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~—ABSTRACT ~

Objective: ABO hemolytic disease of the newborn (ABO HDN) is the most common cause of neonatal
jaundice due to feto-maternal incompatibility. The objective of this study is to evaluate early predictors of
ABO HDN using immuno-hematological and biochemical tests.

Materials and method: Newborns with blood group A/B born to group O mothers were prospectively
enrolled in the present study. Direct antiglobulin test (DAT) and cord blood bilirubin (CBB) were performed.
Total serum bilirubin (TSB) was measured at 72 hours of life. Serum anti-A/B 1gG titers of maternal samples
were measured. For the statistical analysis, Microsoft Excel 2013 (Microsoft Corporation, NY, USA) and
SPSS statistical computer software (version 22) were used. To find the efficacy and cut-off values for various
predictors of neonatal jaundice, receiver operating characteristic (ROC) curve analysis was performed. To
evaluate the relative importance of predictors for phototherapy (PT), logistic regression was used.

Results: A total of 200 ABO incompatible mother-neonate pairs were included in the present study. The
incidence of ABO HDN was 10% (n=20). The number of DAT positive cases was 38 (19%). Regression
analysis showed a significant influence of antibody titre, CBB and DAT on probability of phototherapy.
Antibody titers 2512 predicted severe hyperbilirubinemia with 80% sensitivity and 83% specificity;
CBB >2.75 mg/dL had 85% sensitivity and 83% specificity.

Conclusion: High risk ABO-incompatible neonates could be identified at birth using maternal antibody
titers, DAT and CBB. Early diagnosis with enhanced surveillance will help in optimum utilization of
healthcare.
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INTRODUCTION

yperbilirubinemia occurs in more

than 60% of healthy infants during

the first week of life, with peaks

usually being noted on days 3-5,

and resolves within 7-10 days of
age (1-3). Early discharge of newborns on days
1-2 after birth makes it more difficult to identify
those who are at risk of severe hyperbilirubine-
mia and also leads to a higher readmission rate.
The American Academy of Pediatrics (AAP) en-
lists blood group incompatibility and positive di-
rect antiglobulin test (DAT) as a major risk factor
for severe hyperbilirubinemia (4).

ABO hemolytic disease of the newborn
(ABO HDN) is currently the most common cause
of neonatal jaundice due to feto-maternal blood
group incompatibility (5). Approximately 50% of
babies with ABO HDN do not require any treat-
ment. Of the remaining 50% newborns, half of
them become severely jaundiced, and 90% of
them will die without treatment, while 10% will
develop kernicterus (6). It was in every 10" new-
born that ABO incompatibility manifested as a
hemolytic disease requiring treatment. The AAP
recommends that follow up should be provided
in two to three days of discharge if the neonate is
discharged within 48 hours after birth (4). Com-
pliance with this advice may not be easy, particu-
larly in rural or lower socioeconomic areas. Neo-
natal hyperbilirubinemia owing to ABO incom-
patibility is also considered to be the most com-
mon cause of readmission within initial days of
discharge (5). The prediction of significant hy-
perbilirubinemia at birth offers an attractive op-
tion to identify neonates at risk and reduces hos-
pital stay for healthy neonates.

Screening practices for ABO HDN vary glo-
bally and are influenced by the healthcare infra-
structure, regional healthcare priorities and re-
source availability. Advanced immunohema-
tological tests, including maternal antibody titra-
tion, direct antiglobulin test (DAT) and elution
testing, are essential for accurate diagnosis.
However, these tests are often inaccessible in
lower socioeconomic regions due to limited re-
sources and inadequate laboratory facilities.
Consequently, ABO-HDN is frequently underre-
ported and misdiagnosed as physiological jaun-
dice during its early stages, which delays appro-
priate treatment and management.
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This study aimed to determine the incidence
of ABO HDN and to provide early diagnostic
evidence for predicting the occurrence of neo-
natal ABO hemolytic disease using biochemical
and immuno-hematological tests. 1

MATERIALS AND METHODS

his prospective observational study was con-

ducted in the Department of Transfusion
Medicine of a tertiary care hospital and teaching
institute in Mumbai, India, over a period of one
year. The study was approved by the Institutional
Ethical Committee. Two hundred healthy
full-term (38 weeks of pregnancy) A or B blood
group newborns born to blood group O mothers
were prospectively enrolled in our study after
taking their mothers’ informed consent. Confi-
dentiality of participant data was maintained at
all levels. Demographic details were collected
from the mother. Neonates with a hemolytic
condition other than ABO incompatibility, posi-
tive maternal history of autoimmune diseases,
low birth weight neonates (<2.5 kg), significant
illness requiring neonatal intensive care unit
(NICU) admission, major congenital malforma-
tions and unavailability of the sample were
excluded from the study.

