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ABSTRACT

Background and Objectives: Hepatitis B virus (HBV) remains a major public health challenge, particularly in hyperendem-
ic regions. This study assessed the effectiveness of Iran's national HBV vaccination program in Esfandiar village, South Kho-
rasan Province, where HBV prevalence substantially exceeds the national average. We compared hepatitis B surface antigen
(HBsAg) prevalence between cohorts born before and after implementation of the universal vaccination program in 1993.
Materials and Methods: We conducted a cross-sectional seroprevalence study encompassing both unvaccinated individuals
(born before 1993) and vaccinated individuals (born 1993 onwards) in Esfandiar village. Serum samples were analyzed for
HBsAg, hepatitis B e antigen (HBeAg), and hepatitis B core antibody (HBcAb) using enzyme-linked immunosorbent assay
(ELISA).

Results: HBsAg prevalence was markedly higher among unvaccinated individuals (22.56%, 132/585) compared to vaccinat-
ed individuals (1.19%, 3/252), yielding a vaccine effectiveness of 94.74%. Among vaccinated children, 54% maintained pro-
tective antibody titers (>10 mIU/mL), with highest levels observed in children born to HBsAg-positive mothers. Conversely,
46% of vaccinated children demonstrated suboptimal antibody titers (<10 mIU/mL), predominantly among those born to
HBsAg-negative mothers. Notably, all three HBsAg-positive vaccinated children were born to mothers with concurrent
HBsAg and HBeAg positivity.

Conclusion: The national HBV vaccination program demonstrates remarkable effectiveness in reducing HBsAg prevalence,
underscoring the critical importance of universal neonatal immunization in endemic settings. Enhanced preventive strategies,
including hepatitis B immunoglobulin (HBIG) administration to infants of HBeAg-positive mothers, could further optimize
protection. Sustained surveillance and rigorous adherence to vaccination protocols remain essential for achieving compre-
hensive HBV control.
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INTRODUCTION production of viral envelope proteins, which subse-
quently circulate as surface antigens in the blood-

Hepatitis B virus (HBV) is a partially dou-  stream (2). Transmission occurs primarily through
ble-stranded DNA virus that specifically targets exposure to infected blood and body fluids, includ-
hepatocytes in humans and non-human primates ing semen and vaginal secretions. In highly endemic
(1). Upon infection, the virus stimulates excessive regions, mother-to-child transmission and horizontal
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transmission during early childhood represent the
predominant routes of infection (3, 4).

The global burden of HBV infection remains sub-
stantial. According to the World Health Organization
(WHO), approximately 296 million individuals were
living with chronic hepatitis B in 2019, with the dis-
ease causing an estimated 820,000 deaths annually
from complications including liver cirrhosis and he-
patocellular carcinoma (5). Chronic HBV infection
carries a significant mortality risk, with 15-25% of
infected individuals developing fatal liver complica-
tions (6).

Although no curative treatment exists for acute
hepatitis B infection, antiviral therapies can effective-
ly suppress viral replication in chronic cases, thereby
slowing cirrhosis progression, reducing hepatocellu-
lar carcinoma incidence, and improving long-term
survival outcomes. However, many patients require
lifelong treatment to maintain viral suppression (7,
8). Vaccination remains the cornerstone of HBV pre-
vention. The WHO recommends administering the
first vaccine dose within 24 hours of birth, followed
by two or three additional doses to complete the pri-
mary series. Booster doses are typically unnecessary,
as vaccine-induced immunity persists for at least 20
years and potentially throughout life (9). For infants
born to HBsAg-positive mothers, combining hepati-
tis B immunoglobulin with vaccination provides op-
timal protection against perinatal transmission (10).

The Islamic Republic of Iran implemented a com-
prehensive national HBV vaccination program in
1993, representing one of the earliest large-scale
immunization initiatives in the Middle East region.
This program mandated the administration of three
doses of recombinant hepatitis B surface antigen
vaccine to all infants and adolescents (11). This stra-
tegic intervention has yielded remarkable results,
with national HBV prevalence declining to 1.7% by
2020 (12). However, epidemiological surveillance
has identified geographic disparities in disease bur-
den. Notably, Esfandiar village in South Khorasan
Province exhibits an HBV prevalence of 16.1%, sub-
stantially exceeding the national average (13).

