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Geospatial Clustering and Hot Spot Detection of COVID-19 Incidence in 2020: A
Global Analysis

Abstract

Emergence and spread of Covid-19 initiated diversified researches based on spatial analysis in
visualization, exploration, and modelling of this infection. This short communication is an attempt to
comprehend the geographic distribution and spatial clustering of Covid-19 in year 2020. Main objective is
to spatially analyze Covid-19 incidence rates, identification of hotspots and clusters outliers at global
level. Monthly data of reported cases were taken from World Health Organization dashboard and situation
reports. Incidence rate was calculated for each country for each month. Spatial autocorrelation
techniques of Global Moran are | and Anselian Local Moran’s | were used to examine the spatial clustering
and outlier's detection of Covid-19 incidence in all months of the year. Hotspots and Coldspots variations
are examined by using Getis-Ord G*. Mapping was executed in ArcGIS Pro environment. Results reveal
significant spatial variation of Covid-19 incidence in WHO regions in different months of pandemic year
2020. Hotspots and high clustering of the disease incidence shows a shift from Western pacific towards
Europe and Americas from January to April. Eastern Mediterranean countries also became a part of
disease hotspots from the month of July leaving Africa as coldspot during whole year. Highest Moran’s |
value of 0.32 with highest z-score of 14 reflects the highly clustered pattern of this pandemic incidence in
the month of December in contrary to least clustering of the disease with lowest Moran's | of 0.02 and z-
score of 1.8 in June. Statistically significant variations in disease clustering pattern provides an
opportunity for epidemiologists to further explore the disease incidence from ecological perspective.
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1 INTRODUCTION

Coronavirus disease (COVID-19) is recognized as the global biological disaster. This
disease was reported for the first time in Wuhan, China. During its early outbreak
intensive population movement converted the outbreak into epidemic. By the time,
this infectious disease spread so fast not only to other parts of China but also to
various countries of Asia, Europe, North and South America, Australia and Africa as
well. Hence, on 11th March, 2020 the WHO declared COVID-19 as pandemic and
global health emergency (ERS 2020). By the end of year 2020, over 80 million cases
and over 1.7 million deaths globally occurred since the start of this pandemic (WHO
2021).

The COVID-19 is full of unknown facts, and many of them have a spatial
dimension that lead to understanding the phenomenon as geographical and
potentially map-able (Franch-Pardo et al. 2020). COVID-19 offers a wide range of
opportunity for the researchers worldwide but “spatial spread” of the disease is
major dimension from the perspective of medical geography and epidemiology.
Several studies use spatial analysis through Geographical Information System (GIS) in
ecological exploration of COVID-19 pandemic (Li et al. 2020; Rex et al. 2020).
Application of spatial statistical techniques helps to understand the spatial
heterogeneity in diseases transmission and identification of significant risk regions
especially COVID-19. A number of applications of spatial statistical models are used to
comprehend the trend and transmission of COVID-19 (Gayawan et al. 2020; Gomes et
al. 2020; Fatima et al. 2021). Hohl et al. (2020) advocate geospatial methods of spatial
autocorrelation, space time scan statistics, hot spot and clustering analysis in GIS
environment as an effective surveillance tool in spatial epidemiology and provide a
profound way to analyze the complex geographic pattern of disease incidence and
transmission. Significant knowledge of spatial clusters provides a baseline approach
for health researchers to understand the spatial pattern of disease occurrence and
beneficial for policy formulation to manage spatial spread of disease incidence
(Murad et al. 2020). Therefore, current research is from the domain of geographical
epidemiology, which can be define as the detection of spatial and temporal patterns
of disease with target of formulation of hypothesis about etiological factors of that
disease (Rezaeian et al. 2007). This study aims to provide the geospatial analysis of
COVID-19 pandemic for a year 2020. To attain this objective, we examine the spatial
distribution of COVID-19 crude rate on global scale through the application of global
and local spatial autocorrelation techniques of Cluster detection and Hotspot
analysis. Many studies use cluster and hotspot analysis for exploring this disease at
regional, country and city level (Cavalcante et al. 2020; Lakhani 2020; Mollalo et al.
2020; Yang et al. 2020). Shariati et al. (2020) did spatial temporal analysis of COVID-
19 at global level for two months (March-April); however this study will provide a
global analysis of geographical distribution and spatial clustering of COVID-19 crude
rate using spatial statistical methods in GIS.
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2 MATERIAL AND METHODS

To meet the objectives of this study, COVID-19 data was collected from WHO
situation reports. The cumulative number of COVID-19 reported cases were collected
at the end of each month for every country and political territories. To calculate the
crude rate, the population estimates for each country and territory were taken from
the Worldometer for mid-July 2020 (Worldometer 2020). Geodatabase of the study is
created and managed in ‘world political boundaries’ feature class at projected
coordinate system of WGS 1984 Web Mercator Auxiliary Sphere in ArcGIS Pro 2.6 for
executing spatial analysis of COVID-19 crude rate.