Pregnant women admitted for labour were
routinely tested for ABO and Rh blood grouping
(tube technique) and antibody screening [indi-
rect antiglobulin test (IAT)] by column agglutina-
tion technique using the commercially available
polyspecific AHG cassette from Bio-Rad Labora-
tories, CA, USA) in our center. O Rh ‘D’ positive
and IAT negative maternal blood samples were
preserved in view of further testing. As a routine
protocol, cord blood samples were tested for
ABO and Rh blood groups. For babies born to O
positive mothers whose blood group was found
to be A/B Rh ‘D’ positive, the direct antiglobulin
test (DAT) by column agglutination technique
and cord blood bilirubin (CBB) estimation were
done. Total serum bilirubin (TSB) was measured
at 72 hours of life. For bilirubin estimation, Diazo
method was performed in the Biochemistry de-
partment. Maternal serum anti-A and anti-B 1gG
titers were measured by the tube technique
using dithiothreitol (DTT) (7). Significant hyper-
bilirubinemia was defined as total serum biliru-
bin (TSB) was > 95th percentile on a TSB nomo-
gram (4). For this study purpose, TSB = 15 mg/dL
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at 72 hours of life was considered significant hy-
perbilirubinemia and ABO incompatible new-
borns born to blood group O mothers having
significant hyperbilirubinemia were considered
to have ABO HDN.

Fo the statistical analysis, Microsoft Excel
2013 (Microsoft Corporation, NY, USA) and SPSS
statistical computer software (version 22) were
used. Comparison of group differences for quan-
titative variables was calculated using indepen-
dent t-test and categorical variable by Chi-square
test. Corelations between quantitative variables
were computed by Pearson’s correlation coeffi-
cient. To find the efficacy and cut-off values for
various predictors of neonatal jaundice, receiver
operating characteristic (ROC) curve analysis was
done. To evaluate the relative importance of pre-
dictors for phototherapy (PT) logistic regression
was used. A logarithmic scale was used for anti-
body titre in tests and regressions. All tests were
two-sided. P-values < 0.05 were considered sig-
nificant. 1

RESULTS

total of 2184 O Rh ‘D’ positive women were

delivered during the study period. Among
these, 394 (18%) had neonates with blood group
A or B. Two hundred mother-neonate pairs were
enrolled in the present study after fulfilling the
inclusion and exclusion criteria. One hundred
and ninety-four mother-neonate pairs were
excluded for various reasons as follows: 82 due

for congenital malformations, 17 for NICU ad-
mission, 24 for non-availability of samples and
13 for other causes (Figure 1). Among study popu-
lation, O-A group incompatibility accounted for
46% (n=92) and O-B group incompatibility for
54% (n=108). Among male subjects, 23%
(n=46) had O-A and 34% (n=68) O-B incom-
patibility, while among female subjects both in-
compatibilities were found in 23% (n=46) and
20% (n=40) of subjects, respectively, with a
P-value of 0.06. Primigravida had a significantly

-

O Rh Pos mothers delivered
during the study period

(2184)

Neonates with
blood group O
(1790) 82%

Neonates with
blood group A/B
(394) 18%

I
[ 1

Study participants Excluded
200 (194)

\

Consent not given: 82
Low birth weight: 55

Congenital malformation: 3

NICU admission: 17

Non-availbility of sample: 24

Other causes: 13

=/

to lack of consent, 55 for low birth weight, three FIGURE 1. Inclusion and exclusion algorithm

* P-value < 0.05 is considered statistically significant,

TABLE 1. Baseline characteristics of study

— O-A OB

Characteristics (“u:z 00) incompatibility | incompatibility | P-value | population
92 (46%) 108 (54%)

Male n (%) 114 (57%) 46 (23%) 68 (34%) -

Female n (%) 86 (43%) 46 (23%) 40 (20%) '

