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Abstract

Background

A previous review on hepatitis A virus (HAV) seroprevalence in 2005 categorized Southeast
Asia as a low HAV endemicity region. In 2010, the World Health Organization modified this
from low to low/medium endemicity, pointing out that these estimates were based on limited
evidence. Since then, there has been no attempt to review HAV epidemiology from this
region. We conducted a systematic review of literature to collect information on HAV inci-
dence and seroprevalence in select countries in the Southeast Asian region, specifically,
The Association of Southeast Asian Nations over the last 20 years.

Methodology

This systematic review was conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses guidelines. From the relevant articles, we extracted
data and conducted a risk of bias assessment of individual studies.

Results

The search yielded 22 and 13 publications on HAV seroprevalence and incidence, respec-
tively. Overall, our findings point to a very low HAV endemicity profile in Thailand and Singa-
pore and evidence of a shift towards low HAV endemicity in Indonesia, Lao People’s
Democratic Republic, Malaysia, the Philippines, and Vietnam. Only Singapore, Thailand,
Malaysia, and the Philippines have existing HAV disease surveillance and reported inci-
dence rates below 1 per 100,000. Several outbreaks with varying magnitude documented in
the region provide insights into the evolving epidemiology of HAV in the region. Risk of bias
assessment of studies revealed that the individual studies were of low to medium risk.

Conclusions/Significance

The available HAV endemicity profiles in Southeast Asian countries, aside from Thailand,
are limited and outdated, but suggest an endemicity shift in the region that is not fully
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documented yet. These findings highlight the need to update information on HAV epidemiol-
ogy through strengthening of disease surveillance mechanisms to confirm the shift in HAV
endemicity in the region.

Introduction

Hepatitis A disease is caused by the hepatitis A virus (HAV) and is transmitted via the fecal-
oral route either through ingestion of contaminated food or water, or through close contact
with an infectious person [1, 2]. Symptoms are initially non-specific (nausea, vomiting, fever,
malaise and abdominal pain) and followed by bilirubinuria, pale stools, jaundice (usually 2-4
weeks) and pruritus (unusual case) that can last up to 6 months [3]. The severity and clinical
outcome of hepatitis A are highly correlated with age at infection, with HAV infection being
usually asymptomatic in children (~70% of cases) but commonly symptomatic in adults
(>70% of cases) [3]. The presence of IgG antibodies confirms either vaccination or the initia-
tion of the convalescent phase of infection, providing lifelong immunity to the individual [3].
Endemicity level (i.e. circulation) of HAV within a given region or population is readily esti-
mated through serological surveys (measurement of HAV antibodies in the blood) and are
reliable estimates of the burden of disease in a population.

HAYV endemicity is typically high in low- and middle-income countries (where individuals
are exposed to virus infection in their childhood years) in comparison to the situation in high-
income countries which typically have very low endemicity (i.e. most of the population is
naive to HAV infection during their life) [4]. In recent decades, low- and middle-income
countries have seen rising incomes and rapid urbanization and nearly the entire population
(especially in urban areas) now have access to clean water. Consequently, these countries have
reported a transition from high to low endemicity levels of HAV due to a progressive decrease
of exposure to HAV during their childhood [4]. Paradoxically, this improvement place coun-
tries at higher risk for HAV [5-7]. Lastly, international trade, travel, and migration may also
add to the high risk of outbreaks in countries reporting low or intermediate HAV endemicity
[8].

A review investigating the seroprevalence of HAV in children and adolescents in the South-
east Asian region was published in 1998 [9]. Since then, no published review investigating
exposure to HAV has been identified for the region. In 2005, a systematic review of the global
seroprevalence of HAV ranked the Southeast Asian region as one with low endemicity, mainly
driven by a large number of publications coming from Thailand [10]. In 2010, the World
Health Organization (WHO) updated the aforementioned ranking and modified the HAV
endemicity status for this region to low/medium endemicity [5], but this estimation was based
on limited evidence with an average of less than one publication per country. A recent system-
atic review reported HAV seroepidemiology in the Asia-Pacific region, including all the East
and South Asian countries [11]. However, results from only 3 out of 11 countries in the South-
east Asia Region (Thailand, Indonesia, and Singapore) were reported.

