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Abstract

Background & Aims: The prevalence of diseases such as COVID-19 has significantly impacted citizens' lives. Understanding
the dynamics and triggering factors of disease on a small spatial scale leads to the formulation of strategies that ultimately
result in disease control and reduction.

Materials and Methods: This applied, descriptive-analytical research utilizes spatial analysis and Geographic Information
Systems (GIS) to examine the influence of environmental components on the prevalence of disease in the neighborhoods
of the metropolitan area of Qom. The statistical population comprises individuals infected with COVID-19 from January
2020 to September 2021 (33,000 people) across 138 neighborhoods in Qom city. Hotspot analysis was employed to identify
spatial patterns, and regression models were used to examine the impact of various indicators.

Results: The results revealed that the spatial pattern of disease in Qom neighborhoods was not uniform, with hotspots of
disease prevalence located in affluent neighborhoods and hotspots of mortality found in less affluent areas. Additionally,
40% of COVID-19 prevalence was influenced by three indicators: the rate of students, the rate of individuals with over ten
years of unemployment, and the mixed residential-commercial per capita in urban neighborhoods.

Conclusion: Based on the research findings, it has been determined that COVID-19 prevalence in the neighborhoods of
Qom City was not uniform, with hotspots of disease in neighborhoods such as Amin Boulevarden, Saheli, Mosalla,
Zeynabiyeh, and Jahan Bini, located in the southwestern part of Qom city. Furthermore, assessing the impact of social,
economic, physical, and demographic indicators on COVID-19 prevalence in Qom neighborhoods using Geographic
Weighted Regression and Ordinary Least Squares regression showed that three variables—the mixed residential-
commercial per capita land use, the rate of students, and the rate of unemployed individuals—accounted for 40% of
COVID-19 prevalence in these neighborhoods. In fact, analyzing the effective factors in the spread of COVID-19 in the

neighborhoods of Qom provided comprehensive insights that could be considered for preventive measures.

Keywords: COVID-19, Geographic Information Systems (GIS), Iran, Qom city, Regression analysis, Spatial analysis

Received: June 01, 2024, Accepted: March 02, 2024, ePublished: May 20,2024

1. Introduction

With the outbreak of COVID-19 and the death toll
surpassing 1,000 in 2019, national and international
organizations have increasingly focused on health and
disease issues in cities and residential areas. As of May 18,
2024, nearly seven million people worldwide and 147,000
in Iran have lost their lives due to this disease [1]. The
United Nations believes that if this crisis is neglected,
millions of people will become infected and could
potentially lose their lives [2].

The SARS-CoV-2 virus has been recognized as the ninth
coronavirus to infect humans and the seventh known
coronavirus in the past twenty years [3]. Studies confirm
that bats are the primary reservoir of the virus; however,
the intermediate source of the virus and its transmission
to humans are still unknown [3, 4].

The first reports of coronaviruses' pathogenicity date back
to the 1920s [5]. In 2012, a new beta-coronavirus was

identified in Jeddah, Saudi Arabia. In 2019, a new case that
caused pneumonia was reported in Wuhan, China [3].
These instances indicate that diseases such as COVID-19
and various pandemic outbreaks have existed throughout
history, and it is the urban planners' and city managers'
decisions that determine the level of human communities'
preparedness to accept and cope with its harmful
consequences.

Cities, due to their population density, high concentration
of buildings, and human interactions, are more exposed to
health and treatment risk factors than other areas [6]. For
this reason, extensive studies on urban health have been
conducted for centuries [7]. The outbreak of COVID-19
and the resulting crisis have been examined as an
interdisciplinary topic in various fields, with recent studies
linking the evolution of coronaviruses affecting humans to
high urbanization rates and poultry farming [3].

consider  various factors,
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geographical and residential risk factors, as well as
racial/ethnic and socioeconomic disparities [8], to be
influential in the spread of COVID-19. Some have
concluded that pre-existing economic, infrastructural, and
health issues have affected the vulnerabilities of slum
dwellers during the pandemic [9]. Others believe that the
percentage of migrants and the educational level of
individuals in neighborhoods influence the spread of
COVID-19 [10]. Various researchers have also examined
other factors, such as population density, the number of
hospital beds, the population over 65, diabetes rates, South
Asian migrants, Western migrants, Arab migrants,
mortality rates, the number of doctors and nurses [11], and
the impact of social-economic factors and essential
services on the spread of COVID-19 [12].

Although Qom in Iran [13] and Wuhan in China are
officially recognized as the first epicenters of the disease, it
must be acknowledged that prior to this, the disease
existed unnoticed in other locations [14]. Accepting this
point, we must say that, similar to other natural and
human disasters, the outbreak of pandemics in population
centers can occur at any time. It is the responsibility and
mission of urban planners and managers to enhance urban
resilience and take preventive measures in this regard.
Today, urban neighborhoods, as the smallest planning
units in cities, need to receive more attention than ever. In
this context, using various information technology
methods, such as Geographic Information Systems (GIS),
will be useful as a suitable tool for understanding and
analyzing different indicators, facilitating the visualization
and management of geographic spatial information and
phenomena's spatial relationships [15]. This approach has
so far not received enough attention from urban
management researchers, especially in Iran. This study
aims to understand the impact of environmental factors on
the prevalence of COVID-19 in the neighborhoods of
Qom City, examining the effects of each factor on the
spread of COVID-19 in urban neighborhoods using
Ordinary Least Squares (OLS) regression. By answering
these questions and identifying risk clusters, it may be
possible to predict the susceptible populations that could
be infected in the future and estimate the incidence of the
disease. By identifying high-risk neighborhoods and
populations, improving existing facilities, and developing
risk reduction strategies and new healthcare
infrastructure, we can contribute to improving living
conditions and urban neighborhood development [16].

2. Materials and Methods

This research is a fundamental-applied study using a
descriptive-analytical method. The geographic scope of
the research encompasses the neighborhoods of Qom
city, the seventh-largest metropolis in Iran, with a
population of over 1.2 million as of 2016. Of this

population, 49% were women and 51% were men. The
city's unique position and geography have led it to be
recognized as a strategic city [17].

