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Abstract:

Background: ABO incompatibility frequently leads to neonatal hyperbilirubinemia, which may escalate to
pathological jaundice, necessitating phototherapy or exchange transfusion. Timely identification of predictors
linked to severe hemolysis can facilitate prompt intervention and avert complications such as kernicterus.
Objective: To ascertain clinical and laboratory predictors of pathological jaundice in neonates with ABO
incompatibility admitted to a tertiary care facility.

Methods: This retrospective observational study was carried out over 24 months at NSMCH, Bihta, Patna,
involving 100 neonates diagnosed with ABO incompatibility. Comprehensive maternal and neonatal histories
were documented. Laboratory parameters including blood group, serum bilirubin levels, reticulocyte count,
hematocrit, and direct Coombs test (DCT) were evaluated. The neonates were divided into two categories: those
who developed pathological jaundice and those who did not. Statistical analysis was conducted to identify
significant predictors.

Results: Among 100 neonates with ABO incompatibility, 46% exhibited pathological jaundice. Key predictors
comprised positive DCT (p < 0.01), increased reticulocyte count >5% (p < 0.05), and total serum bilirubin >15
mg/dL within the initial 72 hours (p < 0.01). Additional contributing factors comprised early onset jaundice (less
than 24 hours), low birth weight, and the presence of cephalhematoma. No substantial correlation was identified
with maternal parity or gestational age.

Conclusion: DCT positivity, elevated reticulocyte count, and early onset of jaundice are significant indicators of
pathological jaundice in ABO-incompatible neonates. These findings underscore the necessity for vigilant
surveillance and prompt intervention in at-risk neonates to avert severe hyperbilirubinemia and its associated
complications.

Keywords: ABO Incompatibility, Neonatal Jaundice, Pathological Jaundice, Hyperbilirubinemia, Direct Coombs
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Introduction

Neonatal jaundice is a prevalent clinical condition
observed in the early neonatal period, impacting
approximately 60-80% of term neonates and 80—
90% of preterm neonates [1]. Although the majority
of cases are benign and self-resolving, a minority
advances to pathological jaundice, frequently
requiring intensive treatment such as phototherapy
and, in certain instances, exchange transfusion [2].
Prompt identification of at-risk neonates is essential
to avert complications like acute bilirubin
encephalopathy and kernicterus, both linked to
enduring neurodevelopmental impairments [3].
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ABO blood group incompatibility between the
mother and fetus is one of the most prevalent non-
infectious, immune-mediated  etiologies  of
pathological jaundice. ABO incompatibility arises
when a mother with blood group O carries a fetus
with group A or B, resulting in maternal IgG anti-A
or anti-B antibodies traversing the placenta and
triggering hemolysis in fetal red blood cells.
Nonetheless, not all ABO-incompatible neonates
experience substantial hemolysis or
hyperbilirubinemia, and the clinical severity exhibits
considerable variability.
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Pathological jaundice is characterized by the onset
of jaundice within the first 24 hours of life, a rapid
increase in bilirubin levels exceeding 5 mg/dL per
day, or total serum bilirubin surpassing age- and
weight-specific thresholds. Forecasting which
neonates with ABO incompatibility will advance to
pathological bilirubin levels presents a clinical
challenge. Multiple factors—such as a positive
direct Coombs test (DCT), increased reticulocyte
count, decreased hematocrit, and early elevation of
bilirubin—have been suggested as potential
predictors, yet the findings across studies remain
inconsistent [7,8].

The direct antiglobulin test (DAT/DCT) is regarded
as a crucial diagnostic indicator of hemolysis;
however, it possesses limitations in sensitivity and
specificity regarding ABO incompatibility [9].
Numerous studies have indicated negative direct
Coombs test results in hemolytic neonates with
pronounced hyperbilirubinemia, necessitating the
assessment of supplementary markers including
reticulocytosis, hematocrit levels, and bilirubin
kinetics [10]. Furthermore, the existence of clinical
risk factors such as low birth weight,
cephalhematoma, and prematurity exacerbates the
risk of pathological jaundice.

In India, hyperbilirubinemia continues to be a
primary cause of preventable neonatal morbidity,
particularly in resource-constrained environments
where delayed presentation and insufficient
monitoring  lead to  adverse  outcomes.
Comprehending local epidemiology and risk
determinants is crucial for prompt diagnosis and
focused interventions.

