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Abstract
Background: Coronavirus disease highly contagious, is prevalent in all age and sex groups infecting the
respiratory system. The aim of this study are spatial analysis and geographical distribution of Covid-19 in
different time periods in Ardabil province.

Methods: In this cross-sectional study, o�cial statistics recorded in the health centers of Counties and
hospitals of Ardabil province were used from 20/03/2020 to 20/03/2021. For data analysis was used to
Chi-square to investigate the relationship between disease peaks. In order to perform spatial analysis,
were used to ArcGIS10.4.8 software and IDW interpolation analysis and Moran index was used to
determine the pattern of disease spread in the study area.

Results: The duration of the three peaks in Ardabil province was about 10 months and 11,761 people
were referred to hospitals. The longest peak was the third peak, which lasted 72 days. Bilehsavar County
with the highest incidence of 1334 and Kowsar County with 226/100000 has the lowest incidence of the
disease. Covid-19 distribution pattern based on Moran's index shows that the incidence of disease in
high-risk areas in all three peaks was signi�cantly clustered (P <0.05)

Conclusions: Covid-19 process during the three peaks in Ardabil province has been increasing in terms of
incidence and duration of the peak. Take action in all Counties and to implement health protocols.

Introduction
On December 31, 2019, reports of many cases of pneumonia of unknown cause in Wuhan, China raised
concerns about an epidemic in the region, which increased with the spread of fears of its spread and
spread throughout the world (1).The disease, originally named New Coronavirus-2501, was eventually
designated as Acute Respiratory Acute Syndrome (SARS-CoV-2) by the International Committee for the
Classi�cation of Viruses (2).Symptoms of Covid-11's disease reported by the World Health Organization
include fever, dry cough, shortness of breath, extreme tiredness, and lymphopenia; In more severe cases,
viral pneumonia infections can lead to acute respiratory syndrome and even death (3, 4).One of the most
important ways to control and prevent mortality from this disease is vaccination. Several types of
vaccines such as killed and inactivated vaccines, live attenuated viruses, subunit vaccines, recombinant
proteins and DNA vaccines for coronaviruses are produced and produced in the world and are in use (5,
6).Geographical epidemiology is a part of descriptive epidemiology that studies the geographical
distribution, severity of morbidity and mortality, and one of the most important applications of
geographical epidemiology is to obtain clues to determine the causes of diseases, injuries or deaths
(7).The �rst step in analyzing geographic data is to visualize it, especially in the form of geographical
maps, which clearly show the pattern of geographical distribution of diseases, injuries, and deaths, and
pave the way for the development of etiological hypotheses. Because statistical tables do not have this
capability compared to maps, the use of GIS and maps in health and medical sciences has increased
signi�cantly in recent years (10-8).Spatial modeling capacity in Geographic Information System(GIS)is
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directly used to understand the differences in the spatial distribution of diseases and their relationship to
environmental factors and the health care system, so that GIS technology is currently a major tool in
health research and management, and of this system It is used in health research in the �eld of infectious
diseases (11).In this study, the incidence of Covid-19 disease in northwestern Iran during one year in
terms of spatial analysis and geographical distribution in different time periods has been studied and its
epidemiological variables have been analyzed.

Materials And Methods
Study area: this study was conducted in Ardabil province north west of Iran with geographic coordinates
of northern 38.4853 and eastern 47.8911. The province has a total area of 17953 sq km (about 1.09 % of
the country's total area)and 1338 meters above sea level, and its population is estimated at one million
and 249, according to the 2015 census. The province is bordered to the north by the Republic of
Azerbaijan to the east by Gilan and to the west to East Azerbaijan Province and to the south to Zanjan
Province .

Data collection: In this cross-sectional study, o�cial statistics recorded in the health centers of Counties
and hospitals of Ardabil province were used from 20/03/2020 to 20/03/2021.  The characteristics of all
patients who were treated with experimental detection based on positive and positive PCR were extracted
based on age, gender, residence and study.

Data analysis: One-way analysis of variance was used to compare the mean age of patients in the �rst,
second and third peaks. Chi-square was also used to investigate the relationship between disease peaks
and gender, disease outcome, PCR outcome, hospitalization status and ICU  hospitalization. logistic
regression analyzes were used to investigate the effect of different variables on mortality due to Covid-19
and crude odds ratio estimation and multiple logistic regression was used to adapt the odds ratio
estimate.

Spatial analysis:In order to perform spatial analysis, the information was entered into the spatial
database in ArcGIS10.4.8 software and the distribution maps of disease cases in different years were
drawn in ArcMap. IDW interpolation analysis was used to determine high-risk areas in terms of disease in
the province (P <0.05). Moran index was used to determine the pattern of disease spread in the study
area.

