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Abstract

Background: Neonatal indirect hyperbilirubinemia is a common disorder in newborns of multifactorial etiologies with different presenting
symptoms. Severe jaundice may cause kernicterus, and multiple metabolic disturbances.

Objective: To understand the importance of direct coombs test (DCT) and other risk factors in determining the severity and the prognosis of
jaundice.

Methods: This is a retrospective study over a 1-year period extending from July 2018 till June 2019. All newborns admitted to the neonatal
intensive care unit ata tertiary healthcare center in South Lebanon; with the diagnosis of neonatal hyperbilirubinemia were recruited in the study.
Demographic data, laboratory results and the clinical courses of participant’s newborns were recorded. SPSS was used to carry out statistical
analyses.

Results: 119 newborns were successfully enrolled in the present study, ABO incompatibility especially O-A, was the most common cause for
indirect hyperbilirubinemia (31%). It was also associated with the highest encounter of positive coombs test (31%) results compared to other
types of ABO incompatibility (20%). Cases of rhesus incompatibility were associated with higher total and indirect bilirubin peak level; longer
hospital stay and longer duration of phototherapy (150.00 + 55.68 Vs 88.17 + 37.37 hours). Jaundice with NDCT was associated with urinary
tract infection.

Conclusion: Neonatal jaundice should be well investigated to determine the exact etiology and its underlying pathology that will clarify the
prognosis, mode of treatment and its economic burden. Urinary tract infection or sepsis remain possible causes of neonatal jaundice when an
unidentified cause for the jaundice is identified.
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Introduction
bilirubin level that causes bilirubin to accumulate in the tissues

(hyperbilirubinemia), encompassing the skin and mucous
membranes [1]. Babies with pale skin tones are expected to exhibit

One of the most prevalent clinical manifestations in newborns
is neonatal jaundice. In infants, jaundice manifests as a yellow
coloring of the skin and sclera, signifying an elevated blood
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jaundice atbilirubinlevels ofapproximately 90 umol/L[1].Jaundice
affects 60% of term babies and 80% of preterm babies during the
first week of life. At one month of age, 10% of breastfed babies
still have jaundice [2]. There are two different types of neonatal
hyperbilirubinemia; the unconjugated hyperbilirubinemia
(UHB) and the conjugated hyperbilirubinemia (CHB). Although
high levels of unconjugated bilirubin can infrequently result in
kernicterus, which is lifelong brain damage, newborn jaundice is
usually not harmful [3]. Additionally, jaundice may indicate a more
serious liver problem, such as biliary atresia, for which treatment
before the patient is six weeks’ old improves the prognosis [4].
The primary obstacle is to distinguish between the majority of
babies whose jaundice will be harmless and the rare infant whose
severe jaundice could result in bilirubin encephalopathy and
kernicterus [5]. To enhance result, it is also critical to diagnose
biliary atresia in newborns with conjugated hyperbilirubinemia
as soon as possible. When biliary atresia is surgically corrected in
infants before 6 weeks of age, the prognosis is significantly better
than when the condition is diagnosed later [5].

In the absence of associated risk factors such as: hemolysis,
sepsis, birth trauma or prematurity, it usually resolves within 3-5
days without significant complications, and this is referred to as
physiologic neonatal jaundice [6,7]. However, epidemiological
evidence suggests that severe neonatal jaundice results in
substantial morbidity and mortality [8]. It has been recognized as
a significant cause of long-term neurocognitive and other severe
sequelae such as: cerebral palsy, auditory neuropathy, deafness
and learning difficulties [9]. Treatment of any underlying illness
and effective use of phototherapy, which can safely lower bilirubin
amounts in most cases, depend on the early detection of jaundice

[9]-

The role of positive Direct Coombs Test (DCT) in prediction
of severity of hemolysis in cases of neonatal jaundice is not very
well established. While the American Academy of Pediatrics (AAP)
in its 2004 Clinical Practice Guideline considers positive DCT as
a major risk factor for severe hyperbilirubinemia and bilirubin
neurotoxicity [10,11], other publications regard it as weakly
predictive of hyperbilirubinemia [12,13].

