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Abstract 
    Background: Anthrax is a zoonotic infectious disease that is still considered as a health problem in developing countries. Therefore, 
the aim of this study was to investigate the incidence and geographical distribution of anthrax using the Geographic Information System 
(GIS) and predict its incidence in Iran in 2021. 
   Methods: This study is descriptive analytical study. Information on anthrax was obtained from the Center for Communicable Diseases 
Control during 2010-2015. In the next step, 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 highest incidence of anthrax during 2010-2015 was observed in the provinces of Kurdistan, North Khorasan, and 
Chaharmahal and Bakhtiari, respectively. The trend of the incidence of anthrax in Iran had increased from 2010 to 2013, while its 
incidence decreased in 2014. Based on the results of modeling in Iran, the provinces of Kurdistan, West Azarbaijan, Tehran, and Zanjan, 
respectively, with 37.16%, 33.83%, 16.78%, and 10.49% of their area (km²) had the highest risk of anthrax disease in the country in the 
year 2021. 
   Conclusion: Since the provinces of Kurdistan, West Azerbaijan, Tehran, and Zanjan are among the high-risk areas in the country in 
the coming years, the cooperation between the veterinary organization and the health care system and the vaccination of livestock in 
these areas can significantly help to control and prevent the disease.  
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Introduction 
Anthrax is caused by the gram-positive spore-forming 

bacilli called Bacillus anthracis, which is an anaerobic ba-
cillus (1). If left untreated, 10% to 20% of cases with the 
disease will die (2). D ue to the implementation of livestock 

vaccination programs and adopting health measures, an-
thrax is not considered a health problem in developed coun-
tries, but it is still a major health concern for developing 
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↑What is “already known” in this topic: 
Anthrax is a zoonotic disease affecting both humans and 
animals, and its study is extremely important due to its 
application in military and bioterrorism and the creation of 
economic and health problems.   
 
→What this article adds: 

Some of the provinces will be included in the high-risk areas for 
anthrax by 2021, indicating the need for more health planning in 
these areas.  
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countries whose economy is largely dependent on agricul-
tural activities. Different types of Anthrax in Iran cause 
skin, gastrointestinal and respiratory diseases (3).  

This disease is prevalent in many parts of the world, in-
cluding Asia, southern Europe, sub-Saharan Africa, and 
parts of Australia. Anthrax has worldwide outbreaks; how-
ever its incidence and method of spread are different in var-
ious parts of the world. According to estimates, in the 
United States, 80% of the disease is caused by industry and 
the remaining 20% is spread through agricultural activities. 
It is estimated that between 2,000 and 20,000 cases of hu-
man anthrax occur worldwide annually. In addition to India 
and Pakistan, cases of the disease are reported annually in 
Bangladesh, Zimbabwe, the United States, South Africa, 
Iran, Iraq, and Turkey (4-6). 

In 2009 and 2010, similar outbreaks were reported in 
Scotland with 119 cases, England with 5 cases, and Ger-
many with 2 cases (4, 7, 8).   

Studies on the incidence of anthrax in livestock in Iran 
have shown a decreasing trend. The highest incidence of 
the disease had been reported between 1995 and 1999. Ac-
cording to a report published by the Center for Disease 
Control, Ministry of Health and Medical Education, 207 
cases of human illnesses were reported in 2012, with the 
highest number of cases observed in Khorasan and East 
Azerbaijan provinces (9).  

The seasonal pattern of disease confirms the role of envi-
ronmental factors in the prevalence and incidence of dis-
ease; Environmental and climatic factors such as rainfall 
and temperature play an important role in the incidence of 
anthrax (10). Some soil factors such as alkaline pH, soil 
calcium, humidity, and temperature (over 15.5 ) provide 
environmental conditions suitable for the germination of 
anthrax spores. Therefore, collecting data on such geo-
graphical conditions, it is possible to predict its incidence 
and prevalence in different regions (11). Therefore, predict-
ing the risk of infection in different areas play an important 
role in protecting public health and safeguarding wildlife 
and livestock economy (11).  

Geographic Information System (GIS) is used in two ar-
eas of health, including epidemiology and health care. The 
use of GIS is of great importance for the management of 
health systems and infrastructures and can help to present 
the spread and activity of diseases. GIS is a practical soft-
ware that can provide a pattern of geographical distribution 
for many diseases to investigate the causes and represent 
the spatial distribution of the disease, both quantitatively 
and quantitatively. The results can be very helpful in mak-
ing health care decisions to prevent and control diseases 
(12, 13).  