Data related to patients were obtained from the Qom
University of Medical Sciences and Health Services. Due to
the unavailability of specific addresses for some patients or
their locations being outside Qom, information for some
patients was excluded from the analysis [45]. Urban
Qom
municipality, while population and other relevant data were

neighborhood data were sourced from the
obtained from the 2016 census of the population and
housing in Qom from the Provincial Management and
Planning Organization [15].

According to cumulative statistics received from the
Provincial University of Medical Sciences, 32,729 people
were infected with the COVID-19 virus between January
2020 and September 2021, based on patients’ addresses and
urban neighborhoods. Of this number, 3,747 people
(11.45%) lost their lives [45]. This study conducted a total
population sampling of the statistical population. As shown
in Figure 1, the daily infection trend for COVID-19 peaked
in March 2020, September 2020, April 2021, and August
2021.

Next, the data for each patient, along with their residence,
demographic, and clinical information obtained from the
University of Medical Sciences, were geolocated using
ArcGIS software at their residence addresses. Subsequently,
the data related to the Population and Housing Census
centers were also differentiated for each neighborhood (135
neighborhoods).

In this research, to identify the factors affecting the
prevalence of COVID-19 in the neighborhoods of Qom
City, based on demographic, social, economic, and
geographic indicators, spatial cluster analysis at the
neighborhood level was utilized [18, 19]. Additionally, to
compile the desired indicators for the study, a total of 98
indicators were initially selected based on the literature
review and an examination of 36 related studies. In the next
step, through consultations with experts and specialists
familiar with the subject, and by eliminating some
indicators due to various reasons, such as the lack of access
to appropriate data and statistics, the number was reduced
to 74 indicators. As shown in Figure 2, 17 indicators were
chosen for demographic-social factors, 16 for economic
factors, 34 for structural factors, and 7 for comorbidity
factors. Given the application of these indicators in other
studies and the confirmation by experts familiar with the
subject, it can be said that the indicators used in the research
possessed the necessary reliability and validity.

In the next step, as shown in Figure 2, each hypothesis of
the research was examined using various tests. The
correlation of the COVID-19 infection rate in spatial terms
at the neighborhood level (the infection rate in the
neighborhood, defined as the number of identified patients
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divided by the neighborhood's population multiplied by
one hundred thousand) in Qom City was evaluated based
on Global Moran's I statistics, considering weights derived
from inverse distance and the proximity of edges and
boundaries between neighborhoods [20]. Local Moran's I
was then calculated for confirmed cases and the COVID-
19 infection rate [21]. The spatial autocorrelation statistics
related to each neighborhood in Qom City were assessed
based on several surrounding spatial units using GIS
software. For each neighborhood, i was calculated using
the following formula:
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Figure 1. Source: Statistical data on COVID-19, Qom University of Medical Sciences, 2024
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Subsequently, regression analysis was utilized. Regression
methods are widely used in health-related studies. One of
these methods is OLS regression, which is employed to
reveal the strength of relationships between dependent
variables and the most important explanatory variables
during the time period under study [23]. This regression is
also used to predict or model a dependent variable in
relation to a set of explanatory variables [27]. In this study,
the COVID-19 prevalence rate in the neighborhoods of
Qom city during the period examined was defined as the
dependent variable. Each of the indicators under
consideration was then examined separately. This ensures
that relevant relationships between explanatory variables
from each data set are not overlooked. For each data set
studied in the research, OLS regression with correlated
variables was conducted twice. As previously confirmed in
other COVID-19 health studies [24], any variable with a
Variance Inflation Factor (VIF) greater than 7.5 was
removed [25]. A stepwise method based on the Akaike
Information Criterion (AIC) was then employed to reduce
both sets of determinants to their non-redundant cores.
Given that data normality is a prerequisite for regression
testing, the research data were examined using SPSS
software and the Kolmogorov-Smirnov test. Based on the
test results and a significance level greater than 0.05, it can
be concluded that all the data examined in this research
were normally distributed [26].
After running the OLS model, the residuals of the model
are calculated. If there is no autocorrelation, the model is
accepted, and the actual results are derived from it. The
null hypothesis indicates the absence of autocorrelation,
while the alternative hypothesis indicates its presence. If
one of the spatial error tests with spatial lags is significant,
we run one of them. If none of the tests can confirm the
null hypothesis, the model is still accepted, and the OLS
results are considered valid. However, if neither is
significant, we must replace it with Robust LM-lag or
Robust LM-error, following the same procedures as the
previous tests.
On the other hand, considering the existence of spatial
data in the research, Geographically Weighted Regression
(GWR) was used as a tool to examine the OLS hypotheses,
which assume that the observations and error terms within
the study area are independent and stationary [22]. In this
method, a kernel function with a bandwidth parameter is
used to calculate a matrix of local weights in terms of the
distance between each pair of spatial units. Taking i =
1,...n as each sample neighborhood, the GWR is
mathematically represented as [28]:
p-1

Yi = Bio + k_lﬁioXik + &
where yi is the dependent variable representing the
confirmed COVID-19 cases in neighborhood i, xik is the

value of the kth explanatory variable in the neighborhood i,
Bi0 is the intercept, Pik is the regression coefficient for the
kth explanatory variable, p is the number of regression
conditions, and ei is the random error at location i.
Cumulative count data in COVID-19 studies have been
used, particularly at small-scale levels, such as
neighborhoods or counties.

Ultimately, the statistical performances of OLS and GWR
were compared. Hence, the reduced set of determinants was
considered based on data obtained from January 2020. We
then determined how GWR outputs explained the COVID-
19 prevalence in each neighborhood, as well as how each
relevant factor influenced the emergence of hotspots for
new cases. Considering the spatial context, an adaptive
Gaussian kernel function was selected to adjust weights for
infection density. Finally, to examine whether there is
spatial dependence in the GWR residuals, the Global
Moran's I test (variance inflation factor) was applied to
them. Weights were once again based on the adjacency of
edges and boundaries among neighborhoods [20]. Spatial
analysis and OLS regression were conducted using ArcGIS
10.8.1 software in this research.

