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Abstract:

United Nations has described COVID-19 as a social, human, and economic crisis. Considering the
undeniable ability to analyze, display, save and manipulating of spatial data, a wide range of studies
have revealed that Remote Sensing (RS) and Geographic Information Systems (GIS) can play a vital
role in managing natural hazards as well as worldwide disasters. This paper aim to show the spatial
distribution of infection-related factors connected to COVID-19 including age, gender, job, date of
infection and distance from the health center using RS/GIS tools across Sulaimaniyah, Kurdistan
Region (KR), Iraq based on data recorded in Shahid Hemen Hospital (SHH), which can provide useful
insights for policymakers for targeted interventions. Results revealed that, regardless of age it was
found that the prevalence of Covid 19 symptoms, as well as, mortality in men is higher than in women.
It is also revealed that the highest rang of infection was recorded for the age group 60-69 years old,
which was 241 cases of total 1152 cases, which could be due to lack of immunity and chronic diseases,
while the lowest infections were between age group 10-19 years old because of high level of
immunity, which was 8 cases, altogether. More, the spatial distribution based of age categories show
almost a same pattern for all age classes. The worker men were most infected comparison to other
jobs due to high level of social contact, while the most infected cases among females were occupied
by housekeeper. In other hand the results showed that the October 2020 was the month within the
most cases of COVID- 19 were recorded. It’s also revealed that, 80% of cases were recorded in
September, October, and November. According to results, there has been a lack of COVID health
center in the city, since the spatial distribution of infected people who are recorded in SHH was as
wide as the area of Sulaimaniyah city and it was not confined to the hospital neighborhood. Since
centers are not distributed well among the city,more than 42% had to pass more than 4 km to reach
the SHH.
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1. Introduction

World Health Organization (WHO) officially declared the COVID-19 as pandemic on March 11,
2020 [1]. Now almost all countries are experiencing very urgent situation and the pandemic is being
monitored from a variety of perspective [1]. Due to the rapid spread, Coronavirus disease (COVID-
19) recognized as a global health threat. There are a number of variables that contribute to severity
of rate of spread pertaining to CONID-19 [2]. For example, environmental, air pollution, and smoking
has been proven to contribute to higher mortality risk [2]. United Nations, as well, has described the
disease as a social, human, and economic crisis [3]. It is especially evident in developing countries
and has left a wide range of socioeconomic impacts on them [3]. The global trade also predicted to
decline by 13% to 32% [4]. Accordingly, developing a tool to analyze and visualize the spread of
COVID-19 seems urgent to give the managers make the best decisions in term of distributing
facilities, applying restrictions, etc. [2].

At end of 2019 the emergence of COVID-19 in Wuhan was reported and rapidly became a global
disaster [5]. The dynamics of infectious diseases, including the Coronavirus, are affected by social
and economic factors, according to previous studies and research [6]. Understanding the distribution
of COVID-19 morbidity rate and its association with social and economic factors can benefit the
control of infectious diseases’ transmission in the outbreak of infectious diseases, such as COVID-
19. It also helps design a healthy city [7]. The increasing population density leads to the rapid spread
of COVID-19 due to the intense and continuous mixing of people [7, 8]. This started a major global
crisis affecting various human activities, including travel and tourism [9]. The rapid and sudden
increase in infections, deaths and critical cases has caused a major challenge to global public health
for years through the outbreak of a covid-19 [10, 11 and 12].

