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Background: Hepatitis A incidence in Portugal declined 
from 20.1 to 0.4/100,000 population between 1987 and 
2023, changing non-vaccinated population suscepti-
bility. This shift has contributed to more frequent out-
breaks, including in 2024–25, highlighting the need to 
enhance surveillance and integrate serological data. 
Aim: We aimed to describe the exposure profile of the 
Portuguese population to hepatitis A virus (HAV) over 
time by estimating and comparing the seroprevalence 
of hepatitis A in two nationwide surveys. Methods: 
Data from two cross-sectional seroprevalence stud-
ies performed in 2001–02 and 2015–16 in the popu-
lation aged ≥ 2 years were analysed. Seroprevalence 
was weighted for population distribution by age, 
sex and region, and then analysed by birth cohort 
(1911 -2014) and compared using Poisson regression.
Results: Overall prevalence of anti-HAV IgG antibodies 
was 67.3% (95% CI: 64.2–70.3) in 2001–02 (n = 1,642) 
and 56.3% (95% CI: 52.4–60.2) in 2015–16 (n = 2,052), 
showing an 11-percentage-point decline. Birth cohort 
analysis revealed consistent seroprevalence within 
each cohort in both surveys, i.e. seroprevalence 
for the 1981–90 birth cohort was 16.7% and 18.7%, 
respectively, suggesting that higher seroprevalence 
is more closely associated with birth cohort (cohort 
effect) rather than a specific time point. Additionally, 
we found that individuals aged ≥ 30 years, born before 
the 1980s, and those with lower education had 
higher seroprevalence. Conclusions: The immunologi-
cal profile of anti-HAV antibodies in the Portuguese 
population has shifted over the last decades. High 
susceptibility and shifting age distribution of Hepatitis 
A-seropositive individuals highlight the need to revise 
future vaccination strategies in Portugal.

Introduction
Hepatitis A (HA) is the most common form of acute 
viral hepatitis in the world. Hepatitis A virus (HAV) is 
primarily transmitted via the faecal-oral route through 
ingestion of contaminated food and water, or through 
direct contact with a contagious person [1]. The clinical 
course of HA is age-dependent, ranging from asympto-
matic, mainly in children under 5 years of age, to acute 
symptomatic hepatitis in older children and adults [2]. 
Symptoms range from mild to severe illness, involv-
ing prolonged jaundice and lengthy convalescence 
[2]. Although rare, HAV infection can cause acute liver 
failure and death, particularly in individuals aged over 
50 years or with chronic liver disease [3]. The epide-
miology of HAV infection depends on sanitation, soci-
oeconomic conditions and, more recently, has been 
impacted by the introduction of HA vaccines (in 1998 in 
Portugal). In high-income countries, at-risk groups for 
HA include mainly international non-vaccinated travel-
lers, men who have sex with men (MSM) and people 
who inject drugs [4-6].

Country levels of endemicity of HAV infection are 
assessed through the age-dependent prevalence of 
anti-HAV (IgG) antibodies in the population of the spe-
cific region [7]. According to World Health Organization 
(WHO) criteria, levels of endemicity have been classi-
fied based on seroprevalence as: high (≥ 90% by age 10 
years); intermediate (≥ 50% by age 15 years, with < 90% 
by age 10 years); low (≥ 50% by age 30 years, with < 50% 
by age 15); and very low (< 50% by age 30 years) [7]. 
In countries with low or very low endemicity of HAV, 
almost all children and adults below the age of 40 years 
have not been exposed to HAV and remain susceptible 
to the infection [7]. Seroprevalence and susceptibility 
data of HA from European Union/European Economic 
Area (EU/EEA) countries showed that from 1975 to 
1999, Portugal had intermediate HAV endemicity, 
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similar to Cyprus, Greece, Italy, Romania and Poland 
[8]. However, improved sanitation over decades mark-
edly reduced HAV circulation and infection rates (over-
all incidence 0.4/100,000 population in 2023), but also 
gradually increased population susceptibility, i.e. non-
immune [9]. The increasing proportion of individuals 
susceptible to HAV infection, along with a shift in popu-
lation exposure profile was indicated by some regional 
serological surveys and one nationwide study (pub-
lished in 1984), aligning with seroprevalence trends 
observed in other European countries (Supplementary 
Table S1 provides a summary of seroprevalence studies 
in Portugal, 1984–2018) [10-16].

