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Abstract

Coronavirus epidemic caused an emergency in South Korea. The first infected case

came to light on 20 January 2020 followed by 9583 more cases that were reported by

29 March 2020. This indicates that the number of confirmed cases is increasing rapidly,

which can cause a nationwide crisis for the country. The aim of this study is to fill a gap

between previous studies and the current rate of spreading of COVID‐19 by extracting

a relationship between independent variables and the dependent ones. This study

statistically analyzed the effect of factors such as sex, region, infection reasons, birth

year, and released or diseased date on the reported number of recovered and deceased

cases. The results found that sex, region, and infection reasons affected both recovered

and deceased cases, while birth year affected only the deceased cases. Besides, no

deceased cases are reported for released cases, while 11.3% of deceased cases positive

confirmed after their deceased. Unknown reason of infection is the main variable that

detected in South Korea with more than 33% of total infected cases.
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1 | INTRODUCTION

The first case of coronavirus COVID‐19 disease in South Korea

was announced on 20 January 2020.1 The distance of South Korea

(located on 37° North and 127° East) from China is 2123 km. After

China and Italy, South Korea is the third affected country by the epi-

demic of coronavirus.2 Coronavirus infected more than 10 156 people

by 5 April 2020 in South Korea while the global number of infected

cases is 1 201 943.3 According to the reports of World Health Orga-

nization, there are 249 127 recovered cases and 64 781 deceased cases

globally. South Korea has 183 deceased cases and 6463 recovered

cases.4,5 By this time, the number of confirmed infected cases has been

rapidly increasing in South Korea. The growth rate of confirmed cases

was rapid until 11 March 2020; however, there was a slow increase

after March 11, 2020 until the current time.

The first deceased case was reported on 20 February which

climbed to 183 cases by the end of 5 April 2020, the first recovered

case was reported on 7 February that reached 6463 cases by the end

of 5 April 2020. All of the infected cases suffered from several

symptoms before their infection to the coronavirus was confirmed6,7;

these symptoms were feeling cold, flu, and pneumonia. In total,

10 206 people were tested for coronavirus by the end of 8 March in

South Korea. It was reported that most of the infected cases in South

Korea had, at some point of time, visited local cites before confirming

positive to the virus(ie, isolation hospital, airport, restaurant, market,

café, clinic, company, movie theater, etc).8

Evidently, several probable reasons for the spread of coronavirus

in South Korea are summarized by many researchers in the field.9,10

Several research works were conducted to find the probable reasons

for the spread of the virus in South Korea rather than other coun-

tries. Researchers have started to extract information about the in-

fected cases and have analyzed the biomedical information and their

medical histories to extract the main parameters that could cause

coronavirus spreading. They suggested that the spreading of cor-

onavirus could be linked to sex, birth year, or the region they

come from.

The aim of this study is to study the effect of several attributes

on the spreading of Coronavirus COVID‐19 in South Korea based on
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real collected data and published reports. The main target is to study

the effect of sex, birth year, the region they come from, and the place

they visited on the number of deceased and recovered cases in South

Korea. The χ2 test is used to find the impact of the previous attri-

butes on the number of recovered and deceased cases. The study

would give an overview about the current situation in South Korea,

besides, it may show the main parameters that can be used to build a

forecasting model.

2 | METHODOLOGY

As explained earlier, this study analyzes the effect of sex, age, region,

and transportation on susceptibility to COVID‐19 in South Korea.

Official time‐series data from Korean Centers for Disease Control

and Prevention for coronavirus disease 2019 (COVID‐19) cases in

South Korea from 20 January to 29 March are used.11 The obtained

data contains several information about 2771 infected cases (where

the rest of data is missing and not reported) in South Korea that

includes their sex, birth year, the original country they come from,

the region that they live in, whether they have any pre‐existing
condition, infection reason and order, confirmed date, deceased or

released date, and their current state. The data contains several

missing variables that are excluded from the analysis to give a clear

overview about the coronavirus epidemic in South Korea.