Previous epidemiological investigation in Esfandi-
ar's rural population identified multiple risk factors
contributing to this elevated prevalence. Traditional
practices such as cupping (hijama), which remains
prevalent among the region's gypsy communities and
rural residents, alongside informal dental procedures
and war-related injuries, constitute significant trans-
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mission routes. Furthermore, intrafamilial transmis-
sion through household contact and perinatal expo-
sure represents a major contributor to the endemic
burden in this community. The persistence of these
traditional practices, coupled with limited health
literacy, underscores the critical need for culturally
appropriate educational interventions and enhanced
public health programs tailored to this population's
specific needs (13).

This marked regional disparity necessitates a
comprehensive evaluation of vaccine effectiveness
in high-prevalence areas. Accordingly, the present
study aims to assess the impact of Iran's HBV vacci-
nation program in Esfandiar village, with particular
emphasis on preventing vertical transmission from
hepatitis B surface antigen (HBsAQ)-positive moth-
ers to their children. Elucidating these local epidemi-
ological patterns and vaccination outcomes will pro-
vide essential evidence for optimizing immunization
strategies and reducing transmission in high-burden
communities, thereby contributing to the broader
success of hepatitis B elimination effortsin Iran.

MATERIALS AND METHODS

Study setting and population. This cross-sectional
study was conducted in Esfandiar village, Tabas Gol-
shan city, South Khorasan Province, Iran. The village
exhibits an HBV prevalence of 16.1%, substantially
exceeding the national average. This endemic setting
was selected due to its unique demographic compo-
sition, comprising both vaccinated and unvaccinated
cohorts. Residents born before 1993 were not includ-
ed in the national hepatitis B vaccination program,
whereas those born from 1993 onward had received
the standard three-dose vaccine series as mandated
by Iran's national immunization policy. This tempo-
ral division provided an ideal natural experiment for
evaluating vaccine effectiveness.

Participant recruitment and selection. The study
employed a comprehensive sampling approach, re-
cruiting nearly all village residents regardless of age,
sex, or residency status. Of 837 individuals assessed
for vaccination status, 585 were identified as unvacci-
nated (born before 1993) and 252 as vaccinated (born
1993 or later). The initial analysis evaluated hepati-
tis B serological markers in both cohorts to establish
baseline prevalence rates.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

Subsequently, we identified a subset of 130 unvac-
cinated mothers from the original cohort who had
vaccinated their children (n=201 children total). This
mother-child cohort underwent additional analysis to
assess vertical transmission patterns and evaluate an-
tibody titers in vaccinated offspring of HBsAg-posi-
tive mothers.

Data collection. Demographic information, in-
cluding maternal age, child age, and sex, was collect-
ed through structured questionnaires administered by
trained nursing personnel. Written informed consent
was obtained from all adult participants and from par-
ents or legal guardians for minors prior to enrollment.

Sample collection. A 5 ml blood sample was
taken from each participant. The samples were pro-
cessed to isolate serum and then analyzed using the
Enzyme-Linked Immunosorbent Assay (ELISA)
method. The analysis focused on key markers as-
sociated with hepatitis B infection and immunity,
including HBsAg, HBsAb, hepatitis B envelope an-
tigen (HBeAg), and antibodies against hepatitis B
core (HBCcAD) levels. HBsAg, HBeAg, HBcAb, and
HBsAb were measured using the ELISA BIOVAN-
TION kit (Cat. No. TY0031), (Cat. No. BE103A), (Cat.
No. BE105A), and (Cat. No. BE102A) respectively.