Primigravida n (%) 120 (60%) 46 (23%) 74 (37%) —

Multigravida n (%) 80 (40%) 46 (23%) 34 (17%) “

Birth weight (kg) (mean + SD) | 2.85 + 0.31 286+ 031 2.84+0.29 0.57

Cord blood bilirubin (mg/dL) | 5 56, 674  [2.27+0.70 2254076 0.83

(mean £+ SD)

Cord hemoglobin (gm %) 1558+ 1.14 | 15.58+1.13 1558 +1.15 0.90

(mean + SD)

Antibody titer geometric mean | 47 16 7048y | 286 (16-1024) | 213 (16-2048) | 0.1

(min-max)

Bilirubin at 72 hours (mg/dL) | ) 33,509 |[10822277 |1L76+295 |o0.02*

(mean + SD)
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DAT DAT Significant Non-significant TABLE 2. Clinical
Characteristics positive negative P-value | hyperbilirubinemia | hyperbilirubinemia | P-value | characteristics of neonate
38(19%) | 162 (81%) 20 (10%) 180 (90%) in relation to direct

Bloodgrowp A 1 1819.56) |74 80.43) 08 (8.69) 84 (91.3) antiglobulin test and

IIIBI(o:)zi roup B 0.85 0.64 phototherapy

8 (%) b 20 (18.51) | 88(81.48) 12(11.11) 96(88.89)

Birth weightinkg | 586, 029 |285+03 [088 |284+028 2.85+0.3 0.86

(mean £ SD)

Cord blood

bilirubin (mg/dL) |29+084 211062 | %9 3481051 2.12£0.62 0.000%

(mean + SD)

Bilirubin at

72 hours (mg/dL) | 13.54+4.07 | 10.8+2.28 [ 99%% | 16.85+2.25 1071 +£2.25 0.900*

(mean + SD)

Antibody titer s06+491 |186+221 |%000% | 7554 539 190 + 221 0.000*

fgeometric mean

Phototherapy 0.000*

8(%) 17(85) 03(15)
*P-value < 0.05 is considered statistically significant. DAT=direct antiglobulin test.

higher rate of O-B incompatibility Compared to Titer DAT positive | Phototherapy | Total | TABLE 3. Relationship
multigravida (P= 0.008). Birth weight, cord blood n (%) n (%) n (%) | between antibody titer,
bilirubin, cord hemoglobin and antibody titer le- =54 180.3) 0(0) 86 (43) | direct antiglobulin test and
Lo . 128 [4(1L11) 2(5.55) 36 (18) | photothera

vels showed no significant differences between 356 4 (12 2(625) 32(16) p 124
the study groups. However, bilirubin levels at |512 |14 (43.75) 8 (25) 32 (16)

72 hours were significantly higher in the O-B in- {1024 1 6(50) 5(0) Lz (o)

o 2048 | 2 (100) 2 (100) 02 (01)

compatibility group (P-value 0.02) (Table 1). Total | 38 (19) 20(10) 200

The incidence of ABO HDN was 10% (n=20).
In the present study, all neonates with ABO HDN
received PT. No baby underwent exchange
transfusion or IVIG treatment. Male subjects
(10.52%, n=12) were slightly more affected than
female ones (9.30%, n=8) (p=0.336). Of the
20 newborns with significant hyperbilirubine-
mia, eight subjects were A Rh ‘D’ positive and
12 subjects B Rh ‘D’ positive. Bilirubin at
72 hours was significantly higher in blood group B
(11.76 mg/dL) neonates than blood group A
ones (10.82 mg/dL) (p=0.02). No significant dif-
ference was found in antibody titer and CBB be-
tween blood group A and B neonates.

The clinical characteristics of neonates in re-
lation to significant hyperbilirubinemia requiring
PT and DAT status are summarised in Table 2.
Among the 200 participants, 19% (n=38) were
DAT positive and 81%(n=162) DAT negative.
Blood group A and B distributions were similar
between DAT positive and negative groups, with
no significant differences being found. Birth
weight showed no significant differences across
groups. However, cord blood bilirubin and bili-
rubin levels at 72 hours were significantly higher
in DAT positive and PT groups, indicating a high-
er risk of jaundice. Antibody titers were also sig-
nificantly higher in DAT positive and PT groups.

