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ABSTRACT

Background: Hepatitis B virus remains a major public health concern worldwide. Environmental
and geographical factors might influence its transmission dynamics in certain regions. This study
examines the impact of climatic and geographical determinants on Hepatitis B virus incidence in
Kohgiluyeh and Boyer-Ahmad Province, Iran, using geographical information system mapping.

Methods. Data on 741 Hepatitis B virus -positive patients over 2013-2022 were obtained from the
Provincial Health Center, and their residential addresses were mapped for spatial analysis. Climatic
variables, including mean annual temperature, maximum mean annual temperature, minimum mean
annual temperature, mean annual evaporation, mean annual sunny days, mean annual frosty days,
mean annual humidity, mean annual wind speed and mean annual rainfall as well as geographical
variables such as elevation, slope, and land cover types, were analyzed using univariate and multi-
variate logistic regression models.

Results: Patients came from 129 points, including villages, towns, and cities. In the univariate
analysis, mean annual humidity, mean annual rainfall, and mean annual wind speed demonstrated a
protective effect, while increased mean annual sunny days was associated with a higher risk of Hepatitis
B virus. Geographical factors revealed that urban areas, irrigated farm regions, and areas with lower
elevations and slopes were at higher risk. In multivariate analysis, urban land cover and irrigated
farmland, mean annual humidity, slope, and elevation were shown as the most important determinants.

Conclusion: Environmental factors appear to impact the transmission of Hepatitis B virus in Koh-
giluyeh and Boyer-Ahmad Province by influencing human behaviors and activity and virus survival in
the different geoclimatic conditions. These data support the development of public health messaging
to include environmental risks in programs to prevent Hepatitis B virus.
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Information system, epidemiology, Iran
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INTRODUCTION

Hepatitis B virus (HBV) infection remains a
significant global health challenge, particularly
in low- and middle-income countries. WHO es-
timates that 254 million people were living with
chronic hepatitis B infection in 2022, with 1.2
million new infections each year [Manikat et al.,
2024]. In 2022, hepatitis B resulted in an estimat-
ed 1.1 million deaths, mostly from cirrhosis and
hepatocellular carcinoma (primary liver cancer)
[Manikat et al., 2024]. Despite the availability of
an effective vaccine, the disease burden remains
disproportionately high in certain geographical re-
gions, suggesting that more consideration should
be given to environmental factors that may play a
critical role on the host behavior and the transmis-
sion dynamics of disease [Hu et al., 2014, Uwish-
ema et al., 2023]. Climate plays an important role
in pathogen life and survival and also shaping the
patterns of human activities and behaviors, such as
lifestyles and physical exercise that can influence
the transmission of infectious diseases[Viboud et
al., 2004, Uwishema et al., 2023].

The transmission of hepatitis B is tradition-
ally attributed to direct human-to-human contact
via vertical transmission, unsafe medical practices
(e.g., unscreened/poorly screened blood), and other
risk behaviors, notably unprotected sex [Nelson et
al., 2016a]. However, emerging research has begun
to explore the potential influence of environmental
and population determinants on hepatitis B trans-
mission [Hu et al., 2014, Wang et al., 2023]. Re-
search conducted in China has found that climate
changes, including temperature and precipitation,
played roles in the transmission of HBV; namely, a
lower incidence of hepatitis B was associated with
higher precipitation and lower temperatures in some
regions [Zhao et al., 2023, Sun et al., 2024, Li et
al., 2021]. Additionally, geographical features may
alter the distribution and persistence of pathogens
[Rosenthal, 2009]. In the context of Hepatitis B Vi-
rus infection, some previous studies showed that
urbanization, population density, geographic isola-
tion, and proximity to healthcare facilities play a
crucial role in influencing Hepatitis B Virus inci-
dence [Danbuzu and Umar, 2015, Wang et al., 2023,
Hu et al., 2014]. Urban populations tend to have a
higher prevalence of Hepatitis B Virus compared to
rural populations. This might be partly explained

by the heavy concentration of the population in the
main cities and by extensive population movement
due to trade with neighboring countries [Makuwa et
al., 2009]. Proximity to healthcare facilities is cru-
cial for managing HBV infections. Areas with lim-
ited access to medical care often report higher inci-
dence rates due to delayed diagnosis and treatment.
Studies have shown that individuals living closer to
healthcare resources are more likely to receive vac-
cinations and screenings, reducing the incidence of
HBV [Harris et an,, 2016].

