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Background.  Many countries have implemented nonpharmaceutical interventions (NPIs) to slow the spread of coronavirus di-
sease 2019 (COVID-19). We aimed to determine whether NPIs led to the decline in the incidences of respiratory infections.

Methods.  We conducted a retrospective, ecological study using a nationwide notifiable diseases database and a respiratory virus 
sample surveillance collected from January 2016 through July 2020 in the Republic of Korea. Intervention period was defined as 
February–July 2020, when the government implemented NPIs nationwide. Observed incidences in the intervention period were 
compared with the predicted incidences by an autoregressive integrated moving average model and the 4-year mean cumulative in-
cidences (CuIs) in the same months of the preintervention period.

Results.  Five infectious diseases met the inclusion criteria: chickenpox, mumps, invasive pneumococcal disease, scarlet fever, and 
pertussis. The incidences of chickenpox and mumps during the intervention period were significantly lower than the prediction model. 
The CuIs (95% confidence interval) of chickenpox and mumps were 36.4% (23.9–76.3%) and 63.4% (48.0–93.3%) of the predicted values. 
Subgroup analysis showed that the decrease in the incidence was universal for chickenpox, while mumps showed a marginal reduction 
among those aged <18 years, but not in adults. The incidence of respiratory viruses was significantly lower than both the predicted inci-
dence (19.5%; 95% confidence interval, 11.8–55.4%) and the 4-year mean CuIs in the preintervention period (24.5%; P < .001).

Conclusions.  The implementation of NPIs was associated with a significant reduction in the incidences of several respiratory 
infections in Korea.

Keywords.   nonpharmaceutical intervention; social distancing; COVID-19; respiratory infection; South Korea.

Nonpharmaceutical interventions (NPIs) have been imple-
mented widely to control the global spread of coronavirus di-
sease 2019 (COVID-19) since February 2020 [1]. While specific 
practices vary across individual countries and settings, most 
public health strategies share the core elements of NPIs: social 
distancing, “test and isolate” symptomatic people, hand hy-
giene, respiratory etiquette, and environmental cleaning [2]. 
Social-distancing measures aim to reduce the transmission of 
disease by decreasing the frequency and duration of social con-
tact. They include avoiding physical contact and mass gather-
ings, school and workplace closures, and travel restrictions. The 

universal use of facemasks was added to mandates later during 
the epidemic, as more evidence of their benefit emerged [3]. 
These elements of NPIs are not novel; they have been studied 
and prepared for decades as an important strategy to slow the 
spread of novel respiratory virus infections, such as a novel 
influenza A  [4–6]. However, they have never been applied so 
broadly in modern times before this pandemic, thus providing 
the opportunity to examine the effects at a societal level.

The Republic of Korea has been able to flatten the curve so 
far, in stark contrast to other countries with a comparable pop-
ulation and economy. The first case of COVID-19 in South 
Korea was confirmed on 20 January 2020; 1 month later, a re-
gional outbreak originated from a church gathering, which led 
to an explosive increase in the number of cases over the next 
2  months. In response, the health authorities of South Korea 
implemented nationwide NPIs to slow down the spread of 
the epidemic (Figure  1). High compliance with NPIs, com-
bined with widespread testing and effective contact tracing, led 
to a decline in the number of daily new cases since late April 
[7]. Considering that these interventions were successful in 
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containing the spread of COVID-19, this provided a unique 
opportunity for us to investigate the effect of NPIs on the inci-
dence of other respiratory infections.

We compared the incidence of other infectious diseases that 
are transmitted via respiratory secretions before and after the 
implementation of NPIs in South Korea to examine their effect 
on these diseases.

METHODS

Data Source

The monthly numbers of reported cases were obtained from 
the notifiable diseases database curated by the Korea Center for 
Disease Control and Prevention (KCDC). Physicians who diag-
nosed diseases designated as notifiable are required by law to 
report them without delay. The number of cases was divided 
by the annual midyear population obtained from the Korean 
Statistical Information Service (http://kosis.kr) to calculate the 
monthly incidence per 1 000 000 population. The numbers of 
respiratory viruses and enteroviruses identified from respira-
tory specimens by polymerase chain reaction (PCR) were col-
lected weekly through the national sample surveillance for acute 
respiratory infections, which is managed by the Korea Influenza 
and Respiratory Viruses Surveillance System (KINRESS) op-
erated by the KCDC. Participating institutions reported the 
number of positive results from patients with acute respiratory 
illnesses on a weekly basis. As the sample surveillance was not 
based on population-based data, crude numbers of positive 
cases were analyzed. All surveillance data are accessible to the 
public through the KCDC website (http://cdc.go.kr/npt).

Study Design

This study was a retrospective, ecological study examining the 
change in the incidence of various respiratory infections after 
the implementation of NPIs against COVID-19. Target infec-
tious diseases were selected from among notifiable diseases 
using the following criteria: (1) principal mode of transmission 
is respiratory (droplet or airborne), (2) clinical course is acute 
or subacute, and (3) annual incidence exceeds 100 cases. The 
preintervention period was designated as January 2016–January 
2020 and the intervention period was February–July 2020.

