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ABSTRACT

While Hepatitis A Virus (HAV) vaccination in global immunization programs has shown a virtual elimina-
tion of the disease within few years of the vaccination program, changing epidemiological landscape in
India underscores the need for evidence-based, updated guidance on immunization practices. In
May 2024, a panel of 15 distinguished opinion leaders and an organizing committee convened for an
intensive, face-to-face advisory board meeting on high burden of HAV infection among adults, increased
mortality rate in adolescents, symptomatic presentation in children, and evolving landscape globally and
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within India. Extensive comparable deliberations on long-term follow-up data from India and data from
country of origin advocated immunogenicity, tolerability, and long-term protective effects of single-dose
live attenuated HAV vaccine in children. Finally, a consensus was achieved on recognition of increased
global attention toward HAV prevention through vaccination coverage. The need for a single dose of live
attenuated HAV vaccine was an important outcome of this meeting.

Background and context

Viral hepatitis, with about 1.4 million deaths annually, is the
seventh-leading cause of mortality and morbidity in low- and
middle-income countries (LMICs) and other regions
globally.' Among these, hepatitis A virus (HAV), a virus of
the family Picornaviridae, genus Hepatovirus,® accounts for
15,000 to 30,000 deaths (i.e., 0.5% of deaths from viral hepa-
titis), 100 million self-limited infections, and 1.5 million symp-
tomatic cases annually worldwide.*” The distribution of the
HAV is closely related to hygiene and sanitation standards, as
well as socio-economic status, with sporadic food-borne out-
breaks reported in many endemic countries.*” Recognizing
the global burden of HAV (ie., 1.4 disability-adjusted life
years (DALYs) and 2.5 DALYs in 2010 and 2023, respectively),
the World Health Organization (WHO) developed a long-
term goal of eliminating viral hepatitis, including hepatitis A,
as a major public health threat by 2030."°

Although the HAV was first identified in 1973 and the
vaccine has existed since 1992, viral hepatitis A infection
remains a significant public health challenge in the world.
The clinical cases afflicted by HAV increased 150% during
2018-2023 compared with 2016-2018 in the USA;

endemicity persists and outbreaks continue to occur in
Europe. Shifting patterns of anti-HAV positivity, with
a transition from higher to lower seroprevalence, have
been notable in various countries of the WHO Western
Pacific Region. India is one of the most populous and
heterogeneous countries in the Asia Pacific region and is
primarily considered a hyper-endemic country; however,
bulk pooled authentic national data on the prevalence of
hepatitis A are still lacking due to the non-availability of
suitable surveillance systems.'''**!> Serosurveys conducted
between 1992 and 2010 showed decreased HAV seropreva-
lence in children but increased in older age groups, which
perhaps reflected historical exposure in early childhood
prior to this period of economic development. However,
such studies were conducted in different geographical
areas with consequent variation in development.'>™"” Given
the attack rates in the adolescents and adults and the changing
social and cultural behaviors in India, it is a reasonable assump-
tion that with the shifting HAV endemicity in India, HAV
infection could have a larger impact on the individual health,
and families due to loss of income and productivity. HAV is
also the most common cause of fulminant hepatic failure
among children in India, which has been reported life-
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threatening. The coexistence of heterogeneous pockets of
exposed and unexposed individuals in different social classes
and regions within the country makes population prone to
HAV outbreaks.

Need for consensus: perspectives from Indian
subcontinent

According to the series of WHO position papers pub-
lished in 2000, 2012, and 2022,'® the transition from
high to intermediate endemicity of hepatitis A leads to
an increased risk of clinically significant hepatitis. In
general, epidemiological data, difficulty in diagnosis of
asymptomatic or nonspecific symptoms of infection in
children, and risk of disease severity with increasing age
underline the importance of prevention of hepatitis A in
the community. Nonetheless, the evolving disease patterns
within India, especially in cities, are a result of improved
hygiene, sanitation, and living conditions among parents
handling infants and very young kids of <5y of age. This
means that children are not exposed to natural infections
until they reach school age. Should they contract the
infection later in life, they are at a higher risk of devel-
oping serious illnesses, and there is also a greater like-
lihood of complications. Children, adolescents, and adults
are prone to HAV infection within the external environ-
mental conditions (schools, colleges, restaurants). The
alarming increase in the number of susceptible children,
adolescents, and adults and continuous reports of HAV
outcomes in different parts of the country suggest
a definite need for the hepatitis A vaccination, regardless
of the socioeconomic status.'”™*'