Results
Epidemiological analysis aspects: The duration of the three peaks in Ardabil province was about 10
months and 11,761 people were referred to hospitals. The longest peak was the third peak, which lasted
72 days. Also, in the third peak, there was the highest number of hospital visits (Table 1).Table 2 shows
the relationship between demographic variables and indicators related to Covid-19 in terms of peaks in
Ardabil province. This table shows that the mean age of patients in the �rst, second and third peaks is
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increasing. This table also shows that in the �rst and second peaks, men are slightly more infected than
women, but in the third peak, women are more infected.

 In general, of the total number of patients referred to the hospital, about 8% died in the �rst peak, about
12% in the second peak and 11% in the third peak. Table 2 shows that there is a statistically signi�cant
relationship between all variables and disease peaks. Table 3 shows the effect of variables affecting the
death of Covid-19. This table shows that after adjustment for other variables, age, hospitalization, ICU
admission, and positive PCR result signi�cantly increase the chance of death. It should be noted that in
terms of gender, this effect was signi�cant only in the third peak. This table shows that hospitalization in
the �rst peak has the strongest association with death from Covid-19 (OR = 18.74). After hospitalization,
ICU hospitalization in the �rst peak had the strongest association with death (OR = 6.61). The weakest
correlation is related to the effect of age, which slightly increased the chance of death in all three peaks.

Results of spatial analysis: The results of spatial analysis of the disease during the three peaks of the
study showed that the incidence of the disease in the four counties of Bilehsavar, Ardabil, Parsabad and
Meshginshahr had the highest incidence of disease, respectively. Bilehsavar County with the highest
incidence of 1334 per hundred thousand people and Kowsar County with 226 per hundred thousand
people has the lowest incidence of the disease (Fig.1).

The results of separate peaks showed that the �rst peak of Ardabil County was one of the high-risk areas
and the incidence of the disease was between 140-120 per hundred thousand people.In the second peak,
�ve Counties of Ardabil, Meshginshahr, Nir, Bilehsavar and Namin with an incidence of 225-120 per
hundred thousand cases were among the important centers of the disease, the peak intensity had
doubled at the peak and in the third peak more than 70 Percentage of Ardabil province was severely
infected with Covid-19 and seven Counties of Ardabil, Meshginshahr, Parsabad, Bilehsavar, Garmi, Nir and
Sarein with an incidence of 120-34 per hundred thousand people were among the most dangerous
centers of the disease (Fig.2).The disease distribution pattern based on Moran's index shows that the
incidence of disease in high-risk areas in all three peaks was signi�cantly clustered (P <0.05) (Fig.3).

Discussion
In the �rst and second peaks, the incidence was higher in women than men, but in the third peak, this
trend has changed and the incidence has increased in men. The average death rate during the epidemic
was 10.43%, the highest of which occurred in the second peak (12.2%). Considering that the second peak
occurred in the summer and many trips were made to Ardabil province at that time and Also, the
possibility of people normalizing that the disease decreases in summer with increasing temperature and
the rate of observance of health protocols decreases, is one of the important factors in�uencing this
peak.

The results of this study show that the age group of 20-55 years is the highest percentage of patients
with coronavirus, which shows that the active population of the country has been the most infected with
coronavirus in the last three peaks. And Mir in this age group will face Ardabil province with a population
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crisis and then the economic crisis of the productive strata of society. Studies on the epidemiological
characteristics of coronavirus in Iran so far also show that the proportion of men with coronavirus is
higher than women and most cases are in the age range of 60-50 years (12).

In the �rst peak, the rate of ICU hospitalization and Positive PCR test was high, which could be due to the
emergence of the disease and people's lack of familiarity with the disease, thus increasing the chance of
mortality. Other countries, the �rst courier is more severe and deadly and has caused a lot of casualties
(13, 14). One of the important characteristics of the emergence of the disease is that human knowledge
about the dimensions of the disease becomes long-term control and prevention (15).

Also, the cluster pattern obtained from the distribution of coronavirus in Ardabil province shows that the
disease is concentrated in some Counties and its spread to surrounding Counties.One of the most
important factors in the spatial dispersion of Corona in the province is the centralization of population
distribution in the centers of densely populated Counties such as Ardabil, Meshginshahr and Parsabad.
Due to the concentration of the population and the development of service and medical departments and
other departments in Ardabil, which is the capital of the province, and the increase in population density
in this part of the province has led to the same factor in the corona virus has caused the spread of the
disease.