Although overall incidence rates remain low, countries 
with very low endemicity are increasingly susceptible to 
outbreaks, particularly within specific high-risk groups 
[4-6]. In Portugal, documented outbreaks involving a 
higher number (> 100) of cases have occurred in the 
Roma population (2004–05), the 2016–17 multi-country 
MSM outbreak, and two ongoing outbreaks (2023–25) 
affecting MSM and Roma communities [17-19]. Despite 
their distinct epidemiological profiles, with children 
being predominantly affected in the Roma outbreak 
and adults in the MSM outbreak, and different trans-
mission patterns i.e. non-sexual vs sexual transmis-
sion respectively, these outbreaks clearly underscore 
the presence of a highly susceptible, non-immune pop-
ulation [17-19].

Continuous surveillance is essential for assessing pop-
ulation susceptibility and guiding public health inter-
ventions such as vaccination strategies. Additionally, 
strengthening surveillance systems and integrating 

serological and epidemiological data enhance outbreak 
preparedness and target prevention. To understand the 
nationwide exposure profile of the Portuguese popula-
tion to HAV over time, our objective was to estimate 
and compare the HAV seroprevalence based on data 
from the two national serological surveys conducted in 
2001–02 and 2015–16.

Methods

Study population and sampling method for 
serological surveys
This study included the data retrieved from two 
cross-sectional population-based serosurvey stud-
ies (Inquérito Serológico Nacional, ISN) carried out in 
2001–02 and 2015–16 in the Portuguese population, 
whose results have been previously reported sepa-
rately in national reports in Portuguese [20,21].

The target population in both surveys consisted of all 
individuals, aged 2 years and older, residing in Portugal 
for at least 12 months. Individuals were selected from 
those attending a national public or private laboratory 
to undergo a blood test for non-infectious diagnostic 
purposes, according to the established inclusion and 
exclusion criteria [20,21]. The testing involved examin-
ing a single sample from each individual and unique 
identifiers were assigned to ensure that each person’s 
contribution was represented by only one sample.

In the ISN 2001–02, a stratified non-random scheme 
was used in which the strata were the age groups; the 
planned sample was subsequently allocated across 
the 18 districts of mainland Portugal in proportion 

What did you want to address in this study and why?
Hepatitis A is an acute liver infection caused by hepatitis A virus (HAV) and transmitted primarily via 
the faecal–oral route, often through contaminated food or water. Portugal’s socioeconomic and hygiene 
improvements in the 1980s led to a reduction in HAV circulation and a decline in hepatitis A infections. 
However, this increased population susceptibility to infection. To measure immunity, we compared 
seroprevalence of HAV in the population and analysed changes over time.

What have we learnt from this study?
We found differences in HAV antibody prevalence between two population studies (2001–02 and 2015–16), 
mainly depending on individual’s birth year and their prior exposure to the virus. Specifically, we found that 
individuals aged < 30 years, as well as those born after the 1980s, were associated with lower HAV antibody 
prevalence. This indicates that more individuals are now susceptible to hepatitis A and that HAV is more 
likely to affect a wide range of age groups.

What are the implications of your findings for public health?
Unlike previous studies focusing on specific regions and/or groups, this study provides a nationwide 
overview of HAV immunity trends in the Portuguese population over time. Our study highlights that adapting 
vaccination strategies is important as more individuals become susceptible to hepatitis A. Thus, broad and 
early childhood vaccination can effectively reduce the spread of HAV.
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to each district’s population. In the ISN 2015–16, the 
same non-random scheme stratified by age groups 
was used; however, the sample for each age group was 
allocated homogeneously among the seven Portuguese 
Nomenclature of Territorial Units for Statistics (NUTS) 
II (v. 2013) regions to obtain estimates with the same 
degree of precision. In both surveys, according to the 
study protocols, informed consent was obtained either 
from the participants themselves or from their legal 
representatives, and a blood sample was collected 
[20,21]. All data were irreversibly anonymised before 
analysis.