Geographical Information Systems offer a pow-
erful tool for investigating the spatial distribution
of diseases and identifying environmental risk fac-
tors [Fradelos et al., 2014, Huang et al., 2022].
By incorporating climatic data such as tempera-
ture, humidity, altitude, rainfall, and geographical-
based and spatial features, Geographical Informa-
tion System allows researchers to visualize and
analyze the patterns of disease incidence about
these variables [Kanannejad et al., 2020, Ghatee et
al., 2018]. This spatial approach can help identify
regions where environmental factors may enhance
the transmission of Hepatitis B Virus, thus guiding
targeted public health interventions.

Understanding the interplay between environ-
mental variables and hepatitis B incidence is cru-
cial for tailoring public health interventions. This
study aims to investigate the relationship between
geoclimatic variables and the incidence of hepati-
tis B in Kohgiluyeh and Boyer-Ahmad province in
southwest Iran, providing insights that may enhance
disease prevention strategies in vulnerable regions.

MATERIALS AND METHODS

Patients: Based on Iranian Health Ministry pro-
tocol, all hepatitis B cases who have been detected
in governmental and private clinics and medical
centers that were confirmed by laboratory results
should be reported to the Provincial Health Center.
In the current study, data on all 930 patients con-
firmed positive for Hepatitis B Virus over the 2013-
2022 were obtained from the Provincial Health
Center of Kohgiluyeh and Boyer-Ahmad Province.
However, owing to incomplete data for 189 of these
patients, they were excluded from the study, leaving
a final sample of 741 patients who were included
in the analysis. Patients’ residential addresses were
mapped onto the province’s political map, covering
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both villages and cities. This study was approved
by the Yasuj University of Medical Sciences Eth-
ics Committee (Ethics Approval No: IR.YUMS.
REC.1402.155). As a retrospective study, all patient
data were anonymized under ethical standards and
Health Center guidelines and the requirement for
obtaining patient consent was waived.

Study Area: s conducted in the Kohgiluyeh
and Boyer-Ahmad province, lies between latitude
30.9¢ and 31.32° N (north latitude) and longitude
49.57° and 50.42° E (east longitude) in southwest-
ern Iran, with Yasuj as its capital. The province
spans 15,563 square Kilometers and lies within
different climatic zones, from warm to mountain-
ous cold areas. It includes some of the highest
elevations in the central Zagros Mountain range,
characterized by substantial annual snowfall and
rainfall. The area is also home to Dena Peak, the
seventh-highest peak in Iran, at 4,409 meters. The
region’s diverse ecosystem supports around 2,000
plant species.

Geographical and meteorological data: Me-
teorological data for 2013-2022, including tem-
perature, rainfall, humidity, evaporation, and wind
speed, were gathered daily from the 6 synoptic and
45 rainfall assessment stations by the Weather Bu-
reau in Kohgiluyeh and Boyer-Ahmad Province.
Annual averages were calculated for each vari-
able and recorded as the mean annual temperature
(MAT), maximum mean annual temperature, mini-
mum mean annual temperature, mean annual evapo-
ration, mean annual sunny days, mean annual frosty
days, mean annual humidity, mean annual wind
speed and mean annual rainfall. Geographical data,
including a digital elevation model raster layer and
a land cover vector layer, were provided by the De-
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partment of Natural Resources in Kohgiluyeh and
Boyer-Ahmad. A slope raster layer was generated
using the digital elevation model map via the spatial
analyst tool to determine the maximum gradients
between each cell and its neighboring cells.
Geospatial analysis: Iso-hydral and iso-humid
raster layers were generated using the Kriging in-
terpolation technique, while iso-thermal, iso-evap-
oration, and iso-wind speed layers were developed
through the tension-based Spline interpolation
model, following evaluations of different interpo-
lation methods. All layers were created ona 1l x 1
km resolution grid. Village and town point layers
for the study areas were extracted with these raster
layers. The identity tool was then used to determine
the geometric intersections between the resulting
layer and the land cover vector layer, forming the
final layer. This final layer incorporated both geo-
graphical and climatic data derived from the over-
lapping raster and vector layers for each location.
To examine the relationship between geographical
and climatic factors and hepatitis B, the geographic
distribution of hepatitis B cases within Kohgiluyeh
and Boyer-Ahmad province was compared between
reported and unreported cities and villages. These
data were analyzed using univariate and multivari-
ate logistic regression models in SPSS version 21.

