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ABSTRACT

Objective: Hepatitis-B virus (HBV) infection is an important health problem worldwide. HBV vaccine applica-
tion varies according to the birth weight and gestational week in the neonatal period. This study aimed to
reconsider delaying the administration of the HBV vaccine because the birth weight of newborns was very low.
Methods: The newborns with very low birth weight in the study group were babies weighing less than 2000 g
in the postnatal first month and at the time of administering HBV vaccine. Babies born at term from mothers who
did not receive an HBV vaccine, had negative hepatitis B surface antibody levels, and were given HBV vaccine at
birth were included in the study as a control group. The antibody levels against HBV vaccine were compared
between these two groups.

Results: The retrospective study included 60 participants (32 men and 28 women) grouped as control first vaccine
weight (first vaccine weight was >2000 g, control group, n = 30) and case vaccine weight (first vaccine weight was
<2000 g, case group, n = 30). The mean birth weight was 2976 + 84.8 g and 1054 + 44.5 g in the control and case
groups, respectively. The first vaccine weight was 2030-3780 g and 960-1900 g in the control and case groups,
respectively. The mean antibody level was 297.8 + 76.3IU/mL and 309.7 + 56.3IU/mL in the <1500 g and >1500 g
groups, respectively. No significant difference was found in hepatitis antibody levels between the groups.
Conclusion: Further studies in larger samples are needed to confirm the efficacy and efficiency of
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postponement of hepatitis B vaccination in babies with a birth weight of <2000 g.

Introduction

Hepatitis B virus (HBV) infection is an important health pro-
blem worldwide. It can cause acute and chronic hepatitis, cir-
rhosis, and liver cancer. Chronic HBV infection is present in
more than 350 million individuals worldwide. A total of 600,000
people die annually due to HBV infection. The disease in adult-
hood improves to a great extent; however, the disease in child-
hood becomes chronic by 90%. More than 80% of hepatocellular
cancers occur as a result of HBV infection. Therefore, vaccina-
tion is very important for the control of HBV infection."

HBV is transmitted via close contact with infected people
(horizontal transmission) and from mother to baby (vertical
transmission) in the perinatal period. Vertical transmission
from mother to baby mostly (90%) occurs during delivery.'

In the United States, about 20,000 babies are born each year
from HBV-infected pregnant women, and about 5500 are chroni-
cally infected with HBV without immunoprophylaxis. The preva-
lence of acute HBV infection among children in the USA decreased
by 98% between 1990 and 2014 as a result of universal vaccination
against HBV.> According to the data of the World Health
Organization, the prevalence among low birth weight (LBW;
<2500 g) newborns varies between 5% and 19% in developed and
developing countries.””” The prevalence among LBW newborns
was 10% compared with the Turkey Demographic and Health
Survey 2018 data.®

The HBV vaccine should be administered in three doses in the
postnatal first month or when the birth weight reaches 2000 g in
preterm babies born to mothers who are definitely not known to be
HBV carriers.”

HBV vaccination is administered in “0, 1 and 6th
month” according to the routine vaccination schedule for
children in Turkey. The first vaccine is administered on
the day of birth of the infant. The second hepatitis
B vaccine are administered at least 1 month after the first
one; the third vaccine at least 4 months after the first one
and at least 2 months after the second one. However, in
babies whose mothers are HBsAg negative and whose birth
weight is <2000 g, HBV vaccination is delayed until the
baby is more than 2000 g or 1 month old.

Newborns admitted to the Neonatal Intensive Care Unit
(NICU) may have additional comorbidities such as infection,
respiratory distress, feeding difficulty, and jaundice. This situa-
tion may cause impaired immunological responses.’

Anti-HBs shows that the vaccine is protective.'® An anti-
HBs level of 10 (IU/mL) in healthy individuals is considered
protective against acute and chronic diseases.""

Some previous studies supported low anti-HBs response
in premature infants who received HBV vaccine; however,
the difference in seropositivity rates between preterm and
term groups was generally not statistically significant.
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These studies did not include quantitative analyses, and
studies on HBV vaccination of LBW newborns were
insufficient.'*'*

Studies on the serological response, especially immune
memory, in babies born with very LBW (VLBW) (1500 g)
who are administered HBV vaccine are limited.