Therefore, since public health issues and disease spread 
are directly related to the geography of the region and al-
ways have a spatial dimension, GIS can play a significant 
role in managing and planning public health programs and 
studying disease spread. According to some experts, dis-
ease mapping is the first step in designing advanced disease 
alarm and management systems (13, 14). Hence, the aim of 
the present study was to investigate the geographical distri-
bution of anthrax using the Geographic Information System 
(GIS) during 2010-2015 in Iran and predict its incidence in 

the human population in Iran in 2021.  
 
Methods  
This research was conducted as descriptive analytical 

study, and its results can be practically utilized. The re-
search setting included spatial information and the spread 
of anthrax in Iran. At first, the data on anthrax from 2010 
to 2015 was collected from the Center for Communicable 
Diseases Control. The data on anthrax was categorized in 
tables in terms of frequency and incidence in each year, and 
the incidence rate was calculated for cases per 100,000 pop-
ulation in the country. In the next stage, GIS software was 
used to prepare geographical maps and assess the incidence 
and frequency of the disease. To prepare the spatial data-
base for the disease, the research team used the vector map 
of the country prepared in 2017 by the National Mapping 
Organization (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, de-
scriptive data such as incidence and frequency of the dis-
ease was added to the GIS descriptive table using Excel 
software. In the next stage, using GIS software and Sym-
bology functions, a spatial analysis was conducted to pre-
pare a map of the distribution of disease incidence and fre-
quency from 2009 to 2014. In order to interpolate the dis-
ease status throughout Iran, the disease file type was con-
verted to dot format using the Feature to point tool (dot file 
type was required for map the interpolation). Using the data 
on each province, the map of the disease incidence and fre-
quency was prepared for the whole country. Finally, in or-
der to draw a map for the prediction of the future status of 
the disease, it was assumed that the regions with the highest 
incidence of the disease in a statistical period, 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 incidence 
map, and finally, a disease prediction map for the future 
was plotted. The most likely areas at the risk of disease in-
cidence are shown with red color on the map (15). With the 
information of each province available, the incidence and 
frequency of disease were developed for the whole country. 
In order to plot the map of interpolation, the inverse dis-
tance interpolation (IDW) method was used (16). 

 
High-risk points analysis 
The Getis-Ord-Gi* statistic was used for the 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, 3, the confidence inter-
val is estimated at 99%, 95%, 90%, respectively (17).  

Since the incidence data are obtained based on the find-
ings of the routine healthcare system, the difference in in-
cidence that was observed in different provinces can be 
largely dependent on the sensitivity of the healthcare sys-
tem to record and report cases in these provinces. 
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Results 
The results of the study showed that more than half of the 

patients were male, with 85.5% of patients living in rural 
areas. The results of the study showed that most of the di-
agnosed cases (58%) were cutaneous, and 95% of patients 
had recovered and only 0.3% of patients had died (Table 1).  

The results of the study showed that from 2010 to 2015, 
the largest numbers of diagnosed diseases were observed in 
June, July, and August (Fig. 1). 

The results of the study showed that the highest incidence 
of anthrax disease during the years 2010-2015 was ob-
served in the provinces of Kurdistan, North Khorasan, and 
Chaharmahal Bakhtiari (Table 2). 

The results of the study showed that the incidence of an-
thrax in Iran increased from 2009 to 2013 and decreased in 
2014 (Fig. 2). 

The GIS maps show the incidence of anthrax in different 
provinces from 2010 to 2015 (Fig. 3).    

According to the latest data on the incidence of the dis-
ease (incidence in 2015), North Khorasan and West Azer-
baijan provinces had the highest incidence in 2015. Based 
on the data presented in GIS maps of the whole country, 
3.3% of the total area of the country (54,401.6 km2) which 
covers parts of 17 provinces (Isfahan, East Azerbaijan, 
West Azerbaijan, Tehran, Chaharmahal Bakhtiari, Khora-
san Razavi, North Khorasan, Zanjan, Semnan, Fars, Kurdi-
stan, Kermanshah, Guilan, Lorestan, Mazandaran, 
Markazi, and Yazd) is at high risk of developing anthrax in 
the coming years (2021). Based on the results of modeling, 
Kurdistan, West Azerbaijan, Tehran and Zanjan provinces, 
respectively, with 37.16%, 33.83%, 16.78%, and 10.49% 
of their area (Km2), are the places with the highest risk of 
anthrax disease in the coming years (Fig. 4). 