RESULTS

Geographic and climatic features of Hepati-
tis B Virus -affected regions

In this study, 741 patients from 129 locations
across a total of 2,207 city/village points in the
province were included. The geographical distribu-
tion of Hepatitis B Virus cases within Kohgiluyeh
and Boyer-Ahmad Province is presented in Fig.1.
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FIGURE 1. Geographical distribution of infected points in Kohgiluyeh and Boyer-Ahmad province. Points with HBV]
cases were shown by triangle symbol on the digital elevation model (DEM).
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FIcure 2. Mean annual temperature
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Frcure 3. Mean annual rainfall (MAR), Mean annual evaporation (MAE), and Mean annual humidity (MAH) (c)
raster models. Points with HBV cases were shown by triangle symbol.
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(MASD) raster models. Points with HBV cases were shown by triangle symbol.
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These locations span diverse climatic features, as
shown in Figures 2-4.

The effects of geographical and climatic de-
terminants on hepatitis B occurrence

The effect of climatic and geographical features
on Hepatitis B Virus occurrence was analyzed us-
ing univariate and multivariate models.

Climatic factors: Univariate analysis of the cli-
matic determinants showed that Mean annual rainfall,
Mean annual humidity, Mean annual wind speed, and
Mean annual sunny days were significantly associ-
ated with hepatitis B occurrence (Table 1). Mean an-
nual rainfall had a slight inverse association with
hepatitis B occurrence, while Mean annual humidity
had a strong inverse association. Mean annual wind
speed also demonstrated a protective effect. On the
other hand, Mean annual sunny days was positively
associated with increased Hepatitis B Virus infec-
tion risk. Other climatic variables, such as mean
annual temperature, mean annual evaporation, and
frosty days, were not statistically significant predic-
tors of HBV occurrence (p > 0.05).

Geographical factors: The univariate analysis
of geographical features identified urban areas as
having a dramatically increased risk for hepatitis
B (OR = 89.950, 95% CI: 26.028-310.859, p <
0.001), followed by irrigated farm and garden ar-
eas (OR =4.480, 95% ClI: 2.081-9.647, p < 0.001)
(Table 2). In contrast, thin rangeland showed a
positive but lower association with HBV (OR =
2.425, 95% CI: 1.018-5.775, p = 0.046). The oth-
er land cover types, such as dry farm, condensed
rangeland, and condensed forest, did not show sig-
nificant associations (p > 0.05). Digital elevation
model and slope were also significant geographi-

TABLEI.
The effect of climatic factors on Hepatitis B Virus
occurrence by univariate analysis
Mean annual P Odds  Confidence
climate parameters value  Ratio Interval

Temperature 0.733 1.013 0.939-1.093
Min-temperature 0.754 1.015 0.923-1.117
Max-temperature  0.723  1.011 0.953-1.071
Rainfall <0.001 0.995 0.993-0.997
Evaporation 0.762 0.999 0.994-1.005
Humidity 0.001 0.488 0.319-0.746
Frosty day 0.170 1.007 0.997-1.017
Sunny day 0.003 1.04 1.013-1.068
Wind speed 0.001 0.880 0.814-0.951

TABLE 2.
The effects of geographical features on hepatitis
B occurrence by univariate analysis
Factors Pvalue OR Cl

