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ABSTRACT

Iraqg is one of the states in the world, affected with coronavirus. Mapping spatial patterns analysis distribution of
disease incidence and danger can be assist as a suitable tool for detecting exposures of public health concern. A
geographical information system (GIS)-based methodology to examine the relationship between the reported
incidence of coronavirus and spatial patterns analysis in eighteen provinces of Iraq was analyzed in 2020. So, the
study was applying spatial statistics to inspect the spatial patterns and areas of clustering detection to describe
the pattern of coronavirus in Irag. In this study, local Moran's | has been applied to measure spatial distribution
of coronavirus in the study area and examined how provinces were spread or clustered. Spatial patterns statistics
were used to apply Moran’s I test and it estimated considerable negative spatial autocorrelation of coronavirus
disease incidences from 24/02/2020 to 06/04/2020. The results described spatially random clustered and spatial
pattern of this disease in the study area. The study determined that the coronavirus cases were increased in the
northeastern- and southwestern-side provinces of Iraq.

Keywords: Coronavirus; Cluster analysis; Moran’s I; Spatial statistics, Iraq.
Article type: Research Article.

INTRODUCTION

In December 2019, a new virus appeared (first called "Novel Coronavirus 2019-nCoV" and was later renamed to
SARS-CoV-2) causing severe acute respiratory syndrome (COVID-19) in Wuhan, Hubei Province, China (Al-
Kindi, et al., 2020), and spread rapidly to other parts of China and other countries around the world, despite
China's massive efforts to contain the disease inside Hubei. Compared to 2002/2003 SARS-CoV and 2012-2014
MERS-CoV (Coronavirus Associated with Middle East Respiratory Syndrome), the coronavirus spread with
amazing speed. While it took about two and a half years to catch the Coronavirus, and SARS took about 4 months,
the SARS-CoV-2 novel reached that number in just 48 days. On January 30, 2020, the World Health Organization
(WHO) announced that the SARS-CoV-2 new coronavirus outbreak is a public health emergency of international
concern (PHEIC) (Tsou et al. 2005). The Coronavirus pandemic of 2020 has been spread in Iraq from February
24,2020 in the city of Najaf, when a sample of an Iranian religious student the nationality has been examined and
the result was positive for his infection with the Coronavirus associated with severe acute respiratory syndrome
type 2 (SARS-CoV-2). Then, other cases of coronavirus were revealed, and there were 1,055 confirmed cases in
Irag, including 64 deaths as of April 6, 2020. GIS is a computerized system capable of displaying, merging,
modeling, querying and analyzing large amounts of spatial data (Vine et al. 1997). In the field of health, the
application of geographic information systems helps to know the spatial difference, patterns and risk factors of
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disease and improve health service delivery. Spatially common diseases are characterized by many diseases
(Briggs & Elliott 1995). Spatial analysis techniques such as spatial statistics and geographic information systems
make it easier for officials to deal with spatial dispersion and guess disease outbreaks more accurately (Chaput et
al. 2002). For the disease, it is necessary to determine the spatial and temporal characteristics of the disease and
its transmission. GIS plays a very important role in disease surveillance and control (Albrecht 2007). Recently,
GIS and remote sensing methods play an important role in mapping diseases such as dengue and HIV (Pathirana
et al. 2009). GIS cannot simply pave the way to increasing our understanding of the pattern of disease spread, but
also support health officials and manufacturers strategies about diverse information are simply implicit. Therefore,
in the present study, a survey was planned to assess the prevalence of coronavirus in Irag. GIS was a powerful
analysis tool, does not include essential epidemiological information on humans, times and places but also coz it
acts as a shared interface for centralized reporting and tracking indicators from diverse fields (e.g., epidemiologic
data georeferencing) (Al-Kindi et al. 2020). GIS is a main tool for a lot of realization consciousness programs
cooperation with pandemic diseases (Sithiprasasna et al. 2004). Many studies have been used spatial technology
for estimating spatial and transitory characteristics (e.g., central, density, hotspots, cold spots, direction, spread,
the Arabic psychological, etc.) COVID-19 (Biswas et al. 2020; Danon et al. 2020; Kang et al. 2020; Zhou et al.
2020; Bendaif et al. 2020; Maliki et al. 2020). Such a guess is significant to muzzle spatial and transitory patterns
of COVID19 dispersal, estimate its track changes over time, for determining the various demographic,
environmental, and socioeconomic inconstant that may speed conveyance and infection average. From a policy
standpoint, this estimate is wished for aid policy makers improve their plans and strategies in a more reliable
method, to take into consider spatial difference of this health massive threat. In this condition, a GIS is a wide set
of spatial statistics for playing a significant function in plan the spatial and transitory patterns of COVID-19 in
Irag. Specifically, advancements in GIS technology, especially spatial modeling and information mining, have
make it is likely to spread an inclusive picture of the estimably spatial hots-pots of this virus at various spatial
scales (Wang et al. 2020; Boulos & Geraghty 2020). The main aims of this study for identifying Coronavirus
disease COVID-19 in Iragq Using GIS Approach.