Both statistical analysis and the χ2 test are used to analyze the

collected data and to ensure about the impact of sex, region, infec-

tion reason, released and deceased cases, and the birth year on the

number of recovered and deceased cases in South Korea. The χ2 test

is heavily recommended to be used in survey research, business in-

telligence, engineering, and scientific research as well. The χ2 test is a

common mathematical test that is used to check the relationship

between two variables in a contingency table that presents (multi-

variate) frequency distribution of the variables. The χ2 test, which is

normally known as independence test is used to test the hypotheses

for categorical variables and to test whether these variables are in-

dependent population variable. The χ2 test can be calculated by

finding the summation of dividing the square difference between the

observed (O) and the expected (E) values by the expected value for

each category in data shown as follows.12
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where χ2 denotes the χ2 test value, O and E denote the observed and

the expected values, respectively. A significant test should be done to

determine whether the data is significant or not. The variables are

significant if the probability of chance of association occurrence (P) is

not more than one out of 1000 cases (.0001), otherwise, it will be

considered as nonsignificant. Thus, the association between variables

will be rejected. Moreover, to understand the relationship between

independent variables and recovered and deceased cases, a cross‐
tabulation method is used. The cross‐tabulation method is used be-

tween one independent and one dependent variable, to understand

how the dependent variable is moving based on the movement of

independent variables. Besides, the multinomial logistic regression

classification method is used to check the validity and the robustness

of using the χ2 test to trace the association of each variable namely,

sex, confirmation date, birth year, region, and infected reason with

both recovered and deceased cases.

3 | RESULTS

The study of the effect of sex variable on the recovered cases found

that out of the total number of 2765 cases, 1547 were females and

1218 were males. The number of recovered female cases is 511 while

366 recovered male cases exist, as shown in Figure 1.

By using the χ2 test to find the impact of sex variable on the

number of recovered cases, the results found that χ2 function is χ2 (2,

2771) = 14.44, P = .006 which indicates that sex variable is

F IGURE 1 Distribution of recovered,
unrecovered, deceased, and undeceased cases
based on sex
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statistically significant in the number of recovered cases. The same

test was used to find the effect of sex variable on the number of

deceased cases. The results found that χ2 function is χ2 (2,

2771) = 12.64, P = .002. The results indicate that the sex variable is

significant in the number of deceased cases as well. The number of

deceased male cases is greater than the number of deceased female

cases with 36 and 17 cases, respectively, as shown in Figure 1.

Moreover, the study of the effect of region on the number of re-

covered and deceased cases found that 879 cases were classified as

recovered and the rest of patients either deceased or were isolated. The

analysis found that Gyeongsangbuk‐do registered the highest number

of recovered cases (ie, 430 cases). Besides, the maximum number of

infected cases were reported in Gyeongsangbuk‐do region, while the

range ratio of recovered cases to infected cases is from 3% to 70%, as

shown in Figure 2.

The results of the χ2 test are defined as χ2 (16, 2771) = 516.49,

P < .0001, which indicates that the region variable is statistically

significant in the number of recovered cases, whereas the χ2 result of

deceased cases is defined as χ2 (16, 2771) = 326.20, P < .0001. In

addition, it was found that none of the unspecified cases were re-

ported as deceased, while 2.6%, 31.7%, 2.7%, 0.21%, and 2.4% of

cases in Busan, Daegu, Gangwon‐do, Gyeonggi‐do, Gyeongsangbuk‐
do regions were reported as deceased cases, respectively. Figure 3

shows the ratios of deceased cases to infected cases in all regions.

