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Abstract

Background: Chronic immunity to hepatitis A (HA) is largely influenced by environmental factors, such as socioeconomic
indicators, public health conditions, and access to safe water. In the past two decades, Iran has witnessed improvements in
socioeconomic status, increased urbanization, enhanced health education, improved access to safe drinking water sources,
and better public health conditions. However, these changes have not been uniform across all regions of Iran, and varying
epidemiological situations are expected.
Objectives: This study aimed to delineate the pattern of HA chronic immunity across different regions of Iran using geographical
information system (GIS)mapping.
Methods: The study included a total of 3255 individuals who tested positive for anti-hepatitis A virus (anti-HAV) immunoglobulin
G (IgG). This study analyzed factors such as place of residence, marital status, age, and gender to explore possible relationships.
Univariate and multivariable analyses were conducted to identify independently associated factors for HA. A locally weighted
scatterplot smoothing (LOWESS) multivariate model was developed using a backward stepwise approach. Geographical variations
in the prevalence of HA chronic immunity in the general population of Iran were assessed to understand spatial effects and risk
factors. A Bayesian spatialmodelwas employed to identify the spatial pattern of HA chronic immunity prevalence, usingOpenBUGS
version 3.2.3.
Results: Theprevalenceof HAV immunitywashigher in regionswithmild semi-dry climates (aPR=2.37, 95% confidence interval [CI]
= 2.30 - 3.33, P< 0.001), medium semi-dry climates (aPR = 1.37, 95% CI = 1.14 - 1.63, P< 0.001), dry climates (aPR = 1.13, 95% CI = 0.9 - 1.4),
and ultra-dry climates (aPR = 1.79, 95% CI = 1.05 - 2.98, P = 0.033), compared to semi-humid climates. Other variables did not exhibit a
significant relationship with HA chronic immunity. The GIS analysis map revealed that immunity to HA was generally lower in the
capital cities of Iran’s provinces. However,most central regions of Iran exhibitmediumendemicity; nevertheless, higher immunity
to HAwas observed in border areas and coastal regions, particularly in the northern part of the country.
Conclusions: Different regions of Iran display distinct patterns of HAV endemicity, influenced by the country’s climatic diversity.
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1. Background

Hepatitis A (HA) is recognized as the most common
type of acute viral hepatitis worldwide (1). It is estimated
that tens of millions of individuals worldwide are infected
with the hepatitis A virus (HAV) each year, with only

one and a half million becoming symptomatic (2). Due
to the fecal-oral nature of the virus, it is primarily
transmitted through the ingestion of contaminated food
and beverages, followed by direct contact with an infected
person, and, to a lesser extent, through blood (3). The
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severity of the disease largely depends on the age of
the individual. Although young children often develop
the infection asymptomatically, the severity of symptoms,
hospitalization, and mortality increase with age in older
children and adults (4). In addition to age, HA is
significantly influenced by environmental factors, such
as socioeconomic indicators, public health status, and
access to safe water (5, 6). Considering the effect of
temperature and humidity on the persistence of the A
virus in the environment (7, 8) and the impact of climate
on virus exposure to the host (9), climate can be one of the
environmental factors affecting HA immunity.

Over the past two decades, Iran has experienced
improvements in socioeconomic status, increased
urbanization, the development of health education,
improved access to safe drinking water resources,
and enhanced public health conditions in society.
Therefore, it was expected that these changes would
affect the prevalence of HA (10). The declining trend in
HA endemicity in studies conducted during this period
supports this hypothesis (11). In the latest assessment
recently conducted by our team, the endemicity of this
disease in Iran was estimated to be low (12). However, this
downward trend is not uniform across all parts of Iran,
leading to varying epidemiological situations.

2. Objectives

Consequently, this study aimed to illustrate the
pattern of HA chronic immunity in various regions of
the country and potential environmental factors related
to this pattern, including climate. To the best of our
knowledge, no similar study has been published on HA
immunity based on geographical information system
(GIS) mapping. The findings of this GIS-based study
will provide insights into the necessary policies for
HA vaccination and the prediction of HA outbreaks in
different areas of Iran.

3. Methods

3.1. Study Design

This is a secondary and supplementary report on
a nationwide population-based study of HA chronic
immunity seroprevalence conducted across Iran in 2019
(12).