 
Discussion  

 
Table 2. Incidence of anthrax per 100,000 population in Iran during 2010-2015 

No. Province 2010 2011 2012 2013 2014 2015 
1 East Azarbaijan 0.16 0.11 0.21 0.69 0.76 0.44 
2 West Azarbaijan 0.26 0.49 1.67 2.03 1.91 2.04 
3 Ardebil 0.00 0.00 0.08 0.00 0.00 0.08 
4 Esfahan 0.08 0.18 0.26 0.66 0.96 0.50 
5 Alborz 0.00 0.00 0.24 0.00 0.04 0.00 
6 Eilam 0.00 0.00 0.00 0.00 0.00 0.00 
7 Boshehr 0.00 0.00 0.00 0.00 0.00 0.00 
8 Tehran 0.02 0.02 0.07 0.06 0.06 0.09 
9 Cheharmahal Bakhtiari 0.45 1.34 1.11 1.31 0.65 0.96 
10 South Khorasan 0.30 0.15 0.13 0.00 0.26 0.13 
11 Khorasan Razavi 0.25 0.25 0.33 0.42 0.18 0.25 
12 North Khorasan 0.82 0.46 0.91 0.68 1.78 1.76 
13 Khozestan 0.09 0.00 0.04 0.00 0.04 0.02 
14 Zanjan 0.50 0.30 0.29 0.19 0.19 0.47 
15 Semnan 0.48 0.00 0.16 0.00 0.30 0.00 
16 Sistan o Baluchestan 0.00 0.00 0.00 0.00 0.00 0.00 
17 Fars 0.37 0.28 0.34 0.23 0.06 0.06 
18 Ghazvin 0.00 0.00 0.66 0.00 0.00 0.56 
19 Ghom 0.00 0.00 0.09 0.00 0.08 0.08 
20 Kurdistan 0.41 1.47 1.06 0.73 1.38 0.91 
21 Kerman 0.07 0.07 0.00 0.13 0.10 0.03 
22 Kermanshah 0.16 0.21 0.36 0.36 0.15 0.05 
23 Kohgiloyeh o Boirahmad 0.00 0.30 0.60 0.15 0.58 0.00 
24 Golestan 0.00 0.17 0.06 0.16 1.12 0.42 
25 Guilan 0.16 0.36 0.32 0.20 0.44 0.16 
26 Lorestan 0.23 0.34 0.17 0.00 0.00 0.06 
27 Mazandaran 0.23 0.16 0.26 0.06 0.22 0.28 
28 Markazi 0.00 0.28 0.35 0.14 0.21 0.34 
29 Hormozgan 0.00 0.06 0.06 0.00 0.00 0.00 
30 Hamadan 0.17 0.11 0.11 0.11 0.11 0.00 
31 Yazd 0.00 0.00 0.00 0.00 0.09 0.00 
--- Iran 0.14 0.18 0.28 0.29 0.34 0.28 

Table 1. Demographic data of the participants studied during 2010-
2015 

Variable Frequency 
(%) 

Gender Female 564 (48.1) 
Male 609 (51.9) 

Location of resi-
dence 

Urban area 170 (14.5) 
Rural area 1003 (85.5) 

 
 
 
Occupation 
 

Housewife 490 (41.8) 
Ranchman 199 (17) 
Farmer 175 (14.9) 
Butcher working in a 
butchery 

18 (1.8) 

Other 291 (24.5) 
 
Nationality 

Iranian 1162 (99.1) 
Afghan 11 (0.9) 

 
Disease outcome 
 

Treatment 1115 (95.1) 
Death 4 (0.3) 
Unknown 54 (4.6) 

 
 
Type of disease 
 

Cutaneous 680 (58) 
Respiratory 2 (0.2) 
Cutaneous-respiratory 1 (0.1) 
Unknown 490 (41.8) 

 

 
Fig. 1. Frequency of reported cases of disease by month of reporting 
during 2010-2015 
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Discussion  The results of our study showed that the highest inci      