For purposeful explanation we adopt grouping of countries into WHO regions;
African Region, Region of the Americas, South-East Asia Region, European Region,
Eastern Mediterranean Region, and Western Pacific Region (WHO 2021).

2.1 Getis-Ord G* (Hot Spot Analysis)

Hot spot analysis was carried out by using Getis-Ord G~ (Ord et al. 2001). It works by
computing Getis-Ord G~ statistics for every COVID-19 crude rate. Resultant z-score
and p-value for every feature explains where cluster of high values (hot spots) and
low values (cold spots) exists. High positive z-score determine the more intense
clustering of high values while high negative z-score values determine the intense
clustering of low values. Computation is done within the context of neighboring
feature value. To be a statistically significant hot spot, a feature will have a high value
and be surrounded by other features with high values as well. The local sum for a
feature and its neighbors is compared proportionally to the sum of all features. To
apply Getis-Ord G” in current research optimized hot spot analysis is run first to
examine a threshold distance for better results. Later, hot spot analysis for every
month was performed at fixed distance band ranging from 3414km to 4014km to gain
significant hot and cold spots.

2.2 Anselin local Moran’s I (Spatial Cluster Outlier)

Spatial autocorrelation is a technique applied to examine the spatial pattern of
COVID-19 incidence using Global Moran’s | (Moran 1950) and Anselin Local Moran’s |
(Anselin 1995). Anselin Local Moran’s I is used in comparable to Global Moran’s | for
visualization of clusters and outliers (Bivand et al. 2009).We applied this technique to
identify statistically significant clusters and outliers in global distribution of COVID-19.
Output of analysis is visualized in four major groups: Two for clusters and two for
outliers. High-High (HH) and Low-Low (LL) clusters identify similar country features
with high or low COVID-19 incidence respectively. High-Low (HL) and Low-High (LH)
identifies outliers with high COVID-19 incidence surrounded by countries of low
COVID-19 incidence and vice versa.
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2.3  Global Moran’s I (Global Autocorrelation)

Spatial autocorrelation is the significant tool of spatial statistics in GIS environment
to measure the correlation between nearby objects (Gangodagamage et al. 2008).
Positive autocorrelation is reported when events closer to each other have similar
values. Two important statistics to measure the spatial autocorrelation are Global
Moran’s | and Geary’s I. Global Moran’s index is the most popular method applied
currently for computing Global spatial autocorrelation of COVID-19 incidence
between neighboring countries at a fixed distance band width of 4614 km (Li et al.
2020; Shariati et al. 2020). The value of Moran’s index varies from —1 to +1. Positive
Global Moran’s | value indicates a strong positive correlation in neighboring countries
proving significant clustered pattern of COVID-19 incidence. Negative Moran’s |/
represent negative correlation between neighboring feature while value closer to or
equal 0 indicates no clustering in distribution pattern (Cao et al. 2020; Hazbavi et al.
2020; Li et al. 2020).

3 RESULTS

3.1 COVID-19 Crude Rate Distribution

Global distribution of COVID-19 crude rate in Figure 1a and 1b shows the propagation
of disease across countries. In late December, 2019 China was the only country with
this epidemic but in January, 2020 COVID-19 propagate to 19 more countries, nine
from Western Pacific, four from Southeast Asia, USA and Canada from Americas,
three from Europe and one from Eastern Mediterranean (WHO 2020) with highest
crude rate in China (0.5 cases per 100K). February, brings 36 more counties into list
with South Korea showing the highest COVID-19 crude rate (6 cases/100k), rest of the
effected countries experienced <3 cases/100k. By the end of March, 2020 COVID-19
has spread to 146 countries globally with United States as leading country of COVID-
19 cases spreading over its 50 states and New York as main epicenter (Mollalo et al.
2020). Hence, by the end of March, this disease affected almost 0.75 million people
and thousands of death. Several European countries including Italy, Spain,
Switzerland, Germany, France, Belgium, and United Kingdom experienced high
COVID-19 crude rate.

Through 30th April, WHO reported highest number of COVID-19 cases in
Europe (1.4 million) and Americas (1.2 million) with a high crude rate of >100
cases/100K. But South and Central Africa experienced lowest incidence of <4
cases/100K. By 30th May, COVID-19 propagated towards Eastern Mediterranean
region. Fifty-five countries of the world experienced high incidence rate of >150
cases/100K in this month. Situation by 30th June, shows a random distribution with a
low incidence in central Africa and Western Pacific and high incidence in Europe,
Americas, and Eastern Mediterranean regions.
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Figure 1a. Global COVID-19 crude rate per 100K population (January—June 2020).

