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Abstract

Background. Hyperbilirubinemia is prevalent and protracted in preterm infants. This study assessed the pattern
of hyperbilirubinemia in preterm infants in Ethiopia. Methods. This study was part of multi-centered prospective,
cross-sectional, observational study that determined causes of death among preterm infants. Jaundice was first
identified based on clinical visual assessment. Venous blood was then sent for total and direct serum bilirubin level
measurements. For this study, a total serum bilirubin level =5mg/dL was taken as the cutoff point to diagnose
hyperbilirubinemia. Based on the bilirubin level and clinical findings, the final diagnoses of hyperbilirubinemia and
associated complications were made by the physician. Result. A total of 4919 preterm infants were enrolled into the
overall study, and 3852 were admitted to one of the study’s newborn intensive care units. Of these, 1779 (46.2%)
infants were diagnosed with hyperbilirubinemia. Ten of these (0.6%) developed acute bilirubin encephalopathy. The
prevalence of hyperbilirubinemia was 66.7% among the infants who were less than 28 weeks of gestation who survived.
Rh incompatibility (P=.002), ABO incompatibility (P=.0001), and sepsis (P=.0001) were significantly associated
with hyperbilirubinemia. Perinatal asphyxia (P-value=0.0001) was negatively associated with hyperbilirubinemia.
Conclusion. The prevalence of hyperbilirubinemia in preterm babies admitted to neonatal care units in Ethiopia was
high. The major risk factors associated with hyperbilirubinemia in preterm babies in this study were found to be
ABO incompatibility, sepsis, and Rh isoimmunization.
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Globally, preterm complications are among the most 3jimma University, Jimma, Ethiopia

common causes of neonatal death. Hyperbilirubinemia
is one of the preterm complications known to contribute
to neonatal mortality. Almost all newborn infants have
a total serum or plasma bilirubin (TSB) level greater
than 1 mg/dL (17 umol/L), which is the upper limit of
normal value for adults. As the total serum bilirubin
level increases beyond 5 mg/dL, it will start manifesting
clinically as neonatal jaundice. Jaundice is the yellow-
ish discoloration of the skin and/or conjunctiva caused
by bilirubin deposition.! Neonatal jaundice is a very
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common condition worldwide, occurring in up to 60%
of term and 80% of preterm newborns in the first week
of life.?

Hyperbilirubinemia in preterm infants is more preva-
lent, severe, and protracted than in term infants due to
the short life span of their red blood cells (RBCs), and
the immaturity of their liver and gastrointestinal tracts.
Often, there is also a delay in enteral feeding, which may
limit intestinal motility and bacterial colonization,
resulting in decreased clearance of bilirubin. These
developmental and clinical phenomena contribute to the
greater degree and duration of neonatal hyperbilirubine-
mia in premature infants.> One of the major complica-
tions of an elevated TSB level is acute bilirubin
encephalopathy (ABE), which occurs when circulating
bilirubin crosses the blood-brain barrier, binds to brain
tissue, and ultimately causes a spectrum of neurologic
problems. Surviving infants may acquire long-term neu-
rodevelopmental sequelae such as cerebral palsy, senso-
rineural hearing loss, intellectual difficulties or gross
developmental delays.*

Available clinical guidelines note that early detection
and intervention of infants at risk of severe hyperbiliru-
binemia can facilitate timely and effective prevention of
the associated complications.! Currently, available evi-
dence suggests that low- and middle-income countries
disproportionately bear the maximum burden of severe
neonatal hyperbilirubinemia.’> A study done in Addis
Ababa found that ABO incompatibility and sepsis were
among the risk factors for the occurrence of hyperbiliru-
binemia.® A study done in West India University in 2012
indicated that ABO incompatibility and Rh incompati-
bility were associated with hyperbilirubinemia.” Also,
another study done in Benin showed ABO incompatibil-
ity and sepsis were considered as risk factors for hyper-
bilirubinemia.!Asystematicreview ofhyperbilirubinemia
in low-resource countries by Slusher et al showed that
birth trauma was associated with neonatal hyperbilirubi-
nemia.’ Therefore, early detection of hyperbilirubine-
mia in at-risk infants is very important for prevention
of complications.