3. Results

As shown in Figure 3, the prevalence rate (the prevalence
rate is defined as the number of COVID-19 cases divided by
the neighborhood population, multiplied by 100,000) of
COVID-19 in neighborhoods of Qom city can be
categorized into five groups. Accordingly, only the Amin-
Saheli neighborhood had the highest COVID-19
prevalence, followed by the neighborhoods of Mosalla,
Doorshahr, Zad, and Nekuyi, which had a prevalence rate
ranging from 10-25 thousand cases per hundred thousand
people. In other words, in these neighborhoods, the
infection rate of this disease was between 10% and 24%.
Clustered and Non-Clustered Indexes

In this section, the presence or absence of spatial
autocorrelation in the study's spatial units was assessed, and
based on the Getis-Ord test, the hot and cold spots of
disease prevalence in neighborhoods of Qom City were
identified. As illustrated in Figure 4, among the 33
indicators examined, such as nationality (Iranian and non-
Iranian), the gender of the infected person (male and
female), time of infection (seasons of spring, summer,
autumn, and winter in the years 2019, 2020, and 2021), age
(under 15, 15 to 65, and over 65 years), pre-existing
conditions (cardiovascular diseases, respiratory diseases,
kidney diseases, diabetes, taste disorders, ageusia, immune
deficiencies, and pregnancy in women), year of diagnosis
(2019, 2020, and 2021), and observed symptoms (fever,
body aches, sore throat, abnormal radiology findings,
cough, shortness of breath, headache, and diarrhea), only
certain comorbidity indicators (Ageusia, taste disorders,
immune deficiency diseases, and those with abnormal
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Zeynabiyeh, Jahanbini, Amin Boulevard, Saheli, and
Mosalla were among the hot neighborhoods or High-High
clusters (meaning high values surrounded by high values).
In the other neighborhoods, the results were not

radiology findings), the non-Iranian nationality,
pregnancy status for women infected with COVID-19, and
finally, the mortality rate were found to be similar to the

mentioned figure, while 28 other indicators showed the

same hot neighborhood conditions. In other words, for the

significant.

28 indicators examined, the neighborhoods of Salarieh,

o] b sla Alaa J3 19 3358 £ gpd £ -

- 2000 - 0.000 mm .
4000 - 2000

S 8000 - 40001 e

sy 25000 - 100001 s

— 25000<mm .

S Syew dddaio[ ]

s

MO

SN

M0N

o

AN

N

320N

TN

00.781.5

3

4.5

O e s Kilometers

A360N

AN

Fsersas

M

WX

[sersen

ST

N

20N

wravark

wearure wASae WG

STy ok

ATy sraars sy stk

“rsiury

arsEry

sy

Figure 3. COVID-19 prevalence rate in neighborhoods of Qom City
Source: Research Findings, ArcGIS Software Output, 2024
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However, in seven other indicators, hot neighborhoods
similar to the aforementioned figure were identified.
Additionally, the neighborhoods of Safaieh, Sheikh Nayeb,
and Esmailabad exhibited the highest density (hot spots)
regarding COVID-19 mortality. In fact, the
neighborhoods of Bakayi, Mosalla, Doorshahr, Safaieh,
Manba’ Ab, Behesht,
Gandarmha, and Esmailabad were identified as hot spots

Jamkaran, Razaviyeh, Dar
due to the presence of non-Iranian nationals and
immigrants or their proximity to these populations.

In terms of taste disorders, the neighborhoods of Bakayi,
Mosalla, Doorshahr, and Safaieh were noted, while for
ageusia, the neighborhoods of Bajak 2 and 3, Chahar
Imamzadeh, Hanif Nejad, Sheikh Nayeb, Tolid Daru,
Gandarmha, and Esmailabad were identified. For immune
deficiency cases, Bajak 1 and 2, Chahar Imamzadeh,
Amaryasir, Baghe Panbeh, Tekyeh Agha, Arabestan, and
Eram were highlighted. Moreover, neighborhoods such as
Salakh Khaneh, Sarajeh, Mahdieh, Golzar, Bagh Karbasi,
Majidieh, Zaviyeh, Bajak 3, and Chahar Imamzadeh were
identified as hot neighborhoods based on abnormal
symptoms in COVID-19 patients. The prevalence rate of
the disease and the mortality rate across neighborhoods
indicated certain differences. Mortality rates were higher
in less affluent neighborhoods, whereas the prevalence of
COVID-19 was higher in affluent neighborhoods, which
also contained greater densities.

Impact of Environmental Components on COVID-19
Prevalence in Neighborhoods of Qom City

In this section, the impact of five components (including
74 indicators) on the prevalence of COVID-19 was
using the OLS
The sociodemographic

examined regression  test.
component included ten
indicators of vulnerable age groups (the proportion of
individuals aged 0 to 14 years, the proportion of women
aged 50 and older, and the proportion of individuals aged
65 and older), population density, literacy status of the
population aged 6 and older (literate and illiterate),
student population (students studying domestically and
abroad), marital status (married, widowed due to death,
single due to divorce, never married, previously married at
least once), age of patients (under 15, 15 to 65, and over 65
years), gender of patients (male and female), and

Table 1. Summary of OLS results

nationality (Iranian and non-Iranian).

The economic component included indicators related to
housing type (living in an apartment, living in a non-
apartment unit, living in a conventional house), materials
of the residential unit (brick and iron, wood and brick,
cement block, or all-brick or stone and brick), lower
economic groups (net density of units up to 50 square
meters and 50 to 100 square meters, and rental rates), upper
economic groups (net density of residential units with an
area of 100 to 200 square meters and more than 200 square
meters, and ownership rates), and employment status
(employed, unemployed, and individuals with income
without a job).

The environmental-land use component included 26 land
use types per capita in each neighborhood. The underlying
conditions (comorbidities) examined included chronic
diseases, such as respiratory diseases, vascular diseases,
diabetes, kidney diseases, liver diseases, malignancies,
immune deficiencies, and pregnancy in women with
COVID-19. Additionally, the symptoms exhibited by each
individual infected with COVID-19 included chills, body
temperature, body aches, taste disorders, cough, diarrhea,
shortness of breath, sore throat, and abnormal radiology
findings.

After various examinations and repeated tests using ArcGIS
software with OLS, we concluded that among all the
indicators studied, only three indicators—the rate of
students, the rate of individuals with income without a job
for over ten years, and the mixed residential-commercial
per capita in urban neighborhoods—had a significant
relationship with the cumulative prevalence rate of
COVID-19 in urban neighborhoods.

