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DISPATCHES

Infection with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) was identified in 

South Korea on January 20, 2020 (1). By April 21, 
2020, a total of 10,683 cases of coronavirus disease 
(COVID-19) in South Korea had been confirmed and 
237 persons had died (2) (Figure 1, panel A). A large 
number of COVID-19 cases and deaths resulted from 
superspreading events in the Daegu-Gyeongsang-
buk provincial region of South Korea (Figure 1, pan-
el B). On February 23, 2020, during the early phase 
of the outbreak as the number of COVID-19 cases 
increased, public health authorities in South Korea 
raised the infectious disease alert to its highest level 
(3). Subsequently, enhanced screening and testing in 
the community (operation of drive-through screen-
ing centers and designation of private hospitals 
where COVID-19 screening testing was available) 
were implemented (4,5).

On April 19, 2020, public health authorities in 
South Korea started to relax social distancing mea-
sures, which had been implemented on March 21, 
2020; as of April 21, 2020, the COVID-19 epidemic 
in South Korea had been contained. Recent studies 

have examined how public health interventions can 
contain COVID-19 outbreaks (6,7). However, in the 
absence of information on public health measures 
against transmission of SARS-CoV-2 in South Korea, 
we estimated the transmissibility of SARS-CoV-2 and 
evaluated the effects of the public health measures 
implemented outside the Daegu-Gyeongsangbuk 
provincial region in South Korea. 

The Study
We collected data published by local public health au-
thorities in South Korea, including the city or provin-
cial departments of public health. The data comprised 
date of exposure; date of illness onset; and the source 
of infection, including contact history and demograph-
ic characteristics (e.g., patient birth year and sex). We 
extracted these line list data of cases by using an elec-
tronic data-extraction form. We divided the study into 
2 periods, before and after the declaration of highest 
public alert: period 1 (January 20–February 23, 2020) 
and period 2 (February 24–April 21, 2020). We restrict-
ed our analysis to all other regions in South Korea that 
excluded Daegu-Gyeongsangbuk provincial region, 
where there were superspreading events and the data 
have not been made publicly available (8). Over the en-
tire 3-month study period (January 20–April 21, 2020), 
data were collected for 2,023 cases, which accounted 
for 98% of the 2,066 reported cases from the South Ko-
rea Ministry of Health and Welfare.

The median case-patient age was 42 (range 1–102) 
years, and 820 (41%) case-patients were male (Table). 
We analyzed the statistical differences in patient age 
and sex between periods 1 and 2 by using the χ2 test 
but did not identify any significant differences. The 
proportion of cases imported from Daegu-Gyeong-
sangbuk provincial regions was 31% in period 1 and 
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We analyzed transmission of coronavirus disease out-
side of the Daegu-Gyeongsangbuk provincial region 
in South Korea. We estimated that nonpharmaceutical 
measures reduced transmissibility by a maximum of 33% 
without resorting to a strict lockdown strategy. To opti-
mize epidemic control, continuous efforts to monitor the 
transmissibility are needed.
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Figure 1. Timeline (A) and geographic 
distribution (B) of laboratory-confirmed 
cases of coronavirus disease in South 
Korea as of April 21, 2020. 

Transmission of SARS-CoV-2, South Korea
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decreased to 5% in period 2. However, during the 
same periods, the proportion of cases imported from 
abroad and cases occurring in large clusters increased 
from 8% to 30% and from 5% to 23%.

We analyzed the time interval between illness 
onset and laboratory confirmation for 818 symp-
tomatic case-patients. We estimated the mean time 
interval from symptom onset to confirmation of CO-
VID-19 during periods 1 and 2 by fitting 3 paramet-
ric distributions (Weibull, gamma, and log-normal) 
and based our selection of best fit on the Akaike 
information criterion (9). We found the log-normal 
distribution to be the best fit for this time interval, 
with a mean of 4.6 (95% CI 0.0–12.4) for period 1 
and a substantial reduction to 3.4 (0.0–9.0) for pe-
riod 2 (Appendix, https://wwwnc.cdc.gov/EID/
article/26/10/20-1886-App1.pdf). 

To estimate the incubation period, we analyzed 
data from 181 case-patients for whom precise con-
tact history with other confirmed case-patients was 
known. The incubation period was estimated by 
fitting 3 parametric distributions and best fitted by 
the log-normal distribution; the overall estimated 
median incubation period was 4.7 (95% CI 0.1–15.6) 
days (Appendix). We identified 44 clusters of in-
fection and 79 case-patients who had had clear ex-
posure to only 1 index case-patient among these 
clusters (Appendix). Overall, serial intervals were 
negative for 8 of the 79 transmission pairs. We es-
timated the serial interval distribution by fitting a 
normal distribution to all 79 observations (10). We 
estimated a mean (± SD) serial interval to be 3.9 (± 
4.2) days (Appendix).