Although the United Nations’ Millennium Develop-
ment Goal (MDG) and Sustainable Development Goals
(SDQ) initiatives have not given due attention to hyper-
bilirubinemia, hemolytic diseases of the newborn and
other causes of neonatal hyperbilirubinemia are increas-
ingly acknowledged as an important contributor to
global neonatal morbidity and mortality.'® Since preterm
babies are more likely to develop severe hyperbilirubi-
nemia compared to term neonates, this research aims to
assess the prevalence, associated risk factors and out-
come of hyperbilirubinemia in preterm newborns in 5
tertiary hospitals of Ethiopia.

General Objectives

Our main objective was to assess the pattern of hyper-
bilirubinemia in preterm neonates in 5 Hospitals of
Ethiopia.

Specific objectives:

e To assess the prevalence of hyperbilirubinemia in
preterm infants admitted to 5 newborn intensive
care units (NICU).

e To identify the associated risk factors for hyper-
bilirubinemia among preterm neonates admitted
to an NICU.

e To determine the prevalence of acute bilirubin
encephalopathy in preterm neonates who were
diagnosed with hyperbilirubinemia.

Study Setting and Design

This study was part of a multicenter, prospective, cross-
sectional, observational clinical study done in 5 hospi-
tals in Ethiopia over a period of nearly 2 years (from July
1, 2016, to May 31, 2018). The detailed protocol has
been published.!! This study was primarily done to iden-
tify major causes of death among preterm babies in 5
hospitals in Ethiopia (Gondar University Hospital,
Jimma University Hospital, St. Paul’s Hospital
Millennium Medical College, Ghandi Memorial
Hospital and Tikur Anbessa Hospital). Ghandi Memorial
Hospital participated over a period of 7months (from
July 1, 2016, to January 31, 2017). A total of 4919 pre-
term babies and their mothers participated in the study,
among the total of 7368 babies who were assessed for
eligibility. From the main study, 3852 neonates who
were admitted to an NICU were enrolled. This supple-
mentary study aimed to assess the prevalence of hyper-
bilirubinemia, associated risk factors, and the prevalence
of acute bilirubin encephalopathy among preterm neo-
nates admitted to NICUs.

The study participants were preterm infants born at a
study hospital or who were referred within 7 days of life
to 1 of the 5 hospitals. Gestational age was determined
by using a hierarchy of 3 methods: ultrasound before
28 weeks of gestation when available, the mother’s
report of her last menstrual period when judged reliable
and the New Ballard Score. Data were collected on
socioeconomic status, obstetric history, clinical condi-
tion, and laboratory and imaging studies. Jaundice was
first identified based on visual assessment of the infant
and then 2.5 to 3.0mL of venous blood was sent to the
laboratory for measurement of the total serum bilirubin
and direct bilirubin levels.

Although several TSB measurements may have been
done for each preterm baby suspected of having
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hyperbilirubinemia, for this study, a TSB of more than
5mg/dL in any sample was used as the cutoff point to
diagnose hyperbilirubinemia. Based on the TSB level,
the clinical findings of hyperbilirubinemia, the final
diagnosis of hyperbilirubinemia, and its complications
were made by the treating physician. We evaluated the
available medical records to define the clinical character-
istics that were potential risk factors for hyperbilirubine-
mia, including Rh incompatibility, ABO incompatibility,
hemorrhagic disease, head trauma during birth, sepsis,
feeding problem, birth asphyxia, polycythemia, and
hypoglycemia. Even though, Glucose-6-phosphate dehy-
drogenase enzyme deficiency is one of the major cause
of neonatal hyperbilirubinemia, it is not included in this
study as a potential risk factor because G-6-PD enzyme
assay is not done for any of the babies in this study, as
neonatal screening for the enzyme deficiency is not rou-
tinely carried out in our country.