What raises the concern about the emerging corona virus, even more, is the ambiguity about its
origin and treatment, there are no specific answers to many questions about covid-19, such as to what
extent will it spread? And how long will it last? How many people will die? Many studies have
proved that the host factors, including age, gender, job, and comorbid conditions, are major
determinants of disease severity and progression [13]. It’s also strongly declared that, the best way to
protect and slow down transmission is awareness about COVID-19, as well as how it continues and
how it spreads, as well as, monitoring active links to control the spread of this epidemic [14].
Considering the undeniable ability to analyze, display, save and manipulating of spatial data, a wide
range of studies have revealed that Remote Sensing (RS) and Geographic Information Systems (GIS)
can play a vital role in managing natural hazards as well as worldwide disasters [14, 15]. In case of
COVID-19, GIS can be used as a reliable tool in decision-making, and most importantly, social
mobilization and community responses [16]. GIS are considered as an important tool in land data
management, which provides the possibility of integrating data from different sources, the possibility
of extracting the required information and discovering complex relationships between different
phenomena [17]. It’s also frequently argued that, GIS is an essential tool to model the spatial
distribution of infectious diseases, which can aid in the process of combating a pandemic and
improving the quality of care [18]. Johns Hopkins University Center for Systems Science and
Engineering (JHU CSSE), For instance, currently have developed a GIS dashboard that provides live
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data of the worldwide spatial distribution of COVID-19, including the total number of confirmed
cases, recovered patients, and mortalities [18].

To our best knowledge, this paper aim to show try to classify the confused and unclassified data

which are recorded at Shahid Hemen Hospital (SHH) to extract a set of useful information spatially
and statistically, as well as, compare them with similar data from other countries. This information is
supposed to cover:

The spatial distribution of infection-related factors connected to COVID-19 (including age, sex,
job, and comorbid conditions) using GIS/RS tools across the Sulaimaniyah, Kurdistan Region
(KR) which can provide useful insights for policymakers for targeted interventions.

Furthermore, it will be trying to explain the probable correlation between the abundance of infected
people and spatial characteristics of COVID-19 incidence.

And finally, to see if there are a well-distributed network of health center among the city

Accordingly, these aims are going to answer the following questions:

How infection has been distributed among the city regarding the factors (age, sex, job, and
comorbid conditions) which are connected to the distribution of COVID-19?

Is there any meaningful spatial and statistical information can be derived from the unclassified
data recorded in the hospital?

Is there enough health center to cover people all over the city without taking long distances?

. Study Area

This study concentrates on Sulaimaniyah City (Fig. 1) in the Iragi Kurdistan Region (IKR), which

is located in the North of Irag. The IKR borders Syria in the west, Iran in the east, and Turkey in the
north, where fertile plains meet the Zagros mountains [19].
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Fig.1: Sulaimani city, located in Kurdistan Region, North of Iraq.

Sulaimani city is the capital of the Sulaimani Governorate, located in eastern IKR; it borders the
Erbil in the north, Kirkuk in the west and south west, and Iran in the east. The study area is one of the
most popular and populated cities of IKR, resided by more than 800,000 residents. It also called the
cultural capital of Kurdistan. Geographically, its located in a mountainous area surround by, Baranan
and Qaradagh mountains are to the south, Tasluja hills are in the west, the Qaiwan range in the north
east with the ranges of Azmar and Goizha also located towards the north. This area is hot during the
summers and rainy and in cold winters regarding its semi-arid climate [20].

3. Material and Methodology

Two sets of data have been used in this research. The first dataset was satellite derived images
which have been provided by Google and Being companies (Figure 2). To provide a thorough view
of the city Universal Image Downloader was used to download the satellite image of Sulaimaniyah
which is owned and developed by allmapsoft website [21]. This software let users to easily download
real color geo-referenced satellite images (RGB bands) provided by official Google Earth websites
which is free of charge and also one of the most easily access data set. Many studies have used Google
Earth images as a reliable data to show spatial aspects of social and environmental studies [19, 22,
23].
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Fig.2: Satellite image of Sulaimaniyah provided by Bing Engine downloaded by Allmapsoft
software

The second data set includes the statistical data provided by Shahid Hemin Hospital for Corona
Virus including recorded data of 1152 cases from 25 August 2020 to 17 February 2021. The provided
data was recorded on paper which includes the Sex, Job, Age, date of infection, and address of patients
which were totally unclassified.