In a study conducted in Hubei Province, China, the results of Moran coe�cient spatial patterns showed
that spatial clusters with an increasing trend and sudden change, due to the intense concentration of
population, caused the outbreak of Coronavirus in this province, which con�rms the results of our study
(16, 17).The number of Counties  where Covid-19 disease has spread has shown a signi�cant increase in
subsequent peaks, and the incidence of the disease in Counties has increased. In most parts of the world,
with the change of virus strains and the increase in the spread of the disease, more new places have been
infected and the spread of the disease has spread. Lack of control over land and air travel is one of the
main reasons for dispersion in different parts of the world (18, 19).

Conclusion
Considering that the pattern of disease distribution in Ardabil province has been clustered and also the
disease process during the three peaks has been increasing in terms of incidence and duration of the
peak, it is recommended in the next peaks to quickly identify disease clusters. Take action in different
Counties and take serious action to implement health protocols.
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Table1.Details about Covid-19 peaks in Ardabil province 2020-2021
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Peak  Start the peak  End the peak Peak time (days) Total hospitalization
First 25.March.2020 04.May.2020 40 2593
Second 24.Jun.2020 28.Agu.2020 54 3532
Third 28.Sep.2020 01.Jan.2021 72 5636
Total   166 11761

 
Table 2. Investigation of the relationship between demographic variables and indicators

related to Covid-19 in terms of peaks occurred in Ardabil province 202-21

P-valueThird peak Second peak First peak 
<0.00154.68±20.0354.35±20.6049.67±19.83Mean age of patients

    Gender
0.0012923(51.9)1695(48.0)1271(49.0)Male

 2713(48.1)1837(52.0)1322(51.0)Female
    Outcome of the disease

<0.0015016(89.0)3100(87.8)2384(91.9)Clearance
 

 
618(11.0)432(12.2)209(8.1)Death

    PCR results
<0.0013412(62.5)2150(61.9)1307(51.1)Positive 

 2044(37.5)1322(38.1)1250(48.9)Negative 
    Hospitalization

0.0014186(74.3)2671(75.6)1850(71.3)Yes 
 1450(25.7)861(24.4)743(28.7)No

    ospitalization in the ICU
<0.001117(4.1)51(1.5)47(1.8)Yes 

 2754(95.9)3307(98.5)2523(98.2)No

 
 
Table 3: The effect of variables affecting the death of Covid 19 in Ardabil province2020-2021
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Death due to COVID 19   
Crude estimation Adjusted estimation 

Variables OR 95%CI P OR 95%CI P
Age   

 
 

 
 

 
 

 
 

 
 

 
1st peak  1.05 1.04-1.06 <0.001 1.04 1.03-1.05 <0.001
2nd peak  1.04 1.04-1.05 <0.001 1.04 1.3-1.05 <0.001
3rd peak  1.05 1.04-1.06 <0.001 1.05 1.04-1.06 <0.001

Sex (being male)  
 

 
 

 
 

 
 

 
 

 
 

1st peak  1.35 1.02-1.80 0.036 1.16 0.85-1.58 0.337
2nd peak  1.04 0.85-1.27 0.705 1.02 0.82-1.27 0.880
3rd peak  1.23 1.04-1.46 0.015 1.33 1.02-1.73 0.032

Hospitalization   
 

 
 

 
 

 
 

 
 

 
 

1st peak  46.68 11.56-188.40 <0.001 18.74 4.58-76.63 <0.001
2nd peak  4.73 3.25-6.87 <0.001 3.25 2.18-4.86 <0.001
3rd peak  4.29 3.20-5.75 <0.001 1.99 1.03-3.85 0.041

Hospitalization in ICU   
 

 
 

 
 

 
 

 
 

 
 

1st peak  9.42 5.18-17.11 <0.001 6.61 3.37-12.98 <0.001
2nd peak  5.22 2.96-9.21 <0.001 3.25 2.18-4.86 <0.001
3rd peak  2.34 1.47-3.69 <0.001 3.94 2.27-6.84 <0.001

PCR result (positive)  
 

 
 

 
 

 
 

 
 

 
 

1st peak  2.37 1.74-3.23 <0.001 1.83 1.31-2.55 <0.001
2nd peak  2.72 2.12-3.48 <0.001 2.41 1.84-3.18 <0.001
3rd peak  3.08 2.48-3.83 <0.001 3.06 2.10-4.45 <0.001

Figures
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Figure 1

Figure caption not provided with this version.

Figure 2
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Figure caption not provided with this version.

Figure 3

Figure caption not provided with this version.