The final diagnosis made by the treating physician
was used. The clinical management of patients fol-
lowed the national guideline developed by federal min-
istry of health of Ethiopia.'”> For Neonates less than
35weeks we used guidelines suggested by Maisels
et al”® as indications for phototherapy and exchange
transfusion. Acute bilirubin encephalopathy (ABE) was
diagnosed based on clinical characteristics which
include 3 phases. Phase-I considered in the first 2 days
of age with poor motor reflex, high pitched cry,
decreased tone, lethargy, and poor feeding. Phase-II is
considered in the middle of the first week with hyperto-
nia, seizure and depressed sensorium, fever, opisthoto-
nos posturing, paralysis of upward gazing. Phase-III is
considered after 1week of age and the patient has
decreased hypertonia, hearing and visual abnormality,
poor feeding, athetosis, and seizure.'?

Eligibility

All preterm live-born infants who were admitted to one
of the study hospitals with a gestational age of less than
37 completed weeks were potentially eligible. The study
hospital staff recruited preterm infants who were alive
without any lower limit of gestational age. The follow-
ing were the study inclusion criteria:

Either delivered at or the baby transferred to one of
the participating study hospitals; gestational age was
<37 weeks according to the algorithm using the 3 meth-
ods; live-born was defined as cry, breathing and/or
movement after delivery or Apgar=1; infant age was
<7days when screened, and consent was given for
study participation.

Exclusion criteria included a gestational age that
could not be reliably determined using the study criteria.

All eligible live-born babies who met the gestational age
criteria were enrolled in the study regardless of whether
the baby died prior to admission to the NICU or was
discharged home without admission.

Quality Assurance

All preterm infants in the study hospital NICUs were
evaluated twice daily by a research nurse who docu-
mented the findings on case report forms. A supervisor
checked that all forms were complete, the sample for
laboratory evaluation was taken in sufficient quantity
and quality and relevant laboratory, radiology or pathol-
ogy personnel were notified of the sample sent. The
investigators conducted site visits to each hospital rou-
tinely to check data quality and provide support as
necessary.

Data Entry and Statistical Analysis

Data were entered twice into the computer using the data
management system developed for the study and were
transferred on a weekly basis from each data manage-
ment computer to the data center at Addis Ababa
University. This created a complete data repository
where it was merged to 1 master data set for analysis.
Data were coded, entered and analyzed using SPSS ver-
sion 20. Descriptive statistics with frequency and per-
centages, tables, and cross-tabulations were used. Binary
logistic regression statistical models were used for anal-
ysis and to determine the relationship between the
dependent and the independent variables. P-values =< .05
were used to identify statistically associated factors.

Ethical Approval and Informed
Consent

The study was conducted after ethical approval was
obtained from Addis Ababa University College of
Health Sciences Institutional Review Board (Ethics ID:
AAUMF 03-008). Written consent for participation was
obtained from the parent or legal guardian who enrolled
in the study. Consent was obtained in English, Amharic,
and Oromifa languages, as appropriate, and only data
from the women and infants of women who provided
informed consent were enrolled. Confidentiality of the
information was maintained.

Results

As shown in Figure 1, among the total of 3852 neonates
admitted to an NICU, 1779 (46.2%) were diagnosed with
hyperbilirubinemia. Out of these 3852 neonates,
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Enrolled to the main study

N=4919

Admitted to NICU
N=3852

J

Discharged home prior to NICU
admission

N=1067

|

1

Clinically not jaundiced,
Bilirubin not measured N=1918

Bilirubin measured,

TSB level<5Smg/dl N=155

Bilirubin level

measured TSB level 25mg/dl

N=1779

Figure |. Enrollment flow diagram.

Table 1. Prevalence of Hyperbilirubinemia Among Preterm Neonates.

Total N all Neonates with Neonates without

Gestational age category Status neonates N (%) hyperbilirubinemia N (%) hyperbilirubinemia N (%)

<28weeks All 104 (100) 25 (24.0) 79 (76.0)
Alive 15 (100) 10 (66.7) 5(33.3)
Died 89 (100) 15 (16.9) 74 (83.1)

28 to 31 weeks All 931 (100) 360 (38.7) 571 (61.3)
Alive 391 (100) 221 (56.5) 170 (43.5)
Died 540 (100) 139 (25.7) 401 (74.3)

32 to 34weeks All 1636 (100) 838 (51.2) 798 (48.8)
Alive 1250 (100) 733 (58.6) 517 (41.4)
Died 386 (100) 105 (27.2) 281 (72.8)

35 to <37 weeks All 1181 (100) 556 (47.1) 625 (52.9)
Alive 985 (100) 502 (51.0) 483 (49.0)
Died 196 (100) 54 (27.6) 142 (72.4)

neonatal hyperbilirubinemia was detected in 966 (54.9%)
male neonates and in 795 (45.1%) of female neonates.
The difference between male and female infants on the
prevalence of hyperbilirubinemia was not significant.

