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ABSTRACT

Introduction: Infection with hepatitis A virus 
(HAV) is often asymptomatic in young children, 
but most adolescents and adults will have symp‑
toms ranging from nausea and tiredness to acute 
liver failure and even death. The risk of severe 
disease is higher in older adults and people with 
pre‑existing liver disease. Immunization is rec‑
ommended in regions with low HAV endemicity 
levels, i.e., where people get infected later in life. 
In the Philippines, recent epidemiologic data on 
HAV infection are lacking. The objective of this 
study was to assess age‑specific seroprevalence 
and evaluate risk factors associated with HAV 
seropositivity.

Methods: People from two geographic areas 
(urban and rural) were recruited/enrolled and 
stratified by age group. HAV‑specific immuno‑
globulin G (IgG) antibodies were measured with 
a chemiluminescent microparticle immunoas‑
say. Sociodemographic parameters, hepatitis 
medical history, disease knowledge, hygiene 
measures and sanitation were assessed via a 
purpose‑made questionnaire. Age at midpoint 
of population immunity (AMPI) was estimated 
using Kaplan‑Meier curves. Logistic regression 
analyses were carried out to determine factors 
that were statistically significantly associated 
(p < 0.05) with HAV seropositivity.
Results: Overall, 1242 participants were 
included in the analysis; 250/602 (41.5%) partic‑
ipants from urban regions and 283/640 (44.2%) 
participants from rural regions tested positive for 
HAV IgG antibodies. AMPI was 35 and 37 years 
for the rural and urban region, respectively. 
Higher education was associated with lower HAV 
seropositivity prevalence ratios, while not living 
in the same region for the last 5 years, regularly 
consuming street food and lack of handwashing 
after defecation were associated with a higher 
likelihood of HAV seropositivity.
Conclusion: Results suggest that HAV ende‑
micity is low in the Philippines. Factors asso‑
ciated with HAV seropositivity were traveling, 
consuming street food and lack of basic hygienic 
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gestures. Immunization might be an option to 
protect vulnerable populations against severe 
hepatitis A disease.

PLAIN LANGUAGE SUMMARY

Hepatitis A virus (HAV) is transmitted via the 
fecal‑oral route through consumption of con‑
taminated food or water or by close contact with 
an infected person. In children, HAV is usually 
of no concern, but in adults and people with 
existing liver disease, HAV infection can lead to 
severe symptoms and even death. In areas where 
most people get hepatitis during childhood 
(high endemicity), vaccination is not required, 
since people acquire life‑long immunity after 
infection. In regions with low and intermediate 
HAV endemicity, people may remain at risk of 
infection later in life and vaccination could be 
considered to prevent severe HAV disease and 
its associated complications. In the Philippines, 
the current endemicity level is unknown. The 
goal of this study was to determine the ende‑
micity level in the Philippines and to determine 
risk factors for HAV infection. We measured 
the proportion of people (by age group) who 
had previously been infected with HAV. Results 
showed that by age of 5 years < 20% of the study 
population was infected by HAV. By the age of 
37 years in the urban population and 35 years 
in the rural population, 50% of people tested 
positive for HAV antibodies, indicating previous 
infection. This means that the Philippines has 
low HAV endemicity. Risk factors for HAV sero‑
positivity were traveling, regularly eating street 
food and not washing hands after defecation. 
Vaccination against HAV might be of benefit in 
the Philippines, especially early in life to prevent 
most severe outcomes in adulthood.

Keywords: Age at midpoint of population 
immunity (AMPI); HAV seroprevalence; 
HAV endemicity; Hepatitis A virus (HAV); 
Immunoglobulin G hepatitis A antibodies; 
Philippines; Risk factors; Sanitation; Water 
safety access

Key Summary Points 

Why carry out this study?

Hepatitis A virus (HAV) can lead to severe 
hepatitis, especially in older age groups and 
people with pre‑existing liver disease

The benefit of HAV vaccination depends on 
age‑specific seroprevalence and endemicity 
level in a given region

The goal of the study was to determine sero‑
prevalence in the Philippines in two distinct 
regions (urban and rural)

What was learned from the study?

