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This cross-sectional study aimed to assess seroprevalence of hepatitis A virus (HAV) antibodies and
identify factors associated with HAV seropositivity among children and adolescents aged 1-18 years
who resided in Chiang Mai, Thailand. Sociodemographic characteristics, sanitation/hygiene, and
history of HAV vaccination were collected. Anti-HAV IgG antibody was determined, and a level 21.0
S/CO defined HAV seropositivity. We enrolled 300 participants; median age 8.7 years, 54% male,

and 13% overweight (BMI z-score: + 1 to + 2 standard deviation [SD]). Sixty-five participants (22%)
were vaccinated against HAV. Overall, 84/300 participants (28%) demonstrated HAV seropositivity,

of whom 55/65 (85%) and 29/235 (12%) were among vaccinated and unvaccinated participants
(P<0.001), respectively. Previous HAV vaccination (adjusted odds ratio [aOR] 47.2; 95% Cl 20.0-111.8)
and overweight (aOR 4.4; 95% Cl 1.7-11.3, compared with normal weight [BMI z-score: - 2 to + 1 SD])
were significantly associated with seropositivity of HAV. In the stratified analyses, crowded bedroom
(aOR 3.2; 95% Cl 1.3-7.8, per one person increase) and overweight (aOR 5.0; 95% Cl 1.8-13.7)

were factors associated with HAV seropositivity among vaccinated and unvaccinated participants,
respectively. Seroprevalence of HAV antibodies in healthy Thai children and adolescents was relatively
low. Recommendation of HAV vaccination for these populations, particularly those with high-risk
conditions, should be considered.

Hepatitis A virus (HAV) infection is one of the leading causes of viral hepatitis worldwide, with approximately
100 million HAV infections and 1.5 million symptomatic cases each year!. HAV is transmitted primarily via the
fecal-oral route through consumption of contaminated food and water, or close physical contact with an infec-
tious person (e.g., oral-anal sex)". In general, hepatitis A disease is mild and self-limiting which does not cause
chronic hepatitis. However, age at natural infection is an important determinant of disease severity and clinical
outcomes. Exposure to HAV during childhood is usually associated with asymptomatic infection, whereas HAV
infection during adolescence or adulthood mainly results in symptomatic disease, such as fever, loss of appe-
tite, nausea, vomiting, malaise, abdominal pain, jaundice, and pale stools, or may eventually lead to fulminant
hepatitis or fatality®. Although hepatitis A is a vaccine-preventable disease, an overall case-fatality due to HAV
infection ranges from 15,000 to 30,000 deaths per year, with the highest estimates in sub-Saharan African and
Asian countries where the vaccination coverage is low'.

In the past, hepatitis A was typically endemic in low- and middle-income countries due to large population,
low socioeconomic status, poor hygiene and sanitation, and lack of clean water®*. With the growth in house-
hold incomes per capita, increased access to safe drinking water, improved hygiene and sanitation systems,
rapid urbanization, and HAV vaccine availability in recent decades, several hepatitis A endemic countries have
consequently transitioned from high (a country with seroprevalence of HAV infection > 90% by 10 years of age)
to intermediate (a country with seroprevalence >50% by 15 years of age, with <90% by 10 years of age) or low
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endemicity levels of disease (a country with seroprevalence = 50% by 30 years of age, with <50% by 15 years of
age) due to a continuous decrease in HAV exposure during childhood®>™'2. This epidemiological change impor-
tantly places these countries at increased susceptibility to natural HAV infection among their adult populations
whom may suffer greater disease-related morbidity and mortality®'®. Therefore, introduction of hepatitis A vac-
cine to the national immunization program for children and adolescents in such countries is vitally important.

Thailand is a developing country in Southeast Asia which attains upper-middle-income economy. The country
has made remarkable progress in poverty reduction, economic growth, as well as hygiene and sanitation standard
improvement over the past decades'. According to a national seroepidemiological study in 2014 which showed
that 50% of Thai people was seropositive for HAV by the age of 42 years, Thailand has transitioned from a low
to a very low HAV endemicity (a country with seroprevalence <50% by 30 years of age)'!. Yet, there are spo-
radic cases of hepatitis A among Thai population who might acquire the infection through drinking or eating
contaminated food and water, touching contaminated fomites due to poor hygiene and sanitation, or exposure
to occasional outbreak events. In 2022, there were 285 confirmed cases of hepatitis A reported to the Bureau of
Epidemiology, Division of Disease Control, Ministry of Public Health of Thailand, accounting for an incidence
of 0.4 per 100,000 populations'. To date, vaccination against HAV in Thai children and adolescents is mostly
recommended in the private health sector since the vaccine is currently not part of the Thailand Expanded
Programme on Immunization (EPI).

Seroprevalence study is a reliable strategy to evaluate the susceptibility rate of population to an infectious
agent of concern which would provide important evidence to help establishing the appropriate national immu-
nization policy and recommendations for the country. However, there are currently limited epidemiological
data on HAV seropositivity in children and adolescents, particularly among those living in developing countries
including Thailand. This study aimed to assess seroprevalence of HAV antibodies and identify factors associated
with HAV seropositivity among children and adolescents residing in Northern Thailand, stratified by hepatitis A
vaccination status. In brief, the prevalence of HAV seropositivity following vaccination and its associated factors
were evaluated among vaccinated participants, whereas the low HAV seropositivity rate and its relevant factors
were examined among unvaccinated individuals independently.