By 30th July, United States COVID-19 cases reached to 4.3 million cases,
followed by 2.5 million cases in Brazil, 1.6 million in India and 0.8 million in Russia.
However, the highest rate of (465 to 6000 cases/100K) was recorded for 43 countries
from Americas, Europe, and Eastern Mediterranean regions. August, and September,
showed similar trend of COVID-19 crude rate as shown in Figure 1b. High-rate
countries in these months includes from South Americas, Eastern Mediterranean, and
a few from Europe regions. Analysis also reveals that COVID-19 incidence in USA
decreased from the month of August, in comparison with previous months.
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Figure 1b. Global COVID-19 crude rate per 100K population (July—December 2020).

However, in October, USA again approached in leading countries of the world
with 2600 cases/100K. Apart from this, thirty-nine other countries mainly from South
Americas, and Caribbean from Americas, Spain, France, Czech Republic, Belgium,
Armenia, Andorra, Gibraltar, Luxemburg, Moldova, Montenegro, Netherlands, and
San Marino from Europe experienced a high COVID-19 crude rate. Seventy seven
countries of the world recorded high COVID-19 rate in November, which include
countries from Americas, Europe, and Russia along with some from Eastern
Mediterranean (Iraq, Jordan, Oman, UAE and Qatar). On the other hand, thirty seven
countries from Western Pacific region and central Africa experienced as low as less
than 1 to 44 cases/100K populations. End of December, revealed another high peak
of COVID-19 incidence, globally affected seventy countries of the world with as high
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rate of >2000 cases/100K population. Most of these countries belong to Americas and
Europe with 3500 cases /100K population. At the same time, Central Africa and China
revealed the lowest crude rate, i.e. <20 cases/100K.

3.2 Hot Spot Analysis

Figures 2a and 2b reveal the hot and cold spots of COVID-19 incidence from 29th
February to 30th December 2020. On 29th February, Western Pacific was found to be
the only major hot spot of COVID-19, China being the most significant hot spot with
99% confidence level. Lai et al (2020) also reported highest daily cumulative index of
COVID-19 in China during this time.

Results of March, and April, were quite significant to compare with the findings
of Shariati et al (2020) for hot spot detection of COVID-19 incidence. On 31st March,
COVID-19 incidence relatively decreased in China due to strict lockdown policies (Sun
et al. 2020) and hot spot moved towards the Europe with high positive z-scores and
significant p-values at 95% to 99% confidence level. Similar results were found for
April, with Europe as a major hot spot and central Africa as a major cold spot.

In May, Europe persists to be the hot spot with 99% confidence and highest z-
score followed by USA from Americas. Pakistan, Syria and Egypt from Eastern
Mediterranean and Algeria from Africa also identified as hot spots with 90%
confidence. China from Western Pacific region, Namibia, Zambia, Zimbabwe, Malawi,
Botswana, and Madagascar from South Africa were identified as cold spot with 90%
confidence and lowest z-scores values. Central African countries including Democratic
Republic of Congo, Chad, Nigeria and Cameron were found to be significant cold spots
with 95 to 99% confidence. Further on, the only hot spot identified in June, was South
America mainly Brazil and surrounding countries with highest z-scores and 99%
confidence. A study by Gomes.et al (2020) also verified that an exponential growth of
COVID-19 cases occurred in northeastern parts of Brazil during this time period. Hots
pot analysis of 31st July revealed several countries from Eastern Mediterranean as
major hotspot along with Europe at 99% confidence level. Again, Central Africa was
the only significant cold spot identified during that time.

By 30th August, significant hot spots were identified in South American
countries and USA with 95 to 99% confidence level. Pakistan, Afghanistan,
Kazakhstan, Iran, Iraqg and Turkey were also identified as hot spots with 90 to 95%
confidence level. In total 66 countries of the world were found to be significant hot
spots and 65 countries from South central Africa and Western pacific region were
identified as cold spots with 90 to 99% confidence level. Similar hot and cold spots
were identified in September. However, October identifies Europe as a significant hot
spot along with countries from Eastern Mediterranean and Americas with 90 to 99%
confidence level. More than hundred countries from these regions were identified as
hot spots while 73 countries from Western pacific and Africa were identified as
significant cold spots with 90 to 99% confidence. Similar hot spot results were
revealed during November, with 108 countries as significant hot spots and 93
countries as significant cold spots with 90 to 99% confidence level. On 30th
December, 64 countries mainly from Europe, a few from Eastern Mediterranean, and
Africa, and USA from America was identified hot spot with 90 to 99% confidence
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level, while 77 countries were identified as cold spots from Western Pacific and
Africa.