In this systematic review we evaluate the existing literature regarding HAV epidemiology
by focusing on disease incidence and trends of exposure to HAV in the Southeast Asia region
over the last 20 years. Specifically, the 11 members of the Association of Southeast Asian
Nations (ASEAN) are included in the review (Brunei, Cambodia, Indonesia, Lao People’s
Democratic Republic [PDR], Malaysia, Myanmar, the Philippines, Singapore, Thailand,
Timor-Leste and Vietnam).
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Methods
Search sources and strategy

The search was conducted in 5 electronic databases. We searched MEDLINE (via PubMed),
Embase, Google Scholar and 2 regional databases: the Health Research and Development
Information Network (HERDIN) from The Philippines [12] and MyJurnal from Malaysia
[13]. We also consulted grey literature sources such as the official websites from the Ministry
of Health (MoH) or ministry of public health (MOPH) and the National Health Agency of
each country (including the official national report of waterborne diseases if available). To
intensify the grey literature search we sent an information request letter to universities and
research centers, known for their research activity in infectious diseases, requesting unpub-
lished reports on HAV epidemiology. Lastly, we conducted a snowball search utilizing the bib-
liographies of the identified publications to retrieve any further relevant studies.

The full electronic search strategy is described in the S1 Text. Searches were limited to pub-
lications from January 01, 1999 to February 15, 2021 covering the last two decades of publica-
tions and conducted in both English and the local language of the country of interest.

Screening and selection

The identified publications were screened using the inclusion and exclusion criteria provided
in S1 Table. Original research from non-interventional studies was included if they reported
the incidence of hepatitis A (usually defined as patients registered in clinical records or surveil-
lance systems with the code B15 according to the International Classification of Diseases,
Tenth Revision [ICD-10]) or the age-specific seroprevalence of HAV (defined as previous
exposure to HAV confirmed by laboratory detection of HAV IgM/IgG in blood samples).
Case reports and other publications such as commentaries, editorials and letters were excluded
from this review. Both screening and selection of publications was performed by one author
(GHS).

Risk of bias

The quality of individual studies included in this review from peer-reviewed sources was
assessed using the tool for critical appraisal of prevalence studies in health research literature
described by Hoy et al. [14]. The risk of bias assessment for each paper was performed inde-
pendently by two reviewers (first reviewers KL, PB, ST, AS; second reviewers: DS, SB). Any
disagreement was resolved by a third reviewer (GHS).

Risk of bias was not assessed for reports or publications from official MoH websites and
outbreak specific studies. This was done because insufficient data and potentially biased dis-
ease reporting levels are known to exist in such reports as seen in other countries (such as
United States) [15]. Thus, conducting a risk of bias assessment for these publications was con-
sidered out of the scope for this review.

Data extraction, statistical analysis and reporting

The information extracted from selected studies included study characteristics (year of publica-
tion, study design, main objective of the study and sample size), age group of the study population
and case definition (laboratory confirmation methods and clinical definition of hepatitis A in the
case of an outbreak study). Incidence cases were reported in numbers when available. Crude inci-
dence rates and age specific seroprevalence were extracted and reported as such. If only incident
cases were reported, the crude incidence rates were estimated for comparative purposes using the
official population estimate from the corresponding National Statistics Bureau of each country.
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Annual incidence rates and age specific seroprevalence (by country or subregion) were plotted to
describe the observed trend. HAV country endemicity was classified according to WHO criteria
as follows: high (for countries reporting a seroprevalence above 90% by the time individuals were
10 years of age); intermediate (seroprevalence >50% by 15 years of age but <90% by 10 years of
age); low (seroprevalence >50% by 30 years of age, but <50% by 15 of age); and very low (<50%
by 30 years of age) [16]. A descriptive analysis of the extracted data and risk of bias assessment
were performed to summarize the main outcomes. As heterogeneity of results was expected in
the study populations due to differences in socioeconomic development and surveillance systems,
no meta-analysis was planned for this review.

Results

Search results

Databases and snowball search yielded 448 publications. After removing 201 duplicates, and
exclusions, a total of 35 publications were included in the final review (Fig 1).