At the first step, we transferred them into an Excel file then the location of patients on Universal
Transfer Mercator (UTM) coordinate system was determined roughly based on their rough address
using ArcGIS then they were added to attribute data to access spatial characteristic of the infected
people and to see the distribution of COVID infection spatially. The geometric position of patients’
addresses determined based on UTM coordinate system. Accordingly, the available attribute of all
1152 recorded cases transferred into GIS database. Now each cases have its own number, age, job
code, gender, address, date of record, and UTM coordinate (Table 1).

To classify the major classes, (jobs, gender, age, and date of infection) into some subclasses it's
tried to create a new layer for each subclass regarding the characteristics of the major categories or
major classes. For example, job layer as a major class divided into 11 subclasses. Each class was
selected using ArcMap query method which is using python and Java language. Using this tool all 11
job classes selected from the job attribute data and transferred as a new job subclass as mentioned in
table (2). Using this way, a user can easily deal with the different classes separately. It let a user to
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turn them off, turn them on, change symbols and do any attributive or geometrical calculation to
extract any potential information.

Table 1: A sample of statistical data which covers basic information of infected people.

No. UTM UTM
Gende Date coordinate coordinate

r Age | Job code Address (MM.DD.YY) E (m) N (m)
1 M 77 0 Fermanberan 8.25.2020 536709.07 3938628.47
2 M 61 1 Rapareen 8.29.2020 529785.4 3937529.75
3 M 86 0 Kostay Cham 8.29.2020 533318.79 3933962.12
4 M 52 1 Sarchnar 8.30.2020 534553.04 3937758.04
5 M 52 1 Sarchnar 8.30.2020 534558.02 3937749.23
6 M 55 3 Kurdsat 8.30.2020 539591.57 3939022.25
7 F 80 2 Bekrejo 8.30.2020 532336.01 3934147.76
8 F 40 2 Bekrejo 8.30.2020 532336.01 3934147.76
9 F 54 2 Bekrejo 8.30.2020 532336.01 3934147.76
10 M 34 1 Sheakhan 8.30.2020 539709.09 3937353.45

Table 2: Jobs codes and their frequency

Code of Jobs Fre.

0 = Dosent work 236
1 = Worker 242
2 = Housekeeper 450
3 = Employee 74
4 = Hospital staff 15
5 = Doctor 4
6 = Police 14
7 = Retired 79
8 = Teacher 26
9= Presion 2
10= Peashmerga 2
11= Student 8

To see how far have the patients been from SHH we decided to create a layer to classify and show
the distance of recorded cases from their residency the SHH. The distance classified into 8 classes
starting from almost 114 m to 16800 m. First subclass encompasses the cases whose distance from
SHH was between 114m to 2000m. Other classes step forward by 2km except the final class which
is between 14000 to 16800m. Table (3) displays the distance subclasses and the frequency of patients
per each one. To create distance layers from distance database, firstly, using ArcMap proximity tool,
the distance from each case calculated from SHH. The output was in form of table, this table then
transferred into a new field in attribute data of recorded cases to link it with the UTM coordinate and
other attributes of the main layer which include recorded cases and their geometric properties. These
distances are straight distances and the road networks or traffic timetable have not been regarded.
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Table 3: Frequency of patients per Distance subclasses

Distance from Frequency
SHH (m)
0-2000 261
2000-4000 399
4000-6000 291
6000-8000 65
8000-10000 89
1000-12000 42
12000-14000 0
14000-16800 5

Finally, each influencing factors (Sex, Job, Age, date of infection, and distance from SHH) was
displayed in two forms, as a chart, and on the map created in ArcMap GIS, to see the comparative
view of them, and the spatial distribution of the factors among the study area, respectively. Using the
charts and maps it will be more convenient to analyze and discover any probable correlation between
the distributions and abundance of COVID-19 cases and the factors which are supposed to be
influencing. Figure (3) shows the steps that are taken to produce the results.