29 February
2020

30 June

Figure 2a. Hot and cold spot detection of COVID-19 using Getis Ord G* (February—July 2020).
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Figure 2b. Hot and cold spot detection of COVID-19 using Getis Ord G* (August—-December
2020).

3.3 Spatial Clusters and Outliers Analysis

Spatial clustering of COVID-19 through Anselin Local Moran’s I is displayed in Figure
3a and 3b. China from Western Pacific was found to be the major High incidence
cluster of COVID-19 on 29th February, while Central and South America and some
countries from South Africa were identified as Low incidence clusters. By the end of
March, High clusters of COVID-19 incidence shifted towards Europe. Central and
South America, South and Central Africa, along with some countries from Western
Pacific including China were identified as low incidence clusters of COVID-19. Low-
high outliers were discovered in Eastern Europe and Northern Africa. Iran was
identified as the only high low outlier because of its high COVID-19 incidence
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surrounded by low incidence countries. Similar clusters-outliers pattern was observed
for the cumulative incidence of April, with no significant difference. However, a
considerable change was witnessed in May. Europe, Canada from Americas, Saudi
Arabia and Iraq from Eastern Mediterranean were identified as high incidence cluster
of COVID-19. Pacific and South-Central Africa remained low incidence clusters. Gabon
from Africa was the only high incidence outlier surrounded by low incidence in
surrounding countries. Cluster analysis of June, showed South America as the only
high incidence cluster of COVID-19.

Qs IS

Figure 3a. Cluster and outliers of COVID-19 incidence using Anselin Local Moran’s /
(February—July 2020).
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Figure 3b. Cluster and outliers of COVID-19 incidence using Anselin Local Moran'’s /
(August—December 2020).

Western Pacific and South Africa were analyzed as low incidence cluster except
Gabon as High-low outlier. Spatial clusters of high incidence increased in July, along
addition of Europe, some Eastern Mediterranean countries, Canada, Argentina,
Bolivia, Peru and Chili. Europe was not found to be the major cluster of high COVID-
19 incidence during August and September, but South America and Eastern
Mediterranean region were depicted in high incidence cluster group. But situation
reverts again during October and November, making Europe as high incidence spatial
cluster along with some Eastern Mediterranean and South American countries. It is
interesting to note that between high clusters, some countries were also identified as
spatial outliers with low COVID-19 incidence surrounded by high incidence countries.
In contrary, South Africa was the only spatial outlier identified with high COVID-19
incidence from September to December. Results of spatial clustering of December,
revealed high incidence cluster in Europe whereas, low incidence cluster in Western
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Pacific. However, Low-high outliers were identified in some parts of Europe, North
Africa and Canada.

3.4 Global Autocorrelation Analysis

Table 1 and Figure 4 displays the results of Global Spatial Autocorrelation analysis at a
fixed distance band width of 4614 kilometers. Global spatial autocorrelation analysis
of COVID-19 incidence since 30th January to 30th December results a positive
Moran’s | value greater than 0, showing significant clustered pattern. lllustrated
results are based on Moran’s / value, and z-scores (Figure 4). Moran’s value of 0.01
and 0.04 associated with low z-score values of 2.1 and 2.2 in January, and February,
proves less than 1% likelihood that the clustered pattern of COVID incidence could be
the result of random chance. A rapid rise of 0.23 to 0.24 in Moran’s / value and
increased z-scores of 11.28 and 11.85 in March, and April, shows a significant rise in
clustering pattern at a significant p-value of <0.01. However, the results of Global
spatial autocorrelation in May and June lead to some spatial randomness. A decline
can be noted for Moran’s /i.e. 0.16 and z-score i.e.7.98 in May, which further falls to
0.02 and 1.85 in June. It clearly shows that spatial clustering of COVID-19 incidence
falls rapidly in these two months which started to rise again in July. The second
highest peak of COVID-19 incidence was observed through October to December. The
increasing Moran’s | from 0.20 in October, 0.27 in November, and 0.32 in December
strongly rejects the null hypothesis of spatial randomness with p-value <0.01.

Table 1. Global spatial autocorrelation analysis of COVID-19 (January to December 2020).

Month Moran’s Index |Expected Index |[Variance |Z-Score |P-value |Pattern

January 0.016944 —0.00400 0.00009 |2.123 0.033 Clustered
February 0.040581 —0.00400 0.00037 |2.289 0.022 Clustered
March 0.233745 —0.00400 0.00044 |11.28 0.000 Clustered
April 0.244609 —0.00400 0.00044 |11.85 0.000 Clustered
May 0.160163 —0.00400 0.00047 |7.498 0.000 Clustered
June 0.024428 —0.00400 0.00023 |1.854 0.063 Clustered
July 0.164067 —0.00400 0.00049 |7.567 0.000 Clustered
August 0.158929 —0.00400 0.00046 |7.599 0.000 Clustered
September  |0.179963 —0.00400 0.00049 |8.289 0.000 Clustered
October 0.202125 —0.00400 0.00051 |9.054 0.000 Clustered
November |0.276704 —0.00400 0.00053 [12.18 0.000 Clustered
December  |0.328778 —0.004587 0.00056 |14.05 0.000 Clustered
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Figure 4. Global spatial autocorrelation analysis of COVID-19.