Study characteristics

Among the 35 included publications, the largest number were for Thailand (n = 20) [23-38,
44-46, 51] followed by Malaysia (n = 5) [20, 41-43, 47]. While most countries contributed

Publications identified through
database searching
(n=448)

MEDLINE: 227
Embase: 171
HERDIN: 10
MylJurnal: 9
Grey literature: 31

Identification

Duplicates excluded
(n=201)

v

Publications
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(n=247)

A4

Publications screened at title
and abstract phase
(n=247)

Publications excluded
(n=175)

v

Publications screened at full-text
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(n=72)

Publications excluded (n=37)
Duplicate (n=1)
Population (n=9)

v Outcome (n=9)
Study design (n=18)
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Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0258659.9001
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with a single study to this review, two studies provided data for immigrants coming from Viet-
nam, Philippines, Cambodia, Lao PDR and Myanmar [18, 21], no publications were found
from Timor-Leste and Brunei. Twenty-two cross-sectional studies reported seroprevalence
data while 13 publications reported only incidence data. Eight publications provided data
from outbreak investigations and 5 publications were from official surveillance reports. Con-
sidering the study settings we found most reports community based (n = 10), followed by hos-
pital based (n = 7) laboratory population (Table 1).

HAY seroprevalence

Among the 22 publications 15 reported results from Thailand and were mostly conducted
before 2010 (Table 1). Seroprevalence surveys had sample sizes ranging between 100 and
4,260 individuals.

Thailand. At least 3 surveys conducted in Thailand in the study period [23, 29, 37]
spanning the population of 12 different provinces may be representative of the national
level (Fig 2A). These surveys independently showed a sharp increase in HAV exposure
with age: from 20% or less in population <2 years of age to more than 90% in those >60
years of age. When comparing across surveys over time, we observed that exposure to
HAV in individuals 15-20 years of age halved in the study period: from nearly 20% (1999)
to less than 10% in 2014. It was also documented that the 50% exposure to HAV threshold
was reached at 42 years of age in 2014 compared to 36 years of age in 2004, thus confirm-
ing the HAV epidemiological transition of Thailand into a very low endemicity country.
During the same period, data from Bangkok focusing on chronic liver disease patients
[33], intravenous drug users [27] and men having sex with men [26] showed a similar age
pattern (Fig 2B).

The latest publication from Thailand analyzed exposure to HAV in older adults (>60 years
of age) and found it to be close to 100% [24]. In Thailand, seroprevalence surveys also depicted
regional variability. In the exposure to HAV threshold of 50% was reached by the age of 15
years [38], while in the province of Chiang Rai, this threshold was reached by the age 50 years
[29]. These results were in high contrast with the results from other regions which were closer
to the nationwide average (Fig 2C). Results from 5 other studies from Thailand provided esti-
mates of HAV exposure among medical students and medical cadets [28, 36, 52] and at spe-
cific age groups [30, 35].

Other countries. Data from other countries included in the systematic review suggest
high heterogeneity on the endemicity level of HAV across the region (Fig 3).

In Singapore, a population-based survey conducted in 1993 showed a HAV exposure level
of 50% by 35 years of age, suggesting a very low endemicity profile [22]. In 1993 a survey ran
in Yogyakarta, Indonesia [19] also showed an increase in exposure to HAV with increasing
age, reaching the threshold of 50% at around 25 years of age, indicating low HAV endemicity.
On the contrary, a survey from Vietnam [39], conducted in 1994, showed an almost complete
seroconversion by 10 years of age. Twenty years later, a survey conducted between 2011 and
2017 among immigrant women in Korea [21] from countries including Cambodia (n = 58),
the Philippines (n = 85) and Vietnam (n = 422), suggested an HAV endemicity age shift pat-
tern in Vietnam (60% by 20-29 years of age and 80% by 30-40 years of age) and the Philip-
pines (78% by 20-29 years of age and 72% by 30-40 years of age), but not in Cambodia (100%
HAV seropositivity by 20-29 years of age).