Table 1 describes the prevalence of hyperbilirubine-
mia in preterm neonates. About 89 out of the total 104
preterm neonates whose gestational age was less than
28 weeks died, usually soon after admission. Thus, these
preterm babies died before their bilirubin level was mea-
sured. We, therefore, compared the prevalence of hyper-
bilirubinemia among preterm newborns who survived
until discharge.

As shown in Table 1, out of the total 15 neonates
whose gestational age was less than 28 weeks and sur-
vived, 10 (66.7%) developed hyperbilirubinemia.
Among those whose gestational age was 28 to 31 weeks,
32 to 34 weeks, and 35 to <37 weeks, 221 (56.5%), 733
(58.6%), and 502 (51.0%) developed hyperbilirubine-
mia, respectively.

Among the total preterm neonates who developed
hyperbilirubinemia, 25 were <28 weeks and of these, 10
(40.0%) survived and 15 (60.0%) died. Of the 360 neo-
nates with hyperbilirubinemia whose gestation was 28
to 31weeks, 221 (61.4%) survived and 139 (38.6%)
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Table 2. Pattern of Bilirubin Levels Measured in Preterm Neonates With Respect to Their Gestational Age and Their

QOutcome.

Bilirubin level

<5mg/dL
Gestational

5to |4mg/dL

5 to 20mg/dL >20mg/dL

age (weeks) All  Alive Death N (%) All  Alive

Death N (%) Al

Alive Death N (%) All Alive Death N (%)

<28 4 I 3 (75.0) 19 9 10 (52.6) 4 | 3 (75.0) 2 0 2 (100)
28 to 31 36 25 Il (30.6) 287 177 110 (39.1) 54 35 19352) 19 9 10 (52.6)
32to 34 66 51 15(22.7) 624 545 79 (12.7) 151 132 19 (12.6) 63 56 7 (1.1)
35to <37 49 47 2 (4.1) 394 360 34 (8.6) 122 106 16 (13.1) 40 36 4 (10.0)
Table 3. Associated Risk Factors of Hyperbilirubinemia in Preterm Newborns.
Neonates without Neonates with Odds ratio (adjusted)

Category hyperbilirubinemia N (%) hyperbilirubinemia N (%) with 95% ClI P-value
Rh incompatibility

Yes Il (23.9) 35 (76.1) 3.34 (1.64-6.78)

No 1974 (54.1) 1679 (45.9) I .002
ABO incompatibility

Yes 19 (21.6) 69 (78.4) 4.18 (2.43-7.17)

No 1963 (54.4) 1646 (45.6) I .0001
Hemorrhagic disease

Yes 14 (58.3) 10 (41.7) 0.73 (0.31-1.69)

No 1965 (53.7) 1696 (46.3) I 561
Head trauma during birth

Yes Il (44.0) 14 (56.0) 1.33 (0.57-3.10)

No 2045 (53.7) 1760 (46.3) I .506
Sepsis

Yes 724 (49.0) 755 (51.0) 1.31 (1.14-1.51)

No 1246 (55.9) 981 (44.1) I .0001
Feeding problem

Yes 536 (52.3) 488 (47.7) 1.04 (0.88-1.21)

No 1480 (54.3) 1245 (45.7) I 737
Birth asphyxia

Yes 169 (68.1) 79 (31.9) 0.52 (0.39-0.70)

No 1822 (52.8) 1628 (47.2) | .0001
Polycythemia

Yes 83 (54.2) 70 (45.8) 0.89 (0.63-1.25)

No 1878 (52.9) 1669 (47.1) | 220
Hypoglycemia

Yes 389 (53.1) 343 (46.9) 1.03 (0.86-1.22)

No 1604 (54.0) 1365 (46.0) | 170

died. Of the 838 neonates 32 to 34 weeks, 733 (87.5%)
survived and 105 (12.5%) died. And of those 556 neo-
nates between 35 and <37 weeks, 502 (90.1%) survived
and 54 (9.7%) died.

