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A few years ago kernicterus had 
a prominent place in the mortality 
statistics of premature infant depart
ments throughout the world. Isoim
munisation processes within the ABO, 
Rh and other blood group systems 
have been found to have a decisive role 
in the genesis of the condition. This 
observation has at the same time 
shown the way to he followed in pre
vention and therapy: the develop
ment of isoimmunisation kernicterus 
may be prevented by the timely ex
change of blood. Success depends great
ly on early diagnosis, so that early, 
precise and detailed serological studies 
are essential [29, 30, 1, 26].

Jaundice is more common, usually 
more severe and longer in duration 
in the premature infant than in the 
mature newborn. However, grave 
jaundice ofthe premature infant may 
he due not only to isoimmunisation 
processes. Avascularity of the liver, 
anoxic lesion, listeriosis, cytomegaly, 
syphilis, etc. may also be the cause.

In order to ensure early diagnosis 
and to avoid lesions due to isoimmuni
sation, at admission to our Depart
ment each mother and premature 
infant is tested for blood group and

D (Rho) factor. On the basis of a 
statistical comparison of the results 
with those obtained for mature new
borns we shall attempt to answer 
the questions,

(i) has blood group incompatibility 
a role in the pathogenesis of prema
ture births?

(ii) what is the significance of blood 
group incompatibility in the genesis 
of jaundice of premature infants?

Methods

(i) Organisation of studies. A total of 
1441 test pairs (mother-infant), represent
ing 88 per cent of the patient material, 
were performed in the period of from Janu
ary 1, 1956, to December 31, 1959. The 
number of patients admitted was 1640. 
In 199 cases no parallel (mother—child) 
tests could be made, either because there 
was no maternal blood available, or owing 
to the moribund state of the infant at 
admission.

The patients were premature »infants, 
most of them from Budapest and its sur
roundings. Ninety-three per cent weighed 
less than 2000 g. The blood taken from  
the mothers at the maternity wards was 
brought to us by the nurse transporting 
the baby.

(ii) Blood typing. The ABO blood groups 
were determined by the slide technique,
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using human A (anti-B), B (anti-A) and O 
(anti-AB) sera with titres not lower tban 
1 : 64. To demonstrate the D factor ( Rh(1), 
also by the slide technique, human sera of 
at least 1 : 64 titre containing incomplete 
haemagglutinins were used. In doubtful 
cases the indirect antiglobulin (Coombs’) 
test was also carried out.

(iii) Studies in suspected cases of maternal 
isoimmunisation. When ABO or Rh incom
patibility was revealed, or when the clini
cal picture suggested haemolytic disease 
of the newborn, the maternal and foetal 
bloods were subjected to detailed serologi
cal studies. A direct antiglobulin reaction 
was done with the newborn’s erythrocytes.

s= ]/" o , t = ] [ O A, u = y ò  B, » =  t +  
-f- u — s, w =  V2, X =  w —(O + A + B ) ,  
y =  AB, z =  X — y;

where A, B, O and AB represent the abso
lute number of individuals belonging to 
the corresponding blood group. F is h e r ’s 
method has the advantage over that of 
B e r n s t e in  [5] that the total of the per
centage gene frequencies is invariably 
100 . 0 .

(v) Calculation of the blood group combi
nations of the mothers and their premature 
newborns w as m ad e  b y  th e  fo rm u lae  of 
Sc h if f  a n d  H a selh o rst  (as q u o te d  b y  
St e f f a n  [22]).
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To demonstrate ABO isoimmunisation we 
determined the titre of anti-A and anti-B 
haemagglutinins and that of the haemoly- 
sins. To demonstrate isoimmunisation 
against the D factor, D-negative mothers 
were tested for complete and incomplete 
anti-D haemagglutinins. When both ABO 
and D isoimmunisation could be ruled out, 
erythrocytes from the newborn were added 
to  the serum of the mother and Coombs’ 
indirect test was carried out. In the case 
of agglutinophilia the maternal serum 
was neutralized with previously dissolved 
group antigen.

(iv) Calculation of gene frequency. The 
fo rm u la e  o f  F is h e r  (as c ite d  b y  K hêrtt- 
m ia n , 13) were used :

s t — s
O gene =  — ; A gene = -------- ;

v v

u — s t • u
B gene = --------  — ---------z2, where

V W ■ X

w here  A, B, an d  O rep re sen t th e  frequency  
o f  th e  co rresponding  gene, a s  ca lcu la ted  
acco rd in g  to  F is h e r .