As indicated in the summary tables of the OLS results
(Table 1 and Table 2), the Probability and Robust_Pr results
for all three indicators were significant. In other words, the

significance of these variables showed that the independent
variable was important in predicting the dependent
variable. To determine if any additional variable was
omitted from the results, the Variance Inflation Factor
(VIF) was considered, which should be less than 7.5. Given
that this number is smaller in the results of the test in
question, it can be concluded that no other side variables
were included in the results of this test.

. . Std t- - Robust_Pr VIF
Variable Coefficient [a] Error Statistic Probability [b]  Robust_SE  Robust_t [b] [l
Rate offsttidentsiin -0.145 0.041 3.488 0.000* 0.065 2.247 0.026* 1.469
neighborhoods
Rate of people with
income without a job for 0.614 0.163 3.765 0.000* 0.176 3.482 0.000* 1.273
over ten years in
neighborhoods
Mixed residential 674.676 144933  4.655 0.000* 190.362 3.544 0.000* 1.382

commercial per capita

Source: Research findings, OLS test output in ARC GIS software environment, 2024
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Table 2. OLS results

Input Features:

Dependent variable Patient rate

Number of observations 136 Akaike's Information Criterion (AICc) [d]: 2643.402
Multiple R-Squared [d]: 0.4319 Adjusted R-Squared [d]: 0.4100
Joint F-Statistic [e]: 19.7700 Prob(>F), (5,130) degrees of freedom: 0.000000
Joint Wald Statistic [e]: 141.220 Prob(>chi-squared), (5) degrees of freedom: 0.000000
Koenker (BP) Statistic [f]: 15.512 Prob(>chi-squared), (5) degrees of freedom: 0.008382
Jarque-Bera Statistic [g]: 4.583 Prob(>chi-squared), (2) degrees of freedom: 0.1010

Notes on Table Interpretation:

*A star next to a number indicates that the P-value is statistically significant (P<0.01).

[a] Coefficient: Indicates the strength and type of relationship between each independent variable and the dependent variable.

[b] Probability and Robust Probability (Robust_Pr): A star (*) indicates that a coefficient is statistically significant (P<0.01); if the
Koenker statistic (BP) [f] is statistically significant, use the Robust Probability column (Robust_Pr) to determine the coefficient.

[c] Variance Inflation Factor (VIF): Large values of the Variance Inflation Factor (VIF) (>7.5) indicate redundancy among ind ependent

variables. This number should be less than 7.5.

[d] R-Squared and Akaike's Information Criterion (AICc): Model fit/performance metrics.

[e] Overall F and Wald statistics: A star (*) indicates the overall significance of the model (P<0.01); if the Koenker statistic (BP) [f] is
statistically significant, use the Wald statistic to determine the overall significance of the model.

[f] Koenker Statistic (BP): When this test is statistically significant (P<0.01), the modeled relationships are not compatible (due to
either non-constancy or heteroscedasticity). To determine the significance of the coefficient, rely on Robust Probabilities
(Robust_Pr), and for the overall significance of the model, rely on the Wald statistic.

[g] Jarque-Bera Statistic: When this test is statistically significant (P<0.01), the predictions of the model are biased (the residuals are

typically not normally distributed).

Source: Research findings, OLS test output in ARC GIS software environment, 2024

As mentioned in the guide for Table 2, the fit/performance

metrics for this model were equal to 0.4319. On the other
hand, due to the significance of the Conker statistic, the
Wald statistic was used to determine the overall
importance of the model. The results of the test showed
that the obtained score was 141.220, with a significance
level of 0.000.As highlighted in the guide for Table 2, the
significance of the Jarque-Bera statistic indicated that the
model’s predictions were biased, and it was necessary to
test other indices. However, as shown in Table 2, since the
result of this statistic was not significant here, it can be
claimed that the examined indicators performed well in
predicting the dependent variable. Furthermore, the
significance of the Conker statistic indicated that the
column Robust_Pr in Table 2 should be trusted. In
conclusion, and given the significance of this column, it
can be stated that the three variables—the rate of
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students, the rate of individuals with income without a job
for over ten years, and the mixed residential-commercial
per capita in urban neighborhoods—accounted for 43% of
the COVID-19 infection rate.

The next step to confirm the results of this statistic involved
examining the standardized residuals (STD Redu). If the
spatial autocorrelation of Moran's I for this variable is
clustered, it means that the OLS test has not adequately
fitted the model. Figure 5 shows the results of Moran's
residual autocorrelation test. As demonstrated in section
(a), the autocorrelation of the residuals was random, and
section (b) indicated that the Moran index was equal to
0.038 and the expected index was -0.007 with a variance of
0.003, which was not significant. Therefore, it can be said
that the STD Redu of this test was also randomly distributed
at the neighborhood level in Qom City. Thus, the results of
the OLS test in this research can be trusted.
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Moran's Index: 0.038763
Expected Index: -0.007407
Variance: 0.003317
z-score: 0.801690

p-value: 0422732

Dataset Information
Input Feature Class: OLS140210161415
Input Field: STDRESID
Conceptualization: CONTIGUITY_EDGES_ONLY
Distance Method: EUCLIDEAN
Row Standardization: True
Distance Threshold: None
Weights Matrix File: None

Selection Set: False

Figure 5. Moran's spatial autocorrelation report |
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The next step was to plot the variable matrix and
determine their linear process. As shown in Figure 6, with
an increase in the mixed residential-commercial per capita
rates and the rate of individuals with income without a job,
the rate of COVID-19 patients in urban neighborhoods
also increased. Conversely, there was a negative
relationship between the rate of students (the presence of
students correlated with schools being open). The research
only examined statistics and data related to students and
the COVID-19 infection rate in urban neighborhoods.
This means that as the rate of students in a neighborhood
increased, the COVID-19 infection rate decreased. In
other words, a higher number of students signified greater
awareness among citizens regarding the spread of the
disease. These individuals, by obtaining information and
communicating it to their families, help prevent further
spread of the illness.