Methods

Study design and study participants

A cross-sectional study was conducted at the Faculty of Medicine, Chiang Mai University (CMU)—a tertiary
care university hospital in Chiang Mai, Thailand. During November 2021 to September 2022, healthy chil-
dren and adolescents aged between 1 and 18 years old who resided in urban, semi-urban, and rural districts
in Chiang Mai—the largest city in northern Thailand (a total area: 20,170 km? a total population: 1.7 million
people, including 303,000 children and adolescents aged 1-18 years) were recruited from daycares, nurseries,
pre-kindergartens, kindergartens as well as primary, secondary, and vocational schools by convenience sampling
technique. Participants who had primary (e.g., X-linked agammaglobulinemia, selective IgA deficiency, IgG
subclass deficiency, common variable immunodeficiency) or secondary immune deficiency diseases (e.g., HIV/
AIDS, autoimmune disease, leukemia, lymphoma, diabetes), received immunosuppressive agents (e.g., high-dose
corticosteroids [prednisolone =20 mg/day], tacrolimus, cyclosporin, mycophenolate mofetil, azathioprine, cancer
chemotherapy), or had been given blood products within the past 6 months by history taking at the screening
visit were excluded. This study was approved by the Research Ethics Committee of the Faculty of Medicine,
CMU. Prior to study enrollment, participants and/or caregivers were informed about the study objectives, and
written informed consents and assents were obtained from all participants and/or their caregivers, as appropri-
ate. All study procedures were performed in accordance with the ethical standards of the institutional research
committee on human experimentation and with the Declaration of Helsinki.

Sample size calculation

The sample size was calculated based on a previously reported seroprevalence of HAV antibodies of 10% among
Thai children and adolescents aged 1-20 years in the 2014 national seroepidemiological study (a reference sero-
prevalance)''; and a presumed seroprevalence of 17% anticipated in this study (an expected seroprevalence) with
regard to an increased HAV vaccination coverage among study population in the recent years. Thus, with a 90%
confidence and a 5% margin of error, a total of 300 participants were required for this study.

Clinical data collection

Participants and caregivers were interviewed using a study questionnaire. Information regarding sociodemo-
graphic characteristics, including age, sex, primary caregiver, parental education level, monthly household
income, and place of living, as well as history of liver diseases or viral hepatitis, history of vaccination against
HAV from vaccine booklet review or self-reported information, home environment (e.g., type of housing, num-
ber of family member living in the same house, number of people sharing the participant’s bedroom), water
supply (e.g., drinking water source), toilet (e.g., type of toilet), and personal hygiene (e.g., usage of towel, food
services, usage of serving spoon) were collected. In addition, anthropometric parameters were measured, and
body mass index (BMI) was calculated by body weight in kilograms divided by the square of height in meters.
Then, BMI z-score was computed based on the 2007 World Health Organization (WHO) growth reference'®, and
was categorized to thin (z-score: < — 2 standard deviations [SD]), normal (z-score: —2SD to + 1SD), overweight
(z-score: > +1SD to +2SD), and obese (z-score: > +2SD), according to the WHO suggested cut-offs'®.
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Blood collection and serological assay

Phlebotomy was performed by well-trained laboratory technicians. Serum samples were extracted and stored
at—20 °C until laboratory analysis. All sera were analyzed, using an automated chemiluminescent microparticle
immunoassay (CMIA), for the detection of immunoglobulin G antibody to HAV (anti-HAV IgG; Alinity i HAVAb
IgG, Abbott, Wiesbaden, Germany) on the Alinity i system (Abbott Diagnostics, Chicago, IL, USA) according to
manufacturer’s instructions. For each sample, the amount of anti-HAV IgG was calculated based on the ratio of
the sample relative light unit (RLU) to the cut-off RLU (S/CO). Seropositivity of HAV was defined as anti-HAV
IgG level 2 1.0 S/CO. The sensitivity and specificity of the test were > 98% and > 99%, respectively.

Statistical analysis

All statistical analyses were conducted using Stata statistical software, version 17 (StataCorp LP, College Station,
TX, USA). Seroprevalence of HAV antibodies was presented as number (n) and percentage (%). Anti-HAV IgG
level was reported as the geometric mean concentration (GMC, S/CO) with 95% confidence interval (95% CI).
Notably, in this study, the GMC was calculated among participants with HAV seropositivity, and the partici-
pants with undetectable anti-HAV IgG levels (< 1.0 S/CO) were excluded. The comparisons of characteristics
between participants previously vaccinated versus unvaccinated against HAV were conducted using Chi-squared
test or Fisher’s exact test (if <5 observations) for categorical data, and Wilcoxon rank-sum test for continuous
data. Additionally, the comparisons of seroprevalence of HAV antibodies and GMC of anti-HAV IgG between
vaccinated versus unvaccinated participants, stratified by participants’ age groups (1-5 years, 6-10 years, and
11-18 years), were performed using Chi-squared test and log-linear regression analysis, respectively. Univari-
able logistic regression analysis was conducted to identify factors associated with HAV seropositivity. Covariates
with a P-value of <0.20 as well as the well-known prespecified confounding factors, including age, sex, and BMI,
were incorporated in the multivariable analysis. The additional logistic regression analysis which stratified study
participants by their hepatitis A vaccination status were also performed to further identify the associated factors
of HAV seropositivity in each participant group. The magnitudes of association were expressed as crude odds
ratio (crude OR) and adjusted odds ratio (aOR) for the univariable and multivariable analyses, respectively. A
two-sided P-value of <0.05 was considered statistically significant.

