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Abstract: In December 2019, coronavirus (COVID-19) caused by SARS-CoV-2 was first discovered in
Wuhan, China. This virus has a high transmission rate and can be transmitted through droplets,
airborne, and aerosols. The clinical manifestations are very diverse ranging from mild, moderate, and
severe. Therefore, this study aims to conduct a clustering of the spread of the Covid-19 pandemic to
facilitate the identification and handling. The method of the K-Means algorithm can be used as a
method to obtain the desired clustering. The implementation and evaluation were conducted using
RapidMiner tools and Davies Bouldin Index (DBI) respectively. Furthermore, the data sources by
Kangdra (2020) were used with a total sample of 110 for the period March-June 2020. The results
showed that the optimal cluster is located at k: 2 with a DBI value: 0,094 as the lowest value. Therefore,
the cluster is strong since a smaller DBI value gives a better cluster. The clustering obtained is Cluster 1
and 2 with mild and moderate severity. The results are expected to facilitate a better zone identification
of the COVID-19 severity level and rising people awareness.
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Introduction

The WHO has reported 57,882,183 and 1,377,395 confirmed and death cases as of November
2020. Currently, the pandemic has spread almost all over the world, and in the province of North
Sumatra, as of June 3, 2020, there were 444 positive confirmed cases, 43 deaths, and 159 recoveries.

The high number of confirmed positive cases as many as 444 cases as of June 3, 2020 based on
the background of cases in North Sumatra Province, has a different severity of COVID-19 and can be
seen during the initial examination at the hospital. Thus, patients who are hospitalized with high
severity should be given more attention and special care. This is one of the efforts to reduce the spread
of Covid-19

Common signs and symptoms of the infection are acute respiratory disorders such as fever
(83% -98%), cough (76% - 82%), and shortness of breath (31% - 55%) [1]. The incubation period is 5-6
days, and according to WHO (2020), COVID-19 sufferers are divided based on mild, moderate, and
severe symptoms The data with similar characteristics were obtained and grouped through the
clustering method, and it was used to easily identify the severity of COVID-19. One of the algorithms in
clustering often encountered and most often used is K-Means. It is simple, easy to use, efficient, and
widely used [2].

Comorbidities and complications are used to determine the severity of covid-19[3] One of the
methods used is clustering or grouping. Clustering is a technique for identifying and grouping data that
share similar characteristics. One of the algorithms in clustering that is often encountered and most
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often used is K-Means because it has the advantages of being simple, easy to use, and efficient. Due to
the simplicity of the K-means algorithm, it has been used by a large number of previous researchers [4]

In the study of Azarafza Mehdi et al. entitled " Clustering method for spread pattern analysis of corona-
virus (COVID-19) infection in Iran," grouping data based on the K-Means algorithm on the prevalence of
the coronavirus in Iran produces Clustering 0 to 5. The lower the value, the lower the infection risk; for
example, a value of 0 indicates a low risk of infection, while cluster 5 indicates a high risk of infection
[5]

In another study, namely the grouping of covid-19 with the K-means algorithm by entering data
from age, gender, and comorbidities which were grouped into mild, moderate, and weight (Armstrong,
Zhu, Hirdes, & Stolee, 2012). In Indraputra's research (2020) with the title K-Means Clustering Covid-
19 using the Data Mining method, namely K-Means Clustering Microsoft Excel software and Weka
and KNIME Data Mining software, two data clusters were obtained, including those with higher
values. Number of infections and deaths. compared to cluster 1, the handling of this cluster area needs
to be prioritized [6].

In the clustering study of COVID-19 disease in each province in Indonesia, due to the diverse
topography and population of Indonesia, there are variations in the number of cases between provinces.
Therefore, it is necessary to do clustering to compile a map of COVID-19 cases using the K-Means
method according to each province [7].

In cluster research, many researchers used the K-Means algorithm because it has the

advantage that it is faster and easier to implement [8]. There has been no study related to the
clustering of the pandemic based on symptoms in North Sumatra, Medan. Therefore, this study aims to
cluster the level of symptoms of COVID-19 patients at Mitra Medika Amplas Hospital in Medan, North
Sumatra Province, Indonesia, and the results are expected to be a reference for the world of health.

