
Abstract
The rapid transmission rate of coronavirus disease 2019

(COVID-19) is multi-factorial but primarily due to population
mobility and aggregation. This research aimed at estimating the
rate based on risk mapping and investigation of geospatial distri-
bution. It was divided into different phases that included data col-
lection through a self-identification form available online; data
validation of the data collected; application of spatial statistics;
comparison with official numbers of positive COVID-19; and
mapping of the results. The results show that self-identification
based on procurement of independent personal data online had an
accuracy of 89%.

Introduction
The transmission rate of corona virus disease 2019 (COVID-

19) is unusually fast (Gangwar and Champati, 2021). Within one
year since the first case was discovered in Wuhan, China at the

end of December 2019, the infection according to the World
Health Organisation (WHO) was already in 180 countries, where
it had infected 270,791,973 people, and killed as many as
5,318,216 (https://COVID19.who.int//). In Indonesia, COVID-19
was first announced on 2 March 2020 and had by 15 December
2020 spread to 34 provinces infecting 4,259,644 people, out of
whom 143,969 patients had died (Ministry of Health of Indonesia,
2020).

Surveillance of COVID-19 was rapidly initiated to prevent
and slow down transmission. Significantly, this contributed to sav-
ing vulnerable populations from infection and helped keeping ade-
quate health facilities available by preventing excessive burdens
of hospital intake (Liu et al., 2021). Contact tracing and travel his-
tory are essential preventive measures against contact with infect-
ed people in high-transmission areas. To support this general goal,
we attempted to produce a reliable distribution map of COVID-19
by developing a geospatial platform with an online, self-identifi-
cation form that people can fill in independently. This information
can be compared with data from both provincial and district health
offices.

By applying a web-based approach and a geographical infor-
mation system (GIS), a large area can be mapped and show the
changing patterns during this pandemic. It would not only be
appropriate by contributing to limiting mobility when needed, but
it would also be cost-efficient and timely (Pelucchi et al., 2020).
In addition, this approach should help determine epicentres, trans-
mission points and time series of varying transmission strength so
that the distribution pattern in an area can be better managed. 

Materials and methods
A spatial analysis was carried out to find the density index of

the COVID-19 distribution based on incidence data sourced from
the South Sulawesi Provincial Health Office (https://COVID19.
sulselprov.go.id.). It was done to give the level of coronavirus
transmission throughout the South Sulawesi region to be used as
reference for decisions, such as to take immediate action whether
or not a place needs a regional quarantine. 

This research was divided into five phases that included: i)
creation of a space-based COVID-19 self-identification form and
using it for data collection; ii) data validation; iii) analysis of the
data; iv) mapping of the results; and v) spatial analysis of the dis-
tribution of positive COVID-19 cases.

Time and place 
The research was conducted between March and December

2020 in South Sulawesi Province, Indonesia, situated around lati-

Correspondence: Andi A. Zainuddin, Faculty of Medicine, Hasanuddin
University, Makassar, 90245 Indonesia. Tel.: +628124155183. 
E-mail: a.alfian@med.unhas.ac.id

Key words: COVID-19; risk mapping; geospatial; South Sulawesi;
Indonesia.

Acknowledgements: thanks to the Consortium of COVID-19 Research
and Innovation (BRIN), Ministry of Research, Technology and
Education; Education Fund Management Institution (LPDP) for sup-
porting research funding; and Hasanuddin University. Thanks also to
ESRI, Indonesia for helping ArcGIS online software.

Received for publication: 2 July 2021.
Revision received: 14 February 2022.
Accepted for publication: 15 February 2022.

©Copyright: the Author(s), 2022
Licensee PAGEPress, Italy
Geospatial Health 2022; 17(s1):1034
doi:10.4081/gh.2022.1034

This article is distributed under the terms of the Creative Commons
Attribution Noncommercial License (CC BY-NC 4.0) which permits any
noncommercial use, distribution, and reproduction in any medium, pro-
vided the original author(s) and source are credited.

Risk mapping and estimation of COVID-19 transmission in South Sulawesi,
Indonesia by a self-identification survey
Andang Suryana Soma,1 Andi Alfian Zainuddin,2 Shanti Riskiyani,3 Nurhaya Nurdin,4

Muhammad Firdaus Kasim,2 Joko Hendarto,2 Masriadi2

1Faculty of Forestry; 2Faculty of Medicine; 3Faculty of Public Health; 4Faculty of Nursing, Hasanuddin
University, Makassar, Indonesia

                                      [Geospatial Health 2022; 17(s1):1034]                                                        [page 65]

                                                                Geospatial Health 2022; volume 17(s1):1034

Non
-co

mmerc
ial

 us
e o

nly



tude 4°20’ S and longitude 120°15’ E. The province covers an area
just above 46,717 km2 with a total population in 2020 of around 9
million people, which makes this province one one of the most
densely populated areas in Indonesia.