In mid-February 2020, the number of cases rap-
idly increased; the largest proportion of cases was 
among persons who had been infected in Daegu-
Gyeongsangbuk provincial region and traveled to 
other regions of South Korea (Figure 2, panel A). To 
investigate the effectiveness of nonpharmaceutical in-
terventions implemented in South Korea (Appendix), 
we estimated the instantaneous effective reproduc-
tion number (Rt), a real-time measure of transmission 
intensity, from daily onset of cases and our estimat-
ed serial interval distribution by using the EpiEstim 
package in R (11,12). Rt is defined as the mean num-
ber of secondary infections per primary case with ill-
ness onset at time t; Rt<1 indicates that the epidemic 
is under control.

We present the daily estimates of Rt from Febru-
ary 16, 2020, because the stable estimate of Rt was 
not available due to the low number of confirmed 
cases (Figure 2, panel B). At the end of period 1, on 
February 21, mean Rt peaked at 2.53 (95% credible 
interval [CrI] 1.90–3.25) and then started to decline 
faster to <1 by February 29. Rt further declined and 
remained at <1 during the rest of period 2, indicat-
ing the potential effect of nonpharmaceutical inter-
ventions implemented over time (Figure 2, panel 
B). Specifically, mean Rt was 2.03 (CrI 1.89–2.17) 
before the 1-week period when the declared public 
alert was at the highest level and reduced to 1.37 
(CrI 1.27–1.47) in the following 1-week period, cor-
responding to a 32.59% (95% CI 23.78%–41.41%) 
reduction in transmissibility. Similarly, along with 
the high public alert, the implementation of strict 
social distancing measures on March 12, 2020, was  

 
Table. Demographic characteristics of 2,023 persons with confirmed cases of coronavirus disease, from publicly available data on 
April 21, 2020, South Korea, outside of Daegu-Gyeongsangbuk provincial region* 
Characteristic All, no. (%) Period 1, no. (%)† Period 2, no. (%)‡ 
Age group, y    
 0–19 123 (6) 11 (5) 112 (6) 
 20–39  715 (35) 104 (50) 611 (34) 
 40–59 619 (31) 50 (24) 569 (31) 
 60–79  295 (15) 37 (18) 258 (14) 
 >80y 50 (3) 6 (3) 44 (2) 
 Unknown 221 (11) 0 221(12) 
Sex    
 M 820 (41) 107 (56) 713 (39) 
 F 953 (47) 100 (43) 853 (47) 
 Unknown 250 (12) 1 (1) 249 (14) 
Type of transmission§    
 Local  892 (44) 116 (55) 776 (43) 
 Imported from Daegu-Gyeongsangbuk 155 (8) 65 (31) 90 (5) 
 Imported from abroad 552 (27) 16 (8) 536 (30) 
 Cases occurring in large clusters 424 (21) 11 (5) 413 (23) 
*Assignment to period was based on date of symptom onset. If cases were asymptomatic or date of symptom onset date was not reported, we used the 
date of case confirmation.  
†Jan 20–Feb 23, 2020; n = 208. 
‡Feb 24–Apr 21, 2020; n = 1,815. 
§Source of infection is provided for all cases; if not identified, we considered the case to have occurred by local transmission. 
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associated with an Rt reduction of an additional 
9.75% (95% CI 7.23%–12.29%).

Conclusions
Combined nonpharmaceutical interventions, includ-
ing enhanced screening and quarantining of persons 
with suspected and confirmed cases and social dis-
tancing measures, were implemented over time. Our 
results suggest that those interventions, without a 
lockdown, reduced the transmissibility of SARS-
CoV-2 in regions outside of the Daegu-Gyeongsang-
buk provincial region, in South Korea.

Our study has some limitations. First, in our anal-
ysis of the changes of transmissibility of SARS-CoV-2, 
we did not include the large clustered cases reported 
as superspreading events because in these large clus-
ters, the reporting date may not be a good proxy for 
the date of infection and would overestimate Rt (13). 
Second, it is uncertain how many cases were still un-
detected. This proportion may potentially mislead 
the actual time trends of number of infections in the 

population. Third, we based our estimation of time 
delay on self-reported data, which are not free from 
reporting (recall) bias. Fourth, government-generated 
data, including dates of symptom onset, were not 
available; therefore, we retrieved online case reports, 
which could have resulted in some inaccuracies in the 
information used in our analyses. However, the daily 
numbers of confirmed cases from the collected line 
list we used was similar to the numbers in the official 
daily reports (Appendix).

Our findings suggest that the nonpharmaceutical 
interventions implemented in South Korea during the 
COVID-19 outbreak effectively reduced virus trans-
missibility and suppressed local spread. However, the 
population of South Korea is still susceptible to further 
outbreaks or epidemic waves. Because social distanc-
ing measures will be relaxed while opportunities for 
importation of infections from abroad continue, ongo-
ing monitoring of the effective reproductive number 
can provide relevant information to help policymakers 
control a potential second wave of COVID-19.

Figure 2. Incidence and 
estimated daily effective 
reproductive number (Rt ) of 
coronavirus disease in regions 
outside of Daegu-Gyeongsanbuk 
provincial region, South Korea, 
as of April 21, 2020. A) The 
epidemic curve shows the 
daily number of patients with 
confirmed cases and symptom 
onset. For case-patients who did 
not report any symptoms on the 
date of case confirmation (n = 
1,205 cases; 60% of total), the 
date of confirmation was plotted 
instead. B) Daily estimated 
Rt and 95% CrI of Rt; shading 
indicates the area below the 
epidemic threshold of Rt = 1. The 
vertical dashed line indicates 
the start of the highest public 
alert on February 23, 2020. CrI, 
credible interval.