R esults and D iscussion

(i) Blood group frequency of the pre
mature newborns and their mothers. 
The results of blood typing for the 
mothers and their premature new
borns and the number of combina
tions are presented in Table I. The 
blood group and gene frequencies are 
shown in Table II.

As controls, the results of two Buda
pest series are presented, one [4] 
mainly for the VUIth district of Bu
dapest and the other [3] for suburban 
areas: districts IV and XVIII. There 
was no statistically significant
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T a b le  I
Blood Group Relations between Mother 
and Child in Cases of Premature Birth

Maternal Blood type of the child Num
ber of

type 0 A B AB
mo
thers

o 247 116 52 — 415
A 127 406 37 43 613
B 67 41 126 31 265
AB - 74 42 32 148

Number of 
children

441 637 257 106 1441

difference in blood group frequency 
between the test and the control 
groups, either with the mothers or 
with the premature infants. The 
frequencies of A and 0  genes were

cent of those admitted (457 premature 
infants) had come from areas other 
than Budapest; for example, 8.1 per 
cent from Pest county, 2.9 per cent 
from Szolnok county, and 1.4 from 
Heves county, In all these parts of 
Hungary the frequency of gene B is 
somewhat higher than in Budapest 
(15.07, 15.63 and 14.33 per cent, 
respectively).

The value of %2, as computed accord
ing to F ishek  did not exceed the 
limit for one degree of freedom 
(Xo.o5 — 3.841) in any of the groups. 
Higher values indicate an error in 
calculation or are due to selection. 
Thus, in our premature newborn ma
terial there was no selective factor

T a b l e  II

Percentage Incidence of Blood Groups and Gene Counts

Blood type Mothers Premature
infants Total

Budapest 

series I

studies 

series II

o ..................................... 28.30 30.60 29.70 29.87 32.87
A ..................................... 42.54 44.21 43.37 45.24 42.04
B ..................................... 18.39 17.83 18.11 17.00 17.76
AB ................................. 10.27 7.36 8.81 7.88 7.32

gene O ........................... 53.94 54.90 54.69 54.40 57.12
gene A ........................... 30.95 30.93 31.09 31.86 29.11
gene B ........................... 15.11 14.17 14.22 13.74 13.79

X2 ..................................... 0.923 2.297 1.018 0.639 0.968

Number of subjects 
tested ......................... 1441 1441 2882 1041 2966

between the values for series I and 
II [4, 3], The frequency of gene B 
was somewhat higher in our material 
than in the controls. This might have 
been due to the fact that 27.9 per

involved that would have caused a 
shift in favour of some blood group 
from the mean blood group frequency 
for Budapest

(ii) Frequency of ABO blood group
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T a b l e  III

Combinations Calculated on the Basis of Percentage Incidence of Blood Type Gene 
Counts and of those Observed in the Case of Premature Infants

Blood type of
Percentage
incidence,

Percentage incidence, observed

child total
jaundice

mother calculated
none slight moderate grave

o o 16.4 17.1 19.4 15.2 17.3 15.1
A o 9.3 8.8 9.6 10.3 8.8 6.9
A A 28.2 28.2 28.4 30.9 26.7 27.8
B O 4.2 4.7 4.8 4.0 5.1 4.4
B B 7.9 8.8 11.1 10.3 5.9 7.7
AB A 3.8 5.1 4.8 5.8 4.8 5.5
AB B 3.0 2.9 3.5 2.2 3.7 1.6
AB AB 2.0 2.2 2.9 2.2 2.9 0.5

Compatible, to ta l............... 7.48 77.8 84.5 80.9 75.2 69.8

o A 9.3 8.1 4.6 4.5 8.3 14.5
o B 4.2 3.6 1.9 1.8 5.6 4.9
A B 2.4 2.6 2.9 1.3 2.1 3.3
A AB 3.8 3.0 2.5 3.6 3.5 2.7
B A 2.4 2.8 2.3 3.1 2.9 3.3
B AB 3,1 2,1 1,2 4,5 2,4 1,6

Incompatible, t o ta l .......... 25.2 22.2 15.4 18.8 24.8 30.2

co m b in a tio n s of the m others a n d  their 
p re m a tu re  in fan ts.