The aim of this study is to investigate the role of positive
DCT in the assessment of full-term newborns with indirect
hyperbilirubinemia and its implication in case management,
duration of hospital stays and prognosis. This would be translated
practically by early detection and tracking of babies at risk, and
by taking extreme precautions especially for the primary care
physician to know which newborn will be predisposed to develop
an early onset jaundice with neonatal hemolytic anemia that could
be a life-threatening complication. So, a close clinical follow-up
with determination of serum bilirubin level before and or after
his hospital discharge will be encouraged to prevent its adverse
effects. On the other hand, the validation of international results
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with the Lebanese result is a requirement to confirm the use of
different risk factors to develop severe neonatal jaundice, and to
issue the Lebanese guidelines.

Materials and Methods
Population and Study design

We retrospectively enrolled and studied newborns admitted
to the neonatal intensive care unit of a tertiary care teaching
hospital, Sheikh Ragheb Harb University Hospital (SRHUH), Toul,
Lebanon; with the diagnosis of Neonatal Hyperbilirubinemia
treated with phototherapy during a 1-year period extending from
July 2018 till June 2019.

Inclusion criteria were full term newborns 236 weeks’
gestational age and less than 10 days old whose birth weight
(BWT) = 2500g with indirect hyperbilirubinemia requiring
phototherapy. Exclusion criteria were newborn babies less than
36 weeks’ gestational age, older than 10 days, less than 2500
grams BWT, syndromic newborns or with multiple malformations,
or those with cholestatic jaundice.

Demographic data included gestational age, gender, birth
weight, feeding method, mode of delivery and family history of
jaundice were collected. In addition, laboratory data including
blood group and Rh type of mother and neonate, serum Total,
direct and indirect bilirubin levels and its maximum level (peak),
DCT, reticulocyte count, C-Reactive Protein (CRP) were collected
and considered to determine the etiology of the jaundice and its
risk factors. The effect on total days of hospitalization and number
of hours of phototherapy needed was recorded.

Ethics Statement

The present study was given approval by the Sheikh Ragheb
Harb University Hospital’s (SRHUH) Institutional Review Board
(IRB): IRB23RP29. To conduct the study, prior informed consent
from the care giver was waived due to the analytical nature of
the study. Patients’ complete anonymity was protected, and strict
confidentiality was adhered to.

Statistical Analysis

The statistical analyses were performed using the SPSS
(IBM Corp., Released 2013, SPSS Statistics for Windows Version
22.0, Armonk, NY, USA). This software was used as well for data
management and cleaning. Quantitative variables were tested
for normality distribution using the Kolmogorov-Smirnov test.
Categorical and normally distributed continuous variables
were expressed as frequencies and mean * standard deviation,
respectively. Patients’ demographic and clinical characteristics
among the two studied groups were tabulated. Baseline
comparisons between groups were performed using the Mann-
Whitney U test. T-tests were used if data were normally distributed.
The Chi-square test assessed any significant difference between
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the categorical variables. The significance level was setat P < 0.05
for all statistical analyses.

Results

The total number of neonates admitted to the neonatal
intensive care unit for jaundice during the one-year period was
170 cases. After applying the inclusion and exclusion criteria, 51
patients didn’t meet the inclusion criteria. 119 cases remained.

Out of these 119 patients 46.2% (n=55) were males, and 53.8%
were females. 19.3% (n=23) of the participant’s newborns were

positive for DCT. Considering maternal history, 61.3% (n=73) of
mothers were multiparous with 42.9% (n = 51) of newborns were
born by vaginal delivery and 57.1% (n=68) by cesarean section.
Only 8.4% (n = 10) of newborns in this study were breastfed.
According to Table 1, newborns females were tested positive more
than newborns males (P < 0.001). Also, babies of multiparous
mothers were tested positive more than babies of primiparous
mothers (P = 0.020), while the mode of delivery and feeding
method had no statistical association (Table 1).

Table 1: Main Characteristics of the 119 participating newborns in this study.