Results

Characteristics of study participants

During the study period, a total of 305 children and adolescents were screened, of which 300 were eligible and
enrolled (3 participants were excluded due to the receipt of high-dose corticosteroid, and 2 due to autoimmune
diseases). The median age of participants was 8.7 years (interquartile range [IQR] 4.8-13.5 years), 54% were
male, and 31% had overweight/obesity (BMI z-score: > + 1SD). Approximately 92% of participants lived with
their biological parents, 67% lived in sub-urban or rural areas, and 6% had monthly household income <300
USD. Five percent of fathers and mothers of participants were illiterate. None of the participants had a previ-
ous history of liver diseases, including viral hepatitis, or contacted with a patient with hepatitis A disease prior
to enrollment. According to vaccine booklet review and self-reported information, 65 participants (22%) had
received at least one dose of HAV vaccine, of which 72% were an inactivated vaccine, 11% were a live-attenuated
vaccine, and 17% were unknown type of vaccine. The median duration from the last dose of HAV vaccine to
enrollment was 3.1 years (IQR 1.2-6.4 years).

Regarding home environment, a median number of family members living in the same house was 4 persons
(IQR 4-5 persons), and a median number of people sharing the participant’s bedroom was 3 persons (IQR 2-4
persons). Flush toilet accounted for 89% of the residential toilets, and almost all participants (99%) used personal
towel. The majority of participants (73%) drank commercial bottled water. During the meal, 91% of participants
used their own dining plate, and 45% used serving spoon. The comparisons of participants characteristics, includ-
ing sociodemographic data, home environment, water supply, toilet, and personal hygiene, between participants
previously vaccinated versus unvaccinated against HAV are summarized in the Table 1. Overall, vaccinated
participants had significantly lower BMI z-score, higher parental education level, and higher monthly household
income compared with unvaccinated participants (P <0.05).

Seroprevalence of antibodies against hepatitis A virus

In this study, 84 participants demonstrated seropositivity of HAV, corresponding to the seroprevalence of 28%
(95% CI 23-33%), and the GMC of anti-HAV IgG among these participants was 6.78 S/CO (95% CI 5.83-7.89 S/
CO). According to participant’s age group, the seroprevalences of anti-HAV IgG antibodies were 27% (GMC: 6.10
S/CO; 95% CI 4.26-8.74 S/CO) among participants aged 1 to 5 years; 31% (GMC: 6.76 S/CO; 95% CI 5.34-8.56
S/CO) in participants aged 6 to 10 years; and 26% (GMC: 7.55 S/CO; 95% CI 6.07-9.39 S/CO) in participants
aged 11 to 18 years. Notably, vaccinated participants had significantly higher seroprevalence (85% versus 12%;
P <0.001) as well as exhibited higher GMC of anti-HAV IgG (7.96 versus 5.01 S/CO; P=0.003), compared with
those of unvaccinated individuals. The similar findings were also observed across all three participant’s age
groups, except for the GMC of anti-HAV IgG among participants aged 11 to 18 years, in which the antibody
levels were not different between participant groups (7.96 versus 7.26 S/CO; P=0.68). Interestingly, there were
no differences in the seroprevalences and the GMCs of HAV antibodies across all three age groups among vac-
cinated participants as well as unvaccinated individuals, except for the GMC of anti-HAV IgG in unvaccinated
participants aged 1 to 5 years (2.50 versus 7.26 S/CO; P=0.01) and 6 to 10 years (3.96 versus 7.26 S/CO; P=0.04)
versus those aged 11 to 18 years (Fig. 1).
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Characteristics* ‘ Vaccinated participants (n=65) ‘ Unvaccinated participants (n=235) Pt
Sociodemographic characteristics
Age, year ‘ 7.8 (4.1-10.8) ‘ 9.2 (5.3-14.1) 0.72
Age group 0.24
1.0-5.9 years 23 (35.4) 71 (30.2)
6.0-10.9 years 26 (40.0) 80 (34.0)
11.0-18.0 years 16 (24.6) 84 (35.8)
Sex 0.55
Male 37 (56.9) 124 (52.8)
Female 28 (43.1) 111 (47.2)
BMI z-score, SD -0.22 (- 1.09 to 1.35) 0.03 (-0.84 to 1.42) <0.001
BMI category 0.85
Thin 5(7.8) 12 (5.1)
Normal 40 (61.5) 151 (64.3)
Overweight 9(13.8) 29 (12.3)
Obese 11 (16.9) 43 (18.3)
Primary caregiver 0.87
Father/mother/both parents 59 (90.8) 216 (91.9)
Grandparent 5(7.7) 18(7.7)
Others 1(1.5) 1(0.4)
Paternal education level <0.001
Primary/secondary school 3(4.6) 59 (25.1)
Vocational/high vocational school 15 (23.1) 43 (18.3)
Bachelor degree or higher 46 (70.8) 107 (45.6)
Unknown 0(0) 13 (5.5)
Illiterate 1(1.5) 13 (5.5)
Maternal education level <0.001
Primary/secondary school 2(3.1) 72 (30.7)
Vocational/high vocational school 6(9.2) 28 (11.9)
Bachelor degree and higher 56 (86.2) 119 (50.6)
Unknown 0(0) 3(1.3)
Illiterate 1(1.5) 13 (5.5)
Place of living 0.94
Urban 21(32.3) 77 (32.8)
Semi-urban/ rural 44 (67.7) 158 (67.2)
Monthly household income, USD <0.001
<300 2(3.1) 15 (6.4)
300-1000 9(13.9) 86 (36.6)
>1000-1500 18 (27.7) 64 (27.2)
>1500 35(53.9) 67 (28.5)
Unknown 1(1.5) 3(1.3)
Home environment, water supply and toilet
Number of family members living in the same house 4 (4-6) 4 (3-5) 0.14
Number of people sharing participant’s bedroom 3(2-4) 3(2-4) 0.06
Drinking water source 0.13
Tapped water 16 (24.6) 34 (14.5)
Commercial bottled water 48 (73.9) 199 (84.7)
Well/ground water 1(1.5) 2(0.8)
Type of toilet 0.08
Squat toilet 2(3.1) 27 (11.5)
Flush toilet 63 (96.9) 204 (86.8)
Squat and flushed toilet 0(0) 4(1.7)
Personal hygiene
Usage of towel 0.62
Personally 64 (98.5) 233(99.15)
Common/ shared 1(1.5) 2(0.85)
Food services 0.31

