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Abstract

Background: Hepatitis B virus (HBV) is a severe public health problem in Iran. This study was conducted to investigate the intrafa-
milial transmission of HBV in vaccinated children whose one or both parents were positive for hepatitis B surface antigen (HBsAg).
Methods: In a study with retrospective cohort design, 110 exposed cases with HBsAg-positive parent(s) were compared with 110 un-
exposed controls of the same sex and age groups. The participants were directly asked about demographic characteristics, medical
history, and vaccinations. Blood samples were collected and analyzed for HBV infection markers using the ELIZA method.
Results: Overall, 1.8% HBsAg (P = 0.15) and 13.6% hepatitis B core antibody (HBcAb) (P < 0.0001) positivity rates were detected in the
exposed group. The hepatitis B surface antibody titer (HBsAb) showed that 34.5% of cases and 56.3% of controls had HBsAb levels >
10 IU/L. There was a significant difference in the protective HBsAb level between the two groups (P < 0.0001). There were significant
associations between HBsAb level and gender in the exposed group and decreased HBsAb levels and age.
Conclusions: The high rate of positive HBcAb and HBsAg and decreasing HBsAb levels with age in this study indicate that routine
childhood vaccination programs are inadequate in preventing HBV transmission and vaccine routes changing or further booster
vaccination is essential. Effective case finding in vaccinated children with HBsAg-positive parents, intradermal vaccination, and
hepatitis B immunoglobulin in newborns with HBsAg-positive fathers are suggested.
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1. Background

Hepatitis B virus (HBV) causes acute and chronic vi-
ral infections of the liver affecting many people world-
wide. The World Health Organization (WHO) estimates
that 296 million people were living with chronic hepati-
tis B (CHB) infection in 2019, with 1.5 million new infec-
tions per year. In 2019, hepatitis B resulted in an estimated
820,000 deaths, mostly from cirrhosis and hepatocellular
carcinoma (1). According to a recent meta-analysis of sur-
vey studies, in Iran, which is in the intermediate HBV zone,
the prevalence of hepatitis B was nearly 2 - 8% (2, 3). The
prevalence of hepatitis B in the general population ranges
from 0.87 to 8.86% in different provinces of Iran (3), and
perinatal transmission and IV drug abuse are considered
the main transmission routes (4).

Several routes transmit the hepatitis B virus: sharing
needles or syringes for drug injections, contact with HBV-
positive blood or body fluids, sexual activity, from mother

to fetus (vertically), and among children in a household
(horizontally) (5). The household transmission of HBV is
a serious health problem. The prevalence rate of HBV in-
fection within the carrier’s family is estimated to be 5 to
50% (6, 7), and they are classified in the high-risk group
for hepatitis B vaccination (8). Horizontal transmission
is the main route of virus transmission in Iran, and most
chronic carriers are asymptomatic, with another chronic
carrier in their family (9). For this reason, it is strongly rec-
ommended that household members of HBV-positive car-
riers undergo annual HBsAb testing and receive a booster
dose of hepatitis B vaccine when the HBsAb level falls to
<10 IU/L (8). In Iran, pregnant women are tested for HB-
sAg, and newborns of HBsAg-positive mothers receive hep-
atitis B immunoglobulin (HBIG) and hepatitis B vaccine
(10). The HBV vaccination program for newborns was in-
troduced in Iran in 1993. The hepatitis B vaccine of each
type should be injected at least three times at 0, 1, and 6-
month intervals via the intramuscular route (11). The cri-
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terion for immunization in HBV vaccination is the appear-
ance of an adequate concentration of antibodies to HB-
sAg (HBsAb) in serum in an amount of at least 10 IU/L. The
higher the antibody produced, the better the resulting im-
munity (12). One study found a significant negative associ-
ation between response to the vaccine and age (13).

Although there is already an effective vaccination pro-
gram and good vaccination coverage, HBV remains a
global health problem, and new cases and deaths are re-
ported worldwide (14). Considering that HBV can be elim-
inated, the study of transmission routes is one of the pri-
orities to identify the risk factors for the spread in targeted
populations. Assessment of immunogenicity and immu-
nity duration is critical to control the disease in any coun-
try, especially in endemic areas (15). The efficacy of the
hepatitis B vaccine in children who have one or both par-
ents with chronic hepatitis B remains unclear. Further-
more, considering that Iran is an intermediate endemic
region for HBV infection, the importance of the program
to control this infection becomes even more evident when
most HBV-positive patients are asymptomatic carriers in
the community (16). Although intrafamilial transmission
of HBV has been studied in several regions, the study in
different areas can provide valuable information about the
routes of HBV transmission in the population and help to
identify the main routes of intrafamilial HBV spread and
local characteristics.

