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Using Geographic Information Systems (GIS) to 

Model the Clustering Effect of COVID-19 in South-

Western Zimbabwe 
 
Abstract—The purpose of the study was to model the clustering of 

COVID-19 in Bulawayo, Zimbabwe. A cross-sectional study 

design was used to provide a snapshot of the occurrence of 

COVID-19 in Bulawayo at a particular time. About 246 COVID-

19 cases were randomly selected from the list of cases that 

occurred in Bulawayo as of 1 August 2020. The data was 

analyzed in ArcGIS using spatial autocorrelation and hotspot 

analysis. From the observed pattern, the results demonstrated a 

significant overall spatial autocorrelation and clustering of 

COVID-19 cases in Bulawayo. The hotspot analysis showed 

hotspot localities around the Western Suburbs such as 

Nkulumane, Cowdry Park, and Luveve. These are high-density 

suburbs, endorsing that pattern of COVID-19 infections is 

related to the population density pattern in Bulawayo. In 

conclusion, hotspot areas detected in this study can help identify 

future infectious disease surveillance. 

Keywords- COVID-19, GIS, Hotspot Analysis, Spatial 

Autocorrelation. 

I.  INTRODUCTION 

The “Novel Coronavirus 2019-nCov” (COVID-19), which 
began from Wuhan, Hubei Province of China in December 
2019, resulted in severe acute respiratory syndrome (SARS) 
has rapidly spread to other countries around the globe, 
including Zimbabwe [2]. Despite substantial efforts to contain 
the disease within China, particularly in Hubei, a large number 
of countries are battling to slow down the spread of the “Novel 
Coronavirus 2019-nCov” through testing, rapid screening, 
isolation, contact tracing, case management as well as applying 
social distancing and lockdowns [21]. The study proposed 
additional ways to fight against COVID-19 using GIS in 
supporting early and easy detection of emerging hotspots to 
contain the disease. Therefore, this study specifically modeled 
the clustering of COVID-19 in Bulawayo using the Getis-Ord 
Gi* statistical method based on hotspot analysis. Global 
Moran's I statistic, is used to test the null hypothesis, “Covid-19 
is randomly distributed in Bulawayo”. This section has laid the 
introductory background to the study. The next section gives 
the related literature in detail. This is followed by the section 
on research methodology, which is then followed by a section 
on results and discussion. The final section gives the 
conclusion of the study. 

II. LITERATURE REVIEW 

A. Health Mapping  

Health mapping can be described as the activities, tools, 
and techniques that are utilized to link geographic location as 
the common denominator which integrates community and 

health data [12, 23]. Health maps are good at showing the 
cartographic representation of the environmental setting, health 
services, and spatial distribution of diseases at the same time. 
Health mapping supports the core functions of public health 
such as targeting, surveillance, and intervention. Similarly, 
these functions are reinforced through public health practices 
that include policy development, assessment, and assurance 
[16]. The actual importance of health mapping arises when 
maps are associated with disease prevention and control efforts 
to prevent future infection [4, 11]. 

Health experts have historically considered both geographic 
information systems (GIS) and conventional mapping, as 
critical tools for combating and tracking infectious diseases. 
The first disease map that shows the association between health 
and geographic location was based on plague outbreaks at Bari, 
Italy in 1694 [5]. Since then, the importance of a map as a 
communication tool thrived up to today in the service of 
tracking and surveillance of infectious diseases such as yellow 
fever, cholera, and influenza pandemics [22]. However, the 
disease mapping tasks encountered several challenges during 
that time [19]. Firstly, the authors hardly documented some of 
the evidence which was used to create maps. Secondly, before 
the advancement of GIS, several errors arose in mapping tasks 
which were expanded exceedingly at global scales. Thirdly, 
there was a lack of reliable assessment of maps which resulted 
in inaccurate precision. With the advent of computerized 
geographic information systems in the 1960s, the possibilities 
for visualizing, analyzing as well as spotting patterns of 
infectious disease dramatically improved again [1]. According 
to [3], the latest review of health GIS literature established that 
28.7% of the reviewed papers focused on infectious disease 
mapping. 

Research on the distribution of infectious diseases across 
geographic space can be categorized into three main classes 
that are related to disease ecological analysis and clustering, 
and mapping. GIS-based disease mapping is influenced by 
several aspects such as the socio-economic data, environmental 
risk factors, and location as well as spreading patterns of 
disease [15]. Likewise, GIS-based disease clustering evaluates 
the spatial clustering of diseases [13]. Furthermore, disease 
clustering relies on the assessment of potential environmental 
risk factors prevailing at a particular geographic location that 
represents a possible hazard. Ecological analysis research is 
related to epidemiological inquiry since the main focus is on 
the analysis of the spatial distribution of diseases about 
explanatory covariates which are aggregated at spatial levels 
[24]. 
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B. Modeling Diseases Clustering in GIS 

A set of analytics can be performed by GIS software to 
reveal COVID-19 clustering. These analytics can support 
studies on the spread of COVID-19 by integrating as well as 
modeling spatial data in a way that helps health experts to 
locate cases and exposures and identify disease clusters [6]. 
Previous studies have observed that infectious diseases tend to 
be clustered in certain geographic areas [7, 18]. Likewise, the 
spatial heterogeneity of infectious diseases such as COVID-19 
is mostly ascribed to changes in environmental risk factors 
such as climate and land use [10]. As such, hot spots 
distribution usually coincides with high population densities 
hence those areas are at great risk of diseases [11]. 