Table 2 shows the bilirubin levels measured on pre-
term neonates who had hyperbilirubinemia. As the level
of bilirubin increased, the mortality also increased
among those with lower gestational ages (<28 weeks)
compared to those with gestational ages of 28 to 31, 32

to 34, and 35 to <37 weeks. The level of bilirubin among
those 1779 preterm neonates who had hyperbilirubine-
mia, 1324 (74.4%) had bilirubin levels within the range
of 5 to 14mg/dL. About 331 (18.6%) and 124 (7.0%) of
the neonates had levels of 15 to 20mg/dL and >20mg/
dL respectively.

Table 3 summarizes the clinical characteristics of
preterm newborns and their association with
hyperbilirubinemia.
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About 755 (51.0%), 343 (46.9%), and 69 (78.4%) of
the infants had sepsis, hypoglycemia, and ABO incom-
patibility, respectively.

Neonatal hyperbilirubinemia was positively asso-
ciated with several clinical characteristics such
as Rh incompatibility OR 3.3 (95% CI 1.64-6.78,
P-value=.002), ABO incompatibility OR 4.18 (95%
CI 2.43-7.17, P-value=.0001), and sepsis (OR 1.31,
95% CI 1.14-1.51, P-value=.0001), and appeared
negatively associated with perinatal asphyxia (OR
0.52, 95% CI 0.39-0.70, P-value=.0001) The other
characteristics in the table were not significantly
associated with the occurrence of neonatal hyperbili-
rubinemia (Table 3).

The mean serum bilirubin level of neonates with
ABE was >15.5mg/dL. Among the 10 preterm babies
who developed ABE, in 7, their bilirubin level was
above 20.1mg/dL. In 2 of the patients, their bilirubin
level was 15.5mg/dL and 18.2 mg/dL, respectively. One
neonate had a bilirubin level of 9.9 mg/dL and had more
than 1 associated risk factor. The cause of hyperbilirubi-
nemia was suspected sepsis with feeding problems for 6
infants, and 2 had respiratory distress syndrome as a
diagnosis and the rest had asphyxia and Rh incompati-
bility as a cause of the hyperbilirubinemia. Out of the
total of 10 infants who developed ABE, 7 of them died.
The primary cause of death for those who developed
ABE was sepsis (N=4) and ABE (N=1), asphyxia
(N=1),and IVH (N=1).

Discussion

Our study found that the prevalence of hyperbilirubine-
mia in preterm babies was 46.2%, of which less than 1%
developed ABE. This finding shows that the prevalence
of neonatal hyperbilirubinemia was higher than in prior
studies conducted in 2 of the study hospitals (Tikur
Anbesa hospital) which found a prevalence of 24.4%,°
and Gondar which found a prevalence of 24.6%.'
Studies from Nigeria have found a 32.5% prevalence, '’
and 47.7% prevalence.'® One study from India showed a
similar prevalence of 42%.'7 A high-resource setting
study conducted by Palmer and Drew'® in Australia
showed a 20% prevalence.

Mortality among infants less than 28 weeks was very
high and hyperbilirubinemia contributed to 11% of all
deaths of preterm babies.!” Of the surviving preterm
babies two-thirds developed hyperbilirubinemia. This
finding is similar to the study done in India which found
the highest prevalence among those less than 30 weeks. !’
Another 2 studies from India also showed that infants
with low gestational ages (<37 weeks) were at higher
risk of severe hyperbilirubinemia.?*-!