Continued
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Characteristics* Vaccinated participants (n=65) Unvaccinated participants (n=235) Pt
Separated dining plate 59 (90.8) 202 (86.0)
Common dining plate 6(9.2) 33(14.0)

Usage of serving spoon 0.04
Yes 29 (44.6) 139 (59.2)
No 36 (55.4) 96 (40.9)

Table 1. Characteristics of study participants, stratified by hepatitis A vaccination status. BMI body mass
index, SD standard deviation, USD US dollar. *Data presented as number (percentage) for categorical data,
and as median (interquartile range) for continuous data. "Chi-squared test or Fisher’s exact test (less than 5
observations) was performed for the analysis of categorical data, and Wilcoxon rank-sum test was performed
for the analysis of continuous data.

Associated factors of hepatitis A virus seropositivity

In the overall multivariable logistic regression analysis, a history of vaccination against HAV (aOR 47.2; 95% CI
20.0-111.8) and overweight status (aOR 4.4; 95% CI 1.7-11.3, compared with normal BMI) were the significant
associated factors of seropositivity of HAV in our participants (Table 2). Furthermore, in the additional analy-
ses stratified by hepatitis A vaccination status of study participants, an increased number of people sharing the
participant’s bedroom (aOR 3.2; 95% CI 1.3-7.8, per one person increase) was significantly associated with HAV
seropositivity among vaccinated participants, whereas overweight status (aOR 5.0; 95% CI 1.8-13.7, compared
with normal BMI) was the significant associated factor among unvaccinated individuals (Table 3).

Discussion

Among children and adolescents living in Northern Thailand, of whom 22% previously received at least one
dose of hepatitis A vaccine, the seroprevalence of HAV antibodies was approximately 28%. Focusing on vac-
cinated participants, the seroprevalence of HAV antibodies was 85%; but reduced to 12% among unvaccinated
individuals. Notably, the HAV seroprevalences were comparable across all three age groups in vaccinated as well
as unvaccinated individuals. Overall, the important associated factors of HAV seropositivity in our participants
included a history of vaccination against HAV and overweight status. Among vaccinated participants, crowded
bedroom was the significant associated factors, while it was overweight status for unvaccinated participants.
The low seroprevalence of HAV antibodies among participants unvaccinated against HAV demonstrated in
this study highlights the importance of the recommendation of HAV vaccine for Thai children and adolescents,
particularly those with high-risk conditions. This strategy would help to prevent natural HAV infection among
these susceptible individuals, which may cause serious hepatic complications, later in life.

The seroprevalence of HAV antibodies illustrated in this study is comparable to those reported in the previ-
ous studies conducted in high-income and upper-middle-income countries'”'®. In a study carried out in Saudi
Arabia, a high-income country, the hepatitis A seroprevalence was approximately 24% among hepatitis B virus
(HBV), and hepatitis C virus (HCV)-uninfected children and adolescents aged between 2 and 19 years (the pro-
portion of participants vaccinated against HAV was not reported)'”. Additionally, a study conducted in Turkiye,
an upper-middle-income country, revealed that the seroprevalence of HAV antibodies among healthy children
and adolescents aged 1 to 18 years (none were vaccinated against HAV) was about 30%'®. However, the HAV
seroprevalence presented in this study tends to be greater than that reported in the Thai national seroepide-
miological study conducted in 2014, in which the seroprevalence was approximately 10% among healthy youth
aged between 1 and 20 years'!. The difference in the HAV seroprevalences among Thai youth over a period
might be attributed to the dissimilarities in sociodemographic characteristics, personal hygiene, and hepatitis
A vaccination coverage in study population as well as the variations of local epidemiology of HAV infections,
hepatitis A diseases and outbreaks across the study areas. According to the statistics from the national passive
surveillance system of the Bureau of Epidemiology, Ministry of Public Health of Thailand, the Health Region
1—which includes eight provinces located in the upper northern Thailand—was ranked as the third and the
second highest incidence of hepatitis A in Thailand (out of the 12 health regions) in 2021 and 2022, respectively;
and Chiang Mai was the province with the highest incidence in the region®. These statistics might be related to
the middle-to-low socioeconomic status, suboptimal hygiene and sanitation practices, and increased exposure
to contaminated food and water of people living in this area. Nevertheless, there were no reports of hepatitis A
outbreak in this region during the study period". Since HAV vaccine is currently not part of the EPI in Thailand,
the national vaccination coverage estimates among Thai population are unfortunately not available. The coverage
of HAV vaccination among children and adolescents residing in Chiang Mai, although increases in the recent
years, is expected to be much lower when compares to those living in the central region of Thailand, including
Bangkok (the capital city).

