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ABSTRACT

BACKGROUND
Haemolytic disease of foetus and newborn (HDFN) is triggered by enhanced destruction of red blood cell due to immune-mediated
destruction, intrinsic abnormalities, acquired aberrations, etc. Lifespan of infant’s erythrocytes are shortened by the action of
placentally transferred maternal antibodies in immune-mediated HDFN.

The aim of this study was to identify the frequency of maternal antibodies in neonates with hyperbilirubinaemia.
Settings and Design- This was a cross-sectional study in neonates admitted to neonatal intensive care unit (NICU). Setting for the
research was Dept. of Transfusion Medicine and Neonatology division of Sree Avittom Thirunal Hospital for women and children
attached to Govt. Medical College, Trivandrum.

MATERIALS AND METHODS
Demographic details and maternal details were recorded. Cause for hyperbilirubinaemia was noted down and it was classified by
AAP chart. Maternal antibody-mediated hyperbilirubinaemia was diagnosed according to inclusion criteria.

RESULTS

2619 neonates were admitted in NICU. 340 infants were admitted for treatment of hyperbilirubinaemia. Among them, 158 (6%)
had hyperbilirubinaemia due to HDFN and 182 (7%) had hyperbilirubinaemia due to other causes. The rest 2279 (87%) had other
ailments. Five categories of red cell antibodies were found in HDFN. Anti-A (58.2%), anti-B (11.4%), anti-D (27.8%), anti-c (1.3%)
and anti-E (1.3%). All mothers of infants with ABO-HDFN were having O blood group. No antibodies outside ABO or Rh blood
group systems were detected.

Statistical Analysis- All statistical data were analysed using SPSS software version 16.

CONCLUSION

HDFN is an important cause for hyperbilirubinaemia in neonates. ABO haemolytic disease was commoner and Group A or B
neonates born to O Group mothers were at risk for HDFN. Rh HDFN due to anti-D is common than other clinically significant Rh
antibodies.
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BACKGROUND

intrinsic abnormalities such as haemoglobinopathies,

Haemolytic disease of foetus and newborn (HDFN), portrayed
as ‘foetus carnosus’ by Hippocrates, had always scripted its
exigent presence in the frontiers of transfusion immunology.!
Triggered by enhanced destruction of red blood cells, HDFN
could be associated with immune-mediated destruction,
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erythrocyte enzyme defects and membrane irregularities and
acquired aberrations related to infections.2 Immune mediated
HDFN is an ailment in which lifespan of infant’s erythrocytes
are shortened by the action of placentally transferred
maternal antibodies specific for inherited paternal red cell
antigens.3 Aim of this study was to identify the frequency of
maternal antibodies in neonates with hyperbilirubinaemia in
a tertiary care centre.

MATERIALS AND METHODS

This was a cross-sectional study conducted in 2619 neonates
who were admitted to neonatal intensive care unit (NICU).
Setting for the research was Dept. of Transfusion Medicine
and Neonatology division of Sree Avittom Thirunal Hospital
for women and children attached to Govt. Medical College,
Trivandrum.
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According to institutional policy, all neonates with
hyperbilirubinaemia and those born to mothers with
antenatal antibody screen positivity were admitted in
newborn nursery. As per the protocols, complete work-up
was done for each infant with hyperbilirubinaemia in
newborn nursery.

Demographic details such as name, age, IP no., bed no.
and addresses were noted. Maternal details such as age and
blood  group  were
hyperbilirubinaemia, the cause for the same was noted down.
For classifying hyperbilirubinaemia, chart provided by
American Academy of Paediatricians (AAP) was followed
(Figure 1).

recorded. If there was

Inclusion Criteria for ABO-HDFN

1. Hyperbilirubinaemia within first 24 hours of birth.

2. ABO incompatibility between mother and baby.

3. Same Rh-D type as that of mother.

4. Maternal antibody screen negative for other blood group

systems.

Maternal IgG titre of anti-A or anti-B = 32.

6. Neonatal DAT and elution positive/ elution alone
positive/ IAT positive for maternal antibodies in cord
blood serum.

7. No other diagnosed aetiology for hyperbilirubinaemia.

v

Inclusion Criteria for Other HDFN

1. Maternal antibody screen positive and presence of
corresponding antigen in the neonate.

2. No ABO incompatibility between mother and neonate.

Positive DAT and elution in neonate.