3.2. Data Collection

In the primary study (12), a multi-stage cluster
random sampling method was employed based on the
socio-demographic status of the population in both

urban and rural areas. A total sample size of 5 655
participants was calculated based on certain assumptions
and was proportionally collected from 42 cities across
the country. The selection of these cities was determined
using a simple random sampling technique within seven
socio-demographic strata, established through K-means
clustering. These strata were defined based on factors
such as population, mortality of children under 5 years of
age, gender ratio, family size, and rural/urban population
ratio. These cities were located in 12 provinces, including
Razavi Khorasan (n = 927, 17.1%), Tehran (n = 773, 14.3%),
Khuzestan (n = 602, 11.1%), Sistan and Baluchestan (n =
493, 9.1%), Fars (n = 468, 8.6%), Lorestan (n = 405, 7.5%),
Kurdistan (n = 341, 6.3%), Hormozgan (n = 328, 6%), Ardebil
(n = 265, 4.9%), Kerman (n = 279, 5.1%), Mazandaran (n =
274, 5%), and Isfahan (n = 264, 4.9%). The questionnaire
gathered information on age, gender, marital status,
place of residence, socioeconomic status, and laboratory
findings from all age groups over 1 year and both genders.
A total of 5 673 individuals participated in the study,
with 254 individuals excluded due to lost or low-quality
blood samples and incomplete checklist information.
Consequently, blood samples from 5 419 participants
were used for testing. Further details on sampling,
data acquisition, and laboratory procedures have been
previously published (12).

Climate data for various regions of Iran and related
maps were compiled using information from the
Meteorological Organization and the Organization of
Forests and Pastures of Iran. These data were used to
categorize different regions of the country into 6 climate
zones: semi-humid, mild semi-dry, medium semi-dry,
severe semi-dry, dry, and ultra-dry climates (13).

3.3. Statistical and Mapping Analyses

Data entry was double-checked by a biostatistics
expert for accuracy. The data were cleaned to identify
internal and external inconsistencies, outliers, and
extreme values. Data preparation was conducted based
on the study protocol. Data extraction, recoding, and
both descriptive and analytical analyses were carried out
using STATA software (version 16). Continuous variables
were presented as mean and standard deviation (SD),
while categorical variables were reported as frequencies
and percentages. Univariate and multivariable analyses
were performed to identify independently associated
factors of HA. A locally weighted scatterplot smoothing
(LOWESS) multivariate model was developed using a
backward stepwise method, including all variables with
a P-value < 0.2 in the univariate analysis. Furthermore,
prevalence ratios and their 95% confidence intervals (CIs)
were estimated using a Poisson regression (PR) model
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with robust error variance to quantify the strength of
statistical associations. In all cases, a P-value less than 0.05
was considered statistically significant.

Moreover, in this study, geographical variations in
the prevalence of HA chronic immunity in the general
population of Iran across 428 counties were analyzed.
The data were assessed to understand spatial effects and
the risk factors associated with the prevalence of HA
chronic immunity. ABayesian spatialmodelwas employed
to identify the spatial pattern of HA chronic immunity
prevalence. The spatial model was coded using OpenBUGS
version 3.2.3 (14, 15). ArcGIS software 10.1 (16) was also
used to display the results on maps. We ran two chains
with 1000 samples as a burn-in and 10,000 samples as
iterations. Convergence for the chains was confirmed
through auto-correlations, trace plots, and density plots
(17).

4. Results

Out of 3 603 cases that tested seropositive for
anti-hepatitis A virus (anti-HAV) immunoglobulin G
(IgG), 348were excluded from the study due to incomplete
climatic information in their regions. Finally, 3 255
individuals were included in the final analysis, with a
mean age of 34.2 (SD = 10.2) years. The study sample
consisted of 1,687 (51.8%) females and 1,568 (49.2%) males.
Most of the subjects (72%) were married, and 69.2% of
them lived in cities (12).