Next it was analysed whether the 
maternal and newborn blood group 
combinations observed differed from 
those computed on the basis of gene 
frequencies. The results are presented 
in Table III. Of the 14 combinations 
8 were compatible (transfundophilic 
combinations), and 6 were incompat
ible (agglutinophilic combinations). 
The computed total frequency of the 
former was 74.77 per cent; of the 
latter, 25.23 per cent. The expected 
and observed values agreed well, there

were only two categories in which 
the difference exceeded 1 per cent. 
Thus, there was no blood group com
bination which would have occurred 
significantly more often or less fre
quently than expected.

In the past few years several au
thors have claimed the existence of a 
correlation between the ABO groups 
and spontaneous miscarriages. Others 
[9, 25, 21, 19, 14, 17, 11, 18, 23], found 
no such relationship. Without taking 
sides in this issue, the above data 
make the impression that blood group 
incompatibility has either no role at
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all, or plays a very subordinate part, 
in the genesis of premature delivery.

(iii) Relationship between blood 
groups and jaundice.

The frequency of the single combi
nations in relation to the incidence 
of jaundice in the premature infants 
is shown in Table III. The material 
has been divided into four groups:
a) no jaundice, b) slight jaundice, 
c) moderate jaundice, and d) grave 
jaundice. (The cases of kernicterus 
have been included in the last group.) 
As shown in Table III, the compatible 
combinations were more frequent in 
the cases without jaundice or with 
slight jaundice, and less frequent 
among the patients with grave jaun
dice, than calculated. There was a 
good agreement beween the expected 
and observed results in the group of 
moderate jaundice. The increased in
cidence of O-group mother and A- 
group child combinations in the group 
of grave jaundice was remarkable; 
as opposed to the calculated value of
9.3 per cent it occurred in 14.5 per 
cent. These results suggest a role of 
ABOincompatibility in the grave jaun
dice of the premature infant; since, 
however, grave jaundice occurred also 
in the compatible group, the ABO 
incompatibility cannot be the sole 
causative factor.

To facilitate comparison, data for 
an earlier, unselected newborn ma
terial [2] are presented in Table IV. 
Evaluation was based on essentially 
the same principles as with the pre
mature babies.

The incidence of jaundice among 
mature newborns was 52.7 per cent,

T a b le  IV
Percentage Incidence of Jaundice among 
Premature Infants and Unselected New

borns

Grade of 
jaundice

Premature infants 
1441 cases Newborns 784 cases

None 33.24 per cent 47.70 per cent
Slight 15.48 per cent 43.88 per cent
Moderate 26.02 per cent 7.27 per cent
Grave 25.26 per cent 1.15 per cent

a figure closely comparable to the 55 
per cent reported by Lenart and 
B iró [16]. Among the premature in
fants the incidence of jaundice was
66.2 per cent (Table III). Our results 
agree well with the data in the litera
ture in that an elevated serum bili
rubin level is more common in pre
mature infants than in mature new
borns [27, 15, 24, 7], Grouping our 
data according to the severity of jaun
dice, it will be found that in the group 
of unselected newborns the incidence 
of moderately severe and grave jaun 
dice was markedly lower than in the 
premature infant material.

In Table V, we present data illus
trating the frequency of the expected 
and observed combinations. In this 
group (part of the Budapest series II) 
the gene 0  occurred more frequently 
than in the group of premature 
infants (see columns 5 and 6 in Table 
II). The frequency of combinations 
has been computed with regard to 
that. The calculated and observed val
ues were again in good agreement. 
The combined total of compatible and 
incompatible combinations hardly 
differed from the computed value. In 
the cases without jaundice andin those
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T a b le  V

Frequency of ABO Blood Group Combinations among Unselected Newborns

Blood type of Frequency observed

mother child
Frequency
calculated total

jaundice

none light moderate grave

o 0 19.2 20.0 20.6 19.5 21.1 l i . i
A o 9.4 9.9 11.2 9.9 3.5
A A 25.6 23.8 23.0 27.3 8.8 i n i
B 0 4.7 5.6 3.7 7.0 10.5
B B 8.3 7.9 8.8 7.5 5.3
AB A 3.4 3.2 2.7 3.5 5.3
AB B 2.8 2.3 2.7 2.0 1.7
AB AB 1.7 1.7 0.8 2.6 - n . i