In this study, the immunity of newborns born with
VLBW (<1500 g) was compared with those of term infants
who were given HBV vaccine at birth. Thus, it aimed to
reconsider the delay of HBV vaccine application according
to birth weight and gestational week.

Materials and methods

This retrospective study was performed in the newborn units
of University Hospital between July 2018 and September 2020.
The study was approved by the local ethics committee (No.:
2020.226.09.13).

Inclusion criteria

The newborns were those whose weight was less than
2000 g in the postnatal first month and at the time of
administering HBV vaccine. The anti-HBs levels were
measured in these newborns in the study group 1 month
after vaccination (before the second dose of HBV vaccine).

All these babies were born with VLBW (<1500 g) to mothers
who did not receive HBV vaccine and had negative anti-HBs
levels.

Babies born at term from mothers who did not receive HBV
vaccine and had negative anti-HBs levels were given HBV
vaccination at birth and included in the study as a control
group.

The anti-HBs levels of the newborns in the control group
were measured in the first month (before the second dose of
the HBV vaccine).

Consecutive and living cases were selected for the study
group, considering compliance with the criteria. Consecutive
cases were also selected for the control group.

Exclusion criteria

Babies of mothers who were given HBV vaccine or had
hepatitis B infection, syndromic babies, babies with immu-
nodeficiency, babies with an actual weight more than
2000 g when HBV vaccine was administered were excluded
from the study.

Thirty newborns with birth weight <2 kg constituted the
case group, and another 30 newborns with birth weight >2 kg
constituted the control group.

Demographic characteristics such as maternal age, gesta-
tional week, birth weight, Apgar cores, anti-HBs plasma
levels 1 month after the first dose and before the second
dose of HBV vaccine in both groups, weight at the time of
vaccination, sex, type of delivery, diagnosis in the newborn
intensive care unit, and accompanying comorbidities were
obtained from the file records of the hospital.
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HBV immunization protocol

Hepatitis B vaccine (rDNA) (Serum Institute of India Pvt Ltd.)
(0.5 mL/10 pg) was administered intramuscularly to the ante-
rior lateral area of the thigh to all infants.

Anti-HBs test (seroprevalence research) protocol

Semi-quantitative analysis of anti-hepatitis B (anti-HBs) anti-
bodies for hepatitis B was performed using a commercially
available Elecsys Anti-HBs II Reagent Kit (Roche, IND,
USA) for electrochemiluminescent immunoassay (ECLIA) fol-
lowing the manufacturer’s protocols. Adequate antibody
response was defined as an antibody titer of 210 international
units (IU)/dL.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
(ver. 7.00). For the nonparametric data set, the two-tailed
Mann-Whitney U test was used to determine the P values.
Data sets having a P value <.005 were considered as significantly
different from the compared data set. All the data were presented
as means with the standard error of the mean (mean + SEM).

Results

The study included 60 participants (32 men and 28 women)
grouped as control first vaccine weight (first vaccine weight was
>2000 g, control group, n = 30) and case vaccine weight (first
vaccine weight was <2000 g, case group, n = 30). However, 40%
of the patients were women (n = 12) and 60% were men (n = 18).
Further, 60% in the case group showed first vaccine weight less
than 1500 g (n = 18), and only 10% were less than 1000 g (n = 3).
Also, 33.3% had cesarean delivery (n = 10) in the case group and
only 6.6% (n = 2) in the control group. The maternal age was 18-
46 years in the control group and 19-37 years in the case group.
The mean maternal age was 28.77 + 6.5 in the control group and
28.03 £ 4.7 years in the case group. The mean birth weight was
2976 + 84.8 g and 1054 * 44.5 g in the control and case groups,
respectively. The first vaccine weight was 2030-3780 g in the
control group and 960-1900 g in the case group (Table 1).
Hepatitis B antibody levels showed no significant difference
between the case and control groups (Figure 1, P > .005) and
varied from 2 to 1000 IU/mL in both groups. The mean antibody
level was 276.7 + 66.8 and 335.5 + 61.72 in the control and case
groups, respectively (Table 1). The antibody levels of newborns
with 2500 and 1500 g vaccine weight were also compared against
the remaining participants. However, no significant difference
was observed between <2500 g and >2500 g and <1500 g and
>1500 g groups in terms of hepatitis antibody levels (Figures 2
and Figures 3; P > .005). Additionally, when the data were
grouped as first vaccine weight less than 1500 g and more than
1500 g, the antibody levels were closer to each other compared
with the other groups (Figure 3). The mean antibody level was
297.8 £ 76.3 IU/mL and 309.7 + 56.3 IU/mL in the <1500 g and
>1500 g groups. Moreover, the mean antibody level was
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Table 1. Diagnostic data of the subjects in the study (Mean + SEM).
Normal (>2000 g) Case (<2000 g)