The average seroprevalence is 41.5% and 
44.2% in urban and rural regions, respec‑
tively

The age at midpoint of population immu‑
nity (AMPI) is 35 and 37 years for the rural 
and urban region, respectively

HAV endemicity is low in the Philippines; 
immunization strategies could be envisaged 
to protect vulnerable populations against 
severe HAV disease

INTRODUCTION

Hepatitis A is an infectious disease caused by 
the hepatitis A virus (HAV), which is an RNA 
virus belonging to the picornavirus family, and 
infects primarily humans as its only natural host 
[1]. HAV is transmitted primarily by the fecal‑
oral route, through either close contact with 
infected individuals or ingestion of contami‑
nated food and water. Infected individuals may 
develop symptoms of hepatitis, including fever, 
malaise, abdominal discomfort, diarrhea, loss 
of appetite, dark‑colored urine and jaundice [2, 
3]. While young children often remain asymp‑
tomatic, most older children and adults will 
develop symptoms [2, 4, 5]. HAV infection does 
not cause chronic liver disease; however, in rare 
cases, acute liver failure occurs, and a small pro‑
portion of patients die from fulminant hepatitis 
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[6]. Risk factors for severe disease are older age 
(> 40 years) and pre‑existing liver conditions [6]. 
Case fatality rate increases from 0.1% in chil‑
dren < 15 years of age to 1.8–5.4% in individuals 
≥ 50 years old [2].

The global burden of hepatitis A disease was 
estimated at 159 million acute infections and 
39,000 deaths in 2019 [5, 7]. The highest bur‑
den was observed in low‑ to middle‑income 
countries, in particular in Southeast Asia, where 
42 million acute hepatitis A cases and 24,000 
deaths were reported, corresponding to 60% of 
deaths worldwide [5].

HAV survives several weeks outside of its host 
and is highly resistant to environmental condi‑
tions [5]. Contaminated drinking water or food 
processed under non‑hygienic conditions repre‑
sents a common source of infection. After HAV 
infection, people develop virus‑specific antibod‑
ies that confer life‑long immunity. The presence 
of HAV‑specific immunoglobulin G (IgG) anti‑
bodies can be easily measured, and age‑specific 
seroprevalence is used to categorize regions 
into endemicity levels [8]. The latter have been 
defined by the World Health Organization 
(WHO) as high: ≥ 90% seroprevalence by the age 
of 10 years; intermediate: ≥ 50% seroprevalence 
by the age of 15 years; low: ≥ 50% seropreva‑
lence by the age of 30 years, respectively [5].

Due to improved sanitation and access to 
clean drinking water, hepatitis A infection in 
children has decreased worldwide, including in 
Southeast Asia, leading to an epidemiologic shift 
from high to intermediate or low endemicity 
[9–11]. Therefore, the proportion of adolescents 
and adults susceptible to HAV infection increases 
in regions with intermediate to low endemic‑
ity [8, 9, 11–13]. The downside of this trend 
is increased morbidity and mortality due to a 
more severe disease course in older age groups 
[14]. For example, in the US, incidence of HAV 
infection declined between 1999 to 2011 from 
6.0/100,000 people to 0.4/100,000 people [15]. 
At the same time, mean age at HAV infection 
increased from 36.0 to 45.1 years, and the pro‑
portion of people being hospitalized increased 
from 7.3 to 24.5%. These numbers emphasize 
the risk of hepatitis A outbreaks in intermedi‑
ate/low endemicity regions and the need for 

specific vaccination strategies considering local 
endemicity and risk factors [16].

Tailoring preventive strategies against HAV 
infection requires current knowledge of region‑
specific endemicity levels and risk factors for 
HAV infection. In the Philippines, surveillance 
of hepatitis A disease is not mandatory, and 
seroprevalence data are scarce [12]. A seropreva‑
lence study carried out in 1996 in Metro Manila 
showed that 42% of inhabitants were seroposi‑
tive before the age of 15 years, and ≥ 50% were 
seropositive before the age of 20 years, corre‑
sponding to an intermediate‑endemicity status 
[17]. This pattern has likely changed in the last 2 
decades, similar to shifts reported in other coun‑
tries of the Southeast Asian region [10–12].

The objective of this study was to assess age‑
specific HAV seroprevalence in the Philippines in 
two distinct geographic regions and to identify 
associations between sociodemographic param‑
eters and HAV seroprevalence.

METHODS

This was a cross‑sectional, observational study to 
determine age‑specific HAV IgG seroprevalence 
in inhabitants of the Philippines. The primary 
objective was to determine age‑specific preva‑
lence of HAV infection. Other objectives were 
to calculate the age at midpoint of population 
immunity (AMPI), i.e., the age at which 50% of 
the population has been infected with HAV. A 
secondary objective was to evaluate the associa‑
tion with known risk factors with HAV infection.

Two distinct geographic areas were selected, 
one rural and one urban, to obtain a representa‑
tive estimate of the national seroprevalence.

Lumban municipality in the province of 
Laguna was selected as the rural site. Subjects 
were recruited from 14 Barangays. Age‑stratified 
enrollment was coordinated by study staff and 
community health officers responsible for the 
area.

For the urban area, mass invitations were sent 
via a single institution, the UERM Memorial 
Medical Center located in Quezon City, which 
serves several cities and municipalities in Metro 
Manila and the Greater Manila area. A full list 
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of cities considered by the recruitment process 
is provided in Supplementary information (SI) 
Table S1. To enhance recruiting into pre‑spec‑
ified age groups and increase the distribution 
of participants, community officials assisted in 
the recruitment process by inviting community 
members to participate in the study.