4 DISCUSSION

This study provides the initial summary of spatial distribution of COVID-19 during the
year 2020. We presented global spatial distribution of COVID-19 from simple crude
rates to statistically significant high and low values geographic clusters within the
context of neighboring countries and against all countries in the GIS data set (Stopka
et al. 2014). Results of the study revealed strong positive spatial correlation of COVID-
19 incidence between neighboring countries. Altogether these outcomes provide
interesting results along with the chronological changes in the pandemic.

Cluster analysis seek to locate COVID-19 clusters either high or low or outliers,
but hot spot analysis served as complement to indicate the countries where COVID-
19 appear different then the surrounding countries i.e. either hot spot (high
incidence) or cold spot (low incidence). The COVID-19 has spread rapidly soon after
its emergence in Wuhan China in late December, 2019. With the passage of time, the
cluster of COVID-19 kept on moving to Europe and Americas respectively. Gayawan et
al (2020) reported that Africa showed comparatively low incidence in comparison
with Europe, Asia and Americas

COVID-19 crude rate maps of each month provide not only the summary of
COVID-19, spatial intensity but it also provides the global propagation trend. These
maps showed high rate and low rate areas, which keeps on changing throughout the
year. This changing distribution pattern was driven by various factors primarily the
transmission rate, risk factors, capacity of each country to deal with it and control
measures taken by affected countries. Similarly autocorrelation analysis revealed
moving clusters and changing hot spots temporally with some clear trends. During
early2020, it was China and other Western Pacific countries which displayed as High
cluster and hotspot of COVID-19, afterward they started to show decreasing trend.

https://dc.uwm.edu/ijger/vol8/iss1/4
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Chronologically, Europe and North Africa, Americas, and Eastern Mediterranean
remained hotspot for most of the months in comparison with, Western Pacific,
Central and South Africa which remained cold spot for larger period of the time.
Therefore, the countries which get affected in the beginning like China and South
Korea were also the countries that controlled it timely. China took some serious
control measures including, restriction of movement from epicenter of COVID-19 i.e.
Wuhan, restrictions on travel and mass gatherings, cancellation of events, closing of
institutions and wearing masks (Mackenzie et al. 2020). Similarly South Korea
adopted 3T (test, track and treat) approach to minimize its outbreak clusters and
control of epidemic (Kim et al. 2020). In China and North Korea, massive testing
efforts have been successfully carried out. Their testing time dropped from one week
to a one day, hence they control transmission. Beside testing, China contain the
epidemic through quarantine, social distancing and isolation of infected people
(Anderson et al. 2020). After Western Pacific, Europe was found to be the main
hotspot of COVID-19 incidence through March to May. According to European Centre
for Disease Prevention and Control despite of the decreasing and stable trend in most
of the European Union countries, COVID-19 transmission remained widespread
particularly among the aged population. In addition, one third European countries
showed an increase in hospital admission due to this infection during the pandemic
year. USA also maintained highest number of cases of COVID-19 despite of the
control measures and medical facilities during whole year of 2020 (Andersen et al.
2021). Spatial Autocorrelation and hotspot analysis of COVID-19 incidence for the
month of June, revealed least clustering pattern with South America as the only
hotspot region and South Africa as the HL outlier. Least Moran’s [ value of 0.02 and
lowest z-score of 1.8 also reflects some sort of spatial randomness in disease
incidence in this month.

Almost all countries of South America recorded COVID-19 cases by the end of
April (Kirby 2020). Uruguay and Paraguay had succeeded to control the pandemic, but
Brazil and Peru were affected to greater extent during the first wave of COVID-19 and
became included in high spatial clusters and hot spot region since 30th June
(Gonzalez-Bustamante 2021). High social vulnerability and absence of mobility
restrictions are considered to be the main reasons of high COVID-19 rates in Brazil
(Coelho et al. 2020).

Afterwards, by the end of July 700 million population of Eastern Mediterranean
Region also came under the influence of high Covid-19 incidence. These countries
showed comparatively low transmission rate till April, but mass gathering specially
pilgrimages and relaxation in lockdown during May, the Holy Month of Ramadan
accelerated number of cases (Al-Mandhari et al. 2020). Thus, from July to November
these countries were the part of high spatial clusters and hot spots of Covid-19
incidence along with Europe and Americas.