Compatible, to ta l.............. 75.1 74.4 73.5 79.3 56.2 33.3

O A 9.4 8.7 7.0 7.0 22.8 55.6
O B 4.7 4.5 3.7 4.4 10.5
A B 2.3 3.7 4.0 3.8 1.7
A AB 3.4 3.4 3.7 3.2 3.5
B A 2.3 3.2 4.6 1.5 3.5 n . i
B AB 2.8 2.2 3.5 0.9 1.7

Incompatible, to ta l.......... 24.9 25.7 26.5 20.8 43.7 66.7

with slight jaundice the incidence 
of compatible combinations was as 
expected, or even somewhat higher. 
In contrast, in the groups of moder
ate jaundice and grave jaundice the 
incidence of compatible combinations 
was 56.2 per cent and 33.3 per cent, 
respectively, i. e. significantly lower 
than the calculated 75.1 per cent 
value.

In the premature infant material 
lesions due to D-factor isoimmunisa
tion were observed in 2 cases (0.14 
per cent). According to data in the 
literature, in obstetric material the 
incidence of such lesions is around

0.3 per cent. This, however, includes 
the foetuses died in utero, whereas we 
analysed the data exclusively for live 
births. It is at any rate clear that 
lesions due to Eh isoimmunisation 
were not more common among the 
premature infants than in the mixed, 
unselected newborn material.

In the group of premature infants 
grave jaundice occurred in 25.3 per 
cent (365 cases) (Table IV). Among 
these 70 cases were considered ex
tremely serious, there having been 
kernicterus or grave jaundice (or 
both) and exchange transfusion had 
to be performed.
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T a b le  VI

Distribution of Kemicterus Incompati
bility, and Complications

Year

Total
num
ber
of

cases

Incompatibility Compli
cations

ABO Rh(D) none pres
ent none

1956 18 5 1 12 12 6

1957 2 1 1 8 7 3

1958 2 1 - 1 1 l
1959 4 - 1 3 3 1

Total 34 7 3 24 23 11

The principal clinical data in these 
cases associated with grave jaundice 
were as follows.

Without there having been a change 
in the number of premature infants 
treated per year, the incidence of kern - 
icterus became significantly less as 
a result of the improved clinical treat
ment [27, 15]. The incidence in 1956 
was 18 per cent; in 1957, 10; in 1958, 
2; and in 1959, 4 per cent. The condi
tion was associated with haemorrhage 
in the cerebrum, cerebellum or verte
bral canal in 13 cases, with pneumo
nia in 3, with aspiration in 3 cases 
and with umbilical septicaemia in 1 
case (Table VI). Blood exchange 
transfusion was performed in 37 cases 
(Table VII); it had to be performed 
in 11 cases in 1956, in 11 in 1957, in 
10 in 1958, in 5 in 1959. The apparent 
reduction in 1959 was due to the fact 
that in the case of 4 premature infants 
contraindications had prevented us 
from carrying out the exchange. Three 
of these babies died; necropsy re
vealed kernicterus, extensive cerebral 
haemorrhage and bronchopneumonia.

T able  VII

Distribution of Exchange Transfusions 
according to Indications

Year
Total Incompatibility

number 
of cases ABO Rh(D) None

1956 h 6 — 5
1957 h 5 — 6
1958 10 6 1 3
1959 5 3 l 1

Total 37 20 2 15

Except for these few cases the ex
change transfusion was performed 
when the serum bilirubin level was 
higher than 3 mg per 100 ml in um
bilical blood or 18 mg per 100 ml in 
systemic blood during the next few 
days. If we discount the two cases 
of Rh isoimmunisation, of the 68 cases 
of grave jaundice 41 were compatible 
from the point of view of the ABO 
system and 27 (39.8 per cent) were 
incompatible, a value definitely higher 
than the calculated one of 25.2 per 
cent.

In 10 of the 27 incompatible cases 
the maternal sera showed the sero
logical changes usual with ABO-iso- 
immunisation: the complete agglu
tinin titre was 1 : 512 or higher (in 
three cases 1 : 4096), the incomplete 
agglutinin titre 1 : 8 or higher (in 2 
cases 1:128), and the haemolysin titre 
varied between 1 : 4 and 1 : 16. In 
these 10 cases the serological and 
clinical findings pointed clearly to 
ABO-isoimmunisation. As related to 
our total material, this represents an 
incidence of 0.7 per cent. According 
to data in the literature, the incidence
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of perinatal damage due to ABO iso
immunisation is about the same as, 
or somewhat higher than, that of Rh 
isoimmunisations [28, 20, 6, 10].
Among premature infants the lesions 
due to ABO isoimmunisation occur 
five times more often than those con
nected with the D factor.