This research was performed at NSMCH, Bihta,
Patna, aiming to assess clinical and laboratory
indicators of pathological jaundice in neonates with
verified ABO incompatibility. By identifying
critical risk factors, we seek to enable risk
stratification, prompt therapeutic decisions, and
enhanced neonatal outcomes in this high-risk cohort.

Materials and Methods

Study Design and Setting: This was a retrospective
observational study carried out over a 24-month
duration at the Neonatal Intensive Care Unit (NICU)
of Netaji Subhas Medical College & Hospital, Bihta,
Patna. The research sought to determine the
predictors of pathological jaundice in neonates
diagnosed with ABO incompatibility.

Study Population: Neonates diagnosed with ABO
incompatibility and admitted to the NSMCH, NICU.

Inclusion Criteria

e Neonates delivered at >35 weeks of gestation

e  Birth weight >2000 grams

e  Maternal blood type O and neonate with blood
type A or B
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e Serum bilirubin assessed within the initial 72
hours of life

Exclusion Criteria

e Rhincompatibility or other hemolytic disorders
(e.g., GOPD deficiency)

e Significant congenital anomalies

e Neonates diagnosed with sepsis or metabolic
disorders

e  Prematurity at less than 35 weeks gestation

Data Collection: Maternal and neonatal data were
recorded from files utilizing a structured proforma,
encompassing:

e Maternal variables: age, parity, blood type

e Neonatal variables: sex, gestational age, birth
weight, Apgar score, delivery method

e Duration until the manifestation of jaundice
(<24 hours or >24 hours)

e Presence of cephalhematoma, contusions, or
hepatosplenomegaly Requirement for
phototherapy or exchange transfusion

Laboratory analyses encompassed:

Total and direct serum bilirubin (TSB)
Hemoglobin and hematocrit

Reticulocyte count

Direct Coombs test (DCT)

Peripheral blood smear to detect indications of
hemolysis

Definition of Pathological Jaundice

Pathological jaundice was identified according to
any of the subsequent criteria:

e Occurrence within the initial 24 hours of life

e Total serum bilirubin (TSB) exceeding 15
mg/dL in term neonates

e Increase in bilirubin levels surpassing 5 mg/dL
within 24 hours

e Clinical indication for phototherapy according
to AAP nomograms

Statistical Analysis: Following the entry of all of
the data into Microsoft Excel, SPSS version 25.0
was used to perform the analysis. Metrics such as
means, percentages, and standard deviations were
utilized in the presentation of descriptive statistics.
In cases where it was appropriate to do so, the Chi-
square test and the Student's t-test were utilized in
order to evaluate the correlation between clinical
and laboratory variables and pathological jaundice.
When the p-value was less than 0.05, it was deemed
to be statistically significant.

Results

Demographic and Clinical Profile: Among the 100
neonates diagnosed with ABO incompatibility:

e  Gender distribution: 58% male, 42% female
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Mean birth weight: 2.84 + 0.42 kg

Gestational age: Mean 38.2 + 1.1 weeks

Onset of jaundice within 24 hours: 36%
Cephalhematoma observed: 18%

Low birth weight (<2500 g): 20%

Pathological jaundice occurred in 46 neonates
(46%).

Laboratory Findings

e Positive direct Coombs test (DCT): 28 percent

e Increased reticulocyte count (>5%): 24%

e Total serum bilirubin exceeding 15 mg/dL
within 72 hours: 32%

e Hemoglobin <13 g/dL: 21%

e  Peripheral smear demonstrating spherocytosis
or anisopoikilocytosis: 40%

Predictors of Pathological Jaundice
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Of the 46 neonates who exhibited pathological
jaundice, the following associations were
statistically significant (Table | and Figure 1):

e Positive DCT: Observed in 24 out of 28
individuals with jaundice (p < 0.01)

e Reticulocyte count exceeding 5%: Observed in
19 out of 24 individuals with jaundice (p <0.05)

e Serum bilirubin levels exceeding 15 mg/dL
within 72 hours were observed in 30 out of 32
jaundiced cases (p < 0.01)

e Jaundice onset within 24 hours: Detected in 31
out of 36 jaundiced neonates (p < 0.01)

Additional variables such as low birth weight (p =
0.07) and cephalhematoma (p = 0.08) exhibited
elevated risk trends, yet lacked statistical
significance.