The variable "the rate of individuals with income without
ajob for over ten years in the neighborhoods of Qom City"
indicated a significant relationship between this variable
and the prevalence of COVID-19 in urban neighborhoods.
In other words, as the number of such individuals in the
neighborhoods increased, the prevalence of the COVID-
19 virus also rose in these areas. To analyze this, it is
essential to first identify the target audience of this
variable. This group included retirees, the disabled,
financial market speculators, and individuals with high
financial capacity who invested in various sectors and
made a living from the profits of their investments. Given
the leisure time of this group, we can expect greater
interaction with different groups and peers. This suggests
a lack of compliance with regulations related to disease
outbreak precautions by this group. It can be concluded

that the higher the rate of individuals with income without
a job for over ten years in urban neighborhoods, the fewer
health regulations will be observed, resulting in an
increased prevalence of the disease in these neighborhoods.
The mixed residential-commercial per capita index referred
to buildings that served dual purposes, where commercial
residential ~ activities occurred

and simultaneously.

Supermarkets, retailers, and similar establishments
belonged to this category. Typically, these stores were
subjected to less inspection regarding compliance with
health regulations, leading to minimal health care measures
in these units. If the per capita of this land use was higher in
urban neighborhoods, the prevalence of COVID-19 would
also be greater in those areas. This indicated a widespread
connection among the residents of the neighborhood
through these small-scale commercial units.

In summary, if we want to examine these indices together
and assess the impact of these three indicators on the
prevalence of COVID-19 in urban neighborhoods, we use
GWR. As shown inTable 3, the three independent
variables—mixed residential-commercial per capita, the
rate of individuals with income without a job, and the rate
of students in the neighborhoods of Qom City—accounted
for 40% of the COVID-19

neighborhoods. In fact, with proper planning based on

infection rates in urban

these three indicators, up to 40% of the disease prevalence
in neighborhoods can be controlled.

Sigma: This is the index of the standard deviation of the
residuals, and a smaller value indicates a superior model.
Akaike: This is a very useful index for comparing regression
models, where a lower value indicates a better fit of the
model to the observational data.
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Table 3. Results of the geographical weighted regression test of the variables under study

Variable name Residual Squares

sigm AlCc R2 AdjustedR2

Variables under investigation 2067442201.72

3957.72 2645.44 0.404 0.390

Source: Research findings, GWR test output in ARC GIS software environment, 2024

4. Discussion

The aim of the present research was to identify the
components affecting the prevalence of COVID-19 in the
neighborhoods of Qom city, where statistical information
about COVID-19 cases from 2019 to 2021 and other
environmental and economic characteristics of Qom
neighborhoods (74 indices) were analyzed using ARC GIS
software. The first objective of the research was to
COVID-19
neighborhoods of Qom City. For this purpose, after
calculating the infection rate of COVID-19 in urban
neighborhoods, the spread of COVID-19 was mapped
using ARC GIS. It was found that the COVID-19 infection
rate in the neighborhoods of Qom City was not uniform,

determine the infection rate in the

with some neighborhoods showing infection rates
exceeding 10%, while neighborhoods in regions 1, 5, and 8
had an infection rate of less than 4%.

Another objective of the research was to assess how the
indicators of interest were concentrated in the
neighborhoods of Qom City. The findings indicate that
among the 33 indices studied, in 25 of them, only the
neighborhoods of Mosalla, Bakayi, Jahanbini, Zeynabiyeh,
Salariyeh, and Amin Boulevard in the southwestern part of
Qom City were identified as hot spots. In other words, in
these neighborhoods, the spatial units showed spatial
autocorrelation with high values clustered together.
However, for the indices of non-Iranian citizenship,
pregnancy, taste disorders, ageusia, unnatural
observations, and mortality rates, the hot spots identified
in the neighborhoods were different.

The third objective of the present research was to examine
the impact of environmental factors on the spread of
COVID-19 in urban neighborhoods. To this end, 74
indicators were evaluated. Geographically Weighted
Regression and OLS regression were selected as the
regressions to investigate the explanatory variables.
Initially, OLS regression tests were conducted for each
indicator and the COVID-19 spread rate in the
neighborhoods of Qom City. The results of this test
indicated that only three indicators—the per capita mixed
residential-commercial land use, the rate of students, and
the rate of individuals with income without a job—had a
significant impact on the COVID-19 spread rate in the
neighborhoods of Qom City. Among these, the mixed
residential-commercial per capita land use had the greatest
effect on the spread of COVID-19. Subsequently, the

indicators of the rate of individuals with income without a

job and the rate of students also influenced the COVID-19
spread in the neighborhoods of Qom City. It was also found
that there is a negative correlation between the student rate
in the neighborhoods and the COVID-19 spread rate.

By comparing the findings of the present study with other
related studies, it was found that the results of this research
aligned with those of Eisa Zadeh et al. [29] in terms of the
variation in the spread and mortality rates of COVID-19
across urban areas and different provinces. Additionally,
the clustering pattern of COVID-19 spread in the areas of
Qom City was in line with the research of Jaziri et al. [30].
The distinction of this study lies in its neighborhood-level
analysis, leading to this conclusion. Further supporting the
findings of Nikpoor et al. [31], it was concluded that male
gender, older age, and comorbidities had a significant
correlation with the spread of COVID-19. Similarly, in
agreement with Nasiri et al.'s research, it was determined
that the spread of COVID-19 had a significant relationship
with the place of residence, underlying diseases, and the
type of land use surrounding the patients’ residences. In
areas with high population density and areas with
commercial and residential use, the number of patients was
high, and there was a direct relationship between them [32].
The neighborhood-oriented perspective is another
innovation of this research.

Although studies like Yee Han's [33] have concluded that
population density impacts the spread of COVID-19, this
point was not confirmed in the present study. It was further
clarified that mixed residential-commercial per capita land
uses had a significant correlation with the COVID-19
spread rate in urban neighborhoods. This perspective aligns
with other studies [34-36], which posits that social and
economic conditions (such as housing density, urban
neighborhoods, occupational characteristics, migration,
gender, age, race/ethnicity, income, occupational hazards,
low-income apartments, low-mobility communities, and
minorities) influence the spread of diseases.