Moreover, to understand the impact of the reasons of infection on

both studied variables including deceased and recovered cases, the

study analyzed the infection sources types using cross‐tabulation and

the χ2 test. The collected dataset from the South Korean hospital

classified the infection reasons into several groups, namely Bonghwa

Pureun Nursing Home (F1), Changnyeong Coin Karaoke (F2), Cheongdo

Daenam Hospital (F3), contact with patient (F4), Dongan Church (F5),

ETC (F6), Eunpyeong St. Mary's Hospital (F7), Geochang Church (F8),

Guro‐gu Call Center (F9), Gyeongsan Cham Joeun Community Center

(F10), Gyeongsan Jeil Silver Town (F11), Gyeongsan Seorin Nursing

Home (F12), gym facility in Cheonan (F13), gym facility in Sejong (F14),

Ministry of Oceans and Fisheries (F15), Onchun Church (F16), overseas

inflow (F17), Pilgrimage to Israel (F18), River of Grace Community

Church (F19), Seongdong‐gu APT (F20), Shincheonji Church (F21),

Suyeong‐gu Kindergarten (F22), and Unknown (F23). While studying the

infection reasons in both recovered and deceased cases, it was found

that 928 cases were recorded without determining the reason of in-

fection. The analysis found that no reason of infection was found for

409 recovered cases and 38 deceased cases in South Korean hospitals.

Besides, it was found that direct contact with patient, ETC, overseas

inflow, Guro‐gu Call Center are the main four causatives of the trans-

mission of the virus. The results found that all the infected cases who

visited to Changnyeong Coin Karaoke, Pilgrimage to Israel, River of

Grace Community Church, and Suyeong‐gu Kindergarten recovered.

The range of recovered percentages of patients is between 3.57% and

66.67% based on infection case where Guro‐gu Call Center, Bonghwa

Pureun Nursing Home, Dongan Church, Gyeongsan Jeil Silver Town,

Gyeongsan Seorin Nursing Home, and Gyeongsan Cham Joeun Com-

munity Center showed no recovery in the infected patients, as shown in

Figure 4. In addition, 72% and 28% of deceased cases were infected

because of unknown reasons or one of the suggested cases from F1 to

F22. Moreover, no deceased case until 29 March 2020 is reported

because of visiting Wuhan. The ratio of deceased cases is drawn in

Figure 5.

The results of χ2 of infection reasons on the number of recovered

and deceased cases are χ2 (22, 2771) = 383.5, P < .0001, and χ2 (22,

2771) = 158.23, P < .0001, respectively, which indicates that the in-

fection reasons are statistically significant with the number of re-

covered and deceased cases.

In addition, to validate the speed of South Korean hospitals in

testing the coronavirus cases, a relationship between released and

deceased cases was studied. The results found that no deceased

F IGURE 2 Ratios of recovered cases to
infected cases based on region
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F IGURE 3 Ratios of deceased cases to

infected cases based on region

F IGURE 4 Ratio of recovered cases to
infected cases based on the infection reasons

F IGURE 5 Ratio of deceased cases to
infected cases based on the infection reasons
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cases were reported for any of the recovered cases, where, 11.3% of 53

deceased cases were confirmed to be infected by the coronavirus either

after they deceased or on the same day of their death, which indicates

that the process to discover coronavirus symptoms is acceptable.

Moreover, after studying the relationship between the birth year and

the number of recovered and deceased cases, it was found that there

was no relationship between the birth year and the number of re-

covered cases, while 83% of deceased cases are persons who are more

than 60 years old. Birth date is an effective variable on the number of

deceased and recovered cases. The χ2 test found that the relationship is

statistically significant with χ2 function equal to χ2 (99, 2771) = 327.89,

P < .0001 and χ2 (99, 2771) = 175.32, P < .0001, respectively.

To verify the relationship between selected independent vari-

ables and one of the dependent variables (ie, recovered and de-

ceased), a multinomial logistic regression was used. The overall

percentage results of percent correct for deceased and recovered

cases are 99.5% and 88.0%, respectively, as shown in Table 1. In

additon, to check the significance level of the independent variables,

a likelihood test is adopted for both classifiers as shown in Table 2.

The deceased results showed that Birth_Date, Sex, Country, Region,

Infection_Reason, and confirmed_date are statistically significant

factors to predict the deceased cases. The recovered results showed

that Sex, Region, Infection_Reason, confirmed_date, and Birth_-

Dateare statistically significant factors to predict the recovered

cases, where Country is not statistically significant. The results re-

vealed that determining the infection reason and confirmed date are

useful information to determine the deceased cases, besides the re-

sults found that determining the region of the patients, early de-

tecting the COVID‐19, the reason of infection, and the gender of the

patient could increase the probability of treating the patients.