. . Google Engine
Shahid Hemen Hospital

(SHH)

_______________ ~
1

|r Creating Final Maps + 4
:Display on Satellite Image:

________________

Figure 3: Methodological framework, which consists of data collection, data processing
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4. Results and discussion

The study shows that the number of infected people recorded in Shahid Hemin Hospital is 1152
for that period (25th August 2020 to 17th February 2021) across Sulaimaniyah city center only which
is equal to 67.61% of cases that have been recorded at Shahid Hemin hospital. Classifying the data
based on gender revealed that the males have been infected more than females, 56.33% vs 43.66%
respectively. (Figure 4).
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Figure 4: 649 infected males VS 503 infected females.

Although the spatial density of infected males and females are different in many locations among
the study area, but, the spatial distribution showed almost the same pattern for both sex (figure 5).
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Figure 5: Spatial distribution of infections among the city based on gender
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The percentage of male were 56.33 % while the female was 43.66%, proving that the ratio of infection
is more among males by almost 12.67%. These results agreed with the results which obtained by [24,
25 and 26]. The high infection ratio among the male could be due to the high rate of smoking,
drinking alcohol, as well as the fact that men are outdoor especially for working most of the time.
This result is concluded in many studies. Regardless of age, the covid-19 affects men more than
women in terms of symptoms, worse outcomes and mortality [26]. In a study that included 425
patients with covid-19, it was found that 56% were men and 44% were women [27]. In another study
[23], it was found that the spread of covid-19 symptomatic was greater in men than in women, as
smoking and alcohol consumption had a role in the rate of covid-19 spread among men.

The results also showed that wide range of age categories were infected ranged between 10 and
100 years old in different places who have visited the Shahid Hemin Hospital for Corona Virus.
According to data, the rate of infection was higher among the older age group (figure 6).

300

250

236 241 )35
200
156
150 119
100 Il
51
5
g I 15
0 || -

10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100

Number of Infected People

o

Age subclasses

Figure 6: infection frequency based on age

It is also revealed that the highest rang of infection was recorded for the age group 60-69 years
old, which was 241 cases of total 1152 cases, which could be due to lack of immunity and chronic
diseases, while the lowest infections were between age group 10-19 years old because of high level
of immunity, which was 8 cases, altogether. More, the spatial distribution based of age categories
show almost a same pattern for all age classes (Figure 7). In China, also, it is proved that the ratio of
mortality by covid-19 was higher in older age, from 0.4% or less in patients aged 40 or younger, to
1.3% in fifties, 3.6% were in 60s, 8% in 70s to 14.8% in 80s or older [28, 29]. In another study [30]
which has been conducted in Italy, the results followed the same pattern in China. A study showed,
patients with an average age of 65 years were more severely exposed to the covid-19 [26] which
highly proved the results concluded in this study. Regarding age and gender simultaneously, reports
from Switzerland and Germany have recently reported incidence rates (cases per 100,000 populations
by age and Gender), confirming an increased incidence of the disease in men over 60 years of age
[31].
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Figure 7: Spatial distribution of patients’ ages

The worker men were most infected comparison to other jobs due to high level of social contact,
while the most infected cases among females were occupied by housekeeper. As shown in (figure 8)
the housekeepers were at the highest level of infections by covid-19, because they contain most of
women ratio. (Figure 9) show the spatial distribution of the patients’ jobs which is clear that the
housekeeper records the heights level.
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Figure 8: Infection frequency based on job
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Figure 9: Spatial distribution of the jobs of the patients

In other hand the results showed that the October 2020 was the month within the most cases of
COVID-19 were recorded (figure 10), and (figure 11) show the spatial distribution of infections per
months during the period. Accordingly, the density of infection in September and October was at its
highest rate, and August, on the other hand, has recorded the lowest value. Based on the data, over
80% of cases were recorded in September, October, and November. It’s also revealed that the
frequency of infection has declined since October 2020 in a way that there were only 33 infected
cases recorded in SHH.
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DOI: http://dx.doi.org/10.25098/7.1.2

39

NC__ND



http://dx.doi.org/10.25098/7.1.2

The Scientific Journal of Cihan University — Sulaimaniya PP: 28-45
Volume (7), Issue (1), June 2023
ISSN 2520-7377 (Online), ISSN 2520-5102 (Print)