Scope and objectives of the advisory board meeting

In May 2024, a panel of 15 distinguished experts and the orga-
nizing committee convened an intensive, face-to-face advisory
board meeting. These key opinion leaders, selected for their
outstanding reputations and expertise in the pediatrics, vacci-
nology, pediatric gastroenterology, hepatology, and virology,
and all the principal investigators for the clinical trial of the
live attenuated hepatitis A study in India over the last 15y
participated in the meeting. The meeting aimed to consolidate
expert opinions on (i) independent review of research, particu-
larly recent update on the sero-epidemiology of HAV in India
and the complications of fulminant hepatitis A infections, and
(ii) the long-term persistence of the immunogenicity of the live
attenuated hepatitis A vaccine along with the understanding of
the experience of the 20 y use of the vaccine in India.

After the confirmation of the participation, the experts were
briefed on the agenda of the meeting in line with the above topics,
and extensive research papers were circulated as pre-reads.
Further, the key points were reviewed and approved by the
KOLs who showed interest in participating in the meeting. The
questions related to each topic were addressed by all the repre-
sentatives and discussed in detail during the meeting (Figure 1).
Their outputs were consolidated into a key consensus document.

Summarized description of sessions

Session 1: (a) Seroepidemiology of hepatitis A in India:
changing scenario

During the session, an expert from the National Institute of
Virology, Pune, and Interactive Research School for Health
Affairs (IRSHA), Bharati Vidyapeeth University, Pune,
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Figure 1. Proceedings of hepatitis A expert opinion board meet 2024: a stepwise approach. SOL, scientific opinion leaders; KOL, key opinion leaders.



presented pan-India HAV prevalence by comparing the stu-
dies on community-, hospital settings-, single centre/city-
based, multicentric, and high-risk categories (Table S1 in
Supplementary data).

Changing epidemiology among children/infants

Collecting data from single time point, longitudinal, age-
stratified, or restricted ages, it has been observed that
a few decades ago, hepatitis A was hyperendemic in devel-
oping countries due to the lack of sub-clinical exposure
infection in young children and inadequate vaccination
coverage.'”*® India has been experiencing significant socio-
economic growth over the last few decades, and reports are
indicating a decline in HAV seroprevalence in India based
on the ICMR-NIV data reported in 1982, 1992, 1998,
2002-05, and 2009.>°>* When overall HAV seroprevalence
in the ‘6-10" and ‘15-25" y age groups of nonexposed
unvaccinated adults were compared from 1978 to 2022 by
taking previously reported values from NIV, a marked
decline was observed over the last two decades, while no
decline was seen over two decades before 1998. However,
when compared with 2009 seroprevalence, the decline in
2020 and 2022 was seen to be rapid during the last decade
(from ~74% to ~44% to ~31%).'"***° Echoing this trend,
a longitudinal serosurvey conducted in Pune (Western
India) in 2020 showed a significant decline in HAV sero-
prevalence in ‘15-25" y age group in urban (from 85.9% to
73.9%) and rural (from 98.6% to 91.4%) populations, sug-
gesting that the trend probably started more than a decade
ago.”” Seroprevalence of HAV among urban lower socio-
economic stratum ‘6-10" y children and nonexposed unvac-
cinated adults was found to be significantly higher (~70%)
than that among the rural (44%) and urban children (40%).
This population seems to have moved rapidly from ‘high
child immunity rates’ (>90%) to ‘Tlow-medium immunity
rates’ (40%-59%) as per the WHO classification.”> >’

Hepatitis A in adults

Though exact estimates are not available, according to accessed
literature, the following picture emerged: (i) ‘adult susceptibil-
ity rate’ (proportion of nonimmune adults between 35 and 44
y) has remained very low (close to 0%) over the past two
decades, and (iii) increased HAV seroprevalence in older age
groups between 1992 and 2010 plausibly reflects historical
exposure in early childhood prior to this period of economic
development.’®*