Data collection
The primary collection included quantitative data through a

survey based on self-identification forms posted online and vali-
dated (see below) by volunteers. Secondary data were collected
from the South Sulawesi Provincial Health Office through its web-
site https://COVID19.sulselprov.go.id. 

Forms
Self-identification forms (Figure 1) were used to collect direct

information about symptoms experienced by community residents.
The data were obtained by survey123 (https://survey123.arcgis
.com/share/cdeb9c57367e47df969f3fe394cbf410) available from
the Environmental Systems Research Institute (ESRI), Redlands,
CA, USA. The form works on smart devices, laptops or desktops
capturing and saving data even when disconnected, such as when
used in environments far away. 

The information asked for people’s symptoms; travel to sus-
pected, high-risk transmission areas within the last 14 days; and
exposure history (for example, have you been in close contact with
someone tested positive for COVID-19 or have you visited any
public facility related to COVID-19). 

The results garnered from completed forms were used to sort
the respondents into high-risk, moderate-risk, low-risk categories
including a separate one including those who had visited a high-
transmission area. In this way, the filled-in forms can reflect the
actual condition of each community. 

Inclusion-exclusion limits
Information in forms from people who did not give their cell

phone numbers, name or otherwise did not finish filling them
properly, was also excluded. Data generated were also not used
when it was concluded that if they referred to people with symp-
toms different from those typical for COVID-19. 

Data validation 
Volunteers contacted each respondent via telephone to find out

about the data provided and symptoms experienced to secure iden-
tities and confirm wich category to assign them to. Additional val-
idation was carried out regarding low-risk data and forms that
could not be validated directly by telephone. By this validation, the
population could be classified into four classes, i.e. patients under
supervision (PDP = pasien dalam pengawasan), if people had
upper respiratory tract infection symptoms such as fever, cough,
shortness of breath, sore throat with history of travel to suspected,
high-risk transmission areas within the last 14 days, and had expo-
sure history; people under monitoring (ODP = orang dalam
pemantauan), if people had upper respiratory tract infection symp-
toms such as fever, cough, shortness of breath, sore throat without
history of travel to suspected, high-risk transmission areas within
the last 14 days, and had exposure history; people who had visited
an area with known COVID-19 infections but had no any symp-
toms (OTG = orang tanpa gejala); and people not suspected for
COVID 19.

Spatial statistics
We used kernel density estimation (KDE) to find the density

distribution of the COVID-19 distribution based on the validated

results. In this way, we could calculate the density probability as its
moothly tapered towards points whose values represent the pre-
dicted density value (Seaman and Powell, 1996). The following
formula determined the KDE: 

(1)

where i = 1…n is a point; popi the field population value at point
i; and disti the distance between point i and location x,y. We only
included points within the 1-km radius of the x, y location.

Accuracy validation 
We also investigated the accuracy of the data from the self-

identification forms as sourced from respondents by comparing it
with the available official data. An assessment of COVID-19 risk
was carried out by analyzing the COVID-19 distribution in South
Sulawesi Province by mapping the results of the self-identification
form using the receiver operating characteristic (ROC) to plot pre-
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Figure 1. The self-identification forms used the ArcGIS
Survey123 App.
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dicted probabilities and estimate the model’s accuracy. The area
under the curve (AUC) measured the overall fit and comparison of
model predictions (Soma and Kubota, 2018). It was done by using
the map with the correct events in the field from South Sulawesi
Provincial Health Office until December 2020. It was done to
determine if the COVID-19 map produced could be trusted as reli-
able. 

Results
As many as 18,888 people filled in the self-identification

forms and posted the results online. Most forms were received in
March 2020, after which the temporal distribution was relatively
even (Figure 2). As can be seen from the spatial distribution shown
in Figure 3, we did not only receive forms from South Sulawesi
residents, but also from outside visitors. 