Infection Distribution

'] 1 il

35°38'0"N-

35°36'0" N

35°35'0"N-

35934'0"N

35°33'0" N

Other Corona Centers
22021
1.2021 N

35°32'0"N+

2 20 “
35°31'0"N 122020 W‘éﬂ -
10.2020 8 i N
92020 Kilomete

35°30'0"N+ 8.2020

Jeoeo0000 pH

45°16'0"E 45°18'0"E 45°20'0"E 45°220"E 45°24'0"E 45°26'0"E 45°28'0"E 45°30'0"E

Figure 11: Spatial distribution of infected residents per months

Statistical data on distance from SHH revealed that more than 42% of recorded cases have
passed more than 4 km to reach the hospital. The data also showed that more than 17% have traveled
more than 6 km to get medical health. There are even cases who have passed more than 16 km to
catch the hospital (Figure 12).
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Figure 12: Number of infected people per distance from Shahid Hemen Hospital. More than 42%
of patients have travel more than 4 km to arrive at the hospital
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Based on distance subclasses and as clearly seen in figure (13) there has been a lack of COVID health
center in the city, since the spatial distribution of infected people who are recorded in SHH was as
wide as the area of Sulaimaniyah city and it was not confined to the hospital neighborhood. As seen
on the map which is classified based in the distance from the SHH, the other centers are not distributed
well among the city. There are even many cases in other corona centers’ neighborhood which have
gone to SHH to take medical treatments.
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Figure 13: Distribution of infected people per distance from Shahid Hemen Hospital. Many people
had been to travel long distances (more than 4 km) to get the SHH Corona center. The map displays
an inappropriate distribution of corona-related health centers

5. Conclusions and recommendations

Regardless of age it was found that the prevalence of Covid 19 symptoms, as well as, mortality in
men is higher than in women. Heavy smoking and excessive alcohol consumption have contributed
to the high prevalence of Covid-19 among men [30]. The body's predisposition to catching Covid-19
is linked to age, biological sex, and chronic diseases as also proved in other researches [32]. The
results also showed that COVID-19 is not only dangerous for the elderly and infirm but also for
healthy middle-aged adults. Whereas, infection fatality rate of the population is intrinsically related
to age-specific infection pattern. Therefore, taking public health measures to protect vulnerable age
groups can drastically reduce the death rate [33]. It is also revealed that the highest rang of infection
was recorded for the age group 60-69 years old, which was 241 cases of total 1152 cases, which could
be due to lack of immunity and chronic diseases, while the lowest infections were between age group
10-19 years old because of high level of immunity, which was 8 cases, altogether. More, the spatial
distribution based of age categories show almost a same pattern for all age classes. The worker men
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were most infected comparison to other jobs due to high level of social contact, while the most
infected cases among females were occupied by housekeeper. In other hand the results showed that
the COVID-19 is time dependent and more than 80% of cases were infected during September,
October, and November. The population increase in the city center contributed to the spread of the
disease due to the lack of distance between people and the increase in social relations and thus the
increase in direct contact between people. The study also suggests that the spatial distribution of
COVID health centers are not well-distributed and lots of residents had to pass a long way to reach
the SHH center.

It's also proved that the spatial analytical data tools provided by RS and GIS are highly useful in
understanding and managing pandemic infections, like COVID-19, since these tools help us to see
how people may connect each other in a greater scale, e.g., across a city or a region. Furthermore,
GIS is considered as an important tool in land data management, which provides the possibility of
integrating data from different sources, the possibility of extracting the required information and
discovering complex relationships between different phenomena [14, 15, 17].

It’s highly recommended that:

1. To digitize the data has been recorded in the related centers.

2. To conduct cooperative research including specialists from different sectors including GIS and
health specialists.

3. Using digital data form instead of paper forms to record patients information in the centers which
are dedicated for COVID-19.

4. To conduct researches on hazard managements using GIS network analysis.
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