Methods
A retrospective cohort design from Windy Yoanna Kangdra's study entitled Clinical

Characteristics and Comorbid Factors in Patients Under Surveillance (PDP) for Coronavirus Disease
2019 (COVID-19) was used [7]. The attributes or variables used are genders, age, profession, shortness
of breath, cough, painful swallowing, fever, nausea and vomiting, diarrhea, abdominal pain,
comorbidities, Rapid Test and PCR. Sampling was carried out using the total sampling method, with a
population of 122 people, and after being selected, it became 110 people with the inclusion criteria
provisions, namely all medical records of PDP COVID-19 at Mitra Medika Amplas Hospital with
complete data. Repeated or incomplete medical records at Mitra Medika Amplas Hospital were
excluded as exclusion criteria.

Results and Discussion
Data Clustering Analysis
The clustering of COVID-19 severity was taken from the thesis data of Windy Yoanna

Kangdra entitled Clinical Characteristics and Comorbid Factors in Patients Under Surveillance (PDP)
for Coronavirus Disease 2019 (COVID-19) at Mitra Medika Amplas Hospital [9]. The data used was
110 patient medical records in March - June 2020 [9]. Furthermore, K-Means algorithm clustering
analysis was conducted by the Rapidminer application.

Determine K as the Number of Clusters Formed
The data were clustered using the K-Means algorithm, and in the Rapidminer, the cluster was

determined from the smallest Davies-Bouldin Index (DBI) value. Therefore, the smaller the DBI value
obtained (non-negative), the better the cluster using the K-Means algorithm. Tablel showed the results
obtained by analysing the Davies Bouldin Index (DBI) value.
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Table 1. Davies Bouldin Index (DBI)

Cluster DBI Rapidminer
C2 0,094
C3 0,109
C4 0,125
C5 0,137

The results of the DBI values showed (C2;0,094), (C3;0,109), (C4;0,125), and (C5;0,137) with the
smallest being 0.094 in cluster 2. Therefore, the smaller the DBI value, the better the cluster and cluster
2 were used. The 110 data and 13 total attributes used were genders, age, occupation, fever, shortness of
breath, cough, fever, nausea, and vomiting, diarrhea, abdominal pain, comorbidities, rapid tests, and
PCR. Furthermore, the data was used to perform a clustering analysis of the K-Means.

Determining Initial Centroid
The initial centroid is the first cluster center point obtained randomly from the training data. The
selection will affect the results of the cluster, and the following are the initial centroid used:
C0:1;2;2;1;
Cl:1;2;7

;0;1;0;0;0;1;0;1
1 0:1 0:1

1
;2,715 1,05151515051 5151

)’ “

Data Clustering and Machining Iteration

The clustering of data using the closest centroid was based on the comparison of the distance
between the data, and the calculation was conducted until the 2nd iteration. In iterations 1 and 2, the
data did not change the cluster membership, therefore, the iteration was stopped in the 2nd.

Implementation and Testing
Rapidminer software with the K-Means algorithm was used to group data based on the severity of

COVID-19. Furthermore, the test used 110 medical record data which resulted in the following Table 2.

Table 2. Distribution of Cluster Data for COVID-19 patients

Cluster Patient Number
of Patients
Cluster 1 2,5,6,8,11,13,22,24,25,26,29,30,31,32,33,35,37,43,44,45,46,5 49

0,53,63,64,68,69,70,71,73,74,75,76,80,82,84,85,86,90,91,92,9
3,95,96,98,99,100,101,102

Cluster 2 1,3,4,7,9,12,14,15,16,17,18,19,20,21,23,27,28,34,36,38,39,40 61
,41,42,47,48,49,51,52,54,55,56,57,58,59,60,61,62,65,66,67,72
,77,78,79,81,83,87,88,89,94,97,103,104,105,106,107,108,109,
110

Table above showed that the determination of the best number of clusters is seen from the
lowest value of the Davies-Bouldin index (DBI) using Rapidminer software, which is 0.094 in
cluster 2. Meanwhile, Table 3 showed that C2, namely DBI 0.094, is the smallest value close to 0.
Therefore, the smaller the DBI value obtained (non-negative >: 0), the better the cluster from
clustering using the K-Means algorithm
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Table 3. Patient Demographic Characteristics

Variable Description Amount Cluster 1 Cluster 2
Gender 1 : male 1:65 1:29(59,1%) 1:36 (59%)
2 : female 2:45 2 : 20(40,8%) 2 :25(40,9%)
Age 1: <46 years old 1:3 1:2(4,08%) 1:1(1,63%)
2 : > 46 years old 2:107 2 : 47 (96%) 2 :60 (98,6%)
Occupation 1 : Housewife 1:15 1:0(0%) 1:15(24,5%)
2 : Civil servant 2:10 2:0(0%) 2:10 (16,4%)
3 : Entrepreneur 3:36 3:0(0%) 3:36 (16%)
4 : Employee 4:20 4: 20 (40,8%) 4:0(0%)
5 : Teacher 5:6 5:6(12,2%) 5:0(0%)
6 : Farmer 6:10 6:10(20,4%) 6:0(0%)
7 : Retired 7:13 7 : 13 (26,5%) 7 : 0 (0%)