Factors Total Direct Coombs Test
% P-value
n (%) PDCT n (%) NDCT n (%)
Male 55 (46.2) 3(13.0) 52 (54.2)
Gender <0.001
Female 64 (53.8) 20 (87.0) 44 (45.8)
Primiparous 46 (38.7) 4(17.4) 42 (43.8)
Parity 0.02
Multiparous 73 (61.3) 19 (82.6) 54 (56.2)
Normal vaginal Delivery 51 (42.9) 8(34.8) 43 (44.8)
Mode of delivery 0.384
Caesarean section 68 (57.1) 15 (65.2) 53 (55.2)
Breast 10 (8.4) 2(8.7) 8(8.3)
Feeding 0.955
Mixed 109 (91.6) 21 (91.3) 88 (91.7)
Gestational age (weeks) 38.09 + 1.09 38.39+0.99 38.02+1.11 0.134*
Birth weight (g) 3094.26 + 337.06 3098.70 + 349.46 3087.19 + 340.89 0.885

Values are arithmetic mean + SD for continuous variables. Categorical variables are shown as numbers (n) and percentages (%). *Mann Whitney

U test

Table 2: Positive Coombs Test due to ABO incompatibility in the studied population.

o ABO
Maternal blood group Newborn blood | Total Num- Positive % PDCT Incompat- PDCT &
group ber Coombs test g ABO
ibility
26 2 7.69
45 14 31
0 27.7%
20 * 20 65 (18/65)
AB 0 0 N.D.
6 1 16.66
A 7 0 N.D.
A
1 0 N.D.
AB 2 0 N.D.
B 1 0 N.D.
12.5%
2 0 N.D. 8
(1/8)
5 1 20
AB 3 1 33.3
A 0 0 N.D.
AB
1 0 N.D.
23 19.3 73/119 19/73
Total 119 o
% 61% 26%
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When focusing on maternal and newborn blood groups, the
most frequent one in mothers was O positive (76.5%, n = 91) and
A positive (45.4%, n = 54) in newborns (Table 2). Overall, 61%
(73/119) of cases had ABO incompatibility, with 89% (65/73)
of these attributable to maternal blood group O positive and
newborn blood group A positive or B positive. ABO blood group
incompatibility developed a positive Coombs test result in a
total of (19/73) cases. In 27.7% (18/65) of ABO incompatibility
patients’ mother was O and newborn A, or B and they were with

PDCT, while 12.5% (1/8) was that of other ABO blood group
incompatibilities as shown in (Table 2).

In Table 3, according to the Mann Whitney U test, the duration
of phototherapy and the peak of bilirubin were higher in 0-A
newborns who were tested positive than in their O-B counterparts.
For babies who were tested Coombs direct positive, the duration
of phototherapy and the peak of bilirubin were significantly
higher in newborns with Rh incompatibility than babies with ABO
incompatibility (P = 0.022 and P = 0.022, respectively).

Table 3: Effect of incompatibilities on peak Bilirubin (maximum Bilirubin Level) and duration of phototherapy of any type.

Duration of Phototherapy in hours | Peak bilirubin in mg/dL
0-A vs. 0-B incompatibility
0-A 92.07 +40.16 9.59 £ 2.67
0-B 74.50 + 24.62 9.45+1.97
P-value 0.505* 0.878*
ABO vs. Rh incompatibility
ABO incompatibility 88.17 + 37.37 9.56 £2.48
Rh incompatibility 150.00 + 55.68 13.53+3.13
P-value 0.022 0.022

Values are arithmetic mean + SD. *Mann Whitney U test.

15.39
Peak bilirubin (mg/dl) mg
338
4,78

Days of stay
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Figure 1: Outcome of DCT on Newborns.

Effects of DCT on the Management

49.06
92.91

40 60 80 100 120
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According to Figure 1, the readmission age and the peak of
bilirubin levels were significantly higher in babies with Negative
Direct Coombs test (NDCT), in orange, than babies with Positive
Direct Coombs test (PDCT), in blue, (P < 0.001). In contrast, the
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duration of phototherapy and the days of stay were significantly
higher in babies with PDCT (in blue) than babies with NDCT (in
orange) (P <0.001).
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According to Table 4, White Blood Cells (WBCs) count and
reticulocytes counts were higher in newborns with PDCT than
newborns with NDCT (P < 0.001 and P < 0.001, respectively).
However, babies who tested negative had significantly higher
hemoglobin (HB) than those who tested positive (P = 0.043).