The study was conducted in accordance 
with the Declaration of Helsinki and Ethical 
Guidelines for Health‑related Research Involv‑
ing Humans, Council for International Organi‑
zations of Medical Sciences. The protocol and 
related documents were approved by the UER‑
MMMCI Ethics Review Committee, and the pro‑
tocol was registered in the Philippines Health 
Research Registry (PHRR211106‑004046) [18].

Population

Children and adults aged 1 to 80 years, who 
had been residents in the selected geographic 
areas for ≥ 6 months, could be included in the 
study if they or their legal representative were 
willing to participate and to sign the informed 
consent form. Subjects who had specific medical 
conditions that would put them at risk during 
the study were excluded, such as subjects with 
contraindication for blood drawing, recipients of 
blood‑derived products, and those with immu‑
nodeficient conditions, terminal or psychiatric 
illness. Only one subject from the same house‑
hold could be enrolled. A full list of inclusion 
and exclusion criteria is provided in SI.

The study population was stratified into 11 
pre‑defined age groups based on WHO categories 
for hepatitis A endemicity study age groups (1–2, 
3–4, 5–9, 10–14, 15–19, 20–24, 25–29, 30–34, 
35–39, 40–49, ≥ 50 years) [5].

Outcomes

The primary outcome was HAV immune sta‑
tus. HAV‑specific IgG antibodies in peripheral 
blood samples were measured with a Food and 
Drug Administration‑approved, validated sero‑
logic test using a chemiluminescent micropar‑
ticle immunoassay (CMIA, Abbot Architect) 
[19]. Test results are interpreted according to a 
system‑specific calibration cutoff to be either 

reactive for HAV IgG antibodies (signal to cut‑
off ratio ≥ 1.00) or unreactive (signal to cutoff 
ratio < 1.00) [19].

Exposure was derived from participant’s age 
at enrollment. Additional outcomes were col‑
lected with a purpose‑built questionnaire that 
had to be completed by participants or the legal 
guardian of participants with the help of trained 
interviewers. The questionnaire consisted of 44 
questions divided into five sections including 
(1) sociodemographic information, (2) knowl‑
edge of disease, (3) past medical history of hepa‑
titis, (4) drinking water safety and (5) hygiene 
food intake (SI). Questions were based on pub‑
lished risk factors for HAV infection, the WHO 
and United Nations Children’s Fund (UNICEF) 
questionnaire ‘Core questions on drinking‑water 
and sanitation for household surveys’ and the 
water/sanitation, assets, maternal education and 
income (WAMI) index [6, 20, 21]. During the 
pilot phase, study interviewers were trained, and 
potential issues related to formulation or transla‑
tion to the local language were identified. Inter‑
viewers were instructed to read the questions in 
a way to reduce induction bias, i.e., without sug‑
gesting a given response.

Blood Sample Collection and Processing

Peripheral blood samples were collected from 
study participants by skilled study staff in 
serum‑gel or EDTA tubes. Samples were labeled 
and registered by the study field coordinator. 
All samples were refrigerated at 4 °C until they 
were transported on ice to the designated cen‑
tral laboratory and processed within 36 h from 
sample collection. Blood samples were pro‑
cessed according to local laboratory standard‑
ized procedures, and serum could be stored at 
− 20 °C up to 3 months until HAV IgG antibody 
testing.

Data Management

Interviewers used a standardized paper‑based 
questionnaire to collect participants’ responses 
in the field. Individual results were entered 
into a centralized database in an anonymized 
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fashion using a unique participant identifica‑
tion code. Data were entered in duplicate, and 
internal quality checks were put in place to 
avoid typing errors and to ensure consistency 
of data capture.

Sample Size

Sample size was determined based on age‑spe‑
cific seroprevalence data obtained in Thailand 
between 1999 and 2004 and assuming that this 
country is ahead of a general endemic shift to 
lower HAV infections observed in Southeast 
Asia [11]. Precision was set to 5% for preva‑
lence estimates ≤ 10% and to 10% for higher 
prevalence estimates together with 90% confi‑
dence intervals (CIs). The population pyramid 
of the Philippines was considered in conjunc‑
tion with pre‑specified age groups to determine 
the sample size for each age group required 
to obtain the seroprevalence estimate at the 
desired precision. For each region, the calcu‑
lated sample size was 572 participants requir‑
ing 640 participants to be enrolled assuming 
an attrition rate of 10% (Table S2). A stopping 
rule was applied to each age group in case a 
sufficient number of participants had been 
enrolled.

The sample size was adequate to assess the 
strength of association between selected factors 
and HAV seropositivity with a statistical power 
of 80% and 95% CIs.