Hyperbilirubinaemia within first 24 hours of birth.

> W

Exclusion Criteria
HDFN along with twin-to-twin transfusion, high output
cardiac failure, congenital infection or sepsis, hereditary
spherocytosis, glucose-6-phosphate dehydrogenase
deficiency, pyruvate kinase deficiency, o-Thalassemia,
extravascular blood loss, cephalhematoma, hypothyroidism,
Dubin-Johnson syndrome, cystic fibrosis, biliary atresia,
cholestasis, total parenteral nutrition and antibiotic therapy.
Neonates having ABO incompatibility along with other minor
blood group incompatibility.

Further investigations such as neonatal blood group,
haemoglobin and bilirubin levels were recorded. Duration of
treatment and ICU stay were noted.

Ethics

Study was approved by Human Ethical Committee and review
board of institution. Study was accomplished for a period of
18 months from 01-03-2012 to 30-08-2013. Parents of all
study subjects were counselled separately about the nature
and effects of the study and a written consent was obtained
from them.

Statistical Analysis

All statistical data were analysed using SPSS software version
16. Continuous variables were expressed as mean + standard
deviation and qualitative data was expressed as frequencies
and percentages. Independent samples t-test (Independent t-
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test or student ‘t’ test) was used for comparing quantitative
data between groups. All ‘p’ values were two tailed and
values of p < 0.05 were considered statistically significant.

RESULTS
Admission Details Frequency | Percentage
Hyperbilirubinaemia due to HDFN 158 6
Hyperbilirubinaemia due to other 182 7
causes
Other diseases 2279 87
Total neonatal admissions 2619 100

Table 1. Admissions in Neonatal Intensive Care Unit

2619 neonates were admitted in neonatal intensive care
unit during the study period; 340 infants were admitted for
treatment of hyperbilirubinaemia. Among infants admitted in
NICU, 158 (6%) had hyperbilirubinaemia due to HDFN and
182 (7%) had hyperbilirubinaemia due to other causes. The
rest 2279 (87%) cases were admitted for treatment of other
ailments.

Five categories of red cell antibodies were found in
neonates affected with HDFN. They were anti-A, anti-B, anti-
D, anti-c and anti-E. Their frequencies are shown in Table 2.

Antibody Frequency Percentage
Anti-A 92 58.2
Anti-B 18 11.4
Anti-D 44 27.8
Anti-c 2 1.3
Anti-E 2 1.3
Total 158 100.0

Table 2. Frequency of Antibodies in Neonates with HDFN

Among the mothers of infants with HDFN 36 (22.8%)
belonged to 18 - 22 years, 72 (45.6%) belonged to 23 - 27
years, 32 (20.2%) belonged to 28 - 32 years, 17 (10.8%)
belonged to 33 - 37 years and 1 (0.6%) belonged to 38 - 42
years. While analysed the parity of mothers, 72 (45.6%)
belonged to primi gravida, 60 (38%) to second gravida, 18
(11.4%) to third gravida and 8 (5%) to fourth gravida. There
were 90 (57%) of vaginal delivery, 32 (20.3%) of induced
vaginal delivery and 36 (22.7%) of caesarean section among
mothers; 84 (53.2%) belonged to male gender and 74
(46.8%) to female gender. Among infants with HDFN, 126
(79.7%) had birth weight of 2500 g or more and 32 (20.3%)
had less than 2500 g; 149 (94.3%) were term babies and 9
(5.7%) were preterm babies; 144 (91.1%) infants had APGAR
score 7 - 10 and 14 (8.9%) were with APGAR score 4 - 6.

All mothers of infants with ABO-HDFN were having O
blood group. No antibodies outside ABO or Rh blood group
systems were detected. So, the cases were categorised into
two groups; those having ABO-HDFN and Rh-D HDFN. Mean
of five variables; maternal age, cord blood bilirubin levels,
cord blood haemoglobin values, treatment duration and
duration of stay in ICU were compared.