Although strict control measures, including restrictions on Umrah, gatherings in
mosques and churches, closure of educational and other institutions and even
restrictions on travels also helped in slowing down the spread. WHO also gave special
attention to EMR through training, monitoring and provision of testing and personal
equipment (Al-Mandhari et al. 2020).
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In comparison to all high spatial clusters and hot spots, Africa remained least
affected by COVID-19 and emerged as low spatial cluster and cold spot of COVID-19
incidence during the whole pandemic year. Although few northern countries
remained the part of hotspot during early months of the year and South Africa was
identified as the only HL outlier from June to December. Makoni (2020) also reported
immediate preventive measures like closure of the borders, confirmed case
guarantined, and widespread curfew helped in slowing down the spread of infection
in Africa. But later in September, this region showed a slight increase constituting 5%
of global infection.

Among Western Pacific regions, COVID-19 incidence rate in Australia had also
not been as high as China. This had been made possible by swift lockdown, shutting
down of all institutions, heavy fine for not observing social distance and wearing
masks, and forced quarantine for travelers returning homeland (Berger et al. 2020).
Similarly New Zealand was also one of the country with lowest cases and incidence of
COVID-19 among high income countries because of their intense execution of
national COVID-19 control strategies (Jefferies et al. 2020).

Temporal analysis of COVID-19 incidence using global spatial autocorrelation
based on Moran’s | and z-score exposed two peaks high spatial clustering of the
pandemic in the world i.e. one for the months of March-April, and the second for
November-December. In contrary, Moran’s | for the month of June, revealed least
clustering of the disease reflecting a spatial randomness.

There are some limitations to our research. We use data from the single
source, i.e. WHO situation reports. Spatial cluster and hots pot analysis of COVID-19
incidence were performed from the month of February as minimum 30 spatial
features were required to run the analysis for significant results in GIS environment.
We use cumulative COVID-19 cases for each month instead of new cases for the
specific month; hence it may affect clustering results. There are many problems with
the COVID-19 outbreak cases data at the international level. Examples include the
problem of underreporting in low-income countries with insufficient testing facilities,
the population size of asymptomatic cases in African countries with significantly
lower national average age, and problems for medical service accessibility in
countries with insufficient healthcare systems. Therefore, hot or cold spot analysis in
a single or federal country with the same or similar healthcare systems can be
significant when approached from a policy perspective. However, approaching based
on macroscopic global statistics rather than microscopic data can significantly distort
results due to age standardization problems and the population size problem of
asymptomatic cases. In addition, we did not compare mortality and recovery rates
with incidence rate of COVID-19.

Notwithstanding these limitations, our study provides a meaningful backdated
analysis about spatial diffusion or transmission of COVID-19 incidence during all
months of the pandemic year 2020 at global level. Thus, study will provide a baseline
approach for epidemiologists to examine the causes of COVID-19 transmission for
future research. Moreover, it helps the countries to revise and enhance the
pharmaceutical and non-pharmaceutical policies and interventions to break the chain
of spatial clusters of COVID-19 in forthcoming year. Currently in 2021, because of the
emergence of new variants and vaccine development and its provision, the spatial
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pattern of COVID-19 incidence is quite different than 2020. Some of the countries like
China, North Korea did not experience second wave, however other countries, for
example India presently showing the high incidence as second wave. Thus, this study
provokes new research questions and provides the base for the up forth comparative
spatial research with the successive years and also among different regions and
countries.

REFERENCES

Al-Mandhari, A. S., Brennan, R. J., Abubakar,A. and Hajjeh, R. (2020) Tackling COVID-
19 in the Eastern Mediterranean Region. The Lancet, 396 (10265), 1786-1788.
doi: 10.1016/50140-6736(20)32349-7

Andersen, L. M., Harden, S. R., Sugg M. P., Runkle, J. D. P. and Lundquist T. E. (2021)
Analyzing the spatial determinants of local Covid-19 transmission in the United
States. Science of The Total Environment, 754(142396)

Anderson, R. M., Heesterbeek, H., Klinkenberg, D. and Hollingsworth, T. D. (2020)
How will country-based mitigation measures influence the course of the
COVID-19 epidemic? The Lancet, 395(10228), 931-934

Anselin, L. (1995). Local indicators of spatial association—LISA. Geographical Analysis,
27(2), 93-115

Berger, E. and Reupert, A. (2020) The COVID-19 pandemic in Australia: Lessons learnt.
Psychological Trauma: Theory, Research, Practice, and Policy, 12(5), 494-496.
doi: 10.1037/tra0000722