Table 1: Predictors of Pathological Jaundice in ABO-Incompatible Neonates

Predictor Patients with | Associated with | p-value
Predictor (n) Pathological Jaundice (n)

Total Serum Bilirubin >15 mg/dL in first 72 hrs | 32 30 <0.01

Onset of Jaundice < 24 hrs 36 31 <0.01

Low Birth Weight (<2500 g) 20 16 0.07

Presence of Cephalhematoma 18 14 0.08
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Figure 1: Predictive Value of Risk Factors for Pathological Jaundice

Clinical Outcomes

e Phototherapy was necessary for 93% of
neonates with pathological jaundice.

e Exchange transfusion was conducted in 3% of
instances.

e No cases advanced to kernicterus or
necessitated intensive care beyond 7 days.
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Discussion

This study delineates the principal predictors of
pathological jaundice in neonates experiencing
ABO incompatibility, underscoring the significance
of prompt identification and focused surveillance.
Approximately 46% of the neonates in our study
exhibited pathological jaundice, aligning with
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findings from tertiary centers in India and
internationally [11,12]. The primary predictors
included a positive direct Coombs test (DCT), an
elevated reticulocyte count, early onset jaundice
(within 24 hours), and serum bilirubin levels
exceeding 15 mg/dL within the initial 72 hours.

The direct Coombs test, while a standard indicator
of immune hemolysis, exhibited significant
predictive value in our cohort. Approximately 86%
of neonates exhibiting a positive Direct Coombs
Test (DCT) developed pathological jaundice (p <
0.01), corroborating earlier research by Kaplan et al.
and Tiker et al., which identified DCT as both a
diagnostic and prognostic indicator in hemolytic
disease resulting from ABO incompatibility [13,14].
It is important to recognize that DCT may yield
negative results in certain hemolytic neonates,
requiring the assessment of supplementary
hematological parameters.

Reticulocytosis (>5%), a key indicator of active
hemolysis, demonstrated a significant association
with pathological jaundice in our study (p < 0.05).
This corresponds with research conducted by
Klinger et al. and Ree et al., which highlighted the
reticulocyte count as a sensitive, early marker of
erythrocyte destruction [15,16]. An increased
reticulocyte count, coupled with an early rise in
bilirubin levels, should prompt consideration of
severe hemolysis, even in the absence of a positive
Direct Coombs Test (DCT).

Our data also validated the prognostic significance
of serum bilirubin kinetics. Neonates with total
serum bilirubin levels exceeding 15 mg/dL within
72 hours were significantly likely to necessitate
phototherapy or exchange transfusion (p < 0.01).
Bhutani et al. developed hour-specific bilirubin
nomograms to assess this risk, and analogous
models have been implemented in Indian NICUs
[17]. Timely bilirubin assessment is crucial for
detecting at-risk neonates prior to the exacerbation
of clinical symptoms.

Notably, low birth weight and cephalhematoma
correlated with increased jaundice rates, although
the results did not achieve statistical significance.
This may result from limitations in sample size or
the concurrent presence of other more potent
predictors. However, clinical vigilance is necessary,
as these factors are recognized to hinder bilirubin
clearance and lead to pronounced
hyperbilirubinemia [18].

The lack of correlation with maternal parity or
gestational age suggests that neonatal factors are
more significant than maternal variables in
predicting outcomes in ABO incompatibility. This
underscores the necessity for early neonatal risk
stratification, rather than dependence solely on
antenatal history [19].
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Clinical Implications: The results endorse regular
screening for direct Coombs test and reticulocyte
count in all ABO-incompatible neonates, alongside
vigilant observation of bilirubin trends within the
initial 72 hours. Neonatal Intensive Care Units
should prioritize neonates exhibiting early-onset
jaundice for prompt intervention to mitigate the risk
of bilirubin neurotoxicity.

Conclusion

This study illustrates that a positive direct Coombs
test, increased reticulocyte count, early onset
jaundice, and elevated serum bilirubin within the
initial 72 hours are robust and statistically
significant indicators of pathological jaundice in
neonates with ABO incompatibility. These factors
can act as early warning signals for neonatologists
and pediatricians to commence prompt phototherapy
or intensify care, thereby averting the advancement
to bilirubin encephalopathy or the necessity for
exchange transfusion.

Although birth weight and cephalhematoma
correlated with an elevated risk, their predictive
significance was not statistically substantial in this
cohort. The research underscores the necessity for
regular laboratory surveillance of vulnerable
neonates, particularly within the initial 72 hours of
life, concentrating on DCT and reticulocyte count.

In resource-constrained environments, risk-based
screening protocols must be implemented,
prioritizing neonates exhibiting early jaundice and
positive direct Coombs test for enhanced monitoring
and intervention. These findings may facilitate the
creation of more efficacious, evidence-based clinical
algorithms for the management of ABO-
incompatible neonates.
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