The seroprevalences and the GMCs of HAV antibodies in our study participants were significantly greater
among individuals previously vaccinated against HAV across all three age groups, except for the GMC of anti-
HAV IgG for adolescents aged 10 to 18 years. The higher HAV seroprevalence and HAV antibody levels among
vaccinated participants confirms the robust immunogenicity of childhood HAV vaccination, both inactivated
and live-attenuated vaccines®. Although some previous studies demonstrated the sustained seroprotection up
to 10-20 years following a complete HAV vaccination course among healthy children and adults*'-?, we noted
the declining trends in the proportion of participants with HAV seropositivity as well as the GMC of anti-HAV
IgG among vaccinated adolescents when compared with the younger age groups in this study. These findings
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Figure 1. Seroprevalence and geometric mean concentrations of hepatitis A virus antibodies among study
participants, stratified by age group and hepatitis A vaccination status of study participants. (a) Seroprevalence
of hepatitis A virus antibodies among vaccinated participants; (b) seroprevalence of hepatitis A virus antibodies
among unvaccinated participants; (c) geometric mean concentrations of anti-hepatitis A virus IgG among
vaccinated participants with hepatitis A virus seropositivity; (d) geometric mean concentrations of anti-
hepatitis A virus IgG among unvaccinated participants with hepatitis A virus seropositivity. Proportions are
shown as colored bar charts, and the corresponding 95% confidence intervals are shown as black horizontal
bars. Geometric mean concentrations are shown as colored data points, and the corresponding 95% confidence
intervals are shown as black horizontal bars. Chi-squared test was performed to compare the proportions

of participants with hepatitis A virus seropositivity between age groups. Log-linear regression analysis was

performed to compare the geometric mean concentrations of anti-hepatitis A virus IgG of participants between
age groups. GMC geometric mean concentration, HAV hepatitis A virus, S/CO signal to cut-off ratio, 95% CI
95% confidence interval.

might be attributed to the waning of vaccine-elicited antibody levels over time, particularly among individuals
who had incomplete HAV vaccination. In contrast, among unvaccinated adolescents, we observed the increased
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Associated factors of hepatitis A seropositivity
Seroprevalence of HAV antibody, n/N (%; Univariable analysis* Multivariable analysis*

Parameters 95% CI) Odds ratio | 95% CI P Adjusted odds ratio | 95% CI P
Age group

1.0-5.9 years 25/94 (26.6; 18.6-36.5) Ref Ref Ref Ref Ref Ref
6.0-10.9 years 33/106 (31.1; 23.0-40.7) 1.24 0.67-2.31 0.48 1.64 0.65-4.15 0.29
11.0-18.0 years 26/100 (26.0; 18.3-35.6) 0.97 0.51-1.84 0.93 1.60 0.56-4.66 0.38
Male sex 50/161 (31.1; 24.3-38.7) 1.39 0.83-2.32 0.20 1.70 0.82-3.54 0.16
BMI category

Normal 47/191 (24.6; 19.0-31.3) Ref Ref Ref Ref Ref Ref
Thin 5/17 (29.4; 11.9-56.3) 1.28 0.43-3.81 0.66 0.70 0.14-3.64 0.67
Overweight 17/38 (44.7; 29.5-61.1) 248 1.21-5.09 0.01 4.41 1.71-11.33 0.002
Obese 15/54 (27.8; 17.3-41.4) 1.18 0.60-2.33 0.64 1.15 0.42-3.14 0.78
Previously vaccinated against HAV 55/65 (84.6; 73.5-91.6) 39.07 17.95-85.05 | <0.001 |47.23 19.95-111.82 | <0.001
E;T:;;Oggfz}[’}: ;}e‘;‘:(i)'r‘lgigsgiacsifant’s NA 118 098-142 | 0.09 1.01 0.74-1.39 0.95
Drinking water source

Tapped water 20/50 (40.0; 27.2-54.4) Ref Ref Ref Ref Ref Ref
Commercial bottled water 63/247 (25.5; 20.4-31.3) 0.51 0.27-0.97 0.04 0.57 0.22-1.45 0.24
Well/ground water 1/3 (33.3; 0.3-99.0) 0.75 0.06-8.83 0.82 0.53 0.01-32.19 0.76
Not using serving spoon 43/132 (32.6; 25.1-41.1) 1.50 0.90-2.48 0.12 1.21 0.59-2.48 0.61

Table 2. Seroprevalence of hepatitis A virus antibodies and associated factors of hepatitis A virus
seropositivity among all study participants. BMI body mass index, HAV hepatitis A virus, NA not available,
Ref reference group, 95% CI 95% confidence interval. *Univariable logistic regression analysis was performed
to identify factors associated with hepatitis A virus seropositivity among all study participants. Covariate

with P <0.20, including history of vaccination against HAV, number of people sharing participant’s bedroom,
drinking water source, and usage of serving spoon as well as the well-known prespecified confounding factors,
including age, sex and body mass index were incorporated in the multivariable logistic regression analysis.

Vaccinated participants (n=65)

Unvaccinated participants (n=235)

Univariable analysis* Multivariable analysis* Univariable analysis* Multivariable analysis*
Adjusted odds Adjusted odds
Parameters Odds ratio | 95% CI p ratio 95% CI p Odds ratio | 95% CI p ratio 95% CI p
Age group
1.0-5.9 years Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

6.0-10.9 years 1.80

0.27-11.86 | 0.54 2.52

0.29-22.28 0.41 1.67 0.53-5.25 0.38 1.62 0.48-5.43 0.43

11.0-18.0 years 0.33

0.07-1.65 0.18 0.71

0.09-5.85 0.75 2.87 0.99-8.34 0.05 1.71 0.44-6.56 0.44

sharing partici-
pant’s bedroom, 2.47
per one person
increase

1.31-4.67 0.005 |3.23

Male sex 1.39 0.36-5.37 0.63 0.90 0.16-5.03 0.91 1.54 0.69-3.43 0.29 1.78 0.75-4.22 0.19
BMI category