Raw databases containing the variables on population 
characteristics and serological results of the anony-
mous participants from both studies were submitted 
to recoding procedures, according to the question-
naire and inclusion criteria from each study, described 
in the corresponding reports [20,21]. Furthermore, 
data were combined in a new dataset to perform a 
joint analysis, using common variables, as described 
in Supplementary Table S2.

Laboratory testing
Detection of anti-HAV-specific IgG antibodies in sera 
specimens was performed as previously described 
[18,19]. Comparable methodology was applied in both 
surveys, ensuring their internal validity and compara-
bility. In ISN 2001–02, HAV-specific antibodies were 
determined using the HAVAB 2.0 (AxSYM, Abbott 
Diagnostics) kit/test, a qualitative sandwich micro-
particle enzyme immunoassay (MEIA) with reported 
99.74% sensitivity and 98.96% specificity. In ISN 
2015–16, the immunoassay was performed using the 
ARCHITECT HAVAb-IgG (Abbott Diagnostics) reagent 
kit/test a chemiluminescence microparticle (CMIA) 
immunoassay, with sensitivity > 98% and specificity 
99.17%, according to the manufacturer’s information. 
The 2001–02 HAVAB 2.0 test measured total anti-HAV 
antibodies (IgM + IgG), while the 2015–16 ARCHITECT 
test measured only IgG; however, as samples were 
obtained from individuals undergoing diagnostic tests 
for non-infectious conditions, this methodological 
difference likely had minimal impact on the results. 
Reference sera were used to ensure reproducibility 
between surveys. In both ISN, samples with a signal-
to-cut-off (S/CO) ratio of > 1.00 were considered (HAV 
seropositive).

Statistical analysis
Descriptive statistics were used to compare the charac-
teristics of the study population (age, sex, birth cohort, 
nationality, region of residence and education level) 
within and between each survey. For birth cohort anal-
ysis, participants were grouped according to decade of 
birth: 1911–20, 1921–30, 1931–40, 1941–50, 1951–60, 
1961–70, 1971–80, 1981–90, 1991–2000, 2001–10 and 
2011–14. At the time of the 2015–16 survey, the young-
est cohort (2011–14) included individuals aged 2 years 
and older, reflecting the survey’s inclusion criteria.

The HAV seroprevalence was estimated for the popula-
tion as a whole and stratified by these birth cohorts 
and other demographic variables, after weighting for 
sex, age group and district of the Portuguese popula-
tion in 2001 and 2015, for ISN 2001–02 and ISN 2015–
16, respectively. This approach enabled us to assess 
the prevalence and distribution of those factors across 
the two survey periods while accounting for demo-
graphic changes over time.

Poisson regression models with robust variance were 
used to estimate crude and sex‐ and age‐adjusted sero-
prevalence ratios (PR) and their respective confidence 
intervals of 95% (95% CI) as measures of association. 
The chi-square test was used to assess statistical sig-
nificance and associations between study variables. 
Data were organised and analysed using Stata IC, 
v.16.1. (StataCorp LLC). All analyses were performed 
between September 2022 and September 2023.

Results
A total of 1,642 (ISN 2001–02) and 2,052 (ISN 2015–16) 
individuals were included in the study after data clean-
ing.  Supplementary Figure S1  provides a summary 
of the data cleaning process to create the final study 
population. The descriptive analysis of participants 
by age group, sex, birth cohort, education level, 
region of residence and nationality are described 
in the  Table.  Supplementary Table S2  provides the 
sociodemographic variables recoded and analysed in 
this study. The mean age was 34.4 (standard deviation 
(SD): 22.4) in 2001–02 and 28.2 (SD: 20.4) in 2015–16, 
of which 38.2% and 49.4% were male, respectively. 
Overall, the distribution of individuals by demographic 
and social characteristics in the two serosurveys were 
similar, with the exception that sampled participants 
were younger in ISN 2015–16.  Supplementary Table 
S3  provides a comparison of age groups, sex, and 
region of residence across both surveys and with the 
Portuguese population in 2001 and 2015.

Prevalence of anti-hepatitis A virus antibodies 
by age and birth cohort
The overall HAV seroprevalence was 67.3% (95% CI: 
64.2–70.3) in the 2001–02 survey and 56.3% (95% CI: 
52.4–60.2) in 2015–16, showing an absolute decrease 
of 11 percentage points between studies. Regarding 
age, we observed a decrease in the seroprevalence 
at age groups < 30 years: 31.0% (95% CI: 26.1–36.3) 
in 2001–02 compared with 11.4% (95% CI: 9.1–14.3) 
in 2015–16, representing a relative decrease of 63% 
(Table).