Diagnostic (n = 30) (n = 30)
Birth weight (g) 2976 + 84,8 1054 + 44,5
Gender, women/men, (n) 16/14 12/18

Antenatal steroid use, (n) 0 30
Gestational age (weeks) 384+1,2 27,67 + 2,09
First vaccine weight (g) 2976 + 84,8 1446 + 47,94
Postnatal surfactant 30

Maternal age (years) 28,77 £ 6,5 28,03 + 4,7
Vaccination age (weeks) 384 +1.2 31,73 +£ 2.08
Antibody levels (iu/L) 276,7 + 66,8 3355+ 61,72

Respiratory distress 0 30
syndrome, (n)

intravenous antibiotics, (n) 0 30
Blood transfusion, (n) 0 14
Pulmonary hypertension, (n) 0 8
intracranial bleeding, (n) 0 7
Hydrocephalus, (n) 0 5
Necrotizing enterocolitis, (n) 0 4
Seizure, (n) 0 3
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Figure 1. Hepatitis antibody level comparing between normal (>2000 g) and the
case (<2000 gr). P value <.005 is accepted as significantly different and data
presented as means with standard error of the mean.

3314 + 58 IU/mL and 270.7 + 72.87 IU/mL in the <2500 g
and >2500 g groups (Figure 2).

Antenatal steroids and postnatal surfactant were administered
to all patients in the case group. Moreover, 30 babies had comor-
bidities during admission to the NICU: 30, respiratory distress
syndrome; 30, administration of intravenous antibiotics (at least
for 5 days); 27, jaundice; 14, blood transfusion; 8, pulmonary
hypertension; 7, intracranial bleeding; 5, hydrocephalus; 4, necro-
tizing enterocolitis; 3, neonatal seizure (Table 1).

The control group comprised 30 babies, with comorbidities in
5 during admission to the NICU: 3, jaundice; 1, pneumonia; and
1, pneumothorax. Further, 25 babies in the control group had no
problems.
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Figure 2. Hepatitis antibody level comparing between first vaccine weight
>2500 g and first vaccine weight <2500 gr. P value <.005 is accepted as
significantly different and data presented as means with standard error of the
mean.
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Figure 3. Hepatitis antibody level comparing between first vaccine weight
>1500 g and first vaccine weight <1500 gr. P value <.005 is accepted as
significantly different and data presented as means with standard error of the
mean.



Discussion

This study was novel in evaluating the immune response to
HBV vaccine within a month following the vaccination in
a VLBW infant population.

Infections acquired from HbsAg-positive mother in infancy
constitute 40% of all infections and have great clinical and
epidemiological importance worldwide.">'® Many studies
reported lower seroconversion rates and anti-HBs concentra-
tions in VLBW and extremely LBW infants administered HBV
vaccine. Considering the findings of these studies, the
American Academy of Pediatrics recommended a policy of
delaying the first HBV vaccine dose until the weight of
2000 g or age of 2 months in babies born to HBsAg-negative
mothers and weighing less than 2000 g.'>'® The current
recommendation states that it is appropriate to postpone
HBYV vaccination in babies whose mothers are HBsAg negative
and whose birth weight is <2000 g until the baby weighs more
than 2000 g or is 1 month old.”> Hence, a standard dosage of
HBYV vaccine is used for all infants weighing more than 2000 g.
The fact that anti-HBs titers were sufficient in VLBW new-
borns, in whom high antibody levels were detected during
follow-up, has raised questions about the adequacy of previous
practices regarding HBV vaccination, suggesting that this
situation should be reviewed.