 
Fig. 2. The trend of the incidence of anthrax disease in Iran during 2010-2015 
 

 
 

 
 

 
 
Fig. 3. Maps of the incidence of anthrax disease in Iran from 2010-2015 
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Discussion  
The results of our study showed that the highest inci-

dence of anthrax in Iran during 2010-2015 was observed in 
Kurdistan, North Khorasan, and Chaharmahal 
and Bakhtiari provinces, respectively. The trend of the in-
cidence of anthrax in Iran was increasing from 2010 to 
2013 and it decreased in 2015. Based on the results of mod-
eling in Iran, Kurdistan, West Azarbaijan, Tehran, and Zan-
jan provinces with 37.16%, 33.83%, 16.78%, and 10.49% 
of their area, respectively, are the most high risk areas for 
anthrax in the coming years. 

Environmental and climatic conditions are recognized as 
important factors involved in the incidence of the disease. 
Because of the varying patterns of the incidence of disease 
and related mortality, it is of great importance to understand 
disease epidemiology and predict disease incidence across 
and within different ecosystems (11). Soil alkalinity and 
weather conditions are used as spatial and temporal predic-
tors of infection and disease outbreaks. Alkaline soils with 
high levels of calcium are important geographical determi-
nants of the increase in the incidence of disease and can 
provide favorable environmental conditions for spores to 
persist for decades and transmit to animals (10). Soils with 
a pH above 6.1 are the most important geographical deter-
minants of anthrax that is due to the increase in spore via-
bility (11, 18). Similar studies have shown that environ-
mental variables such as temperature, precipitation, soil, 
and vegetation are important factors involved in the distri-
bution of the incidence of this disease (19, 20). 

The results of our study showed that the highest inci-
dence of anthrax in Iran during 2009-2015 was observed in 
Kurdistan, North Khorasan, and Chaharmahal and 
Bakhtiari provinces, respectively. Areas with moderate and 
cold whether are suitable zones for the survival of resistant 
anthrax spores, which can remain in the environment for 

many years and play an important role in spreading the dis-
ease in these areas. Due to the prosperity of the livestock 
and agriculture industry and the presence of nomadic pop-
ulation, in such areas there are suitable conditions for the 
transfer of spores to livestock and ultimately to humans. 
Since anthrax is an occupational disease, livestock-related 
occupations are more likely to develop the disease, so it is 
more likely to occur in areas with more livestock, such as 
the northeast and central parts of the country (21, 22). 

The results of the study showed that the trend of the inci-
dence of anthrax in Iran increased from 2010 to 2013 and 
decreased in 2015. Based on the results of modeling in Iran, 
the provinces of Kurdistan, West Azerbaijan, Tehran, and 
Zanjan are at the highest risk for the disease in the coming 
years. These provinces are expected to have the largest ar-
eas at the risk for the disease in the coming years, which 
could be due to the favorable environmental conditions for 
the spread of spores, intensified by livestock and agricul-
tural practices in these areas. 

Dense livestock breeding systems, livestock’s increased 
susceptibility to various diseases, sporadic and inadequate 
information of breeders, lack of disease detection facilities, 
inadequate care systems, and large population of livestock 
are among the items which make the country more vulner-
able in these areas; the mentioned items can justify the in-
crease in the incidence of the disease between 2010 and 
2013. As compared with the previous years, the incidence 
of the disease in 2015 has decreased which might be due to 
the development of veterinary networks across the county 
and the delivery of animal vaccination services in different 
areas of the country (23). Problems of communicable dis-
ease surveillance system are very similar and often under-
reporting in worldwide. There are common in vaccine-pre-
ventable diseases (24). It can be a limitation of our study. 
The attention and strengthening of the surveillance system 

 
 
Fig. 4. Predicting high risk areas for anthrax in Iran in 2021 
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is recommended to increase sensitivity of diagnosis and re-
porting of these diseases. 

 
Conclusion 
Since the provinces of Kurdistan, West Azerbaijan, Teh-

ran, and Zanjan are among the high risk areas in the country 
in the coming years, the cooperation between the veterinary 
organization and the health care system and the vaccination 
of livestock in these areas can significantly help to control 
and prevent the disease. Conducting studies in these areas 
of the country in order to discover the causal relationships 
can also help to understand the epidemiology of the disease 
in these areas. 
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