Among the 42 cities, 4 (9.5%), 9 (21.4%), 2 (4.8%), 10
(23.8%), 11 (26.2%), and 6 (14.3%) cities had semi-humid,
mild semi-dry, medium semi-dry, severe semi-dry, dry, and
ultra-dry climates, respectively (Table 1). Since there were
six different climates, it was observed that the highest
serological positivity rate belonged to the mild semi-dry
climate (37.1%); nevertheless, the lowest was related to the
medium semi-dry climate (4.2%). Additionally, the highest
and lowest mean ages were associated withmild semi-dry
climates (41.03 ± 18.6 years) and ultra-dry climates (27.76
± 2.9 years), respectively. The highest percentage of
women and men was related to ultra-dry (59.3%) and
mild semi-dry (52.2%) climates, respectively. Ultra-dry
and mild semi-dry climates had the highest and lowest
percentages of singles (50.8%) and married individuals
(94.1%), respectively. Moreover, the highest and lowest
percentages of individuals living in cities and villages
were in dry (76.8%) and severe semi-dry (44.9%) climates,
respectively. The frequency of positive anti-HAV IgG in
different climates was as follows:

Mild semi-dry (37.1%), dry (27.1%), severe semi-dry
(14.9%), ultra-dry (9.7%), semi-humid (5.3%), and medium

Semi-dry (4.2%), respectively, based on univariate analysis
(Table 2)

In the multivariable model, the prevalence of HAV
immunity in mild semi-dry climates (aPR = 2.37, 95% CI =
2.30-3.33, P < 0.001), medium semi-dry (aPR = 1.37, 95% CI
= 1.14-1.63, P < 0.001), dry (aPR = 1.13, 95% CI = 0.91-1.43),
and ultra-dry (aPR = 1.79, 95% CI = 1.05-2.98, P = 0.033) was
significantly higher than in semi-humid climates. Other
variables did not show any significant relationship with
HA chronic immunity.

Figure 1 displays the distribution of HA chronic
immunity prevalence in cities and provinces across Iran.
Immunity to HA varies greatly in different regions of
the country, influenced by socioeconomic conditions,
climatic factors, population density, and proximity to
borders and seas. Different regions were categorized into
five groups based on their endemicity level compared to
the globalmean (GM). Themajority fellwithin the rangeof
1.1 to 10% above the GM, with the fewest regions exceeding
30% above the GM.

5. Discussion

In this study, we discovered significant regional
diversity in HA chronic immunity across different regions
of Iran. Although socioeconomic and geographical factors
played a role, it became evident that climate was related
to HAV chronic immunity. However, age, marital status,
and gender did not show significant associations. Many
of Iran’s capital cities exhibited a lower prevalence of HAV
chronic immunity, in contrast to border areas.

A review study reported a wide range of HAV
IgG seroprevalence rates in different parts of Iran,
ranging from 8 to 99% (18). Hepatitis A virus infection
and consequently immunity to it are influenced by
various individual and environmental factors. Social
determinants of health (SDH) are among the primary
factors affecting HA endemicity. The income and social
protection available to residents, influenced by the
economic and industrial development of the region, have
been identified as factors impacting the prevalence of
HA (19). This condition can also affect the local education
system. The literacy level of individuals and their parents,
in addition to the knowledge of individuals about disease
care and transmission, have been suggested as risk factors
for HA in various studies (20). These factors, combined
with a lower unemployment rate, higher food security,
and better access to healthcare services, could explain the
lower prevalence of HA infection and, consequently, lower
immunity in many of Iran’s provincial capital cities, as
indicated in the resultingmap of this study.
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Table 1. Status of Chronic Immunity to Hepatitis A and Climate in Sampled Cities and Provinces