DAT=direct antiglobulin test.

The majority of neonates requiring PT were DAT
positive.

The relationship between maternal antibody
titer with DAT and requirement of PT is shown in
Table 3. Among the study population, 19%
(n=38) were DAT positive and 10% (n=20) re-
quired PT. As the titer levels increased, the pro-
portion of DAT positive and neonates requiring
PT also increased, which indicated a strong cor-
relation between high antibody titers and the
need for clinical intervention. The number of
neonates receiving PT increased abruptly from
antibody titers = 512. We found a moderate
correlation of PT with CBB (r= .55, P<.00) and
DAT (r=.56, p<.00). We also found a moderate
correlation between antibody titer and photo-
therapy (r=.43, p<.00).

Logistic regression analysis showed that there
is a significant influence of CBB, antibody titre
and DAT on the probability of neonate receiving
phototherapy [x*(5) =89.09, p<0.001]. The
model explained 75.2% variance in photothera-
py (Negelkerke R2) and was able to identify 98%
of cases accurately. The sensitivity and specificity
of the model was 80% and 100%, respectively.
The results showed that for every unit increase in
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Characteristics B (95% CI) SE (B) | Wald chi-square test | Odds ratio | TABLE 4. Results of logistic
Log titre 2.954 (1.76, 208.56)* | 1.217 | 5.891** 19.192 regression analysis

Cord DAT -2.229 (.02, .58) 863 6.6697 108

Cord blood bilirubin | 2.578 (3.02, 57.37) 751 11.7991% 13.176

Cord hemoglobin | -.018 (.34, 2.85) 543 | .001 982

Birth weight -487 (.02, 19.15) 1.755 |.077 615

Constant -13.903 10,446 | 1.771 000

Cl=confidence interval; SE=standard error; DAT=direct antiglobulin test.
Omnibus test: y2 (5) = 89.09, p <.001; R’= 359 (Cox & Snell); .752 (Negelkerke).
*95% CI for the exponentiation of the B coefficient [Exp(B)]; ** p<.05; Tp <.01; 1 p<.001.

.

05

BN

D —— ==

06l

Sensitivity
&
1

=
rl

o3[

= Log Ture, AUC =0.887
—=CBB, AUC =0.945
""" DAT, AUC =0.567
~——FREFERENCE LINE

T T T T
o0 ] 02 a3 04 05 06
k 1 - Specificity

FIGURE 2. predicting the risk of ABO HDN requiring
phototherapy (PT). Maternal antibody titer (log),

CBB and DAT as test variables and PT group as state
variable (Reference no PT group); ROC=receiver
operating characteristic curve; AUC=area under curve.

log antibody titer and CBB, the odds for recei-
ving PT were 19.19 and 13.17 times, respective-
ly (Table 4). Sensitivity and specificity of maternal
IgG anti-A/-B titers for predicting significant hy-
perbilirubinemia are shown in the form of a
ROC curve (Figure 2). Titers of = 512 showed
80% sensitivity and 83% specificity to predict
significant hyperbilirubinemia. Similarly,
CBB = 2.75 mg/dL predicted significant hyper-
bilirubinemia with 85% sensitivity and 83%
specificity (Figure 2). 4

DISCUSSION

he diagnosis of ABO HDN depends on clini-
cal, serological and biochemical findings in
the newborn. Early diagnosis and intervention at
the proper time is necessary to prevent its ad-
verse outcome. We found that in ABO-incom-
patible neonates there was a strong association

between the level of maternal IgG antibody titre,
CBB, DAT and significant hyperbilirubinemia.

In the present study, the incidence of ABO
incompatibility and ABO HDN was 18% and
10%, respectively, which was in accordance to
previous studies (8, 9). We did not find a signifi-
cant difference between A and B group neonates
with regard to antibody titer, CBB, DAT and PT.
However, we found a significantly high 72-hour
bilirubin level in blood group B neonates. The
literature is inconsistent about the degree of he-
molysis and incidence and severity of hyperbili-
rubinemia among O-A and O-B pairs (8, 10).

