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Abstract

Background: Using geographical analysis to identify geographical factors related to the prevalence of COVID-19
infection can a ect public health policies aiming at controlling the virus. This study aimed to determine the spatial
analysis of COVID-19 in Qom Province, using the local indicators of spatial association (LISA).

Methods: In a primary descriptive-analytical study, all individuals infected with COVID-19 in Qom Province from Feb-
ruary 19", 2020 to September 30™, 2020 were identified and included in the study. The spatial distribution in urban
areas was determined using the Moran coe cient in geographic information systems (GIS); in addition, the spatial
autocorrelation of the coronavirus in di erent urban districts of the province was calculated using the LISA method.

Results: The prevalence of COVID-19 in Qom Province was estimated to be 356.75 per 100,000 populations. The
pattern of spatial distribution of the prevalence of COVID-19 in Qom was clustered. District 3 (Imam Khomeini St.) and
District 6 (Imamzadeh Ebrahim St.) were set in the High-High category of LISA: a high-value area surrounded by high-
value areas as the two foci of COVID-19 in Qom Province. District 1 (Bajak) of urban districts was set in the Low-High
category: a low-value area surrounded by high values. This district is located in a low-value area surrounded by high
values.

Conclusions: According to the results, district 3 (Imam Khomeini St.) and district 6 (Imamzadeh Ebrahim St.) areas
are key areas for preventing and controlling interventional measures. In addition, considering the location of District
1 (Bajak) as an urban district in the Low-High category surrounded by high values, it seems that distance and spatial
proximity play a major role in the spread of the disease.
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Background

In late 2019, a novel virus called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was identified in
Wuhan, Hubei Province, China and, reported to be the
cause of cases of pneumonia. e disease spread rapidly
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and after the epidemic in China, the cases increased
throughout the world [1]. In February 2020, the World
Health Organization (WHO) named the disease caused
by the novel virus COVID-19 [2]. e United Nations
has described coronavirus as a major social, humanitar-
ian, and economic crisis that has many adverse e ects
on di erent countries [3]. Although people should take
preventive measures to prevent the disease [4], it can
still have indirect and potential impacts on public health
in all groups of people [5]. Despite significant advances
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in disease control, communicable diseases are still of
particular importance in epidemiology and community
health [6].

One of the main applications of epidemiology is to
facilitate the identification of geographical data a ected
by diseases and vulnerable groups that are at a higher
risk of controlling diseases and being expose to risk fac-
tors. e identification of high-risk geographical areas
and at-risk groups helps use appropriate health measures
to reduce risk factors of infectious diseases [7]. e first
step in analyzing the geographic data is to visualize it,
especially in the form of geographic maps, which clearly
show the pattern of geographical distribution of diseases,
injuries, and deaths and pave the way for the creation of
causal hypotheses [8]. In recent years, the use of geo-
graphic information systems (GIS) to determine geo-
graphical distribution patterns of diseases in medical and
health sciences has increased significantly [9—12]. Deter-
mining the geographical distribution of diseases, the
spatial study of care facilities and health services, deter-
mining the geographical boundaries of communities that
are essential components of epidemiological and health
studies are some of the applications of GIS in the field of
health [13]. Spatial modeling in GIS is directly used to
understand the di erences in the spatial distribution of
diseases and their relationship with environmental fac-
tors and health care system; as a result, GIS technology
is currently a major tool in health research in the field of
infectious diseases [14].

To determine spatial patterns of disease, the local indi-
cators of spatial association (LISA) in the environmen-
tal GIS are very helpful.  is model is a set of methods
to describe and visualize spatial distributions, identify
atypical locations or spatial outliers, determine patterns
of spatial association, clusters or hot-spots, and propose
spatial regimes or other shapes of spatial heterogeneity
[15]. Due to the prevalence of the COVID-19 pandemic
in the world including Iran and Qom Province, there is
an urgent need to control and prevent the distribution
of the disease. Qom Province was the first province in
Iran in which COVID-19 was identified and reported.
In late 2019, two cases of COVID-19 were identified and
reported in this religious province home to several holy
shrines [16]. People from around the world travel to the
city of Qom to visit these special, religious sites.  ere-
fore, it is necessary to determine the spatial pattern and
geographical distribution of the disease in di erent dis-
tricts and areas of Qom Province and identify its high-
risk areas so that control and preventive measures can
be carried out more purposefully.  erefore, this study
aimed to determine the spatial distribution pattern analy-
sis of COVID-19 in central Iran using the LISA method.
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Methods