Bivand, R., Miiller, W. G. and Reder, M. (2009) Power calculations for global and local
Moran’s |. Computational Statistics & Data Analysis, 53(8), 2859-2872

Cao, Y., Hiyoshi, A. and Montgomery, S. (2020) COVID-19 case-fatality rate and
demographic and socioeconomic influencers: Worldwide spatial regression
analysis based on country-level data. BMJ Open, 10(11). doi:10.1136/bmjopen-
2020-043560

Cavalcante, J. R. and Abreu, J. L. (2020) COVID-19 in the city of Rio de Janeiro: Spatial
analysis of first confirmed cases and deaths. Epidemiology and Health Services,
29(3). doi: 10.5123/51679-49742020000300007

Coelho, F. C,, Lana, R. M., Cruz, O. G,, Villela, D. A. M., Bastos, L.S., Piontti, A.P., Davis,
J.T., Vespignani, A., Codeco, C.T., Gomes, M.F.C. (2020) Assessing the spread
of COVID-19 in Brazil: Mobility, morbidity and social vulnerability. PLoS One,
15(9). doi: 10.1371/journal.pone.0238214

ERS. (European Respiratory Society) (2020) COVID-19: Information and resources.
Retrieved 23 March, 2020, from https://www.ersnet.org/the-society/news
/novel-coronavirus-outbreak-update-and-information-for-healthcare-
professionals

Fatima, M., O’Keefe, K. J., Wei, W., Arshad, S., Gruebner, O. (2021) Geospatial
Analysis of COVID-19: A Scoping Review. International Journal of Environmental
Research and Public Health, 18(5). doi: 10.3390/ijerph18052336

Published by UWM Digital Commons, 2021

15



International Journal of Geospatial and Environmental Research, Vol. 8, No. 1 [2021], Art. 4

Franch-Pardo, |., Napoletano, B. M., Rosete-Verges, F. and Billa, L. (2020) Spatial
analysis and GIS in the study of COVID-19. A review. Science of the Total
Environment, 739(140033). doi: 10.1016/j.scitotenv.2020.140033

Gangodagamage, C., Zhou, X. and Lin, H. (2008) Autocorrelation, Spatial. Encyclopedia
of GIS, S. Shekhar and H. Xiong. Boston, MA, Springer US: 32-37

Gayawan, E., Awe, O. O., Oseni, B. M., Uzochukwu, I. C., Adekunle, A., Samuel, G.,
Adegboye, O. (2020) The spatio-temporal epidemic dynamics of COVID-19
outbreak in Africa. Epidemiology ~ and  Infection, 148(e212).
doi:10.1017/50950268820001983

Gomes, D. S., Andrade, L. A,, Ribeiro, C. J. N., Peixoto, M. V. S,, Lima, S., Duque, A,,
Santos, A. (2020). Risk clusters of COVID-19 transmission in northeastern Brazil:
Prospective space—time modelling. Epidemiology and Infection, Cambridge
University Press, 148(2). doi:10.1017/50950268820001843

Gonzalez-Bustamante, B. (2021). Evolution and early government responses to COVID-
19 in South America. World Development 137: 105180

Hazbavi, Z., R. Mostfazadeh, N. A. and Azizi, E. (2020) Spatial and temporal analysis of
the COVID-19 incidence pattern in Iran. Environmental Science and Pollution
Research, 1-11. doi:10.1007/s11356-020-11499-0

Hohl, A., Delmelle, E. M., Desjardins, M. R. and Lan. Y. (2020) Daily surveillance of
COVID-19 using the prospective space-time scan statistic in the United States.
Spatial and Spatio-temporal Epidemiology, 34(100354). doi: 10.1016/j.sste.2020
.100354

Jefferies, S., N. French, N., Gilkison, C., Graham, G., Hope, V., Marshall, J., McElny, C.,
McNeill, A., Petra,M., Shevaun, P., Namrata, P., Julia, S., lillian, S., Liang,Y., and
Patricia,P. (2020) COVID-19 in New Zealand and the impact of the national
response: A descriptive epidemiological study. The Lancet Public Health, 5(11),
€612-e623

Kim, S. and Castro, M. C. (2020) Spatiotemporal pattern of COVID-19 and government
response in South Korea (as of May 31, 2020). International Journal of
Infectious Diseases, 98, 328-333. doi: 10.1016/].ijid.2020.07.004

Kirby, T. (2020) South America prepares for the impact of COVID-19. The Lancet
Respiratory Medicine, 8(6), 551-552. doi:10.1016/52213-2600(20)30218-6

Lai, C. C.,, Wang, C. Y., Wang, Y. H., Hsueh, S. C., Ko, W. C. and Hsueh, P. R. (2020)
Global epidemiology of coronavirus disease 2019 (COVID-19): Disease
incidence, daily cumulative index, mortality, and their association with country
healthcare resources and economic status. International Journal of
Antimicrobial Agents, 55(4), 105946