Statistical Analysis

Descriptive statistics were used to calculate sero‑
prevalence by age group. Classification of HAV 
endemicity according to WHO criteria were used 
for interpretation of results: high: > 90% seropos‑
itivity by the age of 10 years; intermediate: sero‑
prevalence ≥ 50% by the age of 15 but < 90% by 
the age of 10 years; low: seroprevalence ≥ 50% 
by the age of 30 but < 50% by the age of 15 years; 
very low: < 50% by the age of 30 years [5].

Kaplan‑Meier analysis was used to determine 
AMPI overall and for each geographical region. A 

statistical comparison between urban and rural 
AMPI scores was done using chi‑square test.

Descriptive statistics were used to summarize 
participants’ responses to the purpose‑made 
questionnaire. Statistical significance of dif‑
ferences between urban and rural regions was 
assessed using chi‑square or Fisher’s exact test.

Bivariate and multivariate analyses were car‑
ried out to determine whether there was a sta‑
tistically significant association between risk 
factors for HAV infection and past (current) 
exposure to HAV. The strength of association 
was first estimated with univariate log‑binomial 
models. Factors showing a potential association 
with HAV exposure (p < 0.20) were subsequently 
included in multivariate log‑binomial models. 
Logistic regression analysis with backward elimi‑
nation using Wald’s test and likelihood ratio test 
(p < 0.05 for both tests) was used to build the 
final model. Prevalence ratios and 95% CIs were 
calculated for variables that reached statistical 
significance.

RESULTS

Overall, 1242 participants were included in the 
analysis, 602 participants from urban areas and 
640 from rural regions.

Sociodemographic characteristics were signifi‑
cantly different between rural and urban popula‑
tions in terms of education, years of schooling 
of the mother, profession, number of habitable 
rooms and building materials used on walls and 
floors (Table 1). Age and gender distribution 
were similar.

Components of the WAMI index were statis‑
tically significantly different between rural and 
urban populations (Table 2). Maximum score in 
water sanitation was observed for 99.5% of par‑
ticipants in urban areas compared with 90.8% in 
rural regions. The average number of household 
assets (i.e., refrigerator, bank account, iron, desk‑
top/laptop, radio, sofa, sewing machine) was 
higher for participants living in cities compared 
to their rural counterparts. Maternal education 
and income were significantly lower in rural 
areas compared with city dwellers.
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HAV Seroprevalence

Overall prevalence of HAV seropositivity was 
41.5% for urban and 44.2% for rural regions. 
None of the participants tested positive for 
HAV IgM antibodies, suggesting no active or 
recent infection (Table 3). HAV IgG seroposi‑
tivity increased with increasing age in both 
regions; however, seroconversion followed a 
different pattern showing higher seropreva‑
lence in urban areas in younger age groups (up 
to 19 years) and higher seroprevalence in rural 
regions in older age groups (20 years and older) 
(Fig. 1).

AMPI

In the overall population, estimated AMPI was 
36 years. Region‑specific AMPIs were 35 and 
37 years in the rural and urban populations, 
respectively (Fig. 2). The difference in AMPI 
between regions was not statistically significant 
(p = 0.8840).

Risk Factors

Responses from each section of the partici‑
pants’ questionnaire were compared between 
rural and urban regions to identify differences 

Table 1  Differences in sociodemographic characteristics in urban and rural participants

Sociodemographics/statistics Urban (n = 602) Rural (n = 640) p value

Gender

Male, n (%) 309 (51.3) 314 (49.1) 0.4247*

Female, n (%) 293 (48.7) 326 (50.9)

Age group, in years

1–2, n (%) 50 (8.3) 51 (8.0) 0.9999*

3–4, n (%) 50 (8.3) 55 (8.6)

5–9, n (%) 46 (7.6) 45 (7.0)

10–14, n (%) 53 (8.8) 59 (9.2)

15–19, n (%) 66 (11.0) 70 (10.9)

20–24, n (%) 69 (11.5) 78 (12.2)

25–29, n (%) 69 (11.5) 72 (11.3)

30–34, n (%) 58 (9.6) 66 (10.3)

35–39, n (%) 57 (9.5) 62 (9.7)

40–49, n (%) 52 (8.6) 52 (8.1)

≥ 50, n (%) 32 (5.3) 30 (4.7)

Education

Primary school, n (%) 5 (0.8) 13 (2.0)  < 0.0001*

Middle school, n (%) 33 (5.5) 111 (17.3)

High school, n (%) 152 (25.2) 284 (44.4)

Graduate/post-graduate, n (%) 249 (41.4) 62 (9.7)

 < 6 years, n (%) 163 (27.1) 170 (26.6)
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in potential risk factors for HAV infection 
between urban and rural regions. For each 
response section of the questionnaire, fac‑
tors that were statistically significantly associ‑
ated with HAV IgG seropositivity were iden‑
tified through multivariate logistic regression 
analysis.