The estimated seroprevalence data described by 5-year 
age groups in the ISN 2001–02 and ISN 2015–16 are 
presented in  Figure 1. Overall, HAV seroprevalence 
was higher in the first survey (2001–02). Indeed, we 
found a seroprevalence above 80% in the age groups 
35–49 years in 2001–02, whereas in 2015–16 this 
level of seroprevalence was only observed in those 
aged ≥ 50 years. The only exception was for age group 
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10–14 years in which the seroprevalence was lower in 
2001–02 (8.0; 95% CI: 4.1–14.9) compared with 2015–
16 (16.8; 95% CI: 8.9–29.2), with a PR of 0.7 (95% CI: 
0.3–1.9) and 4.6 (95% CI: 1.9–11.0), respectively (data 
not shown). Within each serosurvey, the prevalence 
of anti-HAV IgG antibodies was highest among those 
aged ≥ 50 years and clearly lower in the younger age 
groups (< 30 years). 

The birth cohort analysis, using the defined groups 
(1911–20 to 2001–14), showed a decreasing trend in 
the prevalence of anti-HAV antibodies from the old-
est to the more recent cohorts (Table, Figure 2). In the 
birth cohort 1981–90, the seroprevalence was 16.7% 
(95% CI: 12.4–22.1) in 2001–02 and 18.7% (95% CI: 
12.3–27.3) in 2015–16, compared with 55.5% (95% CI: 
46.6–64.0) and 56.4% (95% CI: 47.1–65.3) in the 
cohort 1971–80, respectively. This cohort effect can be 
observed in both  Figures 1  and  2, where the consist-
ent seroprevalence observed in one cohort during both 
the 2001–02 and 2015–16 surveys, e.g. for birth-cohort 
1981–90 the seroprevalence was 16.7% and 18.7% 
respectively, implies that seroprevalence is associated 
more with the birth cohort (cohort effect) than with a 
specific time point. 

Prevalence of anti-hepatitis A virus antibodies 
by sex, nationality, region of residence and 
education level
Seroprevalence was higher in the 2001–02 survey 
compared with the 2015–16 survey, regardless of sex, 
region of residence, nationality or education level 
(Table). Within each survey, the seroprevalence did not 
differ between males and females, or region of resi-
dence (Table). However, both studies showed similar 
education inequalities, with higher seroprevalence val-
ues among those with lower education. Indeed, in the 
2015–16 serosurvey, the highest seroprevalence was 
associated with no education/basic (1st cycle) edu-
cation level (97.1%; 95% CI: 89.2–99.3) and the low-
est seroprevalence to higher education level (53.0%; 
95% CI: 44.9–60.9). There was an 80% increase in the 
seroprevalence in the lowest education level (PR: 1.1; 
95% CI: 0.9–1.3), when using higher education level as 
reference. Similar trends in the prevalence were seen 
in the 2001–02 serosurvey, with a 50% increase in the 
seroprevalence in the lowest education level (PR: 1.3; 
95% CI: 1.1–1.5). Seroprevalence declined across all 
education levels between surveys with PR of 0.78 
(95% CI: 0.63–0.96) for higher education and 0.98 
(95% CI: 0.94–1.03) for no education, representing the 
change over time within each education level.

Regarding nationality, in the 2015–16 survey, being 
non-Portuguese was positively associated with higher 
prevalence of anti-HAV antibodies (adjusted PR: 1.8; 
95% CI: 1.5–2.2), with an absolute increase of 17.4 
percent points when compared with ISN 2001–02. 
Considering the birthplace (variable only available 
in the 2015–16 survey), the highest seroprevalence 
(80.5%; 95% CI: 46.5–95.2) was identified in those 

who were born in South America (Venezuela, Brazil), 
with an adjusted PR of 1.8 (95% CI: 1.4–2.3) with 
Portuguese birthplace as reference (Table). The indi-
vidual countries specified for birthplace are provided 
in  Supplementary Table S2. The average age of those 
born in South America was 35.8 years (95% CI: 27.3–
44.3), with 88.9% being female (data not shown).