Lakhani, A. (2020) Which Melbourne Metropolitan Areas Are Vulnerable to COVID-19
Based on Age, Disability, and Access to Health Services? Using Spatial Analysis
to Identify Service Gaps and Inform Delivery. Journal of Pain and Symptom
Management, 60(1), e41-e44

Li, H., Ding, Z., Hu, Z., Chen, F., Wang, K., Peng, Z., Shen, H. (2020) Spatial statistical
analysis of Coronavirus Disease 2019 (Covid-19) in China. Geospatial Health,
15(1), 867. d0i:10.4081/ gh.2020.867

https://dc.uwm.edu/ijger/vol8/iss1/4

16



Fatima et al.: Geospatial Analysis of COVID-19: A Global Summary

Mackenzie, J. S. and Smith, D. W. (2020) COVID-19—A Novel Zoonotic Disease: A
Review of the Disease, the Virus, and Public Health Measures. Asia Pacific
Journal of Public Health, doi:1010539520931326

Makoni, M. (2020) COVID-19 in Africa: Half a year later. The Lancet Infectious
Diseases, 20(10), 1127. doi: 10.1016/51473-3099(20)30708-8

Mollalo, A., Vahedi, B. and Rivera, K. M. (2020) GIS-based spatial modeling of COVID-
19 incidence rate in the continental United States. Science of the Total
Environment, 728(138884) 22. doi: 10.1016/j.scitotenv.2020.138884

Moran, P. (1950) Some remarks on animal population dynamics. Biometrics, 6(3),
250-258

Murad, A. and Khashoggi, B. F. (2020) Using GIS for disease mapping and clustering in
Jeddah, Saudi Arabia. ISPRS International Journal of Geo-Information, 9(5), 328

Ord, J. K. and Getis, A. (2001) Testing for local spatial autocorrelation in the presence
of global autocorrelation. Journal of Regional Science, 41(3), 411-432

Rex, F. E., Borges, C. A. S. and Kafer, P. S. (2020) Spatial analysis of the COVID-19
distribution pattern in Sdo Paulo State, Brazil. Cien Saude Colet, 25(9), 3377-
3384. doi:10.1590/1413-81232020259.17082020

Rezaeian, M., Dunn, G., Leger, S. and Appleby, L. (2007) Geographical epidemiology,
spatial analysis and geographical information systems: A multidisciplinary
glossary. Journal of Epidemiology & Community Health, 61(2), 98-102

Shariati, M., Mesgari, T., Kasraee, M. and Jahangiri-rad, M. (2020) Spatiotemporal
analysis and hot spots detection of COVID-19 using geographic information
system (March and April, 2020). Journal of Environmental Health Science and
Engineering, 18(2), 1499-1507. doi: 10.1007/s40201-020-00565-x

Stopka, T. J., Krawczyk, C., Gradziel, P. and Geraghty, E. M. (2014) Use of spatial
epidemiology and hot spot analysis to target women eligible for prenatal
women, infants, and children services. American Journal Of Public Health, 104
Suppl 1, S183-5189

Sun, Z., Zhang, H., Yang, Y., Wan, H., Wang, Y. (2020) Impacts of geographic factors
and population density on the COVID-19 spreading under the lockdown policies
of China. Science of The Total Environment, 746, 141347

WHO. (World Health Organization) (2020) Novel Coronavirus(2019-nCoV) Situation
Report - 10 (30 January 2020), World Health Organization

WHO. (World Health Organization) (2021) Coronavirus (COVID-19). Retrieved 4th
January 2021, from https://covid19.who.int/

WHO. (World Health Organization) (2021) Definition of Regional Groupings. Health
statistics and information systems Retrieved 18th Febrary 2021, from
https://www.who.int/healthinfo/global_burden_disease/definition_regions/e/

Worldometer. (2020) Population. World Population Retrieved 12.11.2020, 2020,
from https://www.worldometers.info/population/

Yang, W., Deng, M., Li, C. and Huang, J. (2020) Spatio-Temporal Patterns of the 2019-
nCoV Epidemic at the County Level in Hubei Province, China. International
Journal of Environmental Research in Public Health, 17(7). doi:10.3390/
ijerph17072563

Published by UWM Digital Commons, 2021

17



	Geospatial Clustering and Hot Spot Detection of COVID-19 Incidence in 2020: A Global Analysis
	Recommended Citation

	Geospatial Clustering and Hot Spot Detection of COVID-19 Incidence in 2020: A Global Analysis
	Abstract
	Keywords

	Geospatial Clustering and Hotspot Detection of Covid-19 Incidence in 2020: A Global Analysis