Normal Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Overweight 2.00 0.22-18.39 | 0.54 7.13 0.36-142.72 | 0.20 4.08 1.58-10.55 | 0.004 | 5.00 1.82-13.73 | 0.002
Obese 2.50 0.28-22.49 |0.14 5.47 0.30-98.29 0.25 1.19 0.41-3.49 0.75 1.09 0.35-3.42 0.88
Number of people

1.34-7.80 0.009 | 0.67 0.48-0.95 0.02 0.70 0.44-1.12 0.14

Table 3. Associated factors of hepatitis A virus seropositivity, stratified by hepatitis A vaccination status of
study participants. BMI body mass index, Ref reference group, 95% CI 95% confidence interval. *Univariable
logistic regression analysis was performed to identify associated factors of hepatitis A virus seropositivity
among study participants. Covariate with P<0.20 which was number of people sharing participant’s bedroom
as well as the well-known prespecified confounding factors, including age, sex and body mass index were
incorporated in the multivariable logistic regression analysis.

seroprevalence and antibody levels for HAV when compared with the other age groups, as well as the indiffer-
ence in the antibody levels when compared with vaccinated individuals in the same age group. We hypothesized
that some of the unvaccinated adolescents in this study might have already been exposed to HAV and/or have
acquired an asymptomatic natural HAV infection during their adolescence?*?>.
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In this study, we found that a previous history of hepatitis A vaccination was significantly associated with
HAV seropositivity among our participants. This finding was similar to a cross-sectional study in India, a lower-
middle-income country, which revealed that hepatitis A vaccination, together with parental education levels,
source of water supply, and history of jaundice, were the significantly associated factors of HAV seropositivity
among their Indian children aged between 1 and 5 years?®. We also found that overweight status was signifi-
cantly correlated with seropositivity of HAV in our participants, particularly among unvaccinated individuals.
Frequent eating habits might be one possible factor that increased their exposure to natural HAV infections.
A previous study conducted in Thailand also reported that truncal obesity was a strong associated factor of a
better immune response to single-dose live-attenuated HAV vaccine?. To date, the plausible mechanisms of the
association between overweight/obesity and strong immune response to HAV infection or vaccination are not
clearly understood?. The previous evidence showed that overweight and obesity statuses could either increase
or decrease total lymphocytes and CD4+ T cells, the key players of adaptive immune system, in peripheral blood
populations?*-*2. We further noted that crowded bedroom, as a surrogate of over-crowded family, was significantly
linked to HAV seropositivity among vaccinated participants, which was consistent with the finding in a study
conducted among Turkish children and adolescents aged 1 to 15 years'.

Unlike the other studies conducted in upper-middle-income countries®*=, this study did not demonstrate any
associations of low socioeconomic status or parental education levels with HAV seropositivity among Thai chil-
dren and adolescents. Since there were a limited number of participants whose monthly household income less
than 300 USD (6%) as well as a small number of illiterate parents (5% of fathers and 5% of mothers) in this study,
we might have an insufficient statistical power to illustrate the significant associations between these variables.

The seroprevalence of HAV antibodies among our unvaccinated participants was markedly low in all age
groups. The absence of immunity to HAV is a significant concern for the suffering of symptomatic infection,
fulminant hepatitis, and fatality among adults infected with HAV?%. Also, since Chiang Mai province is bordered
by Myanmar, where hepatitis A is still endemic®, there is a potential for disease outbreaks introduced by migrants
crossing the border. HAV vaccine, either inactivated or live-attenuated, is well-tolerated, strongly immunogenic,
and highly effective to prevent HAV infection. Introducing HAV vaccine into the national immunization pro-
gramme is one of the effective ways to protect Thai youth against infection as well as prevent future outbreaks in
the high-risk areas. However, given the very low HAV endemicity profile in Thailand'"**, the recommendation of
HAYV vaccine among people at increased risk of infection or its consequences, including people with chronic liver
diseases, men who have sex with men, people who use injection or non-injection drugs, patients with clotting-
factor disorders, people at risk of occupational exposure, and international travelers to high or intermediate
endemicity countries, might alternatively be a cost-effective strategy for the country®.

This study contains some limitations. Firstly, the information regarding previous vaccination collected by
self-report as well as personal hygiene, and liver disease or viral hepatitis collected by interview might be sub-
jected to recall bias. Also, the details about hand hygiene (e.g., hand washing before meals and after using toilet,
and using alcohol gel hand rub) among the study participants and their family members were not collected. In
addition, the data on type of HAV vaccine that the participants received was missing in some individuals that
limited our ability to specify the proportion of participants receiving complete HAV vaccination and compare
HAV seropositivity between participants receiving inactivated versus live-attenuated HAV vaccines. Furthermore,
using convenience sampling method to recruit study participants, the key epidemiological factors such as age
distribution, socioeconomic status, and vaccine coverage rates were not taken into account; and thus, selec-
tion bias and non-representative sample might be possible. The lengthy enrollment period due to COVID-19
pandemic also might confound our HAV seroprevalence as a result of seasonal variation of hepatitis A over the
period. Lastly, since this study was conducted among children and adolescents residing in Northern Thailand, our
findings might not be generalizable to other regions of Thailand as well as other countries where the population
and country characteristics are different.

Conclusions

The seroprevalence of HAV antibodies in healthy children and adolescents living in Northern Thailand was rela-
tively low, particularly among unvaccinated individuals. Vaccination against HAV has significantly contributed to
a higher seropositivity rate with a robust antibody response. Therefore, the recommendation of HAV vaccine for
Thai children and adolescents, particularly individuals with high-risk conditions, is a crucial strategy to prevent
natural HAV infections and serious hepatic complications later in life.

Data availability
The datasets generated during and/or analyzed during the current study are not publicly available, but are avail-
able from the corresponding author on reasonable request.

