was 43'9.% in the
carcinomatous patients and 22'6% in the controls (Fig. 1).

There was a direct relationship between the incidence
of latent diabetes and the grade of differentiation of the
tumour.

According to the histopathology, 50% of the squamous
carcinomas, 32% of the adenocarcinomas and 18 % of the
oat-cell carcinomas presented abnormalities in the carbo
hydrate metabolism (Fig. 2). Such a finding is difficult to
explain in the light of present knowledge, and several
mechanisms such as enzymatic, hormonal or immunologi
cal have been postulated (Table I).

Glicksman' suggests that the cancer would increase the
plasma level of the glucolytic enzymes (phosphohexose-iso
merase and others). He found 41 % abnormal tests in 39
patients with bronchogenic carcinomas, and only 10% in
benign tumours of the lung.

Another physiopathogenic possibility is the production
of hormonal-like diabetogenic substances by the tumour
tissue, and the abnormal carbohydrate metabou.im could