DEM < 0.001 0.999 0.999-1.000
Slope < 0.001 0.879 0.864-0.914
Land covers

Thin forest (constant) 0.000

Semi condensed forest 0.053 0.268 0.07-1.019

Condensed forest 0.700 1.21 0.459-3.186
Rangelands
Thin 0.046 2.425 1.018-5.775

0.711 0.807 0.260-2.505

Condensed 0.559 0.535 0.660-4.363
Dry farm 0.075 2.083 0.929-4.672
Irrigated farm and garden < 0.001 4.480 2.081-9.647
Urban < 0.001 89.95 26.03-310.9
Bare & water areas 0.999 0.000 0.000
Nortes: Digital elevation model (DEM)

Semi condensed

cal determinants negatively associated with hep-
atitis B occurrence in the study area: OR=0.999,
95% CI: 0.999-1.000, p<0.001, OR=0.879, 95%
Cl: 0.864-0.914, p < 0.001, respectively.
Multivariate Analysis: Forward stepwise mul-
tivariate analysis revealed that urban land cover
(OR =72.514,95% Cl: 19.753-266.208, p< 0.001)
and irrigated farm and garden areas (OR = 3.555,
95% CI: 1.598-7.911, p = 0.002) were the stron-
gest geographical predictors of HBV occurrence
(Table 3). Slope also showed a protective effect
(OR = 0.942, 95% CI: 0.904-0.983, p = 0.006),
while digital elevation model had a small but sig-
nificant protective effect (OR = 0.999, 95% CI:
0.998-1.000, p = 0.013). Mean annual humid-
ity remained protective against hepatitis B (OR =
0.297, 95% CI: 0.139-0.632, p=0.002), while oth-
er factors, such as MAR and sunny days, were not
significant in the multivariate model (p > 0.05).

DiscussioNn

This study assessed the effects of environmen-
tal determinants on hepatitis B occurrence within
Kohgiluyeh and Boyer-Ahmad Province, South-
west Iran. Urban setting, irrigated farms and gar-
dens, humidity, slope, and altitude were the most
important independent determinants in the study
area, whilst rainfall, wind speed, sunny days, and
thin rangeland were suggestive factors in the uni-
variate analysis.
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TABLE 3.
Forward stepwise multivariate analysis of the effects of
geographical and climatic factors on Hepatitis B Virus

Factors Pvalue OR Cl
Mean annual climate parameters
Sunny day 0.733 1.005 0.975-1.037
Humidity 0.002 0.297 0.139-0.632
Rainfall 0.902 1.0 0.996-1.004
Digital elevation model ~ 0.013 0.999 0.998-1.000
Slope 0.006 0.942 0.904-0.983
Land cover

Thin forest (constant)  0.000
Semi condensed forest 0.201 0.411 0.105-1.608

Condensed forest 0.353 1.633 0.580-4.594
Rangelands

Thin 0.388 1.540 0.578-4.100

Semi condensed 0.807 0.864 0.268-2.785

Dense 0.718 1.490 0.171-12.978
Dry farm 0.087 2.120 0.897-5.009
Irrigated farm and garden 0.002 3.555 1.598-7.911
Urban <0.001 72.51 19.75-266.21

Bare and water areas 0.999 0.000 0.000

Urbanization is the most critical geographi-
cal determinant influencing Hepatitis B Virus
transmission, mainly due to the demographic and
behavioral changes associated with urban envi-
ronments. Urban areas typically have higher popu-
lation densities, which increase the likelihood of
close contact among individuals, thus facilitating
the spread of Hepatitis B Virus. High-density envi-
ronments also often see greater social interactions
and mobility, contributing to more opportunities
for Hepatitis B Virus exposure. For instance, Wang
et al. reported that urban areas in China experi-
enced higher hepatitis B incidence, attributing this
pattern to increased population density and the
consequent rise in social contacts in cities [Wang
et al., 2023]. However, three studies demonstrated
that the HBsAg positive rates were higher in rural
areas compared to those in urban areas [Liu et al.,
2022, Ma et al., 2019, Zhang et al., 2020], while
two other studies demonstrated no statistical dif-
ferences between rural and urban groups[Tan et
al., 2016, Zhang Li et al., 2016].