Vaccine effectiveness (VE) calculation. Vaccine
effectiveness was calculated using the screening
method formula:

PPV — PCV

VE(%)=————— X
(%) PPV X (1—PCV)

100

Where:

. PPV = Proportion of vaccinated individuals
in the total population

. PCV = Proportion of vaccinated individuals
among HBsAg-positive cases

Data analysis methods. Venous blood samples
(5 mL) were collected from each participant using
standard phlebotomy techniques. Samples were cen-
trifuged to obtain serum, which was subsequently
analyzed for hepatitis B serological markers us-
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surface antibody (HBsAb) was measured using the
BIOVANTION ELISA kit (Cat. No. BE102A), hepa-
titis B envelope antigen (HBeAg) was assessed with
the BIOVANTION ELISA kit (Cat. No. BE103A), and
hepatitis B core antibody (HBcAb) was evaluated us-
ing the BIOVANTION ELISA kit (Cat. No. BE105A).
All assays were performed according to manufac-
turer specifications, with appropriate quality control
measures implemented to ensure result reliability and
reproducibility.

Ethical considerations. The study protocol was ap-
proved by the Ethics Committee of Birjand Universi-
ty of Medical Sciences (approval number: IR.BUMS.
REC.1399.457) and was conducted in accordance
with the Declaration of Helsinki. All participants
provided written informed consent prior to enroll-
ment. For participants under 18 years of age, parental
or guardian consent was obtained, along with assent
from minors when age-appropriate.

RESULTS

Demographic information. Analysis of demo-
graphic data revealed a mean maternal age of 41 +
8.91 years and a mean child age of 13 + 4.42 years.
The study population comprised 96 male and 105 fe-
male children (Table 1).

Prevalence of HBsAg, HBeAg, and HBcAb among
vaccinated and unvaccinated populations. Among
585 unvaccinated individuals born before 1993 in Es-
fandiar village, who were excluded from the national
HBV vaccination program, 132 (22.56%) tested pos-
itive for HBsAg. Within this HBsAg-positive cohort,
four individuals demonstrated concurrent HBeAg and
HBcAb positivity, whereas the remaining 128 were
HBeAg-negative but HBcAb-positive.

In contrast, among 252 individuals born after 1993
who completed the recommended three-dose HBV

Table 1. Demographic characteristics of the study partici-
pants

ing enzyme-linked immunosorbent assay (ELISA) Variable Category Mean+SD/n
methodology. Four key markers were assessed to Mothers’ age (years) — 41+8.91
determine infection status and immunity: hepatitis B Children’s age (years) — 13 £ 4.42
surface antigen (HBsAg) was detected using the BIO- Children’s sex Male 96
VANTION ELISA kit (Cat. No. TY0031), hepatitis B Female 105
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vaccination series, only three (1.19%) tested positive
for HBsAg. Of these HBsAg-positive vaccinated in-
dividuals, two exhibited both HBeAg and HBCcAb
positivity, while one was HBeAg-negative and HB-
cAb-positive.

Comparative analysis between vaccinated and un-
vaccinated cohorts revealed significantly higher prev-
alences of both HBsAg-positive/HBeAg-negative and
HBsAg-negative/HBcAb-positive individuals in the
unvaccinated group compared to the vaccinated group
(P <0.01) (Fig. 1).

Vaccine effectiveness. Calculation of hepatitis B
vaccine effectiveness yielded a rate of approximately
94.74% among the vaccinated individuals.

Maternal HBV status among mothers who had
vaccinated their children. Of the 585 unvaccinated
individuals, 130 were mothers who had subsequent-
ly vaccinated their children. Among these mothers,
27 (20.76%) tested positive for HBsAg, while 103
(79.24%) were HBsAg-negative. Within the HB-
sAg-positive maternal cohort (n=27), two demonstrat-
ed HBeAg positivity and 25 were HBeAg-negative.
Among the HBsAg-negative mothers (n=103), 49 test-
ed positive for HBcAb, while 54 were HBcAb-nega-
tive (Table 2).

Serological status of children stratified by mater-
nal HBsAg status. Analysis of children born to HB-
sAg-positive mothers (n=40) revealed three distinct
serological profiles: three children were HBsAg-pos-
itive, seven were HBsAg-negative/HBcAb-positive,
and 30 were negative for both markers. Notably, no
children born to HBsAg-negative mothers tested pos-
itive for HBsAg (Fig. 2).