Previous studies reported that gestational age was a much
more objective parameter than weight to evaluate the immune
response in preterm newborns, and concluded that seroprotec-
tion rates were generally lower in preterm newborns.'” ' In
contrast, Sood et al. reported a relationship between the decrease
in immunological response and LBW in the evaluation per-
formed for hepatitis B vaccine according to birth weight in
premature newborns.”® There are also several studies reporting
the immune response to HBV vaccine is not correlated with the
birth weight in both term and preterm infants.'>*' The present
study found that birth weight did not affect the immune
response of the HBV vaccine, and the protective antibody level
was as much as in healthy-term newborns.

In this study, two infants whose birth weight was less than
1000 g, and were born in 28 gestational weeks, were found to
have adequate immune response to their first HBV vaccine at the
first month of life. HBs antigen and HBs antibodies were nega-
tive in their mothers. These results attracted our attention on the
antibody response occurred at the age of 28 weeks and in pre-
term newborns weighing less than <1000 g. Anti-HBs level was
found to be >10 mIU/mL which is protective against HBV, in
most of the infants of case group, so the protection rate 1 month
after the first dose of HBV vaccine, was determined as 93,3%.
Anti-HBs titer was less than 10 mIU/mL only in two patients
from the case group. In the control group, the anti-HBs titer in
three newborns was less than 10 mIU/mL. Further, 27 (27/30,
protection 90%) newborns had anti-HBs levels >10 mIU/mL.

Although the number of preterm or LBW infants not stated
in their study, Stileyman et al. reported that the anti-HBs levels
of 912 babies aged 1-5 years were conversely affected by
LBW.?? There was no difference between the group of babies
weighted 1000-2000 g and babies with a weight more than
2000 g at the time of vaccination, in terms of anti-HBs antibody
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levels (Figure 1). In contrast with the previous studies, we
suggest that even VLBW newborns could generate as much
antibody response as in term newborns. This contradiction can
be explained by the following reasons: previous studies were
conducted before the recent innovations in vaccine technology,
or the control time of antibody levels as 1 month later the first
dose of the vaccine. Besides, racial-regional differences, the
high rate of exclusively breastfed infants or possible immune-
stimulating effect of current treatments for diseases of preterm
infants can be contributing factors to our results.

Various factors, such as postpartum corticosteroid exposure
or blood transfusions in the neonatal period, hyperbilirubine-
mia, sepsis, and presence of specific antibodies transmitted by
the mother through the placenta, have been investigated for the
deficiency of antibody response after administering HBV vac-
cine in premature LBW infants.?! Present study, revealed that
the anti-HBs levels were similar or even better than those in the
control group, although betamethasone was administered to
mothers to reduce complications related to premature birth.

A recent meta-analysis showed that preterm birth was asso-
ciated with an impaired immune response to the HBV vaccine.*
However, no statistically significant relationship was found
between LBW and inadequate immune response to the HBV
vaccine. Since the studies used a standard definition of <2500 g
for LBW, it was thought that the results might be different, if
another cutoff value of birth weight was chosen for comparison.*

To analyze this situation in a more accurate way, it is
necessary to evaluate the antibody levels by classifying the
infants into subgroups according to the weight at the time of
vaccination such as 1000-1500 g and 1500-2000 g, as in this
study (Figure 2). The results of this study suggested that the
practice of delaying HBV vaccine in VLBW infants should be
reconsidered. Therefore, the recommendation to wait for HBV
vaccination in <2000 g newborns might cause a delay in
immunization against HBV.

Limitations

This study had some limitations. First, the antibody level,
including the first dose of HBV vaccine, was evaluated in the
first postnatal month; it was not medically possible to create
a control group with a similar gestational week and weight.
Second, the study area was only a NICU. Finally, the study did
not provide long-term results, and the case number was lim-
ited. Today, HBV vaccination is performed routinely. One of
the strengths of the study was that the mothers included in the
study had neither HBV vaccine nor HBV infection.

Conclusion

Antibody titers were high sufficient in preterm newborns with
VLBW after a single dose of HBV vaccine. The results of pro-
spective studies in which the vaccine series are completed, can
make significant contributions to the literature in the future.
Further studies with a wide number of participants are needed to
confirm the efficacy and efficiency of postponement of HBV
vaccination in babies with a birth weight of <2000 g.
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