The role of ABO incompatibility in 
the pathogenesis of jaundice of the 
newborn is far from being an exclusive 
one, since jaundice may appear with 
compatible combinations as wrell, but 
its significance must not be underesti
mated. Grave jaundice occurred in 
364 of a total of 1141 premature in
fants: 254 were born to compatible 
and 110 to incompatible parents. Had 
there been no correlation between 
the incidence of grave jaundice and 
the ABO blood group system, the 
number of babies born from incom
patible combinations were 92, in ac
cordance with the calculated value of
25.2 per cent. The difference between 
the calculated and observed number 
of cases (18 cases) represented 1.3 per 
cent of the total number of patients 
studied and seemed to be correlated 
with ABO incompatibility.

In the group of mature newborns 
(784 cases) the incidence of grave 
jaundice was 1.15 per cent (9 cases); 
in 3 cases (0.38 per cent) Rh incom
patibility and in 6 (0.76. per cent) 
ABO isoimmunisation was respon
sible for it. Moderate jaundice was 
observed in 57 newborns (7.4 per 
cent), 25 of whom had been born to 
ABO-incompatible parents. Without 
a correlation between the incompat
ible combinations and the number

of newborns with moderate jaundice, 
the number should have been 14, 
according to the computed incidence 
of 24.9 per cent. The difference be
tween the calculated and the observed 
number of cases ( l i  cases) represented
1.4 per cent of the total number ex
amined.

On the basis of the above figures 
ABO incompatibility w'as responsible 
for the development of moderate jaun
dice in 1.4 per cent of the mature newr- 
borns, wdiereas in the group of pre
mature babies it produced grave jaun
dice wdth about the same frequency 
(1.3 per cent). The combined incidence 
of moderate and grave jaundice due 
to ABO incompatibility in the group 
of mature newborns was 2.2 per cent, 
more than the 1.3 per cent incidence 
for the grave jaundice in premature 
babies. (According to the data in Table 
III, ABO incompatibility cannot be 
made responsible for moderate or 
slight jaundice in premature infants.)

According to our results, both Rh 
incompatibility and ABO isoimmuni
sation produce jaundice more fre
quently among mature newborns than 
among premature babies. Jaundice 
due to ABO incompatibility is much 
slighter in the mature newborn than 
in the premature infant. The circum
stance that the effect of isoimmuni
sation manifests itself less often in 
premature infants, tends to point to 
a decisive role of the immaturity of 
the liver and of the anoxic lesions in 
the pathogenesis of jaundice in the 
premature infant. The more marked 
effect of isoimmunisation in the 
mature newborn may be correlated
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with the longer duration of pregnancy 
and the stronger antigenicity of the 
erythrocytes of the mature newborn.

For the sake of completion let us 
mention that isoimmunisation against 
any blood group antigen other 
than A, B, and D did not occur in 
our material. In the cases of grave

jaundice the direct antiglobulin reac
tion with the erythrocytes of the new
born was always negative, except the 
cases of Rh immurdsation. Similarly 
negative were the indirect antiglobu
lin reactions with maternal serum and 
newborn erythrocytes.

Summary

A material of 1441 premature in
fants has been studied for blood 
groups, together with blood typing of 
the mothers. The results were com
pared with those obtained for 784 
unselected newborns.

The maternal — foetal blood group 
and gene frequencies observed in the 
premature infants did not differ either 
from the Budapest frequency (deter
mined on the basis of 4007 tests) or 
from the calculated frequencies.

Blood group combinations (ABO or 
Rh) substantially different from the 
computed ones have not occurred in 
the material. Thus, blood group in
compatibility could not be demon
strated to have played a significant 
role in the premature deliveries.

As to the correlation between blood

group incompatibility and jaundice, as 
well as the severity of the jaundice, 
in premature infants, ABO compati
ble combinations were found to occur 
more frequently among the cases with 
no or slight jaundice and less often 
among those with grave jaundice, 
tban the calculated figures. Alongside 
other factors, ABO incompatibility 
plays a significant role in the pathogen
esis of icterus gravis of the premature 
infant. According to the calculations, 
ABO incompatibility causes moderate 
jaundice in 1.4 per cent of the mature 
newborns and grave jaundice with 
about the same frequency in prema
ture infants.

The incidence of Rh isoimmuni
sation has been found to agree with 
the data reported in the literature.
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