2. Objectives

Given the seroprevalence of HBsAg positivity in Za-
hedan City (17), the current study aimed to evaluate the
HBV status and efficacy of routine HBV vaccination among
children aged 1 - 16 years whose one or both parents were
positive for HBsAg.

3. Methods

The current study with a retrospective cohort design
was conducted in a university-affiliated hospital in Za-
hedan, southeast Iran. The study was conducted in chil-
dren aged 1 to 16 years and matched controls. The sub-
jects’ parents were invited, and the trained study staff con-
ducted a face-to-face interview to describe the research pro-
cess and objectives. They all signed the informed consent
form when they agreed to participate in the study. Chil-
dren and adolescents were enrolled in the study only with
the consent of their parents. The Ethics Committee of Za-
hedan University of Medical Sciences gave ethical approval
according to the Declaration of Helsinki.

The exposed group included children with chronic
HBsAg-positive parent(s), who were compared with unex-
posed subjects with healthy parents. According to previ-
ous studies, the prevalence of HBsAg positivity in the Ira-
nian population was about 3.5% (18). Taking this preva-
lence rate into account, and according to α = 0.05, P = 85%,
and d = 0.05, the sample size was calculated to be 196 par-
ticipants; however, the present study enrolled 220 partici-
pants (110 exposed cases and 110 unexposed controls). The
sample size was measured using the following formula for
sample calculation:

Sample size =
Z2

α
2
× P (1− P )

d2

=
(1.96)2 × 0.85 (1− 0.85)

(0.05)2

∼= 195.92

Couples with HBsAg positivity were recruited from the
outpatient department of internal medicine during their
routine case investigations. We aimed to compare each ex-
posed case with control participants of the same sex and
age groups (1 - 5, 6 - 10, and 11 - 16 years). Inclusion criteria
for exposed cases were having parent(s) with chronic HBV
infection, complete vaccination against hepatitis B under
the routine national childhood vaccination programs in
Iran, native Persian language, and completion of the in-
formed consent form. Exclusion criteria were unvacci-
nated children, lack of documentation for HBV vaccina-
tion, and other viral liver infections in parents and their
children (such as hepatitis C virus, etc.). As unexposed
controls, vaccinated children of couples with no current
and/or previous HBV infection signing the informed con-
sent form were included in the study.

Blood samples (5 cc) were collected from each partic-
ipant, and data on sex, birth date, and medical and im-
munological history were gathered using a questionnaire.
Complete HB immunization was defined as the full admin-
istration of three doses of the hepatitis B vaccine; the vac-
cination status was determined from the vaccination card.

The blood samples were then tested at the Blood
Transfusion Organization Laboratory and analyzed for HBV
markers using the ELISA method (Dade Behring Kit). The
HBV markers for which the serum was tested included hep-
atitis B core antibody (HBcAb), hepatitis B surface antigen
(HBsAg), and hepatitis B surface antibody titer (HBsAb). An
HBsAb level of ≥ 10 IU/L was considered protective against
HBV infection.

The data were analyzed using SPSS for Windows® ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics
(eg, mean, percentage, standard deviation, and frequency)
were measured. In addition, a comparison between groups
was made using the chi-square test and relative risk (RR)
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with 95% confidence interval (CI), appropriately. The sig-
nificance level was set at 0.05, and the statistician was
blind to the study.

4. Results

In general, the exposed HBV group included 53 (48.2%)
males and 57 (52.8%) females, and the unexposed group in-
cluded 54 (49.1%) males and 56 (51.9%) females. In the un-
exposed group, most of the children were in the age group
of 6 - 10 years, and the least were in the age group of 10 -
16 years. In the exposed HBV group, the percentage of chil-
dren in the age groups was similar.

The prevalence rates of HBsAb, HBcAb, and HBsAg in
adolescent children with HBsAg-positive parents in ex-
posed and unexposed control groups are shown in Table 1.
In the unexposed group, HBsAg and HBcAb were negative.
In the exposed HBV group, HBsAg was positive in 1.8% of the
samples. The prevalence of HBcAb positivity in the exposed
group was 13.6%.

In addition, the prevalence of HBsAb in different gen-
der and age subgroups of participants was evaluated.

Table 2 shows a significant association between HBsAb
level and gender in the HBV group. There was also a signif-
icant association between decreased HBsAb levels and age.

Table 3 shows the relative frequency distribution of HB-
sAb levels in subjects based on active or inactive chronic
hepatitis B of HBsAg-positive parents compared with con-
trols.

