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Abstract

Background: Leptospirosis is known as a public health problem in developing and developed countries. The aim of this study was
to investigate the incidence and geographical distribution of leptospirosis using the Geographic Information System (GIS) and to
predict its incidence in Iran in 2021.

Methods: This was a descriptive analytical study. Information on leptospirosis was obtained from the Center for Communicable
Diseases Control during 2009-2015. In the next step, The ArcGIS 9.3 was used to prepare geographic maps of the disease incidence
and frequency. Therefore, using the Raster Calculator tool, the disease prediction map was drawn.

Results: The results showed that the highest incidence of leptospirosis during 2009-2015 was obserwved in Gilan, Mazandaran, and
Golestan provinces, respectively. The incidence of the disease had an increasing trend from 2013 to 2015. Based on the results of the
modeling in Iran, the provinces of Gilan, Mazandaran, and Golestan, with 72.18%, 8.54%, and 4.95% of their area, respectively, have
the largest areas at a high-risk for leptospirosis in the coming years.

Conclusion: The prevalence of leptospirosis is affected by geographical and climatic conditions of every region; thus, the incidence
of the disease is higher in the provinces located at the Caspian coastal side and in some regions in Semnan province. Hence, if health
authorities pay more attention to developing health plans to prevent the disease, the risk of disease in these areas will be reduced in the
future.
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Introduction
Leptospirosis is one of the most widespread zoonotic
diseases common to humans and animals that has been

the number of human cases of leptospirosis is not known
precisely because of a lack of awareness of the disease

recognized as one of the largest zoonosis in the world (1).
According to a report by the World Health Organization,
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and problems associated with diagnostic tests (2). In re-
cent years, the incidence of leptospirosis has increased in

1t What is “already known” in this topic:
Mild and wet weather conditions in Northern provinces of Iran
have put this area at more risk for leptospirosis.
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and in some regions in Semnan province. Therefore, authorities
should pay more attention to develop programs to identify and
prevent the spread of the disease.
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many parts of the world and it has become a recurrent
disease (3).

Leptospirosis is observed in people who are in contact
with water or wastewater, such as rice workers, fishermen,
sewage workers, and miners. Among the mentioned occu-
pations, rice field workers who are in contact with con-
taminated soil and water are the largest group affected by
leptospirosis (4).

Risk factors for this disease include living in rural and
tropical areas, exposure to water contaminated with the
disease factor, living on the side of sewage channels, and
working in health facilities (5). Favorable weather condi-
tions, soil pH, the rate of rain fall and humidity, presence
of stagnant or swampy waters, and increasing the popula-
tion of rodents in a region can increase the incidence of
the disease. Therefore, it is more prevalent and endemic in
tropical, subtropical, and temperate regions, especially in
hot and humid regions (6). Therefore, the disease is more
prevalent in the northern region of Iran, especially Gilan
and Mazandaran provinces (7).

Understanding the effective risk factors can help to rec-
ognize the transmission cycle as well as the ways of dis-
ease spread in areas with a high incidence of the disease
(8); therefore, assessing the geographical distribution and
trends of the disease in different regions can help health
planners to focus more on executive programs on high-
risk areas. In addition, determining the geographical dis-
tribution of the disease can provide a useful tool for eval-
uating the effectiveness and success of control programs
(9). Therefore, like other epidemics, understanding the
geographical pattern of the incidence and prevalence of
leptospirosis can be crucial for implementing interven-
tions and managing and controlling the disease (10, 11).

The Geographic Information System (GIS) has been ap-
plied in 2 areas of health, including epidemiology and
health care (12, 13). The use of the GIS is of great im-
portance for the management of health systems and infra-
structures (14). The GIS is a practical software that can
provide a geographical distribution pattern for diseases
such as tuberculosis, malaria, Malta fever, and many other
diseases to investigate the influencing factors and causes
and represent the spatial distribution of the disease both
quantitatively and quantitatively. The results can be very
helpful in making health decisions to prevent and control
diseases (15-18).

Therefore, since public health issues and disease spread
are directly related to the geography of the region and
always have a spatial dimension, the GIS can play a sig-
nificant role in managing and planning public health pro-
grams and studying disease spread (18, 19). According to
some experts, disease mapping is the first step in design-
ing advanced disease alarm and management systems
(19); hence, the aim of the present study was to investigate
the incidence and geographical distribution of leptospiro-
sis using the GIS and prediction of its incidence in Iran in
2021.