Sociodemographic Parameters

Statistically significant differences in sociodemo‑
graphic parameters between the two geographic 
regions have been presented above and are sum‑
marized in Table 1.

Upon multivariate regression analysis, age 
group and education were statistically sig‑
nificantly associated with HAV seropositivity. 
Taking the 1–2‑year age group as reference, 
seroprevalence was significantly lower in the 

Table 1  continued

Sociodemographics/statistics Urban (n = 602) Rural (n = 640) p value

Occupation

Professional, n (%) 63 (10.5) 15 (2.3)  < 0.0001*

Semi-professional, n (%) 21 (3.5) 10 (1.6)

Clerical/shop owner, n (%) 107 (17.8) 23 (3.6)

Skilled worker, n (%) 20 (3.3) 16 (2.5)

Semi-skilled worker, n (%) 50 (8.3) 92 (14.4)

Unskilled worker, n (%) 16 (2.7) 59 (9.2)

Household duties, n (%) 12 (1.9) 42 (6.6)

Unemployed (adults), n (%) 5 (0.8) 81 (12.7)

Attending school, n (%) 185 (30.7) 130 (20.3)

Attending garderie/pre-school, n (%) 13 (2.2) 4 (0.6)

At home (children), n (%) 110 (18.3) 168 (26.2)

Years of schooling (mother)

6, n (%) 2 (0.3) 20 (3.1)  < 0.0001*

9, n (%) 31 (5.2) 132 (20.6)

13, n (%) 246 (40.9) 405 (63.3)

16, n (%) 323 (53.6) 83 (13.0)

Total number of household members, mean (SD) 4.9 (2.4) 4.8 (1.8) 0.5745†

Number of habitable rooms, mean (SD) 2.1 (1.2) 1.5 (0.8) 0.0000†

Household walls and floor

Permanent building materials, n (%) 578 (96.0) 445 (69.5)  < 0.0001*

Natural/traditional/rudimentary, n (%) 24 (4.0) 195 (30.5)

n, number; SD, standard deviation
*Chi-square test; †independent t test
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Table 2  Differences in WAMI between urban and rural participants

WAMI components/statistics Urban (n = 602) Rural (n = 640) p value

Water/sanitation

0–4, n (%) 3 (0.5) 59 (9.2)  < 0.0001*

5–7, n (%) 0 0

8, n (%) 599 (99.5) 581 (90.8)

Overall score, mean (SD) 8.0 (0.3) 7.6 (1.2)  < 0.0001†

Assets§

0, n (%) 15 (2.5) 116 (18.1)  < 0.0001*

1, n (%) 39 (6.5) 137 (21.4)

2, n (%) 48 (8.0) 142 (22.2)

3, n (%) 71 (11.8) 117 (18.3)

4, n (%) 86 (14.3) 62 (9.7)

5, n (%) 107 (17.8) 28 (4.4)

6, n (%) 132 (21.9) 22 (3.4)

7, n (%) 81 (13.4) 11 (1.7)

8, n (%) 23 (3.8) 5 (0.8)

Overall score, mean (SD) 4.6, 2.0 2.2, 1.8  < 0.0001†

Maternal education (WAMI)‡‡

1.0, n (%) - 1 (0.2)  < 0.0001*

3.0, n (%) 2 (0.3) 20 (3.1)

4.5, n (%) 31 (5.1) 132 (20.6)

6.5, n (%) 246 (40.9) 404 (63.1)

8.0, n (%) 323 (53.7) 83 (13.0)

Overall score, mean (SD) 7.2, 1.0 6.2, 1.2  < 0.0001†

Income in  USD‡, octiles (range)

1 (19.86–105.24), n (%) 27 (4.5) 148 (23.1)  < 0.0001*

2 (105.25–166.80), n (%) 19 (3.2) 176 (27.5)

3 (166.81–206.52), n (%) 41 (6.8) 122 (19.1)

4 (206.53–248.22), n (%) 38 (6.3) 60 (9.4)

5 (248.23–327.65), n (%) 103 (17.1) 57 (8.9)

6 (327.66–476.59), n (%) 101 (16.8) 40 (6.2)

7 (476.60–853.89), n (%) 127 (21.1) 28 (4.4)

8 (≥ 853.90), n (%) 146 (24.3) 9 (1.4)



Infect Dis Ther 

3–4‑year age group and significantly higher in 
the ≥ 20–24‑year age groups (Fig. 3).

Higher education level was associated with 
lower prevalence ratios, reaching statistical 
significance for graduate/post‑graduate educa‑
tion (prevalence ratio regarding middle school: 
0.21, 95% CI 0.05, 0.66, p = 0.004) (Fig. 3).