Annual incidence rate
According to the number of cases notified per year, the 
cumulative incidence of HA in Portugal decreased from 
20.1 per 100,000 population (n = 2017) in 1987, to 3.5 
per 100,000 (n = 359) in 1997, and to 0.4 per 100,000 
population (n = 40 cases) in 2023 (Figure 3).

In 2024, the overall incidence in Portugal increased to 
3.1 cases per 100,000 population (provisional data, 
pending official publication), corresponding to an 
absolute increase of 2.7 cases and an eightfold rise 
compared with 2023 (Figure 3). This marked increase is 
attributable to the ongoing outbreaks [17-19].

Discussion
This study describes the nationwide profile of the 
exposure to HAV over time in the Portuguese popula-
tion. Overall, a decrease in anti-HAV IgG antibodies 
prevalence was observed in the Portuguese population 
between the two analysed surveys, from 2001 to 2002 
to 2015–16. Our findings indicate a possible cohort 
effect in the evolution of anti-HAV antibody prevalence 
between the two cross-sectional studies.

In our study, we observed a decline in HAV seropreva-
lence from 67.3% (95% CI: 64.2–70.3) in the 2001–02 
survey to 56.3% (95% CI: 52.4–60.2) in 2015–16. This 
decrease in immunity was particularly evident among 
the younger populations. In 2001–02, seroprevalence 
exceeded 80% in the 35–39-year age group, whereas 
in 2015–16, similar seropositivity was only observed 
in individuals aged ≥ 50 years. Consequently, the pro-
portion of adolescents and adults susceptible to HAV 
increased. These findings corroborate that Portugal 
transitioned from a low-endemicity country for HA in 
2001–02 (≥ 50% by age 30 years, with < 50% by age 15), 
to a very low-endemicity country in 2015–16 (< 50% by 
age 30 years) [22].

Until the early 1970s, Portugal had very poor sani-
tary conditions, resulting in high mortality and 
morbidity caused by infectious diseases [23]. The 
political changes following the Carnation Revolution 
(Portuguese: Revolução dos Cravos) in April 1974, 
led to remarkable public sector investments, notably 
in water, sanitation and hygiene conditions, which 
likely contributed to the shift in HAV immunity among 
generations born after the 1980s. Our results show 
that individuals who were not immune in 2001–02 
remained susceptible in 2015–16, suggesting a cohort 
effect associated with birth year and exposure history. 
Supporting this, a 1997 study on healthcare workers 
and medical students from a hospital in Lisbon showed 
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a stable seroprevalence among those aged ≥ 30 years, 
while among workers under 30 years it was 65%, sig-
nificantly higher than in students (< 46%) [24]. This 
emphasises a stronger link between seroprevalence 
and birth cohorts or occupational exposure rather 
than age alone. Similar epidemiological shifts have 
been observed across Europe, driven by improve-
ments in hygiene and socioeconomic conditions [25]. 
In Finland, seroprevalence dropped below 40% in early 
1940s, coinciding with the end of the Second World 
War [23]. Likewise, a Dutch study showed a lower sero-
prevalence in individuals born after the war, marking a 
turning point in hygiene standards [26]. While the tran-
sition to very low endemicity reflects improved living 
conditions, it has also led to increased susceptibility.

In our study, being under 30 years old and born after 
the 1980s was associated with lower prevalence of HAV 
antibodies, indicating a growing proportion of suscep-
tible adolescents and adults over time in Portugal. The 
correlation between HAV prevalence and socioeco-
nomic indicators observed in both serosurveys, such 
as higher prevalence of anti-HAV antibodies among 

individuals with no education/basic (1st cycle) or only 
basic education, is supported by other studies [12].

In the 2015–16 survey, non-Portuguese nationality and 
birth in South America were positively associated with 
higher HAV seroprevalence. Individuals from Venezuela 
and Brazil had an average age of 26.2 years, mean-
ing they were born in the 1980s. Historically, South 
America was considered a high endemicity region, with 
most infections occurring in early childhood (≥ 90% of 
the population have acquired natural immunity by age 
10). However, changes in HAV circulation patterns were 
also observed with a reported shift from high to inter-
mediate endemicity, i.e. ≥ 50% by the age of 15 [27]. 
Improved socioeconomic conditions, along with the 
implementation of childhood immunisation programs 
in HAV endemic countries, have been effective in sub-
stantial decreases on the number of infections and 
increasing population immunity [22,27-29].