City Province Hepatitis A Seroprevalence (% GM) Climate

1 Juybar Mazandaran 1.1 - 10 Semi-humid

2 Fereidunkenar Mazandaran 1.1 - 10 Semi-humid

3 Babolsar Mazandaran 10.1 - 20 Semi-humid

4 Sanandaj Kordestan <1 Medium semi-dry

5 Nur Mazandaran 10.1 - 20 Semi-humid

6 Bastak Hormozgan 1.1 - 10 Ultra-dry

7 Boroujerd Lorestan 1.1 - 10 Medium semi-dry

8 Abadeh Fars 1.1 - 10 Mild semi-dry

9 Ardabil Ardabil < 1 Mild semi-dry

10 Tehran Tehran < 1 Severe semi-dry

11 Baghmalek Khuzestan 10.1 - 20 Severe semi-dry

12 Shiraz Fars <1 Severe semi-dry

13 Marivan Kordestan 10.1 - 20 Mild semi-dry

14 Kazerun Fars 1.1 -10 Severe semi-dry

15 Khamir Hormozgan 1.1 - 10 Ultra-dry

16 Eghlid Fars 1.1 - 10 Mild semi-dry

17 Azna Lorestan 1.1 - 10 Mild semi-dry

18 Firouzababd Fars 1.1 - 10 Severe semi-dry

19 Fariman Razavi Khorasan 1.1 - 10 Severe semi-dry

20 Bileh Savar Ardabil 1.1 - 10 Mild semi-dry

21 Zabol Sistan and Baluchestan 10.1 - 20 Ultra-dry

22 Hoveizeh Khuzestan 1.1 - 10 Ultra-dry

23 Rafsanjan Kerman 1.1 - 10 Dry

24 Kouhdasht Lorestan 10.1 - 20 Mild semi-dry

25 Khomeinishahr Isfahan 1.1 - 10 Dry

26 Rostam Fars 1.1 - 10 Severe semi-dry

27 Khalkhal Ardabil 1.1 - 10 Mild semi-dry

28 Ravar Kerman 1.1 - 10 Dry

29 Fasa Fars 10.1 - 20 Severe semi-dry

30 Naein Isfahan 1.1 - 10 Dry

31 Larestan Fars 10.1 - 20 Dry

32 Lamerd Fars 1.1 - 10 Dry

33 Zarand Kerman 10.1 - 20 Dry

34 Bandar Abbas Hormozgan < 1 Dry

35 Mashhad Razavi Khorasan < 1 Severe semi-dry

36 Bandar Lengeh Hormozgan 10.1 - 20 Dry

37 Torbat Jam Razavi Khorasan 1.1 - 10 Dry

38 Ahvaz Khuzestan 20.1 - 30 Dry

39 Darab Fars 10.1 - 20 Severe semi-dry

40 Chabahar Sistan and Baluchestan 1.1 -10 Ultra-dry

41 Aligudarz Lorestan 10.1 - 20 Mild semi-dry

42 Saravan Sistan and Baluchestan 10.1 - 20 Ultra-dry

Abbreviation: GM, globalmean.

Conversely, most central regions of Iran exhibit
medium endemicity, and many areas with high HA
immunity are situated in the eastern, southern, and
southwestern parts of the country, adjacent to the three
countries of Afghanistan, Pakistan, and Iraq. Pakistan
is considered endemic due to issues related to drinking

water quality and poor hygiene (21). Although few
epidemiological studies have been conducted on HA
in Afghanistan and Iraq, available results suggest very
high endemicity, likely influenced by prolonged conflicts
and instability in these countries (22). Iraq receives the
highest number of Iranian foreign travelers, and most of
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Table 2. Demographic Characteristics of Anti-hepatitis A Virus (Anti-HAV) Immunoglobulin G (IgG) Seropositivity in the Iranian Population

Variables Total Semi-humid Mild Semi-dry Medium Semi-dry Severe Semi-dry Dry Ultra-dry P-Value

Frequency (%) 3255 (100) 172 (5.3) 1207 (37.1) 138 (4.2) 485 (14.9) 882 (27.1) 317 (9.7) < 0.001

Age,mean ± SD (y) 34.23 ± 10.21 32.39 ± 4.12 41.03 ± 18.60 35.16 ± 2.79 36.02 ± 5.49 31.09 ± 4.12 27.76 ± 2.94 0.99

Gender 0.973

Female 1687 (51.8) 99 (57.6) 637 (52.8) 66 (47.8) 247 (50.9) 450 (51) 188 (59.3)

Male 1568 (49.2) 73 (42.4) 570 (47.2) 72 (52.2) 238 (49.1) 432 (49) 183 (40.7)

Marital status 0.532

Single 910 (28) 48 (27.9) 292 (24.2) 22 (15.9) 124 (25.6) 263 (29.8) 161 (50.8)

Married 2345 (72) 124 (72.1) 915 (75.8) 116 (94.1) 361 (74.4) 619 (70.2) 210 (49.2)

Residency place < 0.001

Urban 2254 (69.2) 107 (62.2) 912 (75.6) 83 (60.1) 276 (55.1) 677 (76.8) 199 (62.8)

Village 1001 (30.8) 65 (37.8) 295 (24.4) 55 (39.9) 209 (44.9) 205 (23.2) 172 (37.2)

a Values are expressed as No. (%) unless otherwise indicated.

the travel to all three countries occurs via land borders
and neighboring provinces. Therefore, it is justified
that border areas adjacent to these countries share a
similar epidemiological situation in terms of contracting
communicable diseases, including HA. The relationship
between HA prevalence and residence in border areas was
previously established in an earlier study (8) and has been
further demonstrated in thismapping study.