Hepatitis‑related Medical History

Few participants reported a medical history of 
hepatitis, but those who did were more likely 
to live in cities (Table S3). A higher proportion 
of rural participants lived in the same area over 
the previous 5 years compared with their urban 
peers (93.1% vs 84.0%). More urban participants 
claimed to be vaccinated against HAV compared 
with rural participants (102 vs 2 participants in 

Table 2  continued

WAMI components/statistics Urban (n = 602) Rural (n = 640) p value

Overall score, mean (SD)¶ 5.8 (2.0) 3.0 (1.8)  < 0.0001†

Overall Total WAMI score, mean (SD) 25.7 (4.2) 18.9 (3.9)  < 0.0001†

Overall WAMI Index, mean (SD) 0.80 (0.13) 0.59 (0.12)  < 0.0001†

n, number; SD, standard deviation; USD, United States dollar; WAMI: water/sanitation, assets, maternal education and 
income
*Chi-square test; †independent t-test
§ People could have more than one asset of the same category; assets included refrigerator, bank account, iron, desktop/lap-
top, radio, sofa, sewing machine
‡ Based on November 2021 exchange rate of 1 USD = P 50.357
‡‡ Number of years of maternal education (0–16 years) divided by 2
¶ Mean octile score

Table 3  HAV seroprevalence between urban and rural areas

HAV, hepatitis A virus; IgG, immunoglobulin G; IgM, immunoglobulin M; n, number; NE: not evaluated; SD, standard 
deviation
*Chi-square test; †independent t test

Urban (n = 602) Rural (n = 640) p value

IgG anti-HAV titer, mean (SD) 4.33 (5.35) 5.02 (5.55) 0.0267†

IgM anti-HAV titer, mean (SD) 0.18 (0.16) 0.23 (1.19) 0.3269†

IgG anti-HAV

Reactive, n (%) 250 (41.5) 283 (44.2) 0.3384*

Non-reactive, n (%) 352 (58.5) 357 (55.8)

IgM anti-HAV

Reactive, n (%) 0 0 NE
Non-reactive, n (%) 602 (100) 640 (100) NE
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the urban and rural area, respectively). Among 
urban participants, vaccination could be con‑
firmed in 25/102 (24.5%) participants based 
on vaccination cards (Table S3). Among those 
with confirmed vaccination, 92% were reactive 
to IgG anti‑HAV. In the rural areas, among the 
two individuals who claimed to be vaccinated, 
only one was confirmed and non‑reactive to 

IgG anti‑HAV. Based on combined urban and 
rural data, 41% of people with unconfirmed 
HAV vaccination were reactive to IgG anti‑HAV 
compared with 88.5% of confirmed vaccination 
cases.

In multivariate regression analysis, two vari‑
ables were shown to be statistically significantly 
related to HAV seropositivity (p < 0.05): people 

Fig. 1  HAV seroprevalence by age group. HAV, hepatitis A virus; IgG, immunoglobulin G; y, years
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who have not lived in the same region during 
the past 5 years had a 1.41‑fold higher preva‑
lence (95% CI 1.19, 1.62); on the other hand, 
people who had no confirmed HAV vaccination 
had a lower prevalence (prevalence ratio regard‑
ing vaccinated: 0.77; p = 0.008) (Fig. 3).

Water Safety Access

There were statistically significant differences 
between urban and rural regions regarding 
water sources used for drinking water and other 
purposes (Table S4). Most participants from 
urban regions used bottled water (81.2%) and 
piped water into dwellings (18.1%) for drink‑
ing water, while in rural regions, participants 
used mainly bottled water (34.4%) and tube‑
wells/bore holes (30.8%). Most sources were 
considered improved in both regions according 
to WHO standards [22]. In urban areas, most 
participants used water piped into the dwelling 

(97.8%) for other purposes, while in rural 
regions different sources were used for non‑
drinking water (tubewell/bore hole: 43.4%; 
water piped into dwelling: 24.7%; public tap/
standpipe: 15.1%; protected dug well: 12.3%).

Pour‑flush toilets were the most common 
type of facilities used (65.4% and 96.9% in 
urban and rural areas, respectively). Approxi‑
mately a third of urban dwellers had flush 
toilets. Most toilets flushed into a septic tank. 
Flush/pour was considered improved according 
to WHO criteria in 99.7% and 94.4% of urban 
and rural households, respectively.

In the multivariate logistic regression model, 
only the presence of improved flush/pour was 
associated with HAV seropositivity; prevalence 
ratio in households using unimproved pour/
flush was 0.42 (95% CI 0.21, 0.78; p < 0.003) 
(Fig. 3).

Hygienic Food Intake Practices

Significant differences were observed in all 
aspects of food preparation and intake between 
urban and rural regions (Table S5).