Emergence of outbreaks of hepatitis A

The shift in HAV epidemiology was parallelly accompanied
by outbreaks of hepatitis A in children, young adults, and
adults. Among the 291 outbreaks reported in the last
national Integrated Disease Surveillance Programme (IDSP)
survey (2011-2013), at least one hepatitis outbreak was
reported in 23 (66%) of 35 Indian states, 2/3™ of outbreaks
was reported from rural areas, and about 163 (56%) out-
breaks were with known etiology. Several hepatitis
A outbreaks with high attack rates (particularly in adoles-
cents and young adults) were noted in Kerala. The transfor-
mative epidemiological shift is evident in the rising burden
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of acute liver failure in children, previously an uncommon
manifestation of HAV infection. HAV alone or in combina-
tion with other viruses constitutes over 50% of the fulminant
hepatitis cases in children.*'~*

Session 1: (b) Unusual manifestations and co-infections in
acute hepatitis in children

Acute severe hepatitis with unknown etiology in children is
a rising health concern, with 1121 cases and 27 deaths reported
in 36 countries.*® A study report from the experts of the KEM
Hospital, Pune, showed unusual 23 pediatric (13 males, 10
females) cases of acute hepatitis, including ascites (9), edema
(4), pleural effusion (3), hematuria (1), maculopapular rashes
(2), and firm hepatomegaly (5) in different degrees and recov-
ery was delayed (6 weeks to 6 months). A significant associa-
tion between co-infections was also found as follows: HAV
alone (8), HEV alone (2), HAV + hEV (8), HAV + hCV (2),
HAV +hBV (1), HAV + F. malaria (1), and HAV + enteric
fever (1), although a direct causal relationship has not been
demonstrated.

Session 2: Long-term immunogenicity and immune
persistence of live attenuated hepatitis A vaccine: Chinese
and Indian studies

If the ambitious global targets of eliminating viral hepatitis,
including hepatitis A, by 2030 are met and sustained, over
60 million deaths could be averted over the next century.*’
To reach these aspirational targets, the hepatitis A vaccination
program needs to be scaled up, which might enhance existing
efforts or address specific gaps. Two experts from the Institute
of Child Health (Kolkata) and KEM Hospital Research Centre
(Pune) identified the overarching contexts from the WHO
2022 position papers (with a particular emphasis on longer-
term, i.e., 3-7y and >7y follow-up studies, including data on
efficacy and safety of single-dose regimens of live attenuated
hepatitis A vaccines in children in India).

Live attenuated Hepatitis A vaccines derived from H2
strains through serial passaged propagation in Human
Diploid Cell (KMB 17 cell line) were licensed for human use
in 1992.*** Since then, these vaccines have been used success-
fully in the Chinese population for the primary prevention of
Hepatitis A infections as well as in the control of epidemics.

Data from China

Clinical trials in the 1990s conducted in China demonstrated
that live attenuated hepatitis A vaccines had high efficacy,
good safety, and persistent long-term immunity.”® This was
further demonstrated in a 4-y vaccine efficacy study of the H2-
based vaccine conducted by Mao et al.”" in children 1-15y of
age at 11 primary schools in Shaoxing County, China, in which
no hepatitis A cases were reported during 18,102 cumulative
person-years in the vaccination group, while in the control
group, 495 cases occurred during 242,168 cumulative person-
years (vaccine efficacy 100%). In a large-scale vaccination of
children aged 1-15y in Jiaojiang City, China, the presence of
anti-HAV IgG antibodies was documented after 15y in 72%-
88% of the vaccinees® and was associated with a 32-fold
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reduction in reported HAV incidence, implying that in most
cases, long-term protection against hepatitis A is achieved
following single dose of this vaccine.

A systematic review by Irving et al.”>* included five trials
assessing the live attenuated vaccine (n = 690690). Sub-group
analyses confirmed the clinical effectiveness of live attenuated
hepatitis A vaccines (effectiveness: 93%; 95% CI: 83-97) to
prevent clinically apparent HAV infection.