A recent study from Lao PDR suggests a shift taking place in that country towards a low
HAYV endemicity profile, suggesting exposure to HAV of 50% among individuals around 20
years of age [17].
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Incidence of hepatitis A

Reports on the incidence of hepatitis A were found for four countries in Southeast Asia includ-
ing Malaysia [47], Singapore [51, 52], Thailand [51] and the Philippines [48], where hepatitis
A is a notifiable waterborne disease. Please refer to S1 Fig for a geographical overview of this
review.

Malaysia. Hepatitis A has been a notifiable disease in Malaysia since the late 1980s [53]
and since then there has been a sharp and sustained decreasing trend of the number of HAV
cases, from around 9.0 per 100,000 individuals in 1991, to 2.2 in 2004, to the lowest level thus
seen of 0.14 per 100,000 individuals in 2017. The latest report from 2018 showed a slightly
increased incidence rate of 0.30 per 100,000 individuals [47].

Singapore. Official reports from the national health statistics, dating back to 1999
reported a stable range of notifiable cases (range: 48 [2016]- 146 [2006]) [49]. The latest report
from 2018 and 2019 [50] recorded 75 and 66 new cases (crude annual incidence rates estimate
approximately 1.0 per 100,000 population), respectively [50].

Thailand. Since 2003 National Health Statistics depicted stable incidence rates below 1.0
per 100,000 except in years 2005 and 2012 when incidence rates of 4 and 3 per 100,000 were
estimated, respectively [51]. The latest report from 2019 stated the occurrence of 432 cases cor-
responding to an incidence rate of 0.65 per 100,000 [51].

The Philippines. Official reports from the national health statistics dating back to 2010
[48] reported a steady increase in annual cases from 440 to 563 in 2015. The two latest available
reports from 2016 and 2017 showed 443 and 462 cases per year, respectively. Nearly 50% of
the affected people were between 16-30 years of age. Estimated Crude annual incidence rates
based on this information ranged between 0.4 and 0.6 cases per 100,000 population.

Outbreak reports

Outbreak information was reported for Indonesia [40], Malaysia [20, 41-43], Singapore [22]
and Thailand [23, 44, 45]. No information on outbreaks occurring in the Philippines was
found in the search (Table 1). The outbreak in Indonesia (n = 59) occurred by the end of
2015, in two very close junior high schools in the urban area of Surabaya. In Malaysia at least 3
outbreaks from different regions were documented: The first happened in 2000 [41] where 334
cases of hepatitis A were reported and the outbreak source was postulated to be of mixed
sources and spread from person to person. The second outbreak was reported in 2002 [42]
with 51 cases of hepatitis A and the outbreak source was postulated to be contamination of riv-
ers used for recreational purposes and human sewage. The last outbreak was reported in 2012
[43] with 78 cases, and the outbreak source was postulated to be contaminated “Toddy”, an
alcoholic beverage. In Singapore one outbreak attributed to consumption of raw shellfish
resulted in 159 cases reported in 2002 [22]. The epidemiological report showed no specific
food center to be implicated. In the other hand we found several reports from Thailand [23,
25, 44, 45]. The largest outbreak was reported in Buengkan province which affected more than
1,600 patients who attended the provincial hospital [25] and the latest outbreak report was
from 2019, which reported 61 confirmed cases in a prison located in Bangkok [46].

Risk of bias assessment

The result of the risk of bias assessment revealed that the studies included in the review showed
high internal validity (Fig 4). Assessment scores ranked between low and medium risk accord-
ing to the Hoy et al. scale [14], mainly affecting external validity. These studies showed flaws in
sampling methodologies such as a lack of randomization or census procedures and applying
convenience sampling strategies. Nine publications failed to provide confident representation
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Posuwan et al, 2019 [26]
Kwon et al, 2018 [23]
Rianthavorn et al, 2011 [40]
Sa-nguanmoo et al, 2016 [25]
Linkins et al, 2013 [28]

Lee et al, 2011 [24]

Ahmad et al, 2011 [22]
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Ratanasuwan et al, 2004 [32]
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Fig 4. Risk of bias assessment (n = 22¥). *Risk of bias was not assessed for reports or publications from official Ministries of Health websites and
outbreak specific studies. Color coding: Per item result: green = Yes; red = No. Overall result: green, and amber dots correspond to low and
medium risk of bias, respectively.
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of the targeted or the national population and six publications failed in the attempt to control
the non-response bias.