Received: 30 May 2023; Accepted: 11 October 2023
Published online: 13 October 2023

References
1. World Health Organization. WHO Immunological Basis for Immunization Series; Module 18: Hepatitis A (WHO, 2019).
2. Centers for Disease Control and Prevention. Epidemiology and Prevention of Vaccine-Preventable Diseases 14th edn. (Washington,
D.C. Public Health Foundation, 2021).
3. Melnick, J. L. History and epidemiology of hepatitis A virus. J. Infect. Dis. 171(Suppl 1), S2-S8 (1995).
4. Jacobsen, K. H. & Koopman, J. S. The effects of socioeconomic development on worldwide hepatitis A virus seroprevalence pat-
terns. Int. J. Epidemiol. 34(3), 600-609 (2005).

Scientific Reports |

(2023) 13:17432 | https://doi.org/10.1038/s41598-023-44643-0 nature portfolio



www.nature.com/scientificreports/

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

. Jacobsen, K. H. & Koopman, J. S. Declining hepatitis A seroprevalence: A global review and analysis. Epidemiol. Infect. 132(6),

1005-1022 (2004).

. Jacobsen, K. H. & Wiersma, S. T. Hepatitis A virus seroprevalence by age and world region, 1990 and 2005. Vaccine 28(41),

6653-6657 (2010).

. Franco, E., Meleleo, C., Serino, L., Sorbara, D. & Zaratti, L. Hepatitis A: Epidemiology and prevention in developing countries.

World ]. Hepatol. 4(3), 68-73 (2012).

. Jacobsen, K. H. Globalization and the changing epidemiology of hepatitis A virus. Cold Spring Harb. Perspect. Med. 8(10), a031716

(2018).

. Li, Y. S. et al. Trend in the incidence of hepatitis A in mainland China from 2004 to 2017: A join point regression analysis. BMC

Infect. Dis. 22(1), 663 (2022).

Mazanderani, A. H., Motaze, N. V., McCarthy, K., Suchard, M. & du Plessis, N. M. Hepatitis A virus seroprevalence in South
Africa—Estimates using routine laboratory data, 2005-2015. PLoS ONE 14(6), €0216033 (2019).

Sa-nguanmoo, P. et al. Declining trend of hepatitis A seroepidemiology in association with improved public health and economic
status of Thailand. PLoS ONE 11(3), 0151304 (2016).

World Health Organization. WHO position paper on hepatitis A vaccines—June 2012. Wkly. Epidemiol. Rec. 87(28/29), 261-276
(2012).

Jacobsen, K. H. The Global Prevalence of Hepatitis A Virus Infection and Susceptibility: A Systematic Review (WHO, 2010).

The World Bank. Thailand Now an Upper Middle Income Economy—Press Release. https://www.worldbank.org/en/news/press-relea
se/2011/08/02/thailand-now-upper-middle-income-economy (Accessed 1 October 2023) (2011).

National Disease Surveillance (Report 506), Bureau of Epidemiology, Ministry of Public Health, Thailand. Hepatitis A. http://doe.
moph.go.th/surdata/506wk/y65/d11_5265.pdf (Accessed 1 October 2023) (2022).

World Health Organization. BMI-for-Age (5-19 Years). https://www.who.int/tools/growth-reference-data-for-5to19-years/indic
ators/bmi-for-age (Accessed 1 October 2023).

Sabir, J. M. S., Redwan, N. A., Mutawakil, M. H. S., Ahmed, M. M. M. & Babaeer, M. H. S. Serological studies of hepatitis A virus
(HAV) on Jeddah population, Saudi Arabia. World Appl. Sci. J. 26(1), 61-67 (2013).

Karaman, S. et al. Seroprevalence of hepatitis A and associated factors among 1-15 year old children in Eastern Turkey. Int. J. Clin.
Exp. Med. 8(10), 19394-19399 (2015).

National Disease Surveillance (Report 506), Bureau of Epidemiology, Ministry of Public Health, Thailand. Hepatitis A. http://doe.
moph.go.th/surdata/disease.php?ds=11 (Accessed 1 October 2023).

Walsh, N., Torres, J. & Curtis, S. Hepatitis A Childhood and Adolescent Vaccination: A Systematic Review of the Effectiveness,
Immunogenicity, Impact, Safety and Cost Effectiveness of Pediatric Vaccines: Final Report to the World Health Organization Stra-
tegic Advisory Group of Experts on Immunization Working Group on Hepatitis A Vaccines. https://cdn.who.int/media/docs/defau
It-source/immunization/sage/vpp-background-documents/sage_hepatitisa_wg_systematic_review_09mar22.pdf?sfvrsn=26166
494_1&download=true (Accessed 1 October 2023).

Raczniak, G. A. et al. Duration of protection against hepatitis A for the current two-dose vaccine compared to a three-dose vaccine
schedule in children. Vaccine 31(17), 2152-2155 (2013).

Wang, Y. et al. Inmunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-
term prediction. Hum. Vaccine Immunother. 16(10), 2559-2564 (2020).

Chappuis, E. et al. Immunogenicity and estimation of antibody persistence following vaccination with an inactivated virosomal
hepatitis A vaccine in adults: A 20-year follow-up study. Vaccine 35(10), 1448-1454 (2017).

Agrawal, A. et al. Increasing burden of hepatitis A in adolescents and adults and the need for long-term protection: A review from
the Indian subcontinent. Infect. Dis. Ther. 8(4), 483-497 (2019).

Hernandez-Suarez, G. et al. Seroprevalence and incidence of hepatitis A in Southeast Asia: A systematic review. PLoS ONE 16(12),
0258659 (2021).