There were 3 steps to find the data - First Data from Self-
Identification. We received forms from 18,888 people. These were
sorted into four categories: 356 with high-risk, 1967 with moderate
risk; 3744 with low risk after visiting areas with COVID-19 trans-
mission; and 12,658 with low risk. Second data from Screening
first data with who had not filled in the forms properly as men-
tioned under the inclusion-exclusion limits, 7465 respondents were
left (Figure 4). Third data from direct validation by telephone from
second data, only 3692 respondents remained. By confirmation of
the data filled into the self-identification form, these 3692 respon-
dents fell into four groups as follows: PDP=71 people; ODP=305;
OTG=501 people; and people not suspected for COVID-19 =2815
people (Figure 4). 

Based on responding residents in South Sulawesi Province had
suspected for COVID-19 infection and for whom validity had been
confirmed by our volunteers and also the health centre officers, a

mapping was carried out as shown in Figure 5. Although concen-
trated in the provincial capital Makassar, the 877 respondents with
indications of exposure to the infection (PDP, ODP and OTG peo-
ple) were spread across all districts and cities in the province.

Figure 6 shows the confirmed positive cases (9102) based on
COVID-19 mapping from South Sulawesi Provincial Health
Office. Moreover, we developed COVID-19 infection susceptibil-
ity map by using kernel density estimation from validated self-
identification form, which found the highest distribution of
COVID-19 (877) in South Sulawesi Province. The high suscepti-
bility index was concentrated on the province capital, Makassar
City and the two border regencies, Gowa and Maros (Figure 7).

The COVID-19 susceptibility index mapping was based on the
results of self-identification after validation using official informa-
tion from South Sulawesi Provincial Health Office
(https://COVID19.sulselprov.go.id) providing data on COVID-19
positive cases in regencies/cities in South Sulawesi Province. From
these data, it can be seen that the highest density of cases was in
Makassar City. From the ROC curve, it was found that the accura-
cy value was 0.89 or 89% (Figure 8), therefore it could be conclud-
ed that the self-identification process for detecting positive cases
had a high accuracy.

Discussion
The return of self-identification forms by as many as 18,888

people emphasizes the platform as an efficient and effective way to
rapidly collect information and identify the COVID-19 conditions
in the different communities (Gangwar and Ray, 2021; Langran
and DeWitt, 2020; McCall, 2021). The isolation period for patients
identified by active surveillance was significantly shorter, about 2-
3 days less than the cases found by self-identification.

                                                                                                                                Article

Figure 2. Distribution of incoming data forms over time.
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Figure 3. Spatial distribution of incoming data forms.

Figure 4. Distribution of respondent data from the beginning to the final validation.
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Figure 5. Distribution people in South Sulawesi Province suspected for COVID-19 based on the validation results.
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Figure 6. Map of confirmed COVID-19 case distribution in South Sulawesi Province.
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Figure 7. COVID-19 susceptibility index map based on kernel density estimation (KDE) of validated self-identification data.
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Based on the results of self-identification validation, it was
found that the distribution of 877 respondents, for whom there
were indications of COVID-19 exposure, were most common in
Makassar City but also spread across all districts/cities in South
Sulawesi Province. This information is strengthened through the
susceptibility index map of the self-identification data (Figure 7).
This geospace-based mapping makes it easier to see the COVID-
19 transmission pattern and limited our planned movements as
proposed by Gangwar and Ray (2021). 

Spatial analysis of COVID-19 distribution aims to elucidate
the level of the coronavirus transmission throughout the South
Sulawesi region so that it can be used as a reference in making
immediate decisions, such as whether or not a place institute a
regional quarantine. The KDA approach was used because it has
the advantage of transforming a collection of scattered points into
a density index, in this case, that of COVID-19 susceptibility
(Seaman and Powell, 1996; Setiawan et al., 2016).

Surveying by self-identification provides rapid assessment of
the transmission situation of SARS-CoV-2 infection in an area.
The accuracy is high as evidenced by the 89% rate based on area-
based risk compared to mapping of the confirmed positive cases.
The limitation of this study is that self-identification simply refers
to population mobility and exposure history, so it should only be
used in the intial period of viral transmission growth in an area.
Indeed, this rapid assessment model can be a reference for quick
assessment of any infectious disease whose information increases
with population mobility.

Conclusions
The study results show that positive cases of COVID-19 have

spread in almost all districts/cities in South Sulawesi Province,
with Makassar having the highest number of cases. The self-iden-

tification form based on a geospatial platform that can be filled in
online accurately describes the state of positive COVID-19
patients in the province. Thanks to its high accuracy rate, the
COVID-19 susceptibility index map based on validated self-iden-
tification data can be used as reference in handling COVID-19.
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