Table 3 showed the demographic characteristics of patients in clusters 1 and 2, where the male
variables were the most dominant of 20 and 36 patients, respectively. This is consistent with the latest
national data dated November 22, 2020, which showed that the percentage of COVID-19 is dominated
by 50.6% male and 49.4% female (COVID-19 Handling Task Force, 2020). A study by Zhang et al.
(2020) also showed the dominance of the male gender as many as 295 people (51.5%). Subsequently,
Guan et al. (2020) found the dominance of the male with a percentage of 58.1% and female at 41.9%.

The age group >46 years was the most dominant with the number in clusters 0 and 1 being 47
and 60 years, respectively. Deny Hidayati's study showed a population that was confirmed positive for
COVID-19 in the province of Jakarta as the epicenter of coronavirus transmission attacking all age
groups. However, people over 46 years old are more vulnerable than other age groups [10]. The type of
occupations in clusters 1 and 2 were dominated by employees and entrepreneurs with 20 and 36
patients, respectively.
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Figure 1. Cluster of Clinical Characteristics of COVID-19 Patients a. Fever b. Cough c. Shortness of
breath

Figure 1 showed the clinical characteristics of fever in clusters 1 and 2 involving 42 (85.9%) and
48 (94.1%) patients. In clinical characteristics of cough, 61 (78.6%) and 49 (85.7%) patients had cough
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in cluster 1 and 2. This is consistent with the study of Jacek Baj 2020 where the majority of COVID-19
patients showed general symptoms, such as coughing either with or without phlegm [11]. This is
possible because occular infection can be caused through the hands or eyes when coughing. It
encourages nasopharyngeal secretions from the nasolacrimal duct to the conjunctival sac [12].
Furthermore, these data were supported by Li et al (2020) which showed that the clinical symptoms of
patients upon admission to the hospital, with cough symptoms in 67.8% of COVID-19 patients, fever
in 43.8%, and shortness of breath were found in 18.7% of patients [13].
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Figure 2. Cluster of Clinical Characteristics of COVID-19 Patients a). Swallowing pain b). Nausea
vomiting, and c). Diarrhea

Figure 2 showed the clinical characteristics of patients with swallowing pain in cluster 1 and 2
involving 42 (85.7%) and 54 (88.0%) people respectively. This is in accordance with one of the main
symptoms of this virus, such as swallowing pain experienced during the incubation period [14]

The relationship between COVID-19 and dysphagia is finding the COVID-19 virus entering the
host cell via angiotensin-converting. Enzyme receptor 2 (ACE-2) in the lower respiratory tract of the
human system. ACE-2, which is mainly associated with cardiovascular disease, is a membrane protein
expressed in the lungs, heart, kidneys, and intestines, causing disturbances mainly in the pulmonary
system, as well as the cardiovascular, gastrointestinal, and hepatic systems [15]. Dysphagia can cause
aspiration pneumonia, there is a decrease in the ability to cough, it is important to do this in elderly
patients with old age to avoid the severity [16]. Considering the clinical characteristics, 32 (65.3%) and
34 (55.7%) people in cluster 1 and 2 did not experience nausea and vomiting. The results of 29 studies
analyzed reported that there were gastrointestinal disturbances as an initial finding in COVID-19
disease, one of which was nausea and vomiting [17]. Manifestations of this symptom can worsen
prognoses such as an increased risk of acute respiratory distress syndrome (OR 2.96 [95% C1 1.17-7.48 |;
p: 0.020 ) and liver injury (OR 2.71 [1.52 — 4.83]; P:0.0007) [18]

Figure 2, showed that 45 (91.8%) and 54 (88.5%) patients in cluster 1 and 2 experienced diarrhea.
Therefore, there are gastrointestinal symptoms, such as diarrhea in COVID-19 patients. This is different
in MERS-CoV or SARS-CoV, where the experience of this digestive disorders is reduced. Therefore, it is
advisable to test urine and fecal samples as well as look for ways to inhibit and reduce the transmission
[19].
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Figure 3. Cluster of Clinical Characteristics of COVID-19 Patients a). Stomach Pain b). Comorbid

Figure 3 showed that 41 (83.6%) and 46 (75%) people experienced abdominal pain in the cluster 1
and 2 of the clinical characteristics of COVID-19 patients. This indicates that most patients experience
digestive disorders, one of which is abdominal pain. This is in line with a systematic review study with
Meta-Analysis from Mao et al (2020) which found an odds ratio of 7.1. Therefore, patients with severe
COVID-19 are 7.1 times more likely to experience abdominal pain than those with mild symptoms [20].