A dedicated surface for preparing food was 
available in most urban households (78.5%) 
but less common in rural places (45%). Meals 
were mostly taken at home in both urban and 
rural areas, and street food was only occa‑
sionally consumed. Washing of hands prior 
to food handling, eating and after defecation 
was more strictly applied in urban than rural 
regions. Overall, most people responded that 
they washed their hands ‘always’ or ‘most of 
the time’ before handling or eating food and 
after defecation. In urban areas, kitchens were 
more likely to be free of insects and rodents 
according to participant responses.

In multivariate analyses, regular street food 
consumption (‘always’) was associated with an 
increase in prevalence ratio vs no street food 
consumption (prevalence ratio = 1.72; 95% CI 
1.31, 2.03; p < 0.001). Washing hands after def‑
ecation most of the time (rather than always) 
was associated with higher prevalence of HAV 
seropositivity (prevalence ratio = 1.33; 95% CI 
1.07, 1.59; p < 0.013) (Fig. 3).

Fig. 2  Kaplan-Meier curves for AMPI, overall (A) and by 
region (B). CI, confidence interval; AMPI, age at midpoint 
of population immunity
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Fig. 3  Factors Correlating with HAV seropositivity—final logistic regression model. CI, confidence interval; HAV, hepati-
tis A virus; p, p-value; y, year
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Knowledge about Hepatitis A Disease

Knowledge about hepatitis A differed signifi‑
cantly between urban and rural areas (Table S6).

More participants from urban regions indi‑
cated having heard of hepatitis A compared 
with those in rural regions (80.6% vs 45.9%). 
Among these participants, 56.7% and 44.2% of 
urban and rural participants correctly identi‑
fied hepatitis as a communicable disease. More 
than 70% of respondents knew that it could be 
transmitted by contaminated food and water. 
Classic symptoms associated with hepatitis A, 
which were known by > 50% of participants in 
both geographic areas, included yellowish dis‑
coloration of eyes, fever, abdominal pain and 
dark tea‑colored urine. Approximately 45% 
of participants overall thought that a vaccine 
against HAV was available in the Philippines, 
while 15.4% of urban participants and 23.8% of 
rural participants believed that no HAV vaccine 
was available in the Philippines.

Upon multivariate regression analysis, knowl‑
edge regarding hepatitis A transmission was 
associated with HAV seropositivity: prevalence 
ratio was lower in participants not knowing that 
the disease was communicable (prevalence ratio: 
0.75; 95% CI 0.58, 0.93; p = 0.007) and in those 
that identified ‘talking to the ill’ as a risk factor 
for contagion (prevalence ratio: 0.80; 95% CI 
0.66, 0.96; p = 0.015) (Fig. 3).

DISCUSSION

In 1996, the Philippines had intermediate HAV 
endemicity with more than half of people being 
seropositive at the age of 20 years [17]. Recent 
epidemiologic data on hepatitis A disease for the 
Philippines are lacking. Results from this study 
showed a shift in seroconversion towards older 
age groups (median age at conversion: 36 years), 
suggesting that the Philippines has transitioned 
to a low HAV endemicity level as observed in 
other Southeast Asian countries [10, 23].

Several East Asian countries have witnessed a 
shift in hepatitis A epidemiology to intermedi‑
ate/low endemicity. In Thailand, AMPI increased 

from 4.5 years in 1971 to 42.0 years in 2014 
[11]. Recent cross‑sectional studies carried out 
in Laos, Indonesia, Vietnam and the Philip‑
pines also pointed towards an increase in age 
at seroconversion compared with earlier studies 
[23–25].

In this study, age‑specific seroprevalence 
showed a distinct pattern depending on geo‑
graphic location: seroprevalence was lower in 
rural regions compared with urban areas in 
young age groups up to 19 years, but it was 
higher in older age groups. Rural to urban migra‑
tion may have confounded age‑specific seroprev‑
alence by region and artificially increased sero‑
prevalence rates in urban regions. Indeed, not 
living in the same region during the last 5 years 
significantly correlated with seroprevalence. 
Another explanation might be that urban chil‑
dren are more likely to receive vaccination and 
in turn be reactive for HAV IgG antibodies. How‑
ever, due to the limited number of participants 
with confirmed vaccination status, this hypoth‑
esis could not be confirmed based on our study 
results. Importantly, both regions witnessed an 
increase in age at seroconversion, pinpointing 
the important sanitary improvements achieved 
in recent decades. A recent report showed that 
as of 2019, 91% of the Philippine population 
has access to basic sanitation services, up from 
68% in 2000 [26]. The AMPI was similar in rural 
and urban regions (median age at conversion: 35 
and 37 years, respectively), confirming the low 
endemicity status. Several sociodemographic 
factors and behaviors in hygiene and food prep‑
aration/consumption were associated with HAV 
seroprevalence.