5. Discussion

The current study aimed to measure the efficacy of the
hepatitis B vaccine in intrafamilial transmission in chil-
dren whose parent(s) had chronic hepatitis B. The main
findings of the present study are (1) HBsAg and HBcAb were
positive in 1.8% and 13.6%, respectively, in the HBV-exposed
group; (2) there was a significant difference in HBsAb level
between HBV-exposed and non-exposed groups; (3) there
was a significant association between HBsAb level and gen-
der in the HBV group; (4) there was a significant associa-
tion between decreased HBsAb level and older age, and (5)
there was no significant difference between subgroups (ac-
tive and inactive chronic hepatitis) of affected parents In
terms of HBsAb level. The results of this study have impor-
tant implications for HBV high-risk groups.

Our results are consistent with the medical literature
showing that family members of HBsAg-positive carriers
are at increased risk of infection (19) and that vaccine-
induced immunity declines with age (20). Both parent-to-
child and sibling-to-sibling horizontal transmission could

be the main route for the intrafamilial spread of HBV in-
fection, with the maternal route predominating (21). In
a study conducted in Turkey, Barut et al. reported that
among cases with HBsAg-positive parents, the rate of in-
fected cases (HBsAg+, HBsAb-) was 14.4%, that of uninfected
individuals (HBsAg-, HBsAb-) was 38.4%, and that of vacci-
nated individuals (HBsAg-, HBsAb+) was 5.3% (22). It has
been reported that the HBsAg positivity rate in children
whose mothers were HBsAg-positive was also high in the
age groups of 11 - 20 years and over 21 years (23). Conversely,
infected fathers were the main reservoirs of infection in
our study, leading to horizontal transmission. Our finding
suggests that immunoprophylaxis with HBIG should also
be considered in HBsAg-positive fathers to prevent vertical
transmission to newborns of HBsAg-positive mothers, and
all infants should have adequate immunity to HBV demon-
strated by serological markers. If a high-risk child (with
HBsAg-positive parents) does not respond to routine vacci-
nation, it is better to administer the vaccine intradermally
rather than intramuscularly or at a higher dose (see be-
low).

Susceptibility to HBV infection is known to increase
with age and in men (24). Consistent with the relevant
literature, our results showed a significantly lower HBsAb
level in male subjects in the HBV group. Decreased HBsAb
level in participants with HBsAg-positive parents may indi-
cate their susceptibility and genetic influence on HBV in-
fection markers (25).

Our results showed that 13.6% of family members of
HBsAg-positive carriers in the HBV-exposed group were
HBcAb-positive. Isolated HBcAb demonstrates removed in-
fection and explains that routine vaccination is insuffi-
cient and results in occult HBV infection, raising concerns
about HBV transmission and an association with hepato-
cellular carcinoma (26). Therefore, the high rate of isolated
HBcAb in our study reflects the high incidence of HBV infec-
tion with intrafamilial exposure and failure of routine vac-
cination. In a 2019 study in Iran, Ghaziasadi et al. reported
that HBsAb > 10 IU/L was 45.7% in vaccinated children from
a subgroup of the general population with parents of oc-
cult hepatitis B infection positivity and HBsAb < 10 IU/L was
54.3%. Moreover, 16% of vaccinated children were positive
for occult hepatitis B infection (27). In another study con-
ducted in Iran, the markers of HBV infection were detected
in about 30% of vaccinated children whose mothers were
seropositive for HBsAg, and the rate of chronic carriers was
measured at 14.4% (28). This high rate highlights the im-
portance of more effective case finding and immunization
programs (booster doses or other routes of vaccination) in
families with HBsAg-positive members.

This study supports the notion that the current pro-
tocol enforced in countries such as Iran, which man-
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Table 1. Prevalence of HBsAg, HBsAb, and HBcAb in Exposed and Unexposed Groups a , b

Unexposed (N = 110) Exposed (N = 110)
P-Value RR 95% CI

Positive Negative Positive Negative

HBsAg 0 110 (100) 2 (1.8) 108 (98.2) 0.15 - -

HBsAb 62 (56.3) 48 (43.6) 38 (34.5) 72 (65.4) < 0.0001 c 0.41 0.26 - 0.62

HBcAb 0 110 (100) 15 (13.6) 95 (86.4) < 0.0001 c - -

Abbreviations: HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBcAb, hepatitis B core antibody.
a Values are expressed as No. (%).
b Chi-square test and relative risk (RR) with 95% confidence interval (CI) were used.
c Significant