MATERIALS AND METHODS

Study Area

Iraqg is located within latitude 28°57'0"N to 37°5'0"N and longitude 38°35'0"E to 48°45'0"E (Fig. 1). It covers an
area of 437125.41 km? and its boundary share with five adjacent lands. Syria situated in the west, Iran on the east,
Saudi in the southwest, Turkey in the north and Kuwait in the southeast. Iraq is administratively subdivided into
18 units including Baghdad (capital), Ninawa, Dahuk, Najaf, Karbala, Tam'mim, Muthanna, Babil, Diwaniyah,
Dha Qar, Basrah, Salah Ad Din, Anbar, Arbil, Diyala, Sulaymaniya, Wasit and Maysan. In 2015, the Iraq’s
government estimated population as 37,056,169. The number of males was over 19 million, contributed by 51%,
while females, over 18 million, contributed by 49% of the total population, according to the statistics.

Data collections

The epidemiologic data utilized for this analysis was collected by the Ministry of Health of Iraq from 24/02/2020
through 06/04/2020 for all provinces. The location of each case of coronavirus recorded during this period was
digitalized by the authors with the geographical information system (GIS) Arcgis10.7.1. Population values of
provinces, provided by the Republic of Irag Ministry of Planning in 2001, served as the basic unit for the analyses
(Fig. 2). These have been digitalized as polygons with the occurrence factors as attributes. All data were storing
and managing as a geographical database with Arcgis10.7.1.

Spatial autocorrelation statistics

Spatial patterns can be defined as the spatial arrangement style of features on a specific surface according to their
location. Spatial statistics were used in a set of accessibility studies. Both global and local spatial correlation
patterns were used to analyze the spatial autocorrelation pattern. As well as analyzing global patterns, more
emphasis has been placed on analyzing local patterns of spatial correlation (Talen & Anselin 1998; Apparicio et
al. 2007; according to Sarwar et al. 2020). The most widely used index for spatial autocorrelation is Moran’s 1.
The global spatial statistic Moran's | measures the global spatial correlation based on distinct geographical
locations and associated feature values (Algert et al. 2006). Moran's | measures proximity to locations according
to the similar characteristics of their features. Moran’s global I measures spatial autocorrelation without
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distinguishing between high or low value patterns. Looking at a set of related features and attributes, Moran’s
global 1 assesses whether a pattern is clustered, dispersed, or random on a scale from -1 to +1. A negative value

indicates a spatial dispersion,

while a positive value indicates a spatial correlation (Moran, notes on continuous

stochastic phenomena, 1950; Tsou et al. 2005).
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Fig. 1. Study area location.
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Fig. 2. Log population density (people per km?).