Discussion

This systematic review found evidences that suggest a full spectrum of HAV endemicity in
Southeast Asia, where, aside from Thailand and the first recent study published from Lao
PDR, none of the other countries have updated information on HAV seroprevalence at the
national or regional level in the last 20 years.

Such lack of information might have failed to document the ongoing and expected HAV
endemicity shift in these countries that have experienced major socioeconomic improvements
in the past two decades [54].

The striking contrast in the number and size of HAV outbreaks in Thailand and Singapore,
both countries with very low HAV endemicity profiles, illustrates the impact of a HAV
endemicity transition with different pace over time. By 1993 and probably as a result of an ear-
lier, faster, and greater socioeconomic development [55], Singapore already featured a very
low HAV endemicity profile, while Thailand was just reaching intermediate levels (reaching
the HAV exposure threshold of 50% among individuals 12 years of age) [23]. This example
adds to the evidence that countries with an ongoing HAV endemicity shift, even those reach-
ing low HAV endemicity levels, cannot rely solely on improvements in water hygiene and san-
itation to contain the burden of hepatitis A infection [56, 57].

Although we only found one original outbreak report from Indonesia, there is evidence of
several outbreaks across its territory. At least 47 episodes of hepatitis A outbreaks were docu-
mented between 1998 and 2018, mainly from the Isle of Java. Outbreaks were reported at
schools and nearby areas (73%) and primarily involved people between 15-35 years of age
[58]. Additionally, our review did not capture a recent outbreak report from July 2019 with
over 950 cases in the Isle of Java [59] because it was in a press release format. These large num-
bers of outbreaks are underpinned by an ongoing transition of HAV endemicity that has not
been documented yet. Lack of routine surveillance of hepatitis disease and low confidence in
the existing epidemiological data in Indonesia has been previously reported [60]. The only
HAV seroprevalence survey during our study period came from a single city (Yogyakarta) in
1996, showing a low HAV endemicity profile. As such, this data cannot be generalized to the
entire Indonesian population [19].

This review did not find any published information on outbreaks in the Philippines, and
very limited information on seroprevalence for the last two decades, although periodic surveil-
lance reports of acute diseases have been published since 2010 showing incidence rates below 1
per 100000, similar to those reported from very low endemic countries in the region. The case
of the Philippines shows that reporting up to date incidence data needs to be complemented
with periodic seroprevalence surveys to fully capture the burden of HAV disease.

Among the 4 countries in Southeast Asia where hepatitis A is a notifiable disease, only Thai-
land provides updated information of HAV seroprevalence at a national level. This evidence
confirms that there are clear gaps in the HAV epidemiology surveillance in the region. There
is a clear need for establishing and improving nationwide HAV surveillance in most of the
countries in Southeast Asia.

Seroprevalence studies captured from Malaysia [20] and Vietnam [21, 39] suggest that
these countries might be at an intermediate endemicity level but fall short in determining the
age at which a 50% threshold is reached (Fig 3). In other words, the existing evidence is limited
in assessing the age at midpoint of population immunity, defined as the youngest age at which
half of the population has serologic evidence of prior exposure to HAV.
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HAYV Seroprevalence age trends reports from Lao PDR, suggesting a low endemicity profile
in both rural and urban areas, contrast with those observed in Cambodia and Myanmar
despite sharing the lower Human Development Indices in the region [54]. This could be attrib-
uted to the improvements in water sanitation achieved by Lao PDR in the last few decades [61,
62].

The burden of hepatitis A among high-risk groups, merits further discussion. Information,
mostly from Thailand, related to specific populations such as healthcare professionals, intrave-
nous drug users and men who have sex with men shows results consistent with the general
population [23]. These results emphasize the identical baseline susceptibility of this group to
the general population, with a higher risk of acquiring HAV due to the inherent nature of their
profession or behaviors [63]. Similar information was lacking from the other countries in the
region.

HAV seroprevalence surveys including individuals from early childhood (around 5 years or
even less, when possible) to late adulthood remains the most relevant data for HAV epidemio-
logical analysis and disease modeling given the strong cohort effect shown by the HAV
endemicity transition [64, 65]. It is likely that the young birth cohorts in Southeast Asian coun-
tries will remain at high risk of HAV infection, although with regional and temporal
variations.