Table 2. Frequency of HBsAb Levels, Gender, and Age in Exposed HBV and Unexposed
Control Groups

Groups
HBsAb, No. (%)

P-Value a

< 10 (IU/L) > 10 (IU/L)

Gender

Unexposed 0.32

Female 21 (38.89) 33 (61.11)

Male 27 (48.21) 29 (51.79)

Exposed < 0.0001b

Female 32 (60.37) 21 (39.63)

Male 40 (70.18) 17 (29.82)

Age (y)

Unexposed < 0.0001b

1 - 5 19 (46.34) 22 (53.66)

6 - 10 26 (60.47) 17 (39.53)

11 - 16 15 (57.69) 11 (42.31)

Exposed < 0.0001 b

1 - 5 11 (28.95) 27 (71.05)

6 - 10 7 (18.92) 30 (81.08)

11 - 16 14 (40.00) 21 (60.00)

Abbreviations: HBV, hepatitis B virus; HBsAb, hepatitis B surface antibody; IU/L,
international units per liter.
a Chi-square test was used.
b Significant

dates hepatitis vaccination for high-risk children, is inad-
equate (28). Based on the low rate of infection in the un-
exposed group, parent-to-child transmission is the most
likely route of infection in exposed children. Therefore,
the urgency of routine maternal and paternal screening
and case finding in children with HBsAg-positive parents
must be emphasized. Although there is nothing to pre-
vent the continuation of routine vaccination in newborns,
further booster doses of hepatitis B vaccination should be
given after the initial vaccination to prevent HBV infection
in vaccinated healthy individuals with household mem-

bers of HBV-positive carriers based on serological surveil-
lance (8). It has been suggested that a vaccine dose should
be administered in early adolescence, as this may provide
longer-term protection into adulthood (29). In addition,
many literature data suggest that intradermal vaccination
against hepatitis B improves seroconversion rates in pa-
tients who do not respond to vaccination. In a previous
study, the seroconversions of 63%, 100%, and 96% were ob-
served with subcutaneous (2 micrograms), intradermal (2
micrograms), and intramuscular (20 micrograms) admin-
istration of hepatitis B vaccine, respectively (30). Proper in-
tradermal administration of the vaccine is critical for an
adequate immune response. Therefore, intradermal vac-
cines appear to be an effective alternative to other routes in
immunization programs in families with HBsAg-positive
members. Improving population knowledge (31) of HBV
risk factors, vaccination, and transmission in high-risk
groups could reduce parent-to-child transmission.

The present study had some limitations. We could
not determine vertical transmission from mother during
delivery, and there was no medical documentation about
HBIG administration to infants of HBsAg-positive mothers
in the past; however, the number of HBsAg-positive moth-
ers in the exposed group was low (17.27%), and some of
them had been administrated HBIG. In our study, many in-
fected children had infected fathers, suggesting that they
may have a polymorphism making them susceptible to
HBV infection. In addition, we did not test HBV DNA in
HBsAg-negative subjects, although occult HBV infections
are rarely reported in HB-vaccinated infants, especially at
low HBsAb levels. The results of this study have signifi-
cant implications for clinical practice, so we suggest imple-
menting other routes of HBV vaccination (intradermal) or
booster doses among HBV-vaccinated children with HBV-
carrier parents to reduce HBV transmission in high-risk
groups.

In conclusion, the high HBcAb rate among children
with HBV carrier parents and decreasing HBsAb levels with
age in this study highlight the inadequate prevention of
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Table 3. Relative Frequency Distribution of HBsAb Levels in Exposed Subjects with Carrier Parents Compared with Unexposed Controls

Positive for HBV
HBsAb, No. (%)

P-Value a

< 10 (IU/L) > 10 (IU/L)

Unexposed -

None 36 (32.72) 74 (67.28)

Exposed 0.53

Inactive CHB father 11 (35.48) 20 (64.52)

Inactive CHB mother 5 (38.46) 8 (14.8)

Active CHB father 14 (23.33) 46 (76.67)

Active CHB mother 2 (33.33) 4 (66.67)

Abbreviations: HBV, hepatitis B virus; HBsAb, hepatitis B surface antibody; IU/L, international units per liter; CHB, chronic hepatitis B.
a Chi-square test was used. P < 0.05 was significant.

HBV transmission by childhood vaccination and the im-
portance of vaccine routes changing and further booster
doses. In addition, consideration should be given to re-
ducing intrafamilial transmission with HBIG in newborns
even in HBsAg-positive fathers, more effective HBV case
finding in vaccinated children with HBsAg-positive par-
ents, and patient education.
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