In other words, in the OLS tests, among the 74 indicators
examined, only mixed residential-commercial per capita
land use, the rate of individuals with income without a job,
and the rate of students were found to affect the spread of
COVID-19 in urban neighborhoods. In fact, among various
land uses, only mixed residential-commercial per capita
land use had the strongest correlation with the spread of
COVID-19. This means that even when preventive
governmental measures were implemented, and some land
uses were mandated to adhere to health guidelines or
residential-commercial land uses

lockdown, mixed
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remained operational, and people continued to frequent
these spaces. These land uses included grocery stores, retail
shops, and small services for citizens. This observation was
consistent with other global studies, and it seems logical
that bustling places in urban neighborhoods, such as
shops, supermarkets, clinics, and administrative offices,
are frequented by people to meet their needs. Therefore,
these spaces are identified as areas for the spread and
proliferation of the disease.

Therefore, this research aligns with the findings of Martinez
et al. (2021), Coc et al. (2021), and Pan et al. (2021) in
suggesting that urban spaces and per capita figures should be
taken into account [37-39]. Since these land uses and urban
spaces influence the spread of COVID-19, it is necessary to
consider them in urban management. Investigations show
that during the COVID-19 outbreak, retail stores,
restaurants, and other businesses remained operational, and
health regulations were not strictly enforced on them [40].
As some have stated, commutations related to obtaining
family necessities were among the most frequent daily
journeys [41].

Some studies have indicated that families with lower
incomes were more vulnerable in the face of the COVID-
19 virus [42]. Indeed, some believe [43] that the
pandemic led to job loss, reduced income, and economic
uncertainty,  significantly  affecting low-income
populations and increasing income inequality. This
research concluded that occupational groups and
individuals with income without a job influenced the
spread of COVID-19 in urban neighborhoods. In fact,
GWR incorporates spatial autocorrelation and allows for
relationships between variables to vary in space and be
defined for each location [44].

5. Conclusion

Among the limitations of this study, one can mention the
absence of a neighborhood-level perspective, resulting in a
lack of comprehensive neighborhood-specific data, the
unavailability of information on all individuals infected with
COVID-19, and the unclear origins and true source of the
disease in the world and in Qom city. It is anticipated that if
other researchers focus on urban health at the neighborhood
level, the experiences from such studies can contribute to the
resilience of cities. This research believes that the spread of
pandemics can occur at any time, and urban managers must
plan in a way that ensures preparedness for similar crises.
Just as we prepare cities for earthquakes and other natural
disasters, we must also plan for social and health crises.
Ultimately, it is urban management that decides whether a
city is safe for its residents or not.

Acknowledgments

The authors would like to express their gratitude to the
editors and esteemed staff of the Archives of Hygiene
Sciences.

Authors” Contribution
All authors had a common contribution.
Competing Interests

The authors hereby declare that there are no conflicts of
interest regarding the present research.

Ethical Approval

This research was approved by the Research Ethics
Committee of Qom University of Medical Sciences (ID
IR.MUQ.REC.1400.151).

Funding

This agrticle was extracted from the doctoral thesis entitled
"Epidemiological and Spatiotemporal Analysis of the
COVID-19 Pandemic using Geographic Information
Systems; Case Study: Qom Metropolis", which was
conducted with the financial and moral support of the
University of Mohaghegh Ardabili, Ardabil province, Iran.

References

1. COVID-19 Coronavirus Pandemic, worldometers, link

2. Guterres A(2020), link

3. Hao YJ, Wang YL, Wang MY, Zhou L, Shi JY, Cao JM, Wang
DP. The origins of COVID-19 pandemic: A brief overview.
Transbound and Emerging Diseases. 2022;69(6):3181-3197.
doi: 10.1111/tbed.14732

4. Agarwal KM, Mohapatra S, Sharma P, Sharma S, Bhatia D,
Mishra A, Study and overview of the novel corona virus
disease (COVID-19), Sensors International, 2020;1:100037,
doi: 10.1016/j.sintl.2020.100037

5. Sara Platto, Yanqing Wang, Jinfeng Zhou, Ernesto Carafoli,
History of the COVID-19 pandemic: Origin, explosion,
worldwide spreading, Biochemical and Biophysical
Research communications, 2021; 538:14-23. doi:
10.1016/j.bbrc.2020.10.087

6. Fatima M, O'Keefe KJ, Wei W, Arshad S, Gruebner O,
Geospatial Analysis of COVID-19: A Scoping Review,
International Journal of Environmental Research and Public
Health 2021;18(5):2336. doi: 10.3390/ijerph 18052336

7. Pickle, L.W, Spatial Analysis of Disease, In: Beam, C. (eds)
Biostatistical Applications in Cancer Research. Cancer
Treatment and Research, 2002; 113-150, doi: 10.1007/978-1-
4757-3571-0_7

8. Juhn YJ, Wheeler P, Wi Cl, Bublitz ], Ryu E, Ristagno EH,
Patten C. Role of Geographic Risk Factors in COVID-19
Epidemiology: Longitudinal Geospatial Analysis. Mayo
Clinic Proceedings, Innovations, Quality & Outcomes,
2021;5(5):916-927. doi: 10.1016/j.mayocpiqo.2021.06.011

9. Akter S, Hakim S. S, Rahman M. S, Planning for pandemic
resilience: COVID-19 experience from urban slums in
Khulna, Bangladesh, Journal of Urban Management,
2021;10(4):325-344. doi: 10.1016/j.jum.2021.08.003

10. Nazia N, Law J, Butt ZA, Spatiotemporal clusters and the
socioeconomic determinants of COVID-19 in Toronto
neighbourhoods, Canada, Spatial and Spatio-temporal
Epidemiology, 2022;43:100534.
doi: 10.1016/j.sste.2022.100534

11. Mansour S, Al Kindi A, Al-Said A, Al-Said A, Atkinson P,
Sociodemographic determinants of COVID-19 incidence
rates in Oman: Geospatial modelling using multiscale
geographically weighted regression (MGWR), Sustainable
Cities and Society, 2021;65,:102627.
doi: 10.1016/j.s¢s.2020.102627

12. Souza APG, Mota CMM, Rosa AGF, Figueiredo CJJ, Candeias
ALB, A spatial-temporal analysis at the early stages of the
COVID-19 pandemic and its determinants: The case of
Recife neighborhoods, Brazil, PLoS ONE, 2022;17(5):
€0268538 doi:10.1371/journal.pone.0268538