In border areas, especially in the coastal provinces,
particularly in the northern part of the country, higher
immunity to HA was observed. The probable cause
of the high HA seroprevalence in coastal areas could
be attributed to international relations. Additionally,
concerning the coastal areas along the northern seas of
thecountry, another factor influencingHAimmunity is the
high population density, which has been proven to be a
determining factor for HA prevalence (23). In this region,
due to the fertility and suitability of the agricultural
fields, the population usually exceeds the environment’s
capacity. This leads to denser cities and villages with
shorter distances between them.

Since Iran is a vast country with diverse weather
conditions, it was hypothesized that one of the possible
environmental factors is climate. This study concluded
that chronic immunity to HAV is significantly associated
with climate. According to the results, the highest
prevalence of HAV-IgG seropositivity was observed in
regions with a mild semi-dry climate; however, the lowest
was related to semi-humid climates.

One of the reasons for the variation in the prevalence
of HA immunity in different climatic regions might be
related to the characteristics of the disease pathogen.
Hepatitis A virus is a member of the Picornaviridae

family, Hepatovirus genus, with aquatic environments
serving as its reservoir (13). Previous studies have shown
that the stability and longevity of the virus in different
environments, includingwater, soil, and various foods, are
related to ambient temperature (8). The ideal temperature
range for HAV is 25 to 42 degrees Celsius, and as the
temperature increases, the virus’s inactivation time
decreases (7, 8). This is one of the reasons why hepatitis
outbreaks are more common in late fall and early winter
(24). There is a similarly significant relationship between
ambient humidity and HAV, with the highest durability of
the virus observed within the range of moderate relative
humidity (50 - 85%) (7, 25).

The characteristics of HAV mentioned above are not
consistent with the results of the present study. However,
it should be noted that when examining factors affecting
an infectious disease, one must consider not only its
pathogen but also two other important components
of the disease: the host and the disease transmission
environment (9). Climatic conditions can indirectly alter
exposure to individual and environmental risk factors
for the disease, leading to variability in the prevalence
of HA. One such factor is the source of drinking water
supply, which can affect the prevalence of HA through
various mechanisms (26). In areas with heavy rainfall,
flooding can lead to soil leaching and an increased
chance of contaminating drinking water sources, thereby
raising the incidence of HA (27). However, in arid and
low-rainfall areas, due to the lack of sustainable natural
water sources, some populationsmight turn to unhealthy
water sources (26). In certain central and southern
regions of Iran, the dispersion of residential areas has
made it impossible to pipe drinking water to the entire
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Figure 1. Prevalence of hepatitis A chronic immunity in the general population of Iran

population. Consequently, in some areas, the source
of water supply for various uses is surface water from
rainwater storage, which is sometimes even shared with
animals.

On the other hand, it has been shown that in some
infectious diseases, an increase in ambient temperature
can lead to increased activities and social interactions,
thereby increasing the incidence by elevating the
chance of person-to-person transmission (28). Direct
interpersonal transmission of HA has been previously
established, especially in areas with low levels of health
(29).

One of the key findings related to climate is a better
understanding of potential changes in the prevalence of
HA due to climate change over time. Climate change

has become one of the major global challenges in recent
decades, with an estimated 5 billion individuals expected
to experience water scarcity and its consequences by 2025
(30). The consequences of these changeswill affect various
aspects of human life, including human health. Several
studies have examined changes in the epidemiological
trends of infectious diseases caused by climate change,
including a study in China that also mentioned HA as one
of these diseases (31).