In ABO-HDFN, mean maternal age was 25.74 + 4.76 and in
Rh-D HDFN it was 27 # 5.06. The minimum age of mothers in
both groups was 18 years and maximum age was 37 and 39
years in ABO and Rh-D respectively. Mean values of age
of mothers of neonates with ABO and Rh-D HDFN were
compared using independent ‘t’ test. No significant difference
was observed with a ‘p’ value of 0.1462.
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The mean cord blood bilirubin levels in ABO and Rh-D
HDFN infants were 5.157 # 1906 and 4.148 * 1.104
respectively. Minimum bilirubin levels in ABO and Rh-D
HDFN were 3 and 1.8 mg%. Maximum bilirubin levels in ABO
and Rh-D HDFN were 10.6 and 8.8 mg% respectively. Mean
values of cord blood bilirubin in neonates with ABO and Rh-D
HDFN were compared using independent ‘t’ test. Significant
difference was observed with a ‘p’ value of 0.0012; 95%
confidence interval was 0.404 to 1.615 and ‘t’ value was
3.2949.

The mean cord blood haemoglobin values in ABO and Rh-
D HDFN infants were 17.096 * 2.659 and 14.470 * 1.975
respectively. Minimum haemoglobin values in ABO and Rh-D
HDFN were 11.1 and 9.8g%. Maximum haemoglobin values in
ABO and Rh-D HDFN were 22.6 and 17.7g% respectively.
Mean values of umbilical cord haemoglobin in neonates with
ABO and Rh-D HDFN were compared using independent ‘t’
test. Significant difference was observed with a p’ value of
0.0001; 95% confidence interval was 1.750 to 3.501 and ‘t’
value was 5.9259.

Mean treatment duration in infants with ABO and Rh-D
HDFN were 3.13 # 3.32 and 2.91 * 2.94 days respectively.
Median treatment duration was 3 and 3.5 days and maximum
treatment duration was 10 and 9 days in ABO and Rh-D
HDFN respectively. Mean values of duration of treatment of
neonates with ABO and Rh-D HDFN were compared using
independent ‘t’ test. No significant difference was observed
with a ‘p’ value of 0.7044.

Mean duration of stay of infants with ABO and Rh-D
HDFN in ICU were 7.21 + 296 and 6.84 * 2.73 days
respectively. All neonates were observed in ICU for a
minimum of 5 days and a maximum of 14 and 15 days for
ABO and Rh-D HDFN. Mean values of duration of stay of
neonates with ABO and Rh-D HDFN in ICU were compared
using independent ‘t’ test. No significant difference was
observed with a ‘p’ value of 0.4770.

=Y
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Figure 1. AAP Chart for Assessing Risk of
Hyperbilirubinaemia

DISCUSSION

In early 1500s, five babies of Katherine of Aragon, the first
wife of Henry VIII, were either stillborn or deceased in early
newborn period due to HDFN.# Haemolytic disease was first
described in 1609 by a French midwife in a set of twins, one
of whom was hydropic and stillborn, while the other one was
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severely jaundiced and died of kernicterus.5 In 1641, Plater
contributed a definitive description of hydrops foetalis.* The
mystery behind many clinically observed scenarios of HDFN
involving red cell haemolysis, ranging widely from severely
hydropic stillborn foetuses to infants with mild or significant
levels of jaundice and kernicterus were not realised
completely until twentieth century.6

In 1892, Ballantyne described a criteria for diagnosing
HDFN in 1912, Diamond, Blackfan and Baty investigated the
associated clinical features and in 1938 Hellman and Hertig
first recognised the familial incidence of disease.* In 1938 Dr.
Ruth of Women and Children Hospital, Chicago, who was a
sufferer of Rh haemolytic disease, investigated and published
a comprehensive analysis on Icterus Gravis Neonatorum.” In
1939, Philip Levine and Stetson reported a case of HDFN
where the mother was sensitised by paternal antigens
present on foetal red cells.8 Darrow observed that the mother
was an unaffected constant factor, first child was seldom
afflicted and the disease resulted from an acquired immune
reaction.?

In 1940, Dr. Karl Landsteiner and Dr. Alexander Weiner
detected Rh factor by their experiments.10 In 1946, Diamond
et al developed a method of exchange transfusion for affected
infants.11 In 1956, it was proved that the analysis of bilirubin
content in amniotic fluid was a good indicator of severity and
morbidity of disease.# First intrauterine transfusion was
performed in 1963.11 Weiner and Peters opined that the
transfusion of Rh positive blood to Rh negative individuals
could result in development of anti-Rh agglutinins.12

This was a research conducted in the Dept. of Transfusion
Medicine and Neonatology division in the Dept. of Paediatrics,
Govt. Medical College, Thiruvananthapuram. All neonates
admitted in newborn nursery with hyperbilirubinaemia were
screened for HDFN according to the inclusion criteria.