Several large population studies in China have demon-
strated the impact of mass vaccination strategies using live
attenuated vaccines, showing a 50% to 84% reduction in
HAYV incidence across all age groups before and after imple-
menting a universal single-dose live attenuated vaccination
schedule.”®™>

A national-level analysis of provinces using a single dose
live attenuated HAV vaccine at 18 months (115 million doses
administered) showed an increase in coverage from 82.4% to
98.4%, while annual reported HAV cases dropped from 7489
(2007) to 4576 (2008) to 237 (2018), marking an overall 96.8%
decline.”® In Henan province, expanded HAV immunization
in 2008 resulted in a 94.8% decrease in incidence by 2018, with
a 98.2% decline among adolescents. The proportion of hepati-
tis A cases in patients under 10 y decreased from 41.6% in 2012
to 3.8% in 2018, while cases in those over 40 y rose to 69.2%.%

In a 17-y follow-up of 47 children administered the hepa-
titis A vaccine, Chen et al.>® demonstrated seroprotection of
62% (antibody titers > 20 mIU/ml); all participants had detect-
able titers. GMCs of anti-HAV IgG, i.e., 64.8 mIU/ml expo-
nentially rose to 1832.1 mIU/ml. This proves the anamnestic
response of the live attenuated HAV even in the individuals
whose antibodies were below the minimum protective titer.
However, persistent memory T cells (amnestic response) were
demonstrated in 94% of the 31 individuals receiving a booster
at 17 y post-primary vaccination, including 13 cases who were
seronegative at this time point.

Data from India

The first study of this vaccine outside China was conducted
in Pune, India, in 2004, and showed an immunogenicity of
95.8% by the end of 2months after a single dose of the
vaccine.” The original Pune cohort has been under regular
follow-up since vaccination for anti-HAV antibodies 30
months post-vaccination (2007) in 131 of the original 143
children. Seroprotective antibody levels >20 mIU/mL were
demonstrated in 87.8% of subjects with an overall GMT of
92.02 mIU/mL, with no hepatitis-like illness since vaccina-
tion. There were no adverse events in any except mild fever
in one child.®® A 10-y follow-up of the same cohort of
children demonstrated a seroprotection rate of 98.1% (anti-
HAV GMT of 100.46 mIU/mL) in those who showed ade-
quate seroprotection in earlier studies. The seroprotection
rate declined to 87.6%, on the exclusion of 13 participants
who had to be given additional hepatitis A doses. Since the
vaccine was not yet licensed, the ethics committee requested
to give additional doses. This same cohort was assessed
clinically every year for anti-HAV antibodies in 2004, 2007,
2010, and 2014, and further follow-up showed robust immu-
nogenicity with a seroprotection level of 86.2% at 15y after
vaccination.®'

The high immunogenicity of the single dose schedule
in Indian children was corroborated in 2008 by a larger
multicentre study spanning across four geographic zones
(Kolkata, Delhi, Mumbai, and Chennai) in India, showing
seroconversion of 95.1% and 97.9% at 6 weeks and 6
months, respectively.®> A phase IV, 5-y follow-up with
the same cohort of 343  subjects achieved
a seroconversion rate and the GMC of 97.3% and 127.1
mIU/mL at 60 months, respectively.”> Subjects with an
antibody titer > 10,000 mIU/mL had no clinical history
of hepatitis A, suggesting possible subclinical infections
and supporting the anamnestic response. Of the 349 sub-
jects, 23 had titers >5000 mIU/mL, and one had a titer
>10,000 mIU/mL twice in consecutive years, yet none
showed clinical signs of icterus. The sub-clinical infection
(>10,000 mIU/mL) induced anamnestic response (>3000
mIU/mL) in the subjects was the reason for the long-term
persistence of antibodies through natural boosting effect
considering >20 mIU/mL as a positive response. Even for
subjects who did not attain seroconversion (<20 ml/IU)
post-vaccination, it was seen in subsequent follow visits
they achieved very high titer values due to antibody
boosting by the natural infection due to anamnestic
responses. Hence, with the single dose, live attenuated
vaccine even if the antibody titers appear to be below
minimum protective titer at some time points post-

primary vaccination, strong anamnestic response
mediated exponential increase in antibodies on subse-
quent exposures confers long-term persistent
immunogenicity.