Comparing thepresent study’s findings to the findings
of previous studies, the relationship between age and
hepatitis immunity has been a topic of interest. Some
studies have reported a positive correlation between age
and hepatitis immunity, suggesting that older individuals
are more likely to be immune due to previous exposure
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to the virus (32). However, other studies have presented
conflicting results, reporting no significant association
between age and hepatitis immunity (33). The current
study aligns with the latter group, supporting the notion
that the relationship between age and hepatitis immunity
might not be as straightforward as previously assumed.
One possible explanation for the lack of a significant
relationship between age and hepatitis immunity could
be the widespread implementation of HA vaccination
programs. Vaccination campaigns targeting specific
age groups, such as children or adolescents, have been
successful in reducing the incidence of HA in many
countries (34). However, in Iran, HA vaccination has not
been implemented as part of the routine immunization
program. Therefore, this finding might be attributed to
factors other than vaccination, including the downward
trend of hepatitis endemicity during the last few decades.
This factor can lead to varying levels of exposure to the
virus in childhood among different current age groups,
resulting in differences in immunity.

Regarding marital status, previous research exploring
its association with hepatitis immunity is limited.
Although some studies have suggested a potential
link between marital status and HA seroprevalence,
with higher rates observed in married individuals (35),
the present study’s findings do not support such an
association. It is important to note that marital status
might not directly influence HA immunity but could be a
proxy for other factors, such as lifestyle behaviors, which
were not assessed in the present study. Future research
should explore these potential confounders to gain a
more comprehensive understanding of the relationship
betweenmarital status and hepatitis immunity.

Oneof themain limitationsof epidemiological studies
in reporting the spread of a disease in a wide area is the
lack of information related to some parts of that area,
which also applies to the epidemiological reports of HA
(36). Based on the current knowledge, only a few studies
have evaluated and compared the endemicity of HA in
different provinces of Iran using a single methodology.
Oneof themis aprevious study that achieved this goal in 12
provinces of the country (12). Another study by Mostafavi
et al. has succeeded in reporting the information on HA
immunity only in the 10-to-18-year-old population in 16 out
of 31 provinces of Iran (37).

Different methods have been used to address this
limitation, including dividing and evaluating the studied
area into larger geographical units as much as possible.
For example, a study by Hoseini et al. divided Iran into
four central, western, northern, and southern regions and
compared the endemicity of HA in Iran at the level of these
four regions (rather thanprovinces) (38). Another solution

is to leave the areaswithout informationblank on themap
(39). However, both of these approaches leave themission
of using the map, which is to determine the pattern and
show the differences in disease endemicity in the smaller
areas of the same region and reduce its efficiency (40).

In such a situation, it might be possible to get help
from the capabilities of GIS. The geographical information
system is an electronic information system that collects
and processes geographic information and can display
the information of geographic locations and all the
phenomena that are somehow related to these geographic
locations in the formofmaps, charts, and tables, providing
this information for different applications (41). In health
studies, this system is mostly used to show the prevalence
of diseases and to investigate possible associations
between non-geographical phenomena (e.g., diseases)
and environmental and geographic factors (42). One of
the applications of GIS is interpolation techniques, which
are used to generalize the information obtained from the
samples of study units in a population to the entire target
population. These techniques can also use the available
data to estimate the required information from areas
where complete data were not obtained during sampling
(43). Therefore, such a capability is very valuable in
epidemiological studies, especially in infectious diseases.
As far as we know, none of the previous studies related to
HA has used this method to overcome the limitation of
incomplete data.

However, a limitation of this study can be pointed
out: collecting data from more cities and villages in the
original survey (12) could have provided more accurate
results about immunity to HA in this study.

As a strength of this study, the researchers tried to
consider social determinants of health, such as residency
place (rural/urban), marital status, age, and gender, which
have been identified as effective factors in HA endemicity
in previous studies. Additionally, to the best of our
knowledge, this is the first study to investigate the
relationship between climate and immunity to HA. This
GIS mapping study is based on a homogeneous approach,
whichmight bemore representative of the true condition
of HAV chronic immunity in different regions of Iran than
previous heterogeneous studies with variousmethods.

5.1. Conclusions

Hepatitis A virus chronic immunity exhibits different
patterns in different parts of Iran, as depicted in this
study. Meanwhile, climate shows a significant relationship
with this immunity; nevertheless, age, marital status,
and gender were not significantly related. Therefore,
a surveillance system for HAV should be established,
taking into account various factors, such as the increasing
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trend of drought in Iran, to monitor and respond to any
potential outbreaks in the country.
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