Several studies have shown that hepatitis A 
endemicity correlated with socioeconomic fac‑
tors, with high endemicity observed in devel‑
oping countries and low endemicity in high‑
income countries [8, 12, 13, 27]. Socioeconomic 
status is linked to access to clean drinking water 
and sanitation, educational level and income. 
Besides age group, factors that statistically sig‑
nificantly correlated with seroprevalence in this 
study were educational level, disease knowledge, 
living in the same area for the last 5 years, vac‑
cination status, street food consumption and 
hygienic factors (washing hands after defecation 
and improved pour/flush toilets). The impact of 
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eating habits and observation of hygienic ges‑
tures corroborates the fecal‑oral route of HAV 
transmission. HAV‑contaminated food or water 
represents the main source of infection and may 
lead to hepatitis A outbreaks even in regions 
with low endemicity [28]. The increased sero‑
prevalence observed in people who moved dur‑
ing the last 5 years is likely due to an increased 
risk of transmission for travelers to endemic 
regions [14, 29]. Educational level and disease 
knowledge are indicators of socioeconomic sta‑
tus, access to clean water and sanitation, and 
awareness of disease transmission. In this study, 
people with the lowest seroprevalence ratio had 
a graduate or postgraduate degree in agreement 
with other studies reporting lower seropreva‑
lence in people with higher educational level 
[30–32]. However, some factors appeared coun‑
terintuitive; for example, people knowing that 
hepatitis was a communicable disease had a 
higher prevalence ratio. This result suggests that 
disease knowledge is not sufficient to prevent 
infection but needs to be accompanied by sup‑
portive actions. Finally, vaccination status also 
correlated with HAV IgG positivity. Most peo‑
ple who received hepatitis A vaccines will have 
detectable HAV‑specific IgG antibodies, even 
years after vaccination; therefore, seroprevalence 
is higher in the vaccinated population compared 
with unvaccinated individuals [5, 33].

In regions with low endemicity, a sizeable 
proportion of adolescents and adults remains 
susceptible to HAV infection, which may lead 
to hepatitis A outbreaks often linked to more 
severe disease and increased healthcare resource 
use [34, 35]. This situation leads to the so‑called 
paradox of hepatitis A epidemiology where dis‑
ease burden is higher in low endemicity regions 
[5, 14]. Hepatitis A is a vaccine‑preventable dis‑
ease; both inactivated and live attenuated vac‑
cines exist, which are highly immunogenic and 
well tolerated [33]. Immunization strategies 
vary across countries from partial immuniza‑
tion programs in high‑risk groups to universal 
childhood immunization [36]. Vaccination is 
not recommended in high‑endemicity regions; 
however, in countries with intermediate to low 
endemicity, WHO recommends universal child‑
hood immunization if there is (1) an increase of 
acute and/or severe hepatitis A cases, including 

adolescents and adults, (2) a shift in epidemiol‑
ogy from high to intermediate endemicity and 
(3) if cost‑effectiveness analyses favor introduc‑
tion of universal hepatitis A vaccination. While 
results from this study demonstrated a shift in 
endemicity in the Philippines, the study did not 
assess the incidence of acute cases and health‑
care resource use due to hepatitis A disease. 
Future studies are required to monitor HAV‑
related healthcare resource use and hepatitis‑
related burden of disease. Such information may 
inform cost‑effectiveness models to estimate the 
value of hepatitis A vaccination in the Philip‑
pine context. In Indonesia, which experienced 
a similar shift in hepatitis A epidemiology, cost‑
effectiveness analysis suggested that universal 
childhood hepatitis A immunization would be 
cost‑effective [37].

There are several limitations to this study. 
Findings are based on an age‑stratified conveni‑
ence sample from two geographic regions, and 
this might limit generalizability to the entire 
Philippine population. People could refuse to 
participate in the study, and this could have 
led to selection bias. However, the implication 
of community health officers from different 
Barangay(s) in the enrollment of participants 
and the use of mass invitations in urban areas 
ensured inclusion of participants with diverse 
sociodemographic backgrounds. Networking 
and collaborations among governing medical 
institutions and regional health offices aimed 
at increasing diversity among enrolled subjects 
thereby improving generalizability of results.

Some questions asked for information that 
could be perceived as sensitive or embarrassing 
by of participants, such as income, eating hab‑
its and hygienic behavior. This may have led to 
response bias or measurement error since partici‑
pants might be inclined to provide more socially 
acceptable answers [38]. Finally, documentation 
of vaccines received was often missing, and vac‑
cination status might be underreported.

CONCLUSION

An epidemiologic shift has occurred in the Phil‑
ippines towards low HAV endemicity. People 
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tend to get infected later in life leaving a large 
proportion of adolescents and adults at risk of 
infection and potentially more severe disease. 
Risk factors for HAV infection include frequent 
traveling, consumption of street food and insuf‑
ficient hygienic measures. Vaccination strategies 
against HAV should be considered early in life to 
prevent hepatitis A outbreaks and severe disease 
in high‑risk groups.
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