HBsAD titers in vaccinated children. Analysis of
protective antibody levels demonstrated that chil-
dren born to mothers with triple positivity (HBsAg+/
HBeAg+/HBcAb+) exhibited the highest HBSAD ti-
ters (mlU/mL), whereas children born to seronegative
mothers (HBsAg-/HBeAg-/HBcAb-) displayed the
lowest titers (Fig. 3).

DISCUSSION

In 2016, Ziaee and colleagues conducted a commu-
nity-based survey to estimate the prevalence of hepa-

844

titis B virus (HBV) in the villages of Esfandiar, Mar-
ghoub, and Zenugan in South Khorasan Province,
Iran. The results were striking: Esfandiar exhibited
a markedly elevated HBV prevalence of 16.1% (13),
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Fig. 1. Prevalence of hepatitis B markers in vaccinated ver-
sus unvaccinated populations. Data are presented as mean +
standard deviation. Statistical significance is denoted by *
for P <0.05 and ** for P < 0.01.

Table 2. Hepatitis B serological profiles of mothers who had
vaccinated their children

Maternal HBsAg Status ~ Subcategory n %

Total mothers — 130 100.00

HBsAg-positive Total 27 20.76
HBeAg-positive 2 —
HBeAg-negative 25 —

HBsAg-negative Total 103 79.24
HBcAb-positive 49 —
HBCcAb-negative 54 —
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Fig. 2. Hepatitis B serological status of children stratified by
maternal HBsAg status.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

228.33+37.88
250
200+
150+
100+

501
30

40.52433.12

o

13.74£13.03
9.92+13.48

in children

20+

HBsADb titer (U/mL)

101

X X X

\}) \Y) \\J o
c,P‘ eg% 6(,?‘ g X\QGP‘

PO e e e°

Mothers

Fig. 3. HBsAD titers (mlU/mL) in vaccinated children ac-
cording to maternal hepatitis B serological profile.

whereas neighboring villages were below the nation-
al average.

Since 1993, children born in Esfandiar have re-
ceived hepatitis B vaccinations through Iran's na-
tional immunization program, consistent with na-
tionwide implementation. To evaluate this program's
effectiveness, we examined protection levels among
individuals born from 1993 onward.

Our analysis revealed striking differences between
vaccination cohorts. Among individuals born before
1993, who were excluded from the vaccination pro-
gram, HBsAg prevalence reached 22.56% (132 of
585 individuals). Conversely, those born in 1993 or
later who had received the complete three-dose HBV
vaccine series demonstrated a markedly reduced
HBsAg prevalence of only 1.19% (3 of 252 individu-
als). These findings indicate a vaccine effectiveness
rate of approximately 94.74%, underscoring vaccina-
tion's critical role in controlling HBV transmission.

Notably, all three vaccinated children who tested
HBsAg-positive were born to mothers with both
HBsAg and HBeAg positivity, suggesting that el-
evated maternal viral loads and HBeAg positivity
substantially increase perinatal transmission risk.
An alternative explanation involves vaccine escape
mutants, which may cause infection despite immu-
nization. While vaccination programs have success-
fully reduced disease prevalence, selective pressure
may have facilitated the emergence of mutations that
evade antibody-mediated protection. For instance, a
glycine-to-arginine substitution at position 145 with-
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in the "a determinant” of HBsAg can alter the anti-
genic structure as well as the immunogenic proper-
ties, thereby compromising neutralizing antibodies'
recognition and binding capacity (14). Additionally,
mutations at positions S120 and S145, frequently
identified in cases of immune evasion and vaccine
failure, may impair antibody-HBsAg binding, poten-
tially enabling viral immune escape (15).