When we see the measured bilirubin levels, 7.0% of
preterm infants had a level >20mg/dL. As the bilirubin
level increased, the highest mortality was seen in those
infants younger than 28 weeks. In the era before the rou-
tine use of exchange transfusion and availability of pho-
totherapy, Crosse et al found that 73.6% of preterm
infants with kernicterus died as compared to 25.6% of all
infants born prematurely. The highest mortality rate was
among those infants with lower birth weights and the risk
increased both as the gestational age decreased and as the
concentration of total bilirubin rose.?> Another retrospec-
tive study done by Oh et al? in infants with a birth weight
less than 1000 g, found that total bilirubin concentrations
during the first 14 days of birth were directly correlated
with death, neurodevelopmental impairment, and senso-
rineural hearing loss. However, Morris et al highlighted
that by comparing aggressive versus conservative photo-
therapy for extremely low birth weight infants (<500-
750¢), suggests a tradeoff between reducing the risk of
bilirubin induced neurologic dysfunction and death. The
rate of neurodevelopmental impairment alone was sig-
nificantly reduced with aggressive phototherapy, but the
reduction offset by an increase in mortality among infants
weighing 501 to 750g at birth. This study also showed
that neurodevelopmental outcomes were better with
lower bilirubin levels while death was higher with lower
bilirubin levels exposed to more aggressive phototherapy
management.”* So although treatment of hyperbilirubi-
nemia is still required to protect ELBW infants from bil-
irubin-induced neurologic dysfunction, even at lower
levels of bilirubin because of compromised bilirubin-
binding capacity in ELBW infants, especially in the first
several days after birth, the type of treatment can affect
the outcome.?’

Our study showed that Rh incompatibility, ABO
incompatibility, and sepsis were significantly associated
with the occurrence of neonatal hyperbilirubinemia.
Similar studies in Addis Ababa, Benin and in West India
University found that ABO incompatibility, Rh incom-
patibility, and sepsis were associated with the occur-
rence of hyperbilirubinemia.*® Our study also found
perinatal asphyxia was negatively associated with neo-
natal hyperbilirubinemia. This might be explained by
the fact that acidosis in asphyxia is generally corrected
soon after birth, before significant hyperbilirubinemia
develops in preterm infants. Although 1 study from
Pakistan showed birth asphyxia was a risk factor for
severe jaundice.’® Another study done by Fekete et al?’
found that perinatal asphyxia per se does not exaggerate
hyperbilirubinemia either in full term or in preterm
babies. Considering the above findings further research
focusing more on this area might help identify why this
results were different.
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In this study, 10 babies (0.6%) developed acute bili-
rubin encephalopathy. In 1 study done in Calabar, South
Nigeria, the prevalence of ABE was estimated at 0.7%,
and another study in China showed a prevalence of 0.5%
ABE in preterm neonates.?’

Among the preterm babies who developed ABE, for
the majority, the bilirubin level was above 20.1 mg/dL.
Two had bilirubin levels less than 20 mg/dL. Of the neo-
nates who developed ABE, most had sepsis and 1 patient
had Rh incompatibility as a cause of hyperbilirubinemia.
Two studies from Pakistan and Egypt indicated that
infants with Rh disease were 20 times at increased risk
of severe hyperbilirubinemia.?®*° Three reports from
Pakistan, Egypt, and India indicated that infants diag-
nosed with sepsis were at increased risk of developing
severe hyperbilirubinemia.?3%3! These findings were
similar to a finding on a systematic review that showed
that LMICs consistently reported substantially higher
rates of exchange transfusion and bilirubin-induced neu-
rologic dysfunctions (ABE and chronic bilirubin enceph-
alopathy or kernicterus) than in high-income countries.’

Limitations

Our study had several limitations. First, different
machines were used to determine TSB at the hospitals.
Additionally, the procedures used to collect blood sam-
ples were not uniform across the study sites.

Finally, while different gestational ages have differ-
ent cutoff points to diagnose hyperbilirubinemia, for the
purpose of this study we used 5mg/dL as a cut of point
because we could not extract the information on the
postnatal age that the blood was drawn.

Conclusion and Recommendation

The prevalence of hyperbilirubinemia in hospital-admit-
ted preterm babies was quite high. The major associated
risk factors for hyperbilirubinemia in preterm babies in
this study were found to be ABO incompatibility, sepsis,
and Rh isoimmunization. Since neonatal hyperbilirubi-
nemia may be associated with irreversible brain damage
and a high level of mortality among preterm infants,
routine screening and investigation for TSB are impera-
tive for early detection and timely intervention.
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