Methods
This research was conducted as a descriptive analytical
study and its results can be practically utilized. The re-
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search setting included spatial and climatic information
and the spread of leptospirosis in Iran. At first, the data on
leptospirosis from 2009 to 2015 were collected from the
Center for Communicable Diseases Control. The data on
leptospirosis was categorized in tables in terms of fre-
quency and incidence for each year, and the incidence rate
was calculated for cases per 100,000 population in the
country. In the next stage, the GIS software was used to
prepare geographical maps and assess the incidence and
frequency of the disease.

To prepare the spatial database for the disease, the re-
search team used the vector map of the country prepared
in 2017 by the National Mapping Organization. Also, to
link descriptive information related to the disease with the
spatial data, a GIS mapping was prepared and its accuracy
was assessed using Google earth software. After preparing
the geographic database of the disease, descriptive data,
such as incidence and frequency of the disease, were add-
ed to the GIS descriptive table using Excel software. In
the next stage, using the GIS software and symbology
functions, a spatial analysis was conducted to prepare a
map of the distribution of disease incidence and frequency
from 2009 to 2015. Using the data on each province, the
map of the incidence and frequency of the disecase was
prepared for the whole country. Finally, to draw a predic-
tion map for the future status of the disease, it was as-
sumed that the regions with the highest incidence, fre-
quency, and recurrence of the disease in a statistical peri-
od have the highest probability of disease occurrence.
Therefore, the Raster calculator tool was used to multiply
a phase map of the disease within a specific period by a
disease recurrence map, and finally a disease prediction
map was drawn for the future time (20). The most likely
areas at risk of the disease incidence are shown with red in
the map.

With the information of each province available, the in-
cidence and frequency of the disease was developed for
the whole country. To plot the map of interpolation, the
inverse distance interpolation method was used (21).

High-risk Points Analysis

The Getis-Ord-Gi* statistic was used for an appropriate
spatial distribution of hot and cold spots. A disease is rec-
ognized as a hot spot when its figures and those of its sur-
rounding conditions are fairly high. When the Getis-Ord-
Gi* statistic is calculated to be 1, 2, and 3, the CI is esti-
mated at 99%, 95%, and 90%, respectively (22).

As the incidence data are obtained based on the findings
of routine health care system, the difference in incidence
that was observed in different provinces can be largely
dependent on the sensitivity of the health care system to
record and report cases in these provinces.

Results

The results showed that the total number of reported
cases of leptospirosis during 2009-2015 was 2288 cases,
and its frequency was much higher in men than in women
(67.9% vs 32.1%). Of all, 67.6% of the patients were liv-
ing in rural areas. The results showed that the outcome
was treatment in 98.5% of cases. On the other hand, the
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Table 1. Demographic data of patients with Leptospirosis in Iran from 2009 to 2015

Variable Frequency (%)
Gender Female 735 (32.1)
Male 1553 (67.9)
Location of residence Rural area 1547 (67.6)
Urban area 740 (32.4)
Disease outcome Treatment 2253 (98.5)
Death 34 (1.5)
History of travel Yes 152 (6.6)
No 2127 (93)
Unknown 9(0.4)
Pulmonary complications 38 (1.7)
Renal failure 30 (1.3)
Renal failure and pulmonary complications 2(0.1)
Hepatitis 651 (28.5)
Disease complication Hepatitis and pulmonary complications 4(0.2)
Renal failure, hepatitis, and pulmonary complications 5(0.2)
Unknown 1544 (67.5)

m Confirmed

u Probable

3% 1%

Suspected m Unknow

Fig. 1. Frequency of leptospirosis in patients based on the results of tests
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most reported complication was hepatitis (28.5%) (Table  were probable cases and only about 1% were diagnosed as
). confirmed cases (Fig. 1).
Of the 2288 cases reported during these years, 59% The results of the study showed that the highest inci-

Table 2. Leptospirosis incidence rate per 100,000 population in Iran during 2009-2015