Transmission of SARS-CoV-2, South Korea



DISPATCHES

2410	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 10, October 2020

Acknowledgments
We appreciate the South Korea public health authorities’ 
response to COVID-19.

About the Author
Dr. Ryu is an assistant professor of preventive medicine at 
Konyang University, Daejeon, South Korea. His research 
interests include infectious disease epidemiology with a 
focus on public health interventions.

References
  1.	 Ryu S, Chun BC; Korean Society of Epidemiology 2019-nCoV 

Task Force Team. An interim review of the epidemiological 
characteristics of 2019 novel coronavirus. Epidemiol Health. 
2020;42:e2020006. https://doi.org/10.4178/epih.e2020006

  2.	 Korea Centers for Disease Control and Prevention. The 
updates of COVID-19 in Republic of Korea. 2020 [cited  
2020 Apr 28]. https://www.cdc.go.kr/board/ 
board.es?mid=a30402000000&bid=0030

  3.	 Kim I, Lee J, Lee J, Shin E, Chu C, Lee SK. KCDC risk  
assessments on the initial phase of the COVID-19 0utbreak 
in Korea. Osong Public Health Res Perspect. 2020;11:67–73. 
https://doi.org/10.24171/j.phrp.2020.11.2.02

  4.	 Kwon KT, Ko JH, Shin H, Sung M, Kim JY. Drive-through 
screening center for COVID-19: a safe and efficient screening 
system against massive community outbreak. J Korean Med 
Sci. 2020;35:e123. https://doi.org/10.3346/jkms.2020.35.e123

  5.	 Korean Ministry of Health and Welfare. List of public  
relief hospitals [in Korean] [cited 2020 May 15].  
https://www.mohw.go.kr/react/popup_200128.html

  6.	 Zhang J, Litvinova M, Wang W, Wang Y, Deng X,  
Chen X, et al. Evolving epidemiology and transmission  
dynamics of coronavirus disease 2019 outside Hubei  
Province, China: a descriptive and modelling study.  
Lancet Infect Dis. 2020;S1473-3099(20)30230-9.  
https://doi.org/10.1016/S1473-3099(20)30230-9

  7.	 Cowling BJ, Ali ST, Ng TWY, Tsang TK, Li JCM,  
Fong MW, et al. Impact assessment of non-pharmaceutical 

interventions against coronavirus disease 2019 and  
influenza in Hong Kong: an observational study. Lancet 
Public Health. 2020;5:e279–88. https://doi.org/10.1016/
S2468-2667(20)30090-6

  8.	 COVID-19 National Emergency Response Center,  
Epidemiology & Case Management Team, Korea Centers  
for Disease Control & Prevention; COVID-19 National  
Emergency Response Center, Epidemiology and Case  
Management Team, Korea Centers for Disease Control  
and Prevention. Coronavirus disease-19: the first 7,755  
cases in the Republic of Korea. Osong Public Health Res 
Perspect. 2020;11:85–90.  https://doi.org/10.24171/ 
j.phrp.2020.11.2.05

  9.	 Akaike H. Information theory and an extension of the  
maximum likelihood principle. In: Parzen E, Tanabe K, 
Kitagawa G, editors. Selected papers of Hirotugu Akaike. 
New York, NY: Springer New York; 1998. p. 199–213.

10.	 Du Z, Xu X, Wu Y, Wang L, Cowling BJ, Meyers LA. Serial 
interval of COVID-19 among publicly reported confirmed 
cases. Emerg Infect Dis. 2020;26:1341–3. https://doi.org/ 
10.3201/eid2606.200357

11.	 Cori A, Ferguson NM, Fraser C, Cauchemez S. A new  
framework and software to estimate time-varying  
reproduction numbers during epidemics. Am J Epidemiol. 
2013;178:1505–12. https://doi.org/10.1093/aje/kwt133

12.	 Thompson RN, Stockwin JE, van Gaalen RD,  
Polonsky JA, Kamvar ZN, Demarsh PA, et al. Improved  
inference of time-varying reproduction numbers during 
infectious disease outbreaks. Epidemics. 2019;29:100356. 
https://doi.org/10.1016/j.epidem.2019.100356

13.	 Leung K, Wu JT, Liu D, Leung GM. First-wave  
COVID-19 transmissibility and severity in China outside  
Hubei after control measures, and second-wave 
scenario planning: a modelling impact assessment.  
Lancet. 2020;395:1382–93. https://doi.org/10.1016/ 
S0140-6736(20)30746-7

Address for correspondence: Sukhyun Ryu, Department of 
Preventive Medicine, Konyang University College of Medicine, 
R707, Myungok-Euihak Gwan, 158, Gwanjeodong-ro, Seogu, 
Daejeon, South Korea; email: gentryu@onehealth.or.kr