According to Table 5, no significant difference was found in the
mean of total and indirect bilirubin according to gender, feeding,
and urine culture. No significant difference was also found in
the mean of total and indirect bilirubin according to the mode of
delivery, parity, or family history with jaundice.

Table 4: Comparison of laboratory results between PDCT and NDCT groups.

Laboratory Findings PDCT NDCT P-value
WBCs (x 103 per mm3) 21.07 £6.29 12.79 +4.99 <0.001*
HB (mg/dl) 13.98 £ 2.14 15.04 + 2.66 0.043*
Reticulocytes (%) 8.03 +£3.26 3.61+3.19 <0.001*
CRP (mg/dl) 9.33+4.93 8.73+2.89 0.838*
Urine culture (u/cx)
Positive, n (%) 0(0.0) 4 (5.5) 0.406
Negative, n (%) 12 (100.0) 69 (94.5)

Values are arithmetic mean + SD for continuous variables. Categorical variables are shown as numbers (n) and percentages (%). *Mann Whitney

U test.

Table 5: Bilirubin Levels with different Risk factors.

Total bilirubin Indirect bilirubin
Gender
Male 14.56 £ 5.64 13.89 £5.49
Female 13.12+5.78 12.62 +5.68
P-value 0.139* 0.170*
Feeding
Breast 14.49 £ 5.94 13.95+5.75
Mixed 13.70 + 5.74 13.12 +5.61
P-value 0.552* 0.549*
Mode of delivery
Normal vaginal delivery 14.55+6.01 13.83 +5.87
Caesarean section 13.22 +5.52 12.74 +5.40
P-value 0.209* 0.291*
Parity
Primiparous 13.49 +5.46 12.99 +5.34
Multiparous 13.95+5.93 13.32+5.79
P-value 0.663* 0.761*
Sibling with jaundice
Positive 12.90 £ 5.59 11.97 £5.37
Negative 13.92 +5.77 13.44 +5.64
P-value 0.429* 0.247*

Values are arithmetic mean + SD. *Mann Whitney U test.

Discussion

Due to the early newborn’s hospital discharges, usually
before 48 hours after in-hospital delivery, it is often difficult for
the primary care physician to evaluate all newborn infants for
the development of jaundice within 48-72 hours of delivery, as is
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recommended by the American Academy of Pediatrics [10]. Also,
there is no recommendation to do the serum bilirubin testing for
newborns before hospital discharge except when indicated by the
visual assessment of any color changes. However, visual inspection
of neonatal jaundice is proven to be inaccurate in detecting
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hyperbilirubinemia [14], Guidelines in several high-income
countries advise universal screening for jaundice in newborns
using the noninvasive method of transcutaneous bilirubin (TcB)
measurement [15]. The determination of Coombs test is one of the
keystones for the diagnosis of neonatal hemolysis. The indirect
Coombs test determines anti-D antibodies in the mother’s serum
whereas the direct Coombs is used as a screening test for the
presence of antibodies on the surface of Red Blood Cells. However,
it has low positive predictive value in identifying newborns who
will require phototherapy as treatment for neonatal hemolytic
disease which depends on the total bilirubin level [16].

Therefore, this study was conducted to investigate possible
predictors associated with the development of early neonatal
jaundice that would require admission to the neonatal care unit
for management. We retrospectively analyzed the blood group
and rhesus incompatibility of all full-term newborns admitted
to the neonatal intensive care unit with a diagnosis of hemolytic
jaundice and their corresponding results of combs tests, as well as
other laboratory findings.