It is fully acknowledged that breaking HAV transmission and, in this case, ensuring
improvement of water sanitation and hygiene (WASH) remains the cornerstone of HAV con-
tainment in a country, but to accomplish it country and region wide is not an easy task in
Southeast Asia [66]. Thus, depending on the epidemiological pattern, countries may consider
targeted vaccination against the disease to stop its spread, protect the individual with life-long
immunity and induce herd immunity [67].

This systematic review addressed some of the limitations of previous publications reporting
seroprevalence and incidence data from Southeast Asia. It reported a risk assessment bias and
included both a literature search in the local language and grey literature search to rule out the
existence of potential data being excluded from the mainstream search.

Scores of all seroprevalence papers included in this review ranked between low and medium
risk, highlighting the reliability of the results included in the analysis. Most of the studies per-
formed well in the internal validity items. The shortcomings mainly occurred over the external
validity. This is not surprising in cross-sectional studies [68] as the generalization of a study
outcome to a broader population is limited by the high variability across populations. There-
fore, future studies should join efforts to reach local, regional, or national representatives to
maximize the usefulness of HAV seroprevalence surveys.

Nevertheless, these results should be interpreted with caution owing to the limitations of
the studies retrieved. Aside from Thailand, the low number of studies per country, their lim-
ited national representativeness and the heterogeneity of study population limit their external
validity. In addition, the notable difference in the sampling methodology in the seroprevalence
studies and differences in reporting and completeness of incidence data across countries in
Southeast Asia hinder their comparability.

In summary (Fig 5), this review documents the contrasting HAV endemicity and outbreak
profiles of the countries in the Southeast Asian Region. It highlights the fact that ASEAN coun-
tries, aside from Thailand, have a substantial gap of up-to-date and reliable information on
HAYV epidemiology. This lack of information makes it difficult to fully document the epidemi-
ology shifts, if any, in HAV endemicity. It is expected that several of these countries transit to
low HAV endemicity in the next decades, which could consequently be associated with a
higher risk and burden of disease in older age groups. Robust evidence on the HAV incidence
and seroprevalence status of the population through the strengthening of surveillance systems
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* Hepatitis A virus is transmitted through contaminated food and water or through close contact with an infected person. It usually occurs as an
asymptomatic disease in children but may present with severe symptoms in adults causing temporary disability and absence from work.

*In 2009, the World Health Organization stated that there is limited evidence of the disease burden of hepatitis A from South East Asia, specifically,
The Association of Southeast Asian Nations region which covers 11 countries (Brunei, Cambodia, Ind ia, Laos, Malaysia, Myanmar, the
Philippines, Singapore, Thailand, Timor-Leste and Vietnam).

* We performed a systematic review of literature to collect and summarize information of HAV disease burden (new cases of HAV, incidence, and
past exposure to HAV, and seroprevalence) over the last 20 years in South East Asia.

What is new?

We performed a systematic review of literature to collect and summarize information of hepatitis A disease burden (new cases of hepatitis A,
incidence, and past exposure to hepatitis A, and seroprevalence) over the last 20 years in South East Asia. We show:

+ a wide diversity of hepatitis A seroprevalence and incidence in the South East Asian region.
« the existence of sporadic outbreaks of different intensities in the region.

+ most of the evidence found for South East Asia come from a single country: Thailand; information for the other countries is largely lacking
orold.

* less than half the countries included in South East Asia have established hepatitis A surveillance.

What is the impact?

 This review documents the need for further research to establish the current hepatitis A disease burden in the region.

* There is an urgent need to strengthen hepatitis A surveillance infrastructure and mechanisms in South East Asia.

¢ Up to date and reliable information on hepatitis A epidemiology will help to define specific strategies to control and reduce the burden of
hepatitis A disease in South East Asia.

Fig 5. Plain language summary.
https://doi.org/10.1371/journal.pone.0258659.9005

will be useful for decision-makers to define targeted and comprehensive strategies to reduce
the current and future burden of HAV disease [69] and potentially help in achieving the ulti-
mate goal of eliminating hepatitis A in Southeast Asia by 2030 [70].
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