In our study, total admissions in newborn nursery during
the study period were 2619, out of which 340 (13%)
neonates had hyperbilirubinaemia. Among 340
hyperbilirubinaemia neonates, 158 (6% of total) fulfilled the
criteria of HDFN. This constituted 46.47% of jaundiced
babies. Five types of antibodies were found to be associated
with HDFN, which included anti-A, anti-B, anti-D, anti-c and
anti-E. Weinstein opined that 98% of HDFN was due to ABO
and Rh incompatibilities, whereas the rest 2% was due to
antibodies against other blood group antigens.13

A 12-year study conducted in Sweden comprising of
110,765 pregnant women found out 836 alloantibodies and
its percentages were: D-9.0%, E-6.1%, C-4.3%, Cw-1.2%, c-
4.5%, e-0.1%, Kell-5.7%, Duffy-3.1%, MNSs-4.2%, Kidd-1.2%,
Lutheran-1.6%, P1-5.7%, Lewis-28.8%, Others-14.4%.14 A
prospective South Indian study carried out in 624 antenatal
women gave a positive antibody screen in 9 cases (1.44%);
anti-D-6 (0.96%), anti-D with anti-c-2 (0.32%) and anti-M-1
(0.16%).15 A study conducted in same setting among 2469 D
negative females showed a D-alloimmunisation of 3.12% and
frequency of Rh-D HDFN was 2.28%.16

Singhvi Arpita et al studied distribution of neonatal
jaundice due to blood group incompatibility. The distribution
of ABO and Rh incompatibility was equal. But in this research,
the frequency of ABO-HDFN was more than twice that of Rh
HDFN. They opined that blood group incompatibility is an
important cause of neonatal jaundice.1”
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Mohammad Irshad et al studied prevalence of Rh and
ABO incompatibility in jaundiced neonates. Out of 200
neonates, 70% were male and 30% were female. But in our
research, it was varying, 53.2% belonged to male gender and
46.8% belonged to female gender. In their study, frequency of
ABO incompatibility and Rh-incompatibility in jaundiced
neonates was 22.5% and 12.5% respectively. In our research,
it was 32.4% and 14% respectively. They found out that out
of the remaining 65.5% cases physiological jaundice was
diagnosed in 40.5% neonates, prematurity in 15% neonates
and G6PD in 9.5% neonates. Among those 22.5% cases of
ABO incompatibility in their study, there were 16.5% males
and 6% females. Majority 15% presented on 1st day of life
followed by 3% on 2nd and 3rd day of life respectively, 1% on
4th day and 0.5% on 5th day of life.18

Association of ABO and Rh incompatibility with neonatal
hyperbilirubinaemia was researched by Apexa S Patel et al.
The incidence of ABO incompatibility was 13.79% and of Rh
incompatibility was 1.37%. In ABO incompatibility group,
90% newborn developed clinical jaundice. In treated group,
out of 88 newborns, 82 were from O0-A and O-B
incompatibility group.1?

A study by Ashutosh Kumar et al similarly showed that
ABO incompatibility was the leading cause of haemolysis (in
48%) followed by Rh incompatibility (in 22%), septicaemia in
26% and G6PD deficiency in 4%.20

Out of 158 cases of HDFN, 110 occurred due to antibodies
against antigens in ABO blood group system. In ABO-HDFN,
92 (58.2% of total) cases were due to anti-A and 18 (11.4% of
total) cases were due to anti-B. Dinesh et al observed that
ABO incompatibility was the leading cause of HDFN in
countries with high human development index and similar
results were obtained in this study.2! All mothers of infants
with ABO-HDFN were invariably Group O. This observation
made it clear that in Group O serum, IgG was the major
isotype for anti-A and anti-B. Rawson opined that since IgG
anti-A and anti-B occurred more commonly in Group O than
in Group B and A mothers, ABO-HDFN almost invariably
belonged to infants of Group O mothers.22 Hence, HDFN was
more common among neonates of Group O mothers.
Rosenfield et al, Rawson et al and Kochwa et al obtained
similar results.2223.24 Similarly, in India Gupte and Bhatia
observed that ABO-HDFN was more seen with Group A or B
neonates born to Group O mothers. But in one series of 45
cases by Munk Anderson, the mother was Group O in 43
instances and subgroup A: in the remaining two and A:
mothers produced much stronger and incomplete anti-B than
A1 mothers.2>