Our findings align with multiple Iranian studies
documenting vaccination program success. Mogh-
adami et al. (2019) demonstrated that incorporating
hepatitis B vaccination into Iran's routine immuniza-
tion schedule significantly has reduced HBsAg carri-
er rates among individuals born from 1994 onward,
with prevalence declining from 3.5% pre-vaccination
to 0.6% post-vaccination (12). Similarly, Hashemi
et al. reported 67.9% vaccine efficacy among Fars
Province students assessed 6-8 years post-vaccina-
tion (16). Rezaei et al. (2014) documented protective
antibody titers in 88% of children under five years
in Semnan Province, with gradual declines to 78%
in children aged 5-10 years and 74% at ten years
post-vaccination (17). A comprehensive 2018 me-
ta-analysis by Najafi et al. confirmed the vaccine's
high efficacy throughout Iran, reporting 89% protec-
tion rates in children under five, with slightly higher
rates among girls (88%) than boys (85%) (18).

Importantly, the three HBsAg-positive vaccinated
children in our study were exclusively born to moth-
ers with both HBsAg and HBeAg positivity; no chil-
dren born to HBsAg-positive/HBeAg-negative moth-
ers tested HBsAg-positive. Although 15 vaccinated
children demonstrated HBcAb positivity, indicating
prior viral exposure, none developed acute or chronic
hepatitis, further supporting vaccination's protective
efficacy. Additionally, 54% of vaccinated children
maintained protective antibody titers exceeding 10
mlU/ml, with the highest titers observed among chil-
dren born to HBsAg-positive mothers, particularly
those with concurrent HBeAg positivity. Conversely,
46% of vaccinated children exhibited non-protective
titers below 10 mIU/ml, predominantly among those
born to HBsAg-negative mothers.

These results demonstrate that maternal HBsAg
and HBeAg status significantly influences vaccina-
tion outcomes, with infants born to HBsAg-posi-
tive—particularly HBeAg-positive—mothers facing
elevated infection risk. These findings emphasize the
necessity for targeted public health interventions ad-
dressing this vulnerable population. Essential strat-
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egies include universal maternal HBV screening
during pregnancy, timely administration of hepatitis
B immune globulin (HBIG) concurrent with birth-
dose vaccination for exposed infants, and compre-
hensive post-vaccination serologic testing to confirm
protective immunity. However, implementation bar-
riers in rural and resource-limited settings include
restricted HBIG availability, cold-chain mainte-
nance challenges, and financial constraints. Poten-
tial solutions encompass strengthening supply chain
infrastructure, securing governmental or insurance
coverage for HBIG, and integrating maternal HBV
screening into standard antenatal care protocols to
facilitate prompt identification and treatment of at-
risk newborns. Moreover, incorporating systematic
follow-up monitoring within existing child health
programs enables early identification of non-re-
sponders, facilitating timely booster administration
or alternative preventive interventions when indicat-
ed. Through strategic resource allocation targeting
highest-risk children, these approaches can substan-
tially reduce HBV transmission while optimizing na-
tional vaccination program effectiveness.

Our study further confirms that while children
born to HBsAg-positive mothers require vigilant
monitoring, routine booster doses are unnecessary.
This finding accords with current WHO guidelines,
which recommend against booster vaccination for
immunocompetent individuals who have completed
the primary series. The observed low antibody titers
in some children likely reflect durable immune mem-
ory rather than inadequate protection. Collectively,
our findings demonstrate the remarkable success of
Iran’'s national hepatitis B vaccination program in re-
ducing HBV transmission, particularly among high-
risk children born to HBsAg-positive mothers.

CONCLUSION

Our findings demonstrate that the hepatitis B vac-
cination program achieves exceptional effectiveness,
with a calculated rate of approximately 94.73%. The
substantial reduction in HBsAg prevalence among
vaccinated individuals underscores the critical im-
portance of neonatal vaccination in HBV-endemic
regions. While a limited number of vaccinated in-
dividuals born to HBeAg-positive mothers acquired
HBYV infection, this observation emphasizes the ne-
cessity for enhanced preventive strategies targeting
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this high-risk population, including HBIG adminis-
tration at birth. Continued surveillance and rigorous
adherence to vaccination protocols remain essential
for sustaining progress toward comprehensive HBV
control.
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