Qom Province is adjacent to some of the most important
provinces in Iran (such as Tehran, Isfahan, Markazi and
Semnan) [17]. Geographically, this province includes five
rural districts: Markazi, Salafchegan, Kahak, Khalajistan
and Jafarabad (Fig. 1). e city of Qom, as a subset of the
Markazi district, is the only urban area of the province
with eight urban districts.  ese districts include: Dis-
trict 1 (Bajak), District 2 (Niroogah), District 3 (Imam
Khomeini St.), District 4 (Janbilabad-Salarieh), District 5
(Jamkaran), District 6 (Imamzadeh Ebrahim St.), District
7 (Holy shrine), and District 8 (Pardisan).

In a primary descriptive-analytical study, all individu-
als infected with COVID-19 (n=4388) in Qom Prov-
ince, from February 19", 2020 to September 30™, 2020
were identified and included in the study. e data of
patients were recorded through the emergency medi-
cal records of hospitals under the supervision of Qom
University of Medical Sciences. e population of the
area was prepared separately according to the postal
address of patients in Qom Province and the analysis was
finally performed in ArcGIS 10.6 mapping and modeling
software.

After collecting the data in Excel 2010 (Microsoft,
https://www.microsoft.com) and entering the data in
ESRI ArcGIS 10.6 software (http://www.esri.com/arcgis),
point density was used to show the spatial distribution of
COVID-19 patients in all rural and urban districts of the
province.

First, the incidence of COVID-19 infection during the
study period was calculated. en, the incidence rate
(IR) was mapped on urban and rural digital maps based
on a scale of 1/100,000. All analyses were performed by
rural and urban-level districts, as basic units of analy-
sis. In addition, the spatial distribution of the disease
in urban areas of the province was investigated using
Moran’s coe cient. According to the Moran coe cient,
there are three fundamental spatial point patterns: com-
plete spatial randomness (CSR), regularity, and cluster-
ing [18]. Furthermore, the spatial autocorrelation of the
novel coronavirus in the di erent urban districts of the
province was calculated using the local indicators of spa-
tial association (LISA) analysis.  is index explains the
spatial relationship pattern of a spatial parameter in the
neighborhood. With the help of this statistic, points with
low or high-values that are distributed in clusters or val-
ues with high value di erences (with a random pattern)
can be displayed [19].

To identify the spatial clustering of each feature, local
spatial autocorrelation is mostly used. e local spa-
tial autocorrelation is determined from the following
formula:


https://www.microsoft.com
http://www.esri.com/arcgis
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Fig. 1 The study area; Qom Province in central Iran, rural districts (1: Markazi, 2: Kahak, 3: Salafchegan, 4: Jafarabad and 5: Khalajestan) and urban

district (The city of Qom)
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xi  characters of parameter i

X  the mean of parameters

wi, the matrix of weights that in some cases is equiva-
lent to a binary matrix with ones in position i,

e value of S? is obtained from the following
formula:

Z;lzl,j#i (Xi - Y)2 2)

n—1

S2 —

L

n total number of features
e standard Z; score is obtained from the following
equation:

e value of E[/;] and V[/] is obtained from the fol-
lowing formula:

ppry = 2=t Vi )
n—1
Vi = E[ 2] - El? (5)

It is possible to display points in this statistic with
four modes: High-High (HH), High-Low (HL), Low-
High (LH), Low-Low (LL). e interpretation of these
four categories is shown in Table 1. If I, is positive and
significant, it indicates that the area is surrounded by
similar-value areas: High-High (HH) and Low-Low
(LL). If 1, is negative and significant, it means the area
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Table 1 The interpretation the results of the local indicators of spatial association (LISA).

Categories Autocorrelation Interpretation

HH Positive Cluster - A high value area surrounded by high value areas.

HL Negative Complete spatial randomness - A high value area surrounded by low value areas
LL Positive Cluster - A low value area surrounded by low value areas.

LH Negative Complete spatial randomness - a low value area surrounded by high values

Table 2 Some epidemiological characteristics of patients with
COVID-19 in Qom Province, Central Iran from February 19, 2020

to September, 2020

Cases N (%)
Gender Male 2340 5332
Female 2048 46.68
Age groups (Year) 10> 90 204
30-10 348 7.94
50-30 1311 29.87
>50 2639 60.15
Endemisity situation Indigenous 4340 989
None-indigenous 48 11
Residency status Urban 4210 97.00
Rural 130 3.00
Total of indigenous 4340 100

is surrounded by di erent-value areas: High-Low (HL)
and Low - High (LH).

Results

The epidemiological features of patients

A total of 4,388 patients with COVID-19 were diagnosed
from February 19%, 2020 to September 30™, 2020 in Qom
Province located in central Iran, most of whom were
natives and residents of urban areas of the province. Also,
most cases were men over 50 years of age (Table 2).

e prevalence of COVID-19 infection in Qom Prov-
ince was estimated to be 356.75 per 100,000 populations
in the studied period.

e monthly incidence of COVID-19 disease in Qom
Province shows that the frequency of cases increased
from February to April, after the reduction of the disease
in two months (Fig. 2).

The spatial distribution of COVID-19 infection

e spatial distribution maps of COVID-19 disease in
Qom Province show that most cases (97%) of the dis-
ease occurred in the Markazi district and the city of Qom
with few cases (3%) reported from other rural districts
(Fig. 3,4). e prevalence of COVID-19 disease in urban
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Fig. 2 The monthly incidence of COVID-19 disease in Qom Province, Central Iran from February 19, 2020 to September 30", 2020
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Fig. 3 Monthly Spatial distribution maps of COVID-19 disease in Qom Province, Central Iran from February 19™, 2020 to September 30", 2020
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Fig. 4 Spatial distribution maps of COVID-19 disease in rural and urban areas of Qom Province, Central Iran from February 19, 2020 to September

Table 3 Prevalence of COVID-19 infection in urban areas of Qom
Province, Central Iran from February 19, 2020 to September, 2020

Urban Population Cases Incidence/100,000
districts

1 78401 243 309.94

2 192060 671 349.37

3 189708 642 33841

4 171363 808 47151

5 192755 642 333.06

6 213356 930 435.89

7 41625 227 545.34

8 121890 225 184.59

districts was 350.49 per 100,000 populations and 4.51 per
100,000 populations in rural areas. e prevalence of the
disease in the urban districts shows that District 7 (Holy
shrine), District 4 (Janbilabad-Salarieh), and District 6
(Imamzadeh Ebrahim St.) had the highest incidence of
the disease in the studied period in Qom (Table 3).

The point pattern analysis of COVID-19 in Qom Province

With the spread of the novel coronavirus in Qom Prov-
ince since February 19™ 2020, to determinate the point
pattern analysis of COVID-19, Moran’s Index was calcu-
lated (Moran’s Index: 0.106709, Z-score: 1.730283 and
p-value: 0.083580 with 90% confidence interval). e pat-
tern of spatial distribution of the prevalence of COVID-
19 disease in Qom was then clustered (Fig. 5), indicating
the high prevalence of the disease in some areas of Qom,
including urban districts 7, 4, and 6 respectively (Table 3).

The spatial autocorrelation of the novel coronavirus using
the local indicators of spatial association (LISA)

Based on the result of the analysis, the incidence of
COVID-19 infection cases in District 3 (Imam Khomeini
St.) and District 6 (Imamzadeh Ebrahim St.), as two
urban districts of of Qom Province was set in the HH cat-
egory: a high-value area surrounded by high-value areas
(areas with a high incidence of patients with COVID-
19).  us, according to the results of LISA analysis, these
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Fig.5 The point pattern analysis of COVID-19 in Qom province, from February 19", 2020 to September 30", 2020

districts were the two foci of COVID-19 in Qom Prov-
ince (Fig. 6). Also, autocorrelation in these two urban dis-
tricts is positive and includes more than one-third of the
population of Qom (33.55%).

In addition, based on the results of LISA analysis, Dis-
trict 1 (Bajak) of urban districts was set in the LH cat-
egory: a low-value area surrounded by high-values. s
district is located in a low-value area surrounded by
high-value areas (Fig. 6).

Discussion

e coronavirus pandemic is currently disrupting the
daily life of people around the world, and it is thus
necessary to address this health issue and study it in
terms of geographical features [20]. Based on the find-
ings of present the study, the prevalence of COVID-19
infection in Qom Province was estimated to be 356.75
per 100,000 population in a period of time from Feb-
ruary 19" 2020 to September 30™ 2020. Following
the ongoing spread of COVID-19 in the world, the

outbreak of the disease was confirmed in Iran and the
city of Qom on February 20", 2020 [16]. e monthly
incidence of COVID-19 in Qom Province in the stud-
ied period shows that the frequency of cases increased
substantially from February to April; after the reduc-
tion of cases for two months, the number of cases
increased again in the following months. It seems that
the observance of health protocols including social
distancing, regular hand washing, use of masks and
gloves, home quarantine by people, and closure of pil-
grimage and tourism centers could reduce the inci-
dence of the disease in May and June [21]. In China,
the mortality rates have decreased at certain times of
the year in accordance with protocols. For instance,
due to the observance of health in early March, there
was a significant reduction in the number of cases and
deaths [22]. e results of this study indicate that the
pattern of the spatial distribution of the prevalence of
COVID-19 disease in Qom was clustered. Furthermore,
the incidence of COVID-19 cases in District 3 (Imam
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Fig. 6 The spatial autocorrelation of COVID-19 disease using the local indicators of spatial association (LISA) in urban districts of the city of Qom,

Khomeini St.) and District 6 (Imamzadeh Ebrahim St.),
as two urban districts of Qom Province was set in the
HH category of LISA as two foci of COVID-19 in the
province. is finding demostrates that the incidence of
the disease in these two districts was higher than the
average (values above average), and these two districts
were also surrounded by high-value areas (areas with a
high incidence of patients with COVID-19). Moreover,
autocorrelation in these two urban districts was posi-
tive including more than one-third of the population
of Qom. Also, based on the results of LISA analysis,
District 1 (Bajak) of urban districts was set in the LH
category. Because of its spatial interaction with areas at
a high risk of coronavirus transmission, precautionary
and preventive measures aiming to control coronavirus
infection in this area needs intensified. It seems that
one of the most important factors in the spatial spread
of coronavirus in Qom Province was the centraliza-
tion of population distribution in the city of Qom and

around the holy shrine, which in the coronavirus pan-
demic situation caused the spread of this communica-
ble disease.

In a study conducted in Hubei Province, China, the
results of the spatial pattern of the Moran coe cient
showed spatial clusters with an increasing trend and a
sudden change, revealing that the high concentration of
population caused the outbreak of the Corona-virus in
the province [23]. In addition, the findings of spatial pat-
tern analysis of COVID-19 in Iran showed that dominant
adjacent provinces with old age structures and higher
mean temperatures were the most susceptible provinces
to have higher cases of COVID-19. Likewise, areas in the
north of Iran, particularly Qom, Marzaki, Mazandaran,
and Semnan provinces have experienced higher preva-
lence of the disease [24]. In comparison with Iran,
research shows that the spatial and temporal pattern of
COVID-19 confirmed cases in China has followed four
patterns: Hubei was the initial core region, the eastern
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provinces adjacent to Hubei formed the second concen-
trated pattern, the western provinces adjacent to Hubei
and the northeastern and southeastern provinces sepa-
rated from Hubei by one province belonged to the third
distribution pattern, and the remaining provinces in the
north, south, and west showing sporadic distribution pat-
terns formed the fourth pattern [22].

Conclusion

According to the results, District 3 (Imam Khomeini
St.) and District 6 (Imamzadeh Ebrahim St.) can be
regarded as key areas for preventing and controlling the
disease as well as implementing interventional meas-
ures. In addition, considering the placement of District
1 (Bajak) of urban districts in the LH category sur-
rounded by high-value areas, it seems that distance and
spatial proximity plays a major role in the spread of the
disease. erefore, it is recommended to adopt preven-
tive matures such as social distancing in high-tra c,
heavily populated areas, especially District 3 (Imam
Khomeini St.) and District 6 (Imamzadeh Ebrahim St.)
as the two foci of COVID-19 in the city of Qom, more
than before to cut the chain of disease transmission.

Abbreviations
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tory syndrome coronavirus 2; WHO: World Health Organization.
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