We constructed models to predict incidences in the interven-
tion period from the trends of incidences in the preintervention 
period using an autoregressive integrated moving average 
(ARIMA) model. The actual incidences and model predictions 
were visually examined to determine whether the observed 
incidences during the intervention period lay within the 95% 
confidence intervals (CIs) of the predicted values. Furthermore, 
the observed cumulative incidence (CuI) during the inter-
vention period was compared against the expected CuI in the 
prediction models and the mean CuI during the same period 
(February–July) in the preintervention period. Subgroup ana-
lyses were performed for 3 age groups (0–6, 7–17, ≥18 years) 
for notifiable diseases, which was planned a priori.

To exclude the possibility of underreporting or a lapse of 
surveillance during the COVID-19 epidemic, the incidences of 
notifiable nonrespiratory infections were examined using the 
same methods stated above. Notifiable diseases with 1000 or 
more cases per year were included; however, zoonotic diseases 
were excluded as they occur predominantly in summer and fall 
in South Korea.

Vaca�on

Figure 1.    Daily number of confirmed cases of COVID-19 and nonpharmaceutical interventions. Abbreviation: COVID-19, coronavirus disease 2019.
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There have been 2 distinct regional clusters of COVID-19 
cases in South Korea: one in the Daegu/Gyeongbuk area, which 
experienced a regional outbreak from February through early 
April, and one in the Seoul/Gyeonggi/Incheon metropolitan 
area, the most densely populated area in South Korea, which saw 
a steady increase in confirmed cases with multiple small clusters 
since May. Difference-in-difference analysis was conducted to 
evaluate the difference in the effect of NPI among these regions. 
This research was conducted ethically in accordance with the 
World Medical Association’s Declaration of Helsinki, and the 
study protocol was approved by the institutional review board 
of the Severance Children’s Hospital, Yonsei University College 
of Medicine, Republic of Korea (no. 4-2020-0820).

Statistical Analysis

Seasonal ARIMA models were constructed to forecast inci-
dences during the intervention period. Parameters were de-
termined by comparing multiple candidate models in terms 
of residuals, autocorrelation coefficients, and Akaike informa-
tion criterion. Mean absolute percentage error was calculated 
to examine the predictive accuracy of the ARIMA models. 
The difference between CuIs was tested using Student’s t test. 
Difference-in-difference was estimated as previously described; 
detailed statistical methods are described in the Supplementary 
Methods [8]. All tests were 2-tailed, and P values less than .05 
were considered statistically significant. Statistical analyses were 

performed using R version 3.6.2 (R Foundation for Statistical 
Computing, Vienna, Austria) and SAS software version 9.4 
(SAS Institute, Inc, Cary, NC, USA).

RESULTS

Incidences of Notifiable Diseases

Five infectious diseases that met the inclusion criteria were 
included in our analysis: chickenpox, mumps, invasive pneu-
mococcal disease (IPD), scarlet fever, and pertussis. Seasonal 
ARIMA models were constructed, and the parameters and 
model characteristics are shown in Supplementary Table 1. 
Compared with predicted incidences, the actual incidences of 
chickenpox and mumps during the intervention period were 
significantly lower (Figure  2). The incidences of IPD, scarlet 
fever, and pertussis were also lower than predicted values, but 
lay within 95% CIs of the predicted values. Actual CuIs during 
the intervention period of chickenpox and mumps were 278.01 
and 111.01, respectively, which were 36.4% (95% CI, 23.9–
76.3%) and 63.4% (95% CI, 48.0–93.3%) of the predicted in-
cidences (Table  1A). Cumulative incidences of study diseases 
during the intervention period were universally lower than the 
mean CuIs during the same months of the preintervention pe-
riod. Scarlet fever (15.8% of the mean preintervention CuI), 
pertussis (34.2%), and chickenpox (38.4%) showed a larger 
reduction in CuIs, while those of mumps (58.7%) and IPD 

Figure 2.    A–E, Monthly incidence of notifiable respiratory infections and predicted incidence by ARIMA model. Thick red lines denote the observed incidence in the in-
tervention period; thick blue line, the predicted incidence; blue shading, 80% and 95% confidence intervals of the predicted incidence. Abbreviation: ARIMA, autoregressive 
integrated moving average.
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(57.6%) were smaller. However, they all showed a statistically 
significant reduction in CuIs.

Subgroup analysis showed an age-specific effect of NPIs on 
the incidences of respiratory infections (Supplementary Figures 
1–3 and Table 1). The incidence of chickenpox was substantially 
lower during the intervention period for all age groups. Mumps 
showed a marginal reduction in incidence among those aged 
0–6 and 7–17 years, but not in adults. Invasive pneumococcal 
disease, scarlet fever, and pertussis also showed decreased inci-
dence, but the difference was small and not statistically signifi-
cant. The incidence of chickenpox declined to the largest extent 
among persons in the age group of 7–17 years (28.5% of the pre-
dicted CuI; 95% CI, 19.2–54.9%), followed by that in the 0–6-
year age group (43.9%; 95% CI, 26.9–118.6%) and then among 
those aged 18  years and older (57.3%; 95% CI, 45.6–77.4%). 
The CuIs of all diseases were significantly lower than the mean 
preintervention CuIs, except that of IPD among those aged 
7–17 years (Table 1A).

We examined whether there exists a difference in the degree 
of decreasing trends in the incidences of respiratory infections 
by region (Supplementary Table 2). However, the difference-
in-difference regression indicated no