4 | DISCUSSION

Sharing the patients’ information can help researchers and govern-

ments to understand the virus transmission. The sequence of

COVID‐19 and the virus are shared between different laboratories to

study the virus and to find its characteristics. This study adopted the

following variables including sex, region, infection reasons, birth date,

confirmed‐deceased date, and confirmed‐recovered date. The study

found that sex has a strong relationship with recovered and deceased

cases with the majority of infected patients being male. This con-

clusion is in line with the conclusion in13 which proved that the

number of female smokers is less than the number of male smokers.

After considering the region variable in the recovered and deceased

cases, the results revealed that the number of deceased and recovered

varies based on the region of the infected case. This result is in line with

findings9 that showed the number of cases is changed based on the

weather variables, geographical area, populous density, people

TABLE 1 Classification results based on multinomial logistic
regression

0.00 1.00 Percent correct

Death

0.00 2361 3 99.9%

1.00 8 42 84.0%

Overall percentage 98.1% 1.9% 99.5%

Recovered

0.00 1426 212 87.1%

1.00 78 698 89.9%

Overall percentage 62.3% 37.7% 88.0%

TABLE 2 Likelihood ratio tests

Effect

Model fitting criteria Likelihood ratio tests

AIC of reduced model BIC of reduced model

−2 log likelihood of

reduced model χ2 df Sig.

Death

Intercept 482 1703 60 0 0

Birth_Date 574 1790 154 94 1 .000

Sex 487 1703 67 7 1 .006

Country 17 711 18 243 17 527 17 467 119 .000

Region 846 2027 438 379 7 .000

Infection_Reason 493 1593 113 54 21 .000

confirmed_date 449 1352 137 77 55 .027

Recovered

Intercept 1606 2827 1184 0 0

Sex 1632 2848 1212 28 1 .000

Country 1604 2820 1184 1 1 .443

Region 1738 2270 1554 370 119 .000

Infection_Reason 1639 2820 1231 47 7 .000

confirmed_date 1625 2725 1245 61 21 .000

Birth_Date 1917 2820 1605 422 55 .000
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communication, transports, and the nature of Koreans’ bodies that

permitted the incubation of the disease. The infection reasons classifi-

cation can give a hint to researchers in the field to trace the reason of

the infection to classify the COVID‐19 which may help the doctors to

give extra treatment to special cases. The infection reasons variable

gave an alert to all researchers and governments that the virus has a

strong transmission ability between people, besides there is a limited

information about how the virus can infect a new person without

communicating with an infected one. The birth date variable

proved that the majority of deceased cases is more than 60 years old,

where no indicator was found between the number of recovered cases

and birth date. The results are in line with the findings of the China

Center for Disease Control which indicates that the fatality rate of

infected cases less than 40 years is less than patients over 80 years.

Moreover, the results of the COVID‐19 test of 11.3% deceased

cases were reported either after they deceased or on the same day of

their death. This revealed that the doctors were unable to treat these

cases since no positive or negative information about the virus in-

fection was reported, whereas all the recovered case did not show

any deceased cases until 29 March 2020. Besides, the results found

that multinomial logistic regression could give initial indicator about

the possibility to survive or die based on the collected data. It is

found that the results of multinomial logistic are in line with the

results of the χ2 test.

5 | CONCLUSION

This study highlighted the main variables that could be considered to

understand the COVID‐19. The main variables that are considered in

this study are sex, region, infection reasons, birth date, confirmed‐
deceased date, and confirmed‐recovered date. After discussing the

obtained results, it is found that to mitigate the coronavirus disease

in South Korea, several procedures should be followed. These pro-

cedures are related to prevent any direct contact with patients,

especially those inside isolated hospitals and prevent any kind of

community events (ie, visiting patients, going to restaurants, shop-

ping at groups and big stores, etc). Besides, the processes of testing

people against coronavirus should be faster. Keeping South Korea

safe from coronavirus would affect all nearby countries.
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