13. The advisor to the Minister of Health announced the death

80 | Arch Hyg Sci.Volume 13, Number 2, 2024


https://www.worldometers.info/coronavirus/
https://per.euronews.com/2020/03/26/guterres-to-euronews-we-are-in-a-state-of-war-against-the-coronavirus
https://doi.org/10.1111/tbed.14732
https://doi.org/10.1016/j.sintl.2020.100037
https://doi.org/10.1016/j.bbrc.2020.10.087
https://doi.org/10.3390/ijerph18052336
https://doi.org/10.1007/978-1-4757-3571-0_7
https://doi.org/10.1007/978-1-4757-3571-0_7
https://doi.org/10.1016/j.mayocpiqo.2021.06.011
https://doi.org/10.1016/j.jum.2021.08.003
https://doi.org/10.1016/j.sste.2022.100534
https://doi.org/10.1016/j.scs.2020.102627
file:///D:/bahrami/Bharami%2022/In%20design/مجله%20علوم%20پزشکی%20قم/470/10.1371/journal.pone.0268538

The effect of environmental factors on the spread of Covid-19

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

. Kelly G. C, Tanner M, Vallely A, Clements

of two people due to corona virus in Qom, Fars news
agency, link

. Docea AO, Tsatsakis A, Albulescu D, Cristea O, Zlatian O,

Vinceti M, Moschos SA, Tsoukalas D, et al., A new threat
from an old enemy: Re-emergence of coronavirus
(Review). International Journal of Molecular Medicine,
2020;45(6):1631-1643. doi: 10.3892/ijmm.2020.4555

A, Malaria
elimination: moving forward with spatial decision support
systems, Trends in parasitology, 2012;28(7):297-304.
doi: 10.1016/j.pt.2012.04.002

. Murugesan M, Venkatesan P, Kumar S, Thangavelu P, Rose

W, John J, Castro M, et al., Epidemiological investigation of
the COVID-19 outbreak in Vellore district in South India
using  Geographic Information Surveillance (GIS).
International Journal of Infectious Diseases. 2022; 122:669-
675. doi: 10.1016/}.ijid.2022.07.010

. https://www.mporg.ir/Portal/View/Page.aspx?Pageld=9bce

3389-96d1-4321-afd 1-fc7f816badal

. Kulldorff M, Huang L, Konty K., A scan statistic for

continuous data based on the normal probability model,
International Journal Health Geographics, 2009;8: 58. doi:
10.1186/1476-072X-8-58

. Francis SS, Enders C, Hyde R, Gao X, Wang R, Ma X, et al.,

Spatial-Temporal Cluster Analysis of Childhood Cancer in
California, Epidemiology. 2020;31(2): 214-223. doi:
10.1097/EDE.0000000000001121

Wong DW., Lee J, Statistical Analysis of Geographic
Information with ArcView GIS and ArcGIS. Hoboken, USA:
John Wiley & Sons, Ltd; 2005. link

Anselin L, Local Indicators of Spatial Association-LISA.
Geographical Analysis, 2010;27: 93-115. doi: 10.1111/j.1538-
4632. 1995.th00338.x

Fischer M., Wang J., Spatial data analysis: models, methods
and techniques, Berlin/Heidelberg, Germany: Springer
Science & Business Media; 2011. doi:10.1007/978-3-642-
21720-3

Hutcheson GD, Sofroniou N., The multivariate social
scientist: Introductory statistics using generalized linear
models, Newbury Park, USA: Sage; 1999.
doi:10.4135/9780857028075

Huang X, Zhou H, Yang X, Zhou W, Huang J, Yuan Y.,
Spatial Characteristics of Coronavirus Disease 2019 and
Their Possible Relationship with Environmental and
Meteorological Factors in Hubei Province, China.
GeoHealth, 2021;5(6): €2020GH000358. doi:
10.1029/2020GH000358

Al Kindi KM, Al-Mawali A, Akharusi A, Alshukaili D, Alnasiri
N, Al-Awadhi T, et al., Demographic and socioeconomic
determinants of COVID-19 across Oman—A geospatial
modelling approach, Geospatial Health, 2021;16(1). doi:
10.4081/gh.2021.985

Simsek S, Dag A, Tiahrt T, Oztekin A, A Bayesian Belief
Network-based probabilistic mechanism to determine
patient no-show risk categories, Omega, 2021;100: 102296.
doi: 10.1016/j.omega.2020.102296

Getis A. Reflections on spatial autocorrelation. Regional
Science & Urban Economics, 2007;37(4):491-496. doi:
10.1016/j.regsciurbeco.2007.04.005

Wheeler DC, P6ez A. Geographically Weighted
Regression. In: Fischer MM, Getis A, editors. Handbook of
Applied Spatial Analysis. Berlin/Heidelberg, Germany:
Springer Science & Business Media, 2010: 461-486. doi:
10.1007/978-3-642-03647-7_22

Isazadeh V., Argany M., Ghanbari A., & Mohammadi H.,
Temporal and spatial distribution modeling of corona
virus spread (Case study: Qom and Mazandaran
provinces). Environmental Management Hazards,
2021; &1), 81-98. doi: 10.22059/jhsci.2021.321919.642

Jesri N, Saghafipour A, Koohpaei A, Farzinnia B, Jooshin
MK, et al., Mapping and Spatial Pattern Analysis of COVID-
19 in Central Iran Using the Local Indicators of Spatial
Association (LISA), BMC Public Health, 2021;21(1):2227.
doi: 10.1186/s12889-021-12267-6

Nikpouraghdam M, Jalali Farahani A, Alishiri G, Heydari S,
Ebrahimnia M, et al, Epidemiological characteristics of
coronavirus disease 2019 (COVID-19) patients in IRAN: A

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

single center study. Journal of Clinical
2020;127:104378. doi: 10.1016/j.jcv.2020.104378
Nasiri R, Akbarpour S, Zali AR, et al., Spatio-temporal
analysis of COVID-19 incidence rate using GIS: a case
study—Tehran metropolitan, Iran. GeoJournal, 2022;87:
3291-3305. doi: 10.1007/s10708-021-10438-x

HanY, YangL,JiaK,LiJ, Feng S, Chen W, Zhao W, Pereira P.
Spatial distribution characteristics of the COVID-19
pandemicin Beijing and its relationship with environmental
factors. Science of The Total Environment, 2021;761:144257.
doi: 10.1016/j.scitotenv.2020.144257