Gupta, R. et al. A study of hepatitis A virus seropositivity among children aged between 1 and 5 years of age: Implications for
universal immunization. Med. J. Armed Forces India 75(3), 335-338 (2019).

Dumirisilp, T. et al. Impact of obesity and being overweight on the immunogenicity to live attenuated hepatitis A vaccine in children
and young adults. Vaccines 9(2), 130 (2021).

Bandaru, P, Rajkumar, H. & Nappanveettil, G. The impact of obesity on immune response to infection and vaccine: An insight
into plausible mechanisms. Endocrinol. Metab. Syndr. 2, 2 (2013).

Nieman, D. C. et al. Influence of obesity on immune function. J. Am. Diet. Assoc. 99(3), 294-299 (1999).

Nieman, D. C. et al. Inmune response to obesity and moderate weight loss. Int. J. Obes. Relat. Metab. Disord. 20(4), 353-360 (1996).
O’Rourke, R. W. et al. Alterations in T-cell subset frequency in peripheral blood in obesity. Obes. Surg. 15(10), 1463-1468 (2005).
Tanaka, S., Isoda, E, Ishihara, Y., Kimura, M. & Yamakawa, T. T lymphopaenia in relation to body mass index and TNF-alpha in
human obesity: Adequate weight reduction can be corrective. Clin. Endocrinol. (Oxf.) 54(3), 347-354 (2001).

Ceran, N. et al. Hepatitis A seroprevalence in children and young adults in Istanbul, Turkey: Seroprevalence change and associated
factors. J. Viral. Hepat. 19(1), 72-76 (2012).

Halicioglu, O., Akman, S. A., Tatar, B., Atesli, R. & Kose, S. Hepatitis A seroprevalence in children and adolescents aged 1-18 years
among a low socioeconomic population in Izmir, Turkey. Travel. Med. Infect. Dis. 10(1), 43-47 (2012).

Kaya, D. et al. Hepatitis A seroprevalence and its relationship with environmental factors in children of different age groups in
Kahramanmaras, Eastern Mediterranean region of Turkey. J. Viral. Hepat. 14(12), 830-834 (2007).

Migueres, M., Lhomme, S. & Izopet, ]. Hepatitis A: Epidemiology, high-risk groups, prevention and research on antiviral treatment.
Viruses 13(10), 1900 (2021).

Acknowledgements

The authors would like to thank all participants and their families for their participation in the study. The
authors also would like to thank Miss Suphara Manowong, Mrs. Watcharee Suree, and Miss Sugunya Waiyo at
the Laboratory Unit of the Department of Pediatrics, Faculty of Medicine, Chiang Mai University (Chiang Mai,
Thailand) for their contributions in blood collection and specimen processing procedures. They thank Miss
Chantana Kamwan and all staff at the Diagnostic Laboratory, Maharaj Nakorn Chiang Mai Hospital (Chiang
Mai, Thailand) for help performing the serological tests for hepatitis A antibody in this study.

Disclaimer
The views expressed are those of the authors and should not be construed to represent the position of any of the
institutions mentioned above.

Scientific Reports |

(2023) 13:17432 | https://doi.org/10.1038/s41598-023-44643-0 nature portfolio


https://www.worldbank.org/en/news/press-release/2011/08/02/thailand-now-upper-middle-income-economy
https://www.worldbank.org/en/news/press-release/2011/08/02/thailand-now-upper-middle-income-economy
http://doe.moph.go.th/surdata/506wk/y65/d11_5265.pdf
http://doe.moph.go.th/surdata/506wk/y65/d11_5265.pdf
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
http://doe.moph.go.th/surdata/disease.php?ds=11
http://doe.moph.go.th/surdata/disease.php?ds=11
https://cdn.who.int/media/docs/default-source/immunization/sage/vpp-background-documents/sage_hepatitisa_wg_systematic_review_09mar22.pdf?sfvrsn=26166494_1&download=true
https://cdn.who.int/media/docs/default-source/immunization/sage/vpp-background-documents/sage_hepatitisa_wg_systematic_review_09mar22.pdf?sfvrsn=26166494_1&download=true
https://cdn.who.int/media/docs/default-source/immunization/sage/vpp-background-documents/sage_hepatitisa_wg_systematic_review_09mar22.pdf?sfvrsn=26166494_1&download=true

www.nature.com/scientificreports/

Author contributions

N.K. and T.S. developed the concept of the research, designed the study, and developed the protocol. N.K., O.M.,
W.W,, PN,, and T.S. conducted the clinical studies. J.S. performed the laboratory analyses. T.L. conducted the
data cleaning and data management. T.S. and T.C. conducted the statistical analyses. N.K. and T.S. contributed
to the interpretation of the study results. N.K. wrote the first draft of the manuscript. T.S. provided critical revi-
sions to the manuscript and extensively revised the manuscript. All authors reviewed and approved the final
version of the manuscript.

Funding

This study was supported by the Faculty of Medicine, Chiang Mai University Research Fund (Grant Number:
122/2564). The funders had no role in the study design, data collection and analysis, interpretation of the data,
decision to publish, or the preparation of the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:17432 | https://doi.org/10.1038/s41598-023-44643-0 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Seroprevalence of hepatitis A virus antibodies among children and adolescents living in Northern Thailand: an implication for hepatitis A immunization
	Methods
	Study design and study participants
	Sample size calculation
	Clinical data collection
	Blood collection and serological assay
	Statistical analysis

	Results
	Characteristics of study participants
	Seroprevalence of antibodies against hepatitis A virus
	Associated factors of hepatitis A virus seropositivity

	Discussion
	Conclusions
	References
	Acknowledgements