Urban areas often attract migrants from rural re-
gions, which can influence hepatitis B epidemiol-
ogy. Migrant populations may have varied vaccina-
tion coverage and may face barriers to healthcare,
increasing Hepatitis B Virus transmission risk. Ur-
banization can also contribute to behaviors associat-

ed with higher Hepatitis B Virus risk, such as unpro-
tected sex and substance use due to social pressures
and lifestyle changes in urban settings. According
to He et al., migration and high-risk behaviors as-
sociated with urban life were linked to hepatitis B
outbreaks in urban regions in Asia [He Li et al.,
2019]. Moreover, urban settings can exhibit stark
socioeconomic differences, affecting hepatitis B
incidence. Low-income urban areas may experi-
ence overcrowding and limited healthcare access,
contributing to increased transmission. Nelson et al.
discussed how socioeconomic factors in urban envi-
ronments create health disparities that impact hepa-
titis B prevalence, especially in marginalized popu-
lations with reduced access to preventive healthcare
and vaccination programs [Nelson et al., 2016b].
The results of this study indicate a statistically
significant association between irrigated farm and
garden areas and higher hepatitis B incidence.
Many farms and gardens are situated in rural ar-
eas that are close enough to urban centers for easy
commuting. People frequently travel between resi-
dential areas and these locations for various rea-
sons, including work, recreation, and picnics. Ir-
rigated farms and gardens tend to attract seasonal
or permanent labor forces, often involving workers
from diverse locations who live in close proximity
to each other. These environments can create high-
density living situations where frequent social in-
teractions, shared housing conditions, and engag-
ing in unprotected and high-risk contacts increase
opportunities for Hepatitis B Virus transmission.
In this study, mean annual rainfall and mean
annual humidity emerged as significant climatic
determinants of hepatitis B. Mean annual rainfall
exhibited an inverse relationship with disease oc-
currence, suggesting that increased rainfall may
limit transmission pathways. This protective asso-
ciation might reflect reduced outdoor human activ-
ity or limited social interactions during rainy days,
potentially decreasing opportunities for hepatitis B
transmission. These findings align with previous
research linking rainfall with disease incidence,
whereby higher rainfall levels correlate with lower
transmission rates due to decreased outdoor expo-
sure in high-rainfall periods. For example, Chan
et al. showed a decreased rate of social contact
and transmission of infectious diseases on week-
ends with heavy rain [Chan et al., 2015]. Lowen et
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al., demonstrated that influenza transmission rates
were reduced during rainy days as fewer people
engaged in outdoor activities, decreasing the po-
tential for viral spread in public spaces [Lowen et
al., 2007]. Sun et al. also showed the protective
effect of rainfall on the hepatitis B prevalence [Sun
et al., 2024]. Research specifically linking rainfall
directly to hepatitis B occurrence is limited and is
an area for more research.

Similarly, mean annual humidity demonstrated
a significant protective effect against HBV. There
are limited studies assessed the relation between hu-
midity and hepatitis B occurrence. Another study by
Ning et al. examined the epidemiological character-
istics of hepatitis in China during 2002-2021. They
showed an inverse association between humidity
and HBV cases in northeast China [Ma et al., 2019].
Humidity can be related to rainfall, so reduced out-
door human activity or limited social interactions
in the areas with higher rainfall. In humid regions,
seasonal changes can sometimes impact healthcare
access, particularly in rural areas with limited infra-
structure. Reduced access to vaccination and health-
care services during high-humidity seasons may in-
directly contribute to HBV prevalence. On the other
hand, a study by Zhao et al. in China highlighted
that humidity was directly related to hepatitis B,
while rainfall was not associated with this disease
[Zhao et al., 2023].

Our results also suggest that increased wind
speed may play arole in reducing hepatitis B trans-
mission. One possible explanation is that higher
wind speeds could decrease outdoor gathering and
social interactions, thereby reducing opportuni-
ties for HBV transmission through close contact
or high-risk behaviors associated with viral spread
[Lin et al., 2024].