Maternal serum IgG anti-A (B) titer is one of
the important early predictors of ABO HDN that
is used as one of the prenatal diagnostic tests.
Our study showed that the percentage of ABO
HDN gradually escalated with increasing mater-
nal IgG anti-A/B titer, which has been also proved
by the correlation analysis. We found that anti-
body titer levels = 512 markedly predicted an
increased risk of ABO HDN, which was in ac-
cordance with the results of a meta-analysis done
by Li P (11). Different authors have used dif-
ferent cut-off values of antibody titer for predict-
ing significant hyperbilirubinemia. Mahfood
et al identified anti-A/B antibody titers = 64 as
risk factors for HDN, while Bakkeheim et al
demonstrated that titers = 512 had 90% sensi-
tivity and 72% specificity for predicting severe
hyperbilirubinemia (12, 13). We also found that
neonates whose mothers had antibody titers of
> 512 were 19 times more likely to receive PT
compared to those with titers of < 512. A similar
study done by N Kadri revealed that when ma-
ternal antibody titers were >256, the risk of de-
veloping potential jaundice became 18 times
higher (14). This variability in cut-off titers may
be attributed to differences in study populations
and timeline of sampling and methodology of
antibody titer. Hence, the need for institutional
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policy to define the cut-off value becomes more
important.

CBB measures in utero hemolysis and can be
used as biomarkers for significant hyperbilirubi-
nemia secondary to HDN. Our study showed
that CBB was a useful predictor of subsequent
hyperbilirubinemia. We found that cut-offs of
CBB = 2.75 mg/dL had 85% sensitivity and 83%
specificity for significant hyperbilirubinemia. We
also found a strong positive correlation between
PT and CBB. A prospective study conducted by
Satrya et al found that CBB cut-off values of
> 2.54 mg/dL had 90% sensitivity and 85%
specificity (15). Similarly, Calkins et al reported a
cut-off value of 2.05 mg/dL with 80% sensitivity
and 78% specificity for predicting phototherapy
(16). Different authors have used different CBB
cut-off values for prediction of significant hyper-
bilirubinemia. This variability can be due to vari-
ation in study populations, laboratory individua-
lity, etc.

Direct antiglobulin test is one of the impor-
tant diagnostic tests for immune HDN (17). It is
generally weakly positive or negative, so the in-
terpretation of DAT results in ABO HDN is usu-
ally difficult (18). A negative DAT does not rule
out ABO HDN. Some institutions have imple-
mented routine DAT as a cost-ineffective strate-
gy, but clinical guidelines do not support it. The
AAP recommends that if the maternal blood
group is O Rh-positive, testing cord blood for the
infant’s blood group and DAT is optional (4). In
the present study, the incidence of DAT positivity
was 19%. Previous studies reported an incidence
of DAT positivity of about 5-31% in ABO-incom-
patible neonates (18, 19). The risk of significant
hyperbilirubinemia increases with positive DAT
in ABO-incompatible neonates. In the present
study, 85% of all neonates who received PT had
a positive DAT. On logistic regression, we ob-

served that DAT positivity significantly was influ-
encing the need for phototherapy. However,
Dinesh et al found a positive predictive value of
DAT as low as 23% (19). CBB, DAT and antibody
titer can be readily available, low cost and
non-invasive for the neonate. These screening
test setups will be an ideal option for early pre-
diction of ABO HDN.

The limitations of our study included the
small sample size and the facts that preterm neo-
nates were excluded from the study and patients
were not followed-up on the long-term, so that
other complications might have been missed.
Therefore, larger studies are required to confirm
the current findings and applicability of these
screening tests for clinical use.

CONCLUSIONS

n a nutshell, management of ABO HDN entails

coordination between clinicians (obstetricians
and pediatricians) and transfusion medicine spe-
cialists to devise a standard protocol for long
term benefits of neonates. If the maternal anti-
body titers were = 512 and CBB = 2.75 mg/dL,
the risk for having ABO HDN in the neonate rose
19 and 13 times, respectively. Active antenatal
screening with close follow-up of high titre group
O mothers may be recommended. The neonates
at risk of jaundice should be identified at birth
and kept under observation for the occurrence
of jaundice and prompt intervention. Early di-
sease prediction and timely intervention will
lead to an optimum utilization of healthcare re-
sources and to reduced healthcare costs. This
will also help the administrators to plan the infra-
structure required for advanced immunohema-
tology testing.

Conflicts of interest: none declared.
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