Province 2009 2010 2011 2012 2013 2014 2015
Azarbaijan Sharghi 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Azarbaijan Gharbi 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ardebil 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Esfahan 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alborz 0.00 0.00 0.00 0.08 0.08 0.04 0.00
Eilam 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Boshehr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tehran 0.00 0.02 0.03 0.00 0.00 0.00 0.02
Cheharmahal Bakhtiari 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Khorasan Jonobi 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Khorasan Razavi 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Khorasan Shomali 0.00 0.00 0.00 0.00 0.00 0.00 0.22
Khozestan 0.00 0.00 0.00 0.00 0.00 0.00 0.04
Zanjan 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Semnan 0.00 0.00 0.00 0.00 0.00 0.00 0.15
Sistan o Baluchestan 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fars 0.00 0.07 0.02 0.00 0.00 0.00 0.00
Ghazvin 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ghom 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kurdistan 0.00 0.00 0.00 0.00 0.00 0.07 0.07
Kerman 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kermanshah 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Kohgiloyeh o Boirahmad 0.00 0.00 0.00 0.15 0.15 0.00 0.00
Golestan 2.45 3.10 1.07 0.66 0.65 0.75 0.84
Guilan 9.98 17.95 6.89 3.73 3.70 8.51 12.86
Lorestan 0.00 0.06 0.00 0.00 0.00 0.00 0.00
Mazandaran 0.86 5.29 0.88 0.87 0.86 1.27 1.92
Markazi 0.00 0.07 0.00 0.00 0.00 0.07 0.14
Hormozgan 0.00 0.00 0.00 0.12 0.12 0.00 0.00
Hamadan 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yaze 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Iran 0.43 0.90 0.30 0.18 0.18 0.35 0.53
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dence of leptospirosis during 2009-2015 was observed in
Gilan, Mazandaran, and Golestan provinces, respectively
(Table 2).

The results of the study showed that the highest inci-
dence of leptospirosis in Iran was observed in 2010, with a
decreasing trend from 2010 to 2013, and a recurrence and

an increasing trend from 2013 to 2015 (Fig. 2).
Figure 3 presents GIS maps of the incidence of leptospi-
rosis in different provinces during 2009-2015 (Fig. 3).
According to the latest information on the incidence of
the disease (incidence in 2015), Gilan, Mazandaran, and
Golestan provinces had the highest incidence in 2015.

1
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Leptospirosis 0.43 0.9 0.3 0.18 0.18 0.35 0.53

Fig. 2. Trend of leptospirosis disease in Iran during 2009-2015
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Fig. 4. Map of the region high risk of leptospirosis in Iran

Based on GIS maps throughout the country, of the total
area of the country (14931 sq km?), 91% includes parts of
6 provinces (Gilan, Mazandaran, Golestan, Zanjan, Arde-
bil, and Qazvin), which are at high risk of the incidence of
leptospirosis in the coming years (2021). According to the
results of the modeling in Iran, Gilan, Mazandaran, and
Golestan provinces with 18.72%, 54.8%, and 95.4% of
their area (km?), respectively, were the vulnerable areas at
high risk of leptospirosis in Iran in the coming years (Fig.
4).

Discussion

The present study aimed at investigating the prevalence
and incidence of leptospirosis and the prediction of high-
risk areas in 2021 using the GIS. The GIS is a computer-
based information system that records and evaluates geo-
graphical events occurring in the world. It can be of great
help to researchers in understanding how disease spread
and distribution are associated with the environmental
factors (23).

In the present study, the geographical distribution of the
disease over 6 years was determined through identifying
spatial clusters and identifying high and low risk areas for
leptospirosis. The results of our study showed that the
prevalence and incidence of leptospirosis was higher in
the northern provinces of Iran than in other regions from
2009 to 2015.

The highest estimates of disease incidence and mortality
are related to North and Northeast Asia, Indian Subconti-
nent, Eastern Europe, Oceania, Caribbean, Andean, Cen-
tral and Tropical Latin America, and East Sub-Saharan
Africa. The incidence of the disease varies around the
world, with about 10 to 975 patients per 100,000 popula-
tion (24, 25).

In the present study, the highest incidence of the disease

x-

-~

was reported in Astaneh Ashrafieh and Soumehsara towns
in Gilan province (northern Iran), with 70 to 100 cases per
100,000 population in 2015. In a study in 2 regions of
Tanzania, the annual incidence of leptospirosis was re-
ported to be 75 to 102 cases per 100,000 population (26).