By early 2020, 28 countries worldwide had already 
introduced the HA vaccine into routine childhood 
immunisation programmes, leading to a decline in 
disease incidence [22,30]. This includes 10 countries 

Figure 1
Age-dependent hepatitis A seroprevalence per 5-year age group, Portugal, 2001–02 (n = 1,642) and 2015–16 (n = 2,052) 
serosurveys
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in the Americas, five in the Eastern Mediterranean, 
eight in Europe and five in the Western Pacific [28,30]. 
In Portugal, the HA vaccine has only been avail-
able since 1998 as a monovalent formulation or com-
bined with hepatitis B, however, it has not yet been 
included in the National Immunisation Programme and 
is only recommended for high-risk groups and travel-
lers to endemic countries. This policy, combined with 
higher susceptibility among individuals, contributes 
to an increased proportion of travel-associated cases. 
Notably, in 2023, travel-related cases accounted for 
34.2% of all reported HA cases [9]. In our study, the 
survey questionnaires did not include the vaccination 
status and vaccinated individuals were not excluded. 
Although some studies have shown that certain types 
of antibodies can be distinguished between naturally 
acquired infection and immunisation, commercial tests 
are not yet available [31].

In Portugal, the HA vaccine is recommended only for at-
risk groups, leading to an anticipated low vaccination 

rate. The higher seroprevalence observed in the 2001–
02 survey among the 5–9-year age group compared 
with the 10–14-year age group (Figure 1) might reflect 
localised differences or sampling variation rather than 
increased vaccination coverage, as this pattern was 
not consistent across all regions of Portugal. Indeed, 
there were no national HA vaccination campaigns for 
children, nor were there large outbreaks in the late 
1990s that would have triggered widespread immuni-
sation in this age group. In fact, regional studies con-
ducted around that time, such as in Braga, confirmed 
low HAV immunity among young children and indicated 
that none of the participants had been vaccinated [12].

One limitation of our study was the use of non-ran-
dom samples, with participants in both surveys being 
younger than the general Portuguese population, 
particularly in the ISN 2015–16. Since seroprevalence 
tends to increase with age, the younger age structure 
of our sample may have led to an underestimation of 
the true seroprevalence in the Portuguese population. 

Figure 2
Birth cohort analysis of hepatitis A seroprevalence, Portugal, 2001–2002 (n = 1,642) and 2015–2016 (n = 2,052) serosurveys
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However, the comparison remains valid as the same 
pattern was observed in both surveys. Furthermore, 
the 2001–02 sample had a higher female-to-male ratio 
than the Portuguese population, while the 2015–16 
study included a greater proportion of the participants 
from Alentejo and Algarve, and fewer from the northern 
region. The 2001–02 survey’s sample was designed to 
reflect the total Portuguese population distribution at 
that time, based on demographic data and popula-
tion densities, whereas the 2015–16 survey prioritised 
broad geographical representativeness, to address 
potential biases presented in the earlier survey. 
Despite differences in sample distribution between the 
two surveys, both datasets provide valuable insights 
into Portugal ś seroepidemiological trends over time. 
No measurement bias was detected, as laboratory 
methods and analytical procedures used to detect 
anti-HAV antibodies remained consistent across both 
surveys. This consistency ensures that any observed 
differences in seroprevalence are not due to variations 
in testing or measurement techniques but rather reflect 
true epidemiological changes in the population.
 

Conclusions
The evolution of the anti-HAV immunological profile 
among the Portuguese population over the past dec-
ades underscores the need to re-evaluate HA vacci-
nation strategies to address changing susceptibility 
trends. Large-scale early childhood vaccination and 
enhanced surveillance could help to mitigate transmis-
sion risks and guide target interventions. Aligning poli-
cies with international recommendations and adopting 
evidence-based strategies, Portugal can strengthen its 
efforts towards HA prevention and control, ultimately 
contributing to improved public health outcomes.
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Figure 3
Annual incidence rate of hepatitis A cases, Portugal, 1987–2024 [9,17]
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