Anselin's Local Moran | statistics were first described in 1995 (Moran, The interpretation of statistical maps,
1948). The purpose of this technique is to identify groups of features with values of similar size and also for
identifying outliers by comparing adjacent features and entire population. The ability to explicitly identify spatial
extreme values is a Moran's | advantage regarding spatial survey statistics. Spatial analysis often requires
knowledge of the degree of spatial correlation between variables. More recently, additional spatial statistic models

have been developed, known

as local spatial statistics, to measure the correlation between a single geographic

region and its neighbors at a specified distance (Miller 2004). Local spatial association index is a local spatial
statistic that measures the local spatial autocorrelation, for providing information about spatial clusters and spatial
outliers (Anselin 1995; Getis 1996). The local Moran's | developed by Anselin (1995) indicates the similarity of
geographical unit in relation to its neighboring units. A positive value of Moran's | is indicated that the feature is
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surrounding by features of similar values. This feature is a part of the cluster. A negative value of Moran's |
indicates that the feature is surrounded by features of different values. Such a feature is an outlier. One of the
limitations of this method is that the positive value of Moran's | can also be specified for regions with low values
if they are surrounded by other regions with low values (Serra-Sogas et al. 2008; Murgante & Borruso 2012).
Anselin's Local Moran | statistics have been applied using the cluster and outliers analysis tool in the ArcGIS
10.7.1 Spatial Statistics toolbox. Fixed Euclidean distance ranges including 750 km were analyzed in order to
investigate potential distances at which clustering occurred.

RESULTS AND DISCUSSION

Fig. 3 shows coronavirus cases appeared in southwestern-northwestern regions of Irag. Analysis of coronavirus
disease by Moran’s I test between 24/02/2020 and 06/04/2020 indicated the spatial random of coronavirus
disease incidence rate for every 100,000 population. The coronavirus disease random distribution during this
year confirmed value of Moran’s I test -0.055, z-score 0.37 and p-value 0.71. These results confirmed that the
adjoining province are also facing the same situation of coronavirus distribution which may be low or high.
Anselin's Local Moran's | statistic were used to analyze coronavirus incidence in the Iraq for each individual in
2020. Using this, method has been specifically suggested by the previous studies. Fig. 2 represents population
density in the Irag provinces.

The low and high population densities were found in the southwestern provinces (Najaf and Karbala) of the
country, with high human coronavirus incidence rates, because these contain religious centers and airports.
Middle population densities were observed in the northeastern ones (Erbil and Sulaymaniyah) with high human
coronavirus incidence rates, because these provinces share common borders with neighboring Iran, which is
affected by coronavirus. The low densely populated western and middle parts of the country exhibited low rates
of human coronavirus incidence (Fig. 3). The Local Moran's | method exhibiting high-low, classified 4
provinces, the northeast and southwest regions, while 10 provinces, displayed the most low-high spatial
clustering in the middle part (Fig. 4). In summary, the southwestern and northeastern regions were the most
evident areas of human coronavirus clustering throughout the study.
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Fig. 3. Number of human coronavirus cases per 100,000 people between 24/02/2020 and 06/04/2020.

CONCLUSION

Spatial patterns statistics were used to apply Moran’s I test in order to estimate considerable negative spatial
autocorrelation of coronavirus disease incidences during 24/02/2020 to 06/04/2020. Analysis using spatial
autocorrelation statistics indicated a negative (random) spatial autocorrelation in the spatial distribution of
coronavirus. Anselin’s local Moran’s I statistics were a particularly useful tool for detecting clusters and outlier
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values located but also to derive some understanding of the correlation between the spatial distribution of
coronavirus. Clusters of coronavirus cases were found by means of spatial statistic methods in some sectors of
northeastern and southwestern parts of the country. This study displayed that these methods and tools can be
useful for the coronavirus assessment in the public health personnel. It explained that utilizing the current health
data, spatial analysis and geographic information systems can provide an opportunity to determine the health
burden of the coronavirus in the affected areas, and also lays the basis for further investigation into the associated
factors responsible for an increased risk of disease.
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Fig. 4. Local Moran's | analyses between 24/02/2020 and 06/04/2020).
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