On the other hand, the results of a systematic review
study in Africa showed the high incidence of leptospirosis
in island and dry areas (27). The majority of cases and
deaths due to leptospirosis occur in tropical and low-
income countries (24), which is consistent with the results
of the present study that showed the high prevalence of
the disease in some areas of Semnan province, such as city
of Sorkheh. Our results also showed that Golestan, Gilan,
and Mazandaran provinces were the high-risk areas from
2009 to 2015. According to previous studies, the preva-
lence of leptospirosis is high in Gilan and Mazandaran
(28, 29). Considering the distribution of leptospirosis in
GIS maps, the cities of Rasht, Astaneh Ashrafieh, and
Soumasara in Gilan province, respectively, had the highest
prevalence and incidence in 20115.

The prevalence of the disease is influenced by environ-
mental factors, such as temperate and warm climate, the
rate of rainfall and humidity, the presence of surface and
stable water, and the increase in rodent population (30-
33). Based on the results of the GIS analysis, the preva-
lence of leptospirosis has been high in Iran.

Numerous studies have shown that the prevalence of
leptospirosis is high in the Caspian sea coastal area, as it
has plain and humid climatic conditions (3, 34, 35). This
is consistent with the results of the present study. In Iran,
the incidence of flooding and heavy rainfall is high in are-
as with a high incidence and prevalence of leptospirosis.
As some studies have shown, after heavy rains or floods,
an outbreak of leptospirosis occurs (36). In addition, ac-
cording to a study conducted in Gilan, the annual average
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air temperature, rainfall, and humidity are directly associ-
ated with the number of cases of the disease (34).

On the other hand, the results of our study showed that
the prevalence and incidence of leptospirosis in the prov-
inces located in the Caspian coastal areas from 2009 to
2015 was much higher than that in other parts of the coun-
try, which could be due to the mild and humid climate of
the region, abundance of surface waters, the presence of
many rivers, the presence of domesticated livestock and
rodents as the reservoirs of disease, working in paddy
fields (the common job of the residents), or the lifestyle of
the residents (3). Several studies in this field have found a
significant relationship between living in rural areas and
the incidence of infection due to different activities and
lifestyles, as compared with families living in urban areas
(31, 37-40). Leptospirosis is also an occupational disease
that affects high-risk groups, such as sewage system
workers, soldiers, and water sports athletes who are ex-
posed to pathogenic factors, including animals or contam-
inated environments (40).

Many studies have confirmed that swimming in river
water or walking without shoes on the lands contaminated
with pathogens can cause leptospirosis (29). These find-
ings are consistent with the results of our study, indicating
that the prevalence and incidence of the disease is high in
high-risk areas of Iran.

In this study, the Markov chain analysis was performed
to determine geographical variations over 2 periods. Tak-
ing into consideration the plotted maps, the provinces of
Golestan, Gilan, Mazandaran, and Semnan showed signif-
icant changes in the incidence rate in the specified loca-
tion during the 2 periods. Accordingly, the incidence of
the disease in these areas had been high for about 6 years,
as compared with other areas.

The prevalence of leptospirosis has been increasing in
recent years. Based on the CA-MARKOV modeling, the
probability map of high-risk areas for leptospirosis in this
study showed that a part of Semnan, Gilan, and Ardabil
provinces in 2021 are among the high-risk areas for lepto-
spirosis in Iran. It indicates the importance of paying at-
tention to prevention programs.

It is worth mentioning that, when assessing diseases
common to humans and animals (zoonotic diseases), it is
of great importance to determine the main factors in dis-
ease control and prevention. Combining epidemiological
approaches that determine disease-related factors with
GIS methods, which determine the areas with these fac-
tors, can provide a method for studying the distribution of
diseases affected by multiple environmental factors (23).

Conclusion

The prevalence of leptospirosis is influenced by geo-
graphical and climatic conditions of the region, and as
indicated by the results of this study, the prevalence and
incidence of the disease was high in the provinces located
in the Caspian sea and some areas of Semnan province. It
is also predicted that the incidence of prevalence of the
disease remain high in these regions. Because of the envi-
ronmental conditions favorable for the growth of the path-
ogens, high rates of occupational exposure, local residents'
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lifestyles, high rate of rainfall, and the incidence of flood,
it is of great importance for health authorities to pay more
attention to develop programs to prevent the spread of
bacteria, identify the reservoirs of the disease, and train
residents about the ways of the transmission of the dis-
ease.
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