The clinical characteristics of patients with comorbidities in cluster C1 showed that 33 patients did
not have comorbidities, while in cluster C2, as many as 29 patients had comorbidities. Furthermore, the
medical record data of the disease most commonly found showed Diabetes Mellitus (DM) in as many
as 22 patients. This is in line with the study, where patients with comorbidities were dominated by
Diabetes Mellitus (20%) followed by hypertension and other heart diseases with a percentage of 15%

[21]

Table 4. Comorbid Factors of COVID-19 Patients

Comorbid factors

Number of Patients

Diabetes mellitus
Hypertension
Cancer

Chronic Obstructive Pulmonary Disease (COPD)

Ischemic Stroke
Pulmonary TB
No comorbid

22 (20%)
18 (16,3%)
2 (1,8%)

2 (1,8%)

6 (5,45%)
4(3,63%)
63 (57,2%)

Table 4 showed the comorbid factors for COVID-19 patients, consisting of the most diseases,
namely diabetes mellitus, hypertension, cancer, COPD (Chronic Obstructive Pulmonary Disease),

ischemic stroke, and pulmonary TB.
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Figure 4. Cluster of Clinical Characteristics of COVID-19 Patients a. Rapid Test b. PCR
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Figure 4 showed the clinical characteristics of COVID-19 patients with the results of the rapid test
examination dominated by positive results in clusters C1 and C2 for 31 (63.2%) and 37 (60%) patients
respectively. In addition, rapid test (RT) is used to detect the early stages of the pandemic in the body. It
can also be used for someone without symptoms (OTG) or contact cases from confirmed patients and
can detect COVID-19 cases in an area. According to Zainol Rashid and Li, it can be used for the initial
screening of the virus to detect IgG and IgM antibodies and the test has a sensitivity of 72.7% and
88.6% [22].

The clinical characteristics of COVID-19 patients with PCR examinations were dominated by
positive results, where clusters C1 and C2 consisted of 34 (49%) and 43 (70.4%) people respectively.
The use of Rapid Test PCR (RT-PCR) is one of the most recommended methods for detecting the
infection. Positive RT PCR is interpreted that the patient is currently infected with the COVID-19
virus and vice versa [23]
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Figure 5. Clusters of COVID-19 Patients Based on the Severity of COVID-19

In Figure 5, the clustering of data using Rapidminer software shows Clusters 1 and 2 with the
2nd iteration, where the center point is no longer changing and there is no data moving between
clusters. Cluster 1 shows a moderate degree, this is in accordance with the guidelines for the
management of covid-19 edition 4 of 2022 [24], namely having symptoms of covid-19 and no
comorbidities. Characteristics in cluster 1 are male dominant, age over 46 years old, majority of
employees, symptoms of shortness of breath, cough, swallowing, fever, no nausea and vomiting,
diarrhea, abdominal pain, no comorbidities and rapid test and PCR results positive.

Cluster 2 shows a moderate degree seen from the Covid-19 management guidelines edition 4 in
2022 with cluster 2 characteristics [24], namely male sex dominant, age over 46 years old, majority of
entrepreneurs, symptoms of shortness of breath, cough, swallowing, fever, no nausea and vomiting,
diarrhea, abdominal pain, have at least 1 comorbidity (diabetes, COPD, cancer, COPD, ischemic stroke
or tuberculosis) and positive rapid test and PCR results. Therefore, there is a difference between the two
where in the mild degree cluster 1 the majority of employees do not have comorbidities, but in the
moderate 2 degree cluster the majority are entrepreneurs and have at least 1 comorbidity.

Conclusion

Based on the results of the test with a sample of 110 using Rapidminer, it produced 2 clusters,
namely Cluster 1, a mild category with male dominant patient characteristics, aged over 46 years, the
majority of employees, had symptoms of COVID-19, positive rapid antigen results, positive PCR but
did not have any symptoms. The different severity of COVID-19 and the existence of this clustering can
facilitate and speed up the initial examination at the hospital. Thus, patients who are hospitalized with
high severity should be given more attention and provide special care. This is one of the efforts to
reduce the spread of Covid-19.
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