Mean annual sunny days was another significant
determinant in our study associated positively with
HBYV occurrence. In contrast to rainfall, humidity,
and wind speed, sunny days often lead to increased
outdoor activities, social gatherings, and travel.
This heightened social interaction can elevate the
risk of HBV transmission in settings where high-
risk behaviors are more prevalent, such as crowd-
ed public places, social events, and transportation
hubs [Chan et al., 2015]. Sunny weather may lead
to increased participation in activities that carry
higher risks of HBV transmission, such as sharing

personal items, increased alcohol consumption, or
engaging in unprotected sexual activities during
social gatherings.

We also showed a statistically significant, in-
verse relationship between elevation and the inci-
dence of HBV. Given the mountainous terrain of
the study area, people tend to reside at lower el-
evations where population density is higher. Thus,
the effect of elevation may indirectly reflect the
impact of population density, resulting in more
frequent person-to-person contact in densely popu-
lated areas. Supporting this is a study by Ghatee et
al. that reported decreased visceral leishmaniasis
prevalence with increasing elevation [Ghatee et
al., 2013]. However some studies showed that var-
ious factors such as immunomodulation, hypoxia,
physiological adaptation, and harsh environmental
stressors at high altitude may enhance susceptibil-
ity to pathogens [Ericsson et al., 2001].

Moreover, environmental conditions at higher
elevations, such as lower temperatures, may also
contribute to reduced HBV incidence. Previ-
ous studies have shown that HBV’s stability and
persistence in the environment are temperature-
dependent. This may be more important for HBV
transmission from infected objects like needles and
hairdressing tools. For example, José et al. (2005)
reported that the HBV virus remains viable at tem-
peratures between 5 and 25 °C for at least 28 days,
suggesting that lower temperatures may inhibit
HBV survival [José et al., 2005]. Indeed, as alti-
tude increases, the environment is characterized by
more drastic changes in temperature between night
and day, higher air dryness, and higher levels of
ultraviolet (UV) light radiation [Arias-Reyes et al.,
2021]. In particular, UV light radiation was con-
sidered an important natural sanitizer at altitude
that may shorten the half-life of some viruses like
Influenza and SARS-CoV-2 [Zubieta-Calleja and
Zubieta-DeUrioste, 2017, Andrade, 2020, Zubieta-
Calleja, 2020, Fischer et al., 2022]. In addition,
solar radiation is more intense at higher altitudes,
and a recent study reported that this may be a
key factor leading to the deactivation of the virus
[Asyary and Veruswati, 2020, Li et al., 2020]. Tak-
en together, these factors may lead to a gradual re-
duction of the “survival” and “virulence” capacity
of the virus as altitude progresses. Finally, the size
of the virus inoculum in the air should gradually
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decrease as the barometric pressure decreases and
the distance among air molecules increases. This
aligns with the notion that climatic and environ-
mental conditions at higher elevations may create
less favorable conditions for the virus, indirectly
reducing the likelihood of transmission [Peterson
et al., 2016, Arias-Reyes et al., 2021].

Based on our results, slope also appears to have a
statistically significant protective effect on Hepati-
tis B Virus transmission, with areas of steeper slopes
showing a reduced incidence of Hepatitis B Virus.
Slope could affect HBV transmission indirectly
through various demographic, environmental, and
accessibility factors. Steeper slopes are often asso-
ciated with lower population density, as these areas
are generally less suitable for large-scale residential
or urban development. This pattern aligns with find-
ings that higher population density can increase the
risk of infectious disease transmission [Wang et al.,
2023]. In addition, the environmental conditions as-
sociated with steeper slopes, such as temperature,
humidity, and sunlight exposure, may also play a
role in reducing HBYV incidence [Andrade, 2020].
Steeper slopes are often found at higher elevations,
where cooler temperatures could reduce the viabil-
ity of the HBV virus on surfaces, further limiting
transmission risks [José et al., 2005]. Although
HBV is not primarily an environmentally transmit-
ted virus, such conditions may still influence its per-
sistence and indirect exposure risks. Our study did
not include an index of population, which is a limi-
tation and should be incorporated in future studies
on Hepatitis B Virus transmission and environmen-
tal and climatic factors.
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