In our analysis within O-A and O-B incompatibilities, 0-A
occurred at a higher frequency. The ratio being 5.1: 1. Fischer
et al had reviewed that this ratio came around 2.7 - 3.7: 1.26 A
slightly higher ratio in our study might be due to the strong
antigenic expression of A-antigen in Asian population, which
was in turn determined by racial and environmental factors.
As observed by Romano et al, the higher incidence of ABO-
HDFN in many populations was due to rise in anti-A titres
associated with ascaris infestation.2” In a research by Chan
Shu and Blair, there was no difference between Group A and
Group B infants in the frequency and severity of haemolytic
process.28

During our study period 110 ABO-HDFN cases occurred
among 9,978 deliveries, the frequency being 1.1%. Voak et al
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had performed a research for detection of immune anti-A/B
and prediction of ABO-HDFN in a screen series on 5,704 sera
from Group O mothers. Frequency of ABO-HDFN was 0.8% in
that study.2® Murray et al observed that the frequency of
HDFN triggered by anti-A was about 1 in 150 births and even
lesser for anti-B.30

The relative frequency of ABO-HDFN varied in different
populations.3! In Venezuela, 16% of neonates exhibited
foetomaternal ABO incompatibility and the incidence of ABO-
HDFN was 5%.32 ABO-HDFN was more frequent and severe in
Arab population.33 Incidence of ABO-HDFN was found to be
substantially higher in Central America and lesser in South
and North America.3* With respect to ethnic groups, the
prevalence of maternal-newborn ABO incompatibility ranged
from 31% in Europeans to 50% in Asians.3> Bhatia had
reported the incidence of ABO-HDFN in India as 1 in 200 in
serologically diagnosed and 1 in 650 in haematologically
diagnosed cases.

According to Schonitzer et al, the ABO-HDFN had a
worldwide incidence of 54.4 per 1,000 births.3¢ They also
opined that frequency of ABO-HDFN necessitating therapy
was approximately 5% of all neonatal
hyperbilirubinaemias.3” Levine and Meyer opined that
confusion existed regarding the true incidence of ABO-HDFN,
because of the ambiguity in the significance of various
laboratory investigations commonly employed for its
evaluation.38 This could be the reason for disparity of results
in previous studies and our study.

Among 48 Rh HDFN cases (30.4% of total) anti-D was the
commonest, which affected 44 neonates (27.8% of total).
Other two antibodies were anti-c and anti-E, each of which
was found in 1.3% of neonates. According to Astrup and
Kornstad frequency of haemolytic disease due to anti-c was
small, because anti-c titre was often low in maternal sera and
c antigen was often negative in neonatal red cells.3940 The
frequency of Rh-D negative women in India ranged from 6%
to 8% in different studies.3> Prevalence of Rh-D
alloimmunisation from different centres had a wide range
from 0.8% to 4.0% and one study conducted in the same
setting reported a frequency of 3.12%.41.42.43.44

While independent ‘t’ test was performed between ABO
and Rh-D HDFN assemblies there was no significant
difference regarding maternal age, duration of treatment and
duration of stay in ICU. Regarding cord blood haemoglobin
and bilirubin levels, there was significant difference in mean
values in ABO and Rh-D HDFN cases.

The research was designed as a cross-sectional
descriptive study and hence there were some limitations in
assessing the risk between variables with a limited data. For
procuring more information concerning this disease, it is
suggested to undertake long-term analytical studies with
greater numbers of samples and using controls to assess
correlation between several parameters related to incidence
of HDFN.

CONCLUSION
1. HDFN is an important cause for Hyperbilirubinaemia in
neonates.

2. ABO haemolytic disease was found to be more common
than Rh haemolytic disease.
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3. Group A or B neonates born to O Group mothers were at
increased risk for ABO-HDFN.

4. Rh HDFN due to anti-D is common than other clinically
significant Rh antibodies.

5. Regarding maternal age, treatment duration, duration of
stay in ICU there was no significant difference in mean
values in ABO and Rh-D HDFN cases.

6. Regarding cord blood haemoglobin and bilirubin levels,
there was significant difference in mean values in ABO
and Rh-D HDFN cases.
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