There are three most important analytics for modeling 
disease clustering within GIS software. Firstly, is the Kernel 
Density Estimation Method, which is used to generate 
geographical distribution maps for epidemics by way of 
predictive modeling of disease risks [15]. Secondly, is the 
Weighted Standard Deviational Ellipses Method, which can 
match disease spatial distributions as well as identify the 
possible spatial directions [20]. Thirdly, is the Hotspot Analysis 
Method that calculates the Getis’Ord Gi* value to ascertain 
where the particular disease is more concentrated [25]. 

In the intervening time, the rapid development in GIS itself 
is showing unlimited potential as a way of sharing infectious 
disease information [8]. Infectious disease like COVID-19 
travels so rapidly and information has to move even quickly 
hence the need for GIS become crucial [17]. Communication 
through maps improves data transparency and offers reachable 
information to the public [3]. According to [19] such disease 
surveillance requires many statistical epidemiological methods 
with geospatial features to investigate epidemics, if possible, 
from localized areas. This study is particularly focused on the 
city of Bulawayo in Zimbabwe, where the COVID-19 outbreak 
seems to emerge in small areas and then spread widely. 

III. MATERIAL AND METHODS 

A. Study Area 

The study was carried out in Bulawayo (20°09′00″ S, 
28°34′59″ E) Province, Zimbabwe. It is located 444km 
southwest of Harare and is the second-largest city in Zimbabwe 
(Figure 1). The area of Bulawayo is approximately 1,706.8 
km2 and has an elevation of about 1,358 m above sea level. 

 

Figure 1.  Bulawayo Map Showing Hotspot Areas 

B. Materials 

About two software packages were employed for data 
processing, visualization, and analysis in this study. These 
include ArcGIS 10.5 for editing geodata in the graphical front 
end and Microsoft Excel for creating comma-separated value 
(CSV) files on point data. 

C. Methods 

1. Sampling 

In this study, a cross-sectional study design was used to 
assess the prevalence of COVID-19 in Bulawayo. As a cross-
sectional study, the study was interested in COVID-19 cases 
that occurred in Bulawayo during a given period. Based on the 
study, the population consisted of 837 COVID-19 cases that 
occurred in Bulawayo between 21 March 2020 and 1 August 
2020. About 246 COVID-19 cases were randomly selected 
from the list of cases that occurred in Bulawayo during that 
time.  

2. Data acquisition 

This study used both primary and secondary data sources to 
model the clustering of COVID-19 in Bulawayo. Secondary 
data used in this study include shapefiles for rivers, roads, 
suburbs, and provincial boundaries which were digitized from 
the topographic map of Bulawayo and were obtained from the 
Department of Surveyor General. The non-spatial data 
associated with these shapefiles include the number of COVID-
19 patient cases for each suburb and contact addresses for 
confirmed COVID-19 cases, which were collected from the 
Ministry of Health and Child Care records 

To suit the research needs for this study, the secondary data 
obtained from the Ministry of Health and Child Care was 
combined with primary data collected in the field. The contact 
list for sampled COVID-19 cases was updated to show the 
point location for each COVID-19 case. The points were 
collected during a field measurement using a single GPS, 
Garmin Etrex 20 with an average error of 3 m based on the 
UTM grid system.  

3. Data analysis in QGIS 

Spatial analysis was used to map the clustering of the 
COVID-19 to detect the trends of prevalence in Bulawayo. 
Initially, Global Moran’s I, spatial autocorrelation statistic was 
used to identifying the spatial pattern of COVID-19 in 
Bulawayo. Global Moran’s I technique indicates that a 
significant positive spatial autocorrelation of COVID-19 would 
mean that the geographical distribution is more spatially 
grouped than a random-based spatial process. Global Moran’s I 
index stretches from −1 to +1, with the zero scores indicating 
that there is no clustering. Whereas, a positive score would 
indicate clustering of COVID-19 cases. Contrary, a negative 
score showed that neighboring areas are characterized by 
dissimilar C0VID-19 cases and indicate dispersal.  