The team concluded by briefly sharing a comparative
account of the excellent immunogenicity of live attenuated
HAV vaccines (Table 1). It was unanimously opined that
HAV coverage should be addressed across the country and
all children must be vaccinated with hepatitis A at 12
months and if missed catch-up vaccination should be
encouraged. Based on the scientific and real-world evidence
of more than three decades in China and two decades in
India along-with a long history of research and develop-
ment and promising clinical trials, single-dose live attenu-
ated HAV has been proven to have good efficacy, safety,
and long-term immunogenicity. The long-term prospective
real-world follow-up studies (without any statistical model-
ing) illustrated the long-term immunogenicity mediated by
a strong anamnestic response on subsequent exposures.””*
WHO position paper (2022) also mentioned single-dose
live attenuated vaccine has good safety, efficacy, and
immunogenicity. The  Advisory = Committee on
Immunization Practices (ACIP) of Indian Academy of
Pediatrics (IAP) too recommends single-dose administra-
tion of live attenuated H2 strain vaccine for all children at
the age of 12-23 months and if missed catch-up vaccina-
tion is suggested; catch-up vaccination for children >2y
requires a single dose of the live HAV vaccine. However,
pre-vaccination screening for hepatitis A antibodies is
recommended for children >10 y.81 In addition, this vac-
cine is endorsed for individuals with a high risk of HAV
such as food handlers, travelers, and for any person
wishing to obtain immunity.
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Table 1. Description of seroprotection rate reported in long-term studies with live attenuated hepatitis a vaccine.

Subjects
(No. of Age group  Seroconversion at end
Study type Author Duration Region/Source participants) (years) of study (%)
Randomized Controlled Trials
Global scenario Zhang et al.%* 3.5y  Zhengding County and the Jiaoqu District of 37,000 1-8 94.4
Shijiazhuang city, China
Xu et al.®® 3y Guanxi, Hebei and Shanghai, China 457,251 3-13 75-80
Wang et al.>° 8y  Zhengding, Hebei province, China 3515 1-12 72
Zhuang et al.% 15y  Shengsi county and Jiaojiang city in Zhejiang 220 1-13 81.3
province, China
Liu et al.*’ 1y  Zhengding, China 924 1.5-6 91
Liu et al.%® 3y  Nanchang City, China 239 16-21 65
Ma et al.?° 1y Xiangshui County, Jiangsu Province, China 3000 1.5-16 98
Luo et al.”® 3y Jiangsu Province, China 3000 1.5-16 98.08
Indian scenario Faridi et al.%? 1y  Delhi, Mumbai, Kolkata and 505 1.5-5 97.9
Chennai (India)
Mitra et al.% 5y  Kolkata, Delhi, Mumbai and Chennai (India) 343 1.5-5 96
Cohort studies
Global scenario Wang et al.”’ 24 Fudan, China 42 1-15 100
months
Liu et al.” 7y Jingyuan County, Gansu Province 211 3-13 100
Zheng et al.”? 1y  Chinese mainland 21 3-13 100
Mao et al.*! 4y Shaoxing County, China 228 1-15 100
Zhuang et al.”* 10y  Shengsi county and Jiaojiang city in Zhejiang 161,618 1-15 80.2
province, China
Zhuang et al.” 10y  Shengsi county and 220 1-3 80.2
Jiaojiang city, Zhejiang Province, eastern coast
of China
Wang et al.”® 1y Chinese mainland 42 1-15 100
Chen et al.*® 17y 24 villages in China 3515 1-12 62%
Indian scenario Bhave et al.>’ 2 Pune, India 143 1-12 95.8
months
Bhave et al.* 30  Pune, India 143 1-12 87.8
months
Bhave et al.”’ 8weeks Pune, India 140 1-12 99
Bhave et al.% 10y  Pune, India 143 1-12 98.15
Bhave et al.” 15y  Pune, India 143 1-12 94 (96%)

Concluding remarks

Across the presentations made in the sessions, close-out discus-
sion points brainstorming, and recommendations continuously
emphasized on the strong need for vaccination against hepatitis
A in all children and continuously highlighted the strong track-
record of single live attenuated vaccine for its proven strong
efficacy, safety, and long-term immunogenicity mediated through
strong anamnestic response. The benefits of live vaccine have
been well established both in China and in India through robust
scientific data and real-world experience. Considering the epide-
miological shift in India and fear of multiple outbreaks across the
country with morbidity and mortality, a strategy should be
designed to include the vaccine in the national immunization
schedule.
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