Of the 119 newborns enrolled in our study with early indirect
hyperbilirubinemia, ABO incompatibility was encountered in 61%
(73/119) of cases. Positive DCT due to ABO incompatibility was
encountered in 26% (19/73) of cases which is higher than the
incidence of 15 % reported by Kaplan and his colleagues [17]. 0-A
incompatibility was the most frequent association with a higher
percentage of PDCT (31%) in comparison with O-B cases where
PDCT found in 20% of cases (Table 2). This finding goes along
with what was reported in previous studies, which found that
hemolysis due to anti-A is more common than that to anti-B and
was usually associated with a positive direct combs test [18]. Of all
ABO blood group incompatibility due to maternal O blood group
the mean percentage of PDCT was 27.7%, which is higher than the
percentage of 21% reported by Kaplan et al., [18], in comparison
to 12.5% when the maternal blood group was either A or B a
percentage that is double of (6.9%) reported by Ozolek et al. [19].

Our study revealed that jaundiced babies born to multiparous
mothers have higher chance of to have PDCT in comparison to
primiparous mothers (P = 0.02). This may be explained by the
fact that in case of primiparous mother, the maternal Rh Anti-D
antibodies are of the IgM type that cannot cross the placental
barrier. In the following pregnancies, a repeat contact with the
Rh-D antigen of the baby, induces the rapid synthesis IgG Anti-D
antibodies that cross the placenta directly to the fetal circulation
where it adheres to the Rh-D antigens of the fetal RBCs leading to
PDCT and destroying the antibody coated RBC’s with subsequent
severe hemolysis [20].

As for duration of phototherapy, newborns with 0-A
incompatibility had longer duration of phototherapy and higher
peak of bilirubin level, but with insignificant P value, than O-B
incompatibility cases in contrast to what was reported before, that
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an infant whose blood group was A was as likely to be affected by
ABO hemolytic disease as a blood group B infant [21].

Newborns with Rh incompatibility had higher peak of
bilirubin level and required twice the duration of phototherapy
compared to ABO incompatibility, because the fetal RBCs express
less of the ABO antigens on their surface compared to the adult
RBCs. In addition, the ABO antigens are expressed on variety of
fetal tissues, reducing the chances of anti-A and anti-B binding
their target antigens on the fetal RBCs [20]. Thus, the clinical
presentation of ABO incompatibility with positive antibodies,
include hemolysis, and hyperbilirubinemia without significant
neonatal anemia. Its successful management is usually achieved
by phototherapy only [22].

Our study revealed that newborns with PDCT were younger in
age on admission to the neonatal intensive care unit, had higher
level of reticulocyte count and white blood cell count, and a lower
level of hemoglobin which are consistent with active hemolysis
that is characterized by an early onset of jaundice within 24 hours
of life, presence of pallor with or without hydrops, presence of
hepatosplenomegaly, evidence of hemolysis on the peripheral
blood smear, increased reticulocyte count (>8%), rapid rise of
bilirubin (>5 mg/dl in 24 h or >0.5 mg/dl/hr) and presence of
positive family history of neonatal jaundice [23].

Newborns with NDCT, had higher prevalence of urinary tract
infectionsin comparison to PDCT cases. As it was previously shown,
Urinary tract infection (UTI) can cause jaundice in newborns [24].
Also, Francisco and his colleagues in his study, published in 2002,
studies the relation between UTI in the newborns and jaundice
[23]. Our study confirms that finding in newborns patients with
jaundice, mainly those with NDCT.

We found no effect of gender, mode of delivery, parity, family
history or types of feeding of the newborns on the level and
severity of neonatal jaundice.

Limitations
Small sample size, Single center recruitment, short time period
Conclusion

Neonatal jaundice (OR indirect hyperbilirubinemia) is a
common cause of hospitalization in the neonatal period. The
presence of positive direct combs test, mild hemolytic anemia,
elevated reticulocyte count in a multiparous mother are suggestive
of ABO incompatibility. Early recognition and management with
phototherapy are associated with good prognosis and reduced
morbidity. In the absence of hemolysis, investigation for other
causes of jaundice should be started particularly UTI and sepsis if
the CRP is elevated. Limitations to our study include the following:
Small sample size, Single center recruitment and Short time
period.
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