Finally, the Getis’Ord Gi* statistic was used to model the 
spatial spread of COVID 19. The application of this model was 
centered on the available COVID-19 datasets for each suburb 
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in Bulawayo. This study used a hotspot analysis tool for 
calculating the Getis’Ord Gi* statistic for each particular 
COVID-19 case in the dataset. The subsequent z-scores and p-
values from the results define where COVID-19 cases with 
either low or high values are spatially clustered. For 
statistically significant positive z-scores, the greater the z-score, 
the higher intensity of clustering for high values and this 
resembles the hot spot areas. For statistically significant 
negative z-scores, the lesser the z-score, the higher intensity of 
clustering for low values and this resembles cold spots. The 
results of hotspot analysis determine where COVID-19 will be 
highly concentrated which helps in the allocation of health 
services as well as the promotion of well-being and good health 
by scaling up COVID-19 interventions [14]. 

IV. RESULTS AND DISCUSSION 

A. Results 

Figure 2 illustrates the spatial autocorrelation results based 
on sampled COVID-19 cases in Bulawayo. Given a z-score of 
2.49908507644, there is a less than 5% likelihood that this 
clustered pattern obtained could be a result of random chance. 
The results demonstrate that there was a significant overall 
spatial autocorrelation and clustering of COVID-19 in 
Bulawayo. 

 

Figure 2.  Bulawayo COVID-19 Spatial Autocorrelation Report 

 

In this study, the Getis’Ord Gi* statistic was applied to the 
collected data to model the clustering of COVID-19. Figure 3 
presents the hotspot analysis results. The hotspot analysis 
revealed hotspot locations in the Western suburbs and cold spot 
locations in the Northern, Eastern, and Southern suburbs. This 
confirms that COVID-19 is more concentrated in the Western 
part of Bulawayo (Figure 3). 

 

Figure 3.  The Clustering Effect of COVID-19 in Bulawayo 

 

B. Discussion  

The utilization of GIS in health care research is improving, 
and its application is becoming more sophisticated. In this 
study, GIS-based spatial statistical methods were successfully 
used to model the clustering of COVID-19 in Bulawayo, 
Zimbabwe. The study showed that COVID-19 is greatly 
concentrated in the Western part of the city as compared to the 
Eastern, Northern, and Southern parts of the city. This is 
supported by the significant spatial autocorrelation of COVID-
19 cases, which demonstrates that the spatial distribution of 
COVID-19 follows a clustered pattern. Therefore, the results 
for this current study, confirms the findings from previous 
studies which observed that infectious disease tend to be 
clustered in certain geographic areas [7, 18]. Based on previous 
studies, the spatial heterogeneity of infectious diseases such as 
COVID-19 is mostly ascribed to changes in environmental risk 
factors such as climate and land use [10].  

Based on the observed pattern, variation in COVID-19 
coincides with hotspot distribution. The hotspot analysis 
showed hotspot locations in and around the Western suburbs 
such as Nkulumane, Cowdry Park, and Luveve. These suburbs 
are considered high-density areas, which confirms that patterns 
of COVID-19 infections follow the population density pattern 
in Bulawayo. These suburbs are often dominated by great 
levels of low socio-economic status. This demonstrates that 
COVID-19 clusters in Bulawayo are not occurring by chance 
and this reflects the spatial distribution of the population which 
is at great risk from the disease [9]. 
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The GIS-based clustering methods used in this study are 
exploratory tools that assist policymakers and researchers to 
comprehend complex geospatial patterns. Indeed, GIS has 
provided knowledge on the existence of COVID-19 clusters in 
Bulawayo together with their respective locations which 
provide significant grounds for both policy and research 
formulation in the health sector. Therefore, as Zimbabwe gears 
toward COVID-19 elimination, there is a greater need to 
prioritize control efforts by focussing on high-risk areas since 
there are potential reservoirs of COVID-19 infections. 
Likewise, the discovery of statistically significant COVID-19 
clusters is an important step toward spatial selection and 
targeting these areas to prevent future infections [4, 11].  The 
targeting of great risk areas for COVID-19 aligns with the 
Ministry of Health and Child Care’s efforts which seek to 
promote well-being and good health by scaling up COVID-19 
interventions [14]. 

V. CONCLUSION  

Because of GIS, this study was able to combine location-
specific and attribute information on the COVID-19 cases to 
fully comprehend COVID-19 infection dynamics in Bulawayo. 
Such insights were not possible had the study only opted to 
purely investigate COVID-19 clustering without GIS-based 
input. The results of the study can now be utilized to plan the 
timing of COVID-19 control interventions by targeting areas 
where clusters are prevalent. Furthermore, the hotspot areas 
detected in this study can serve as important starting points for 
future infectious disease surveillance where resources are 
limited in cities such as Bulawayo. Therefore, the hotspot areas 
could be prioritized in the course of resource allocation to 
achieve real disease control in Zimbabwe. However, further 
research should be focused on these hotspot areas to fully 
appreciate local factors that cause elevated COVID-19 
infections. 
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