Arab-Mazar Z, Sah R, Rabaan AA, Dhama K, Rodriguez-
Morales AJ, Mapping the incidence of the COVID-19
hotspot in Iran - Implications for Travellers, Travel Medicine
Infectious Disease, 2020;34:101630. doi:
10.1016/j.tmaid.2020.101630

Goutte S, Piran T, Porcher T. The role of economic
structural factors in determining pandemic mortality rates:
Evidence from the COVID-19 outbreak in France, Research
in International Business Finance, 2020; 54:101281. doi:
10.1016/j.ribaf.2020.101281

Lee W, Kim H, Choi H. M, Heo S, Fong K. C, Yang J, et al.,
Urban environments and COVID-19 in three Eastern states
of the United States, Science of The Total Environment,
2021;779:146334. doi:1016/j.scitotenv.2021.146334

Martiez L., Short J. R. The Pandemic City: Urban Issues in
the Time of COVID-19. Sustainability, 2021;13(6):3295. doi:
10.3390/su 13063295

Kwok C.Y.T., Wong M. S., Chan K. L., et al. Spatial analysis of
the impact of urban geometry and socio-demographic
characteristics on COVID-19, a study in Hong Kong. Science
of The Total Environment.,, 2021;764:144455. doi:
10.1016/j.scitotenv.2020.144455

Pan J, Bardhan R, Jin Y. Spatial distributive effects of public
green space and COVID-19 infection in London. Urban
Forestry & Urban Greening. 2021; 62:127182. doi:
10.1016/j.ufug.2021.127182

Wang J, Kaza N, C. McDonald N, Khanal K, Socio-economic
disparities in activity-travel behavior adaptation during the
COVID-19 pandemic in North Carolina ,Transport Policy,
2020;125:70-78. doi: 10.1016/j.tranpol.2022.05.012

Marcucci E, Gatta V, Leite Nascimento C, Aziz S, Ayagah P,
Montero T, The environmental impact of buying groceries
online/offline pre and during COVID-19. Any changes?,
Transport Policy, 2024; 149: 222-233. doi:
10.1016/j.tranpol.2024.01.028.

Almeida, V., Barrios, S., Christl, M. et al. The impact of
COVID-190n households”income in the EU. The Journal of
Economic Inequality, 2021;19: 413-431. doi: 10.1007/s10888-
021-09485-8

Su-Jung Nam, Hyesun Hwang, Yu Lim Lee, Comparative
study of poverty dynamics and income structure: Pre and
post COVID-19 impact on households with and without
disabilities in South Korea, Disability and Health Journal,
2024;17(2):101580. doi: 10.1016/j.dhj0.2024.101580.

Brunsdon C, Fotheringham AS, Charlton ME.
Geographically weighted regression: a method for
exploring spatial nonstationarity. Geographical Analysis.
1996;28: 281-298. doi: 10.1111/j.1538-4632. 1996.tb00936.x
Moarrefi, A., Mohammadi, A., Aligol, M. Spatial analysis of
covid-19 disease based on demographic and geographic
indicators in dry areas, a case study of Qom metropolis. ] Arid
Regions Geographic Studies, 2024; 15(57): 121-101. doi:
10.22034/jargs.2024.421005.1066

Virology.

Arch Hyg Sci. Volume 13, Number 2, 2024 | 81


https://farsnews.ir/social/1582127078000940552/%D9%81%D9%88%D8%AA-%D8%AF%D9%88-%D9%86%D9%81%D8%B1-%D8%A8%D9%87-%D8%AF%D9%84%DB%8C%D9%84-%D8%A7%D8%A8%D8%AA%D9%84%D8%A7-%D8%A8%D9%87-%DA%A9%D8%B1%D9%88%D9%86%D8%A7-%D8%AF%D8%B1-%D9%82%D9%85
https://doi.org/10.3892/ijmm.2020.4555
https://doi.org/10.1016/j.pt.2012.04.002
https://doi.org/10.1016/j.ijid.2022.07.010
https://www.mporg.ir/Portal/View/Page.aspx?PageId=9bce3389-96d1-4321-afd1-fc7f816bada1
https://www.mporg.ir/Portal/View/Page.aspx?PageId=9bce3389-96d1-4321-afd1-fc7f816bada1
https://doi.org/10.1186/1476-072x-8-58
https://doi.org/10.1097/ede.0000000000001121
https://www.wiley.com/en-us/Statistical+Analysis+of+Geographic+Information+with+ArcView+GIS+and+ArcGIS-p-9780471468998
https://doi.org/10.1111/j.1538-4632.1995.tb00338.x
https://doi.org/10.1111/j.1538-4632.1995.tb00338.x
http://dx.doi.org/10.1007/978-3-642-21720-3
http://dx.doi.org/10.1007/978-3-642-21720-3
https://doi.org/10.4135/9780857028075
https://doi.org/10.1029/2020gh000358
https://doi.org/10.4081/gh.2021.985
http://dx.doi.org/10.1016/j.omega.2020.102296
https://doi.org/10.1016/j.regsciurbeco.2007.04.005
https://doi.org/10.1007/978-3-642-03647-7_22
https://doi.org/10.22059/jhsci.2021.321919.642
https://doi.org/10.1186/s12889-021-12267-6
https://doi.org/10.1016/j.jcv.2020.104378
https://doi.org/10.1007/s10708-021-10438-x
https://doi.org/10.1016/j.scitotenv.2020.144257
https://doi.org/10.1016/j.tmaid.2020.101630
https://doi.org/10.1016/j.ribaf.2020.101281
https://doi.org/10.1016/j.scitotenv.2021.146334
https://doi.org/10.3390/su13063295
https://doi.org/10.1016/j.scitotenv.2020.144455
https://doi.org/10.1016/j.ufug.2021.127182
https://doi.org/10.1016/j.tranpol.2022.05.012
https://doi.org/10.1016/j.tranpol.2024.01.028
https://doi.org/10.1007/s10888-021-09485-8
https://doi.org/10.1007/s10888-021-09485-8
https://doi.org/10.1016/j.dhjo.2024.101580
https://doi.org/10.1111/j.1538-4632.1996.tb00936.x
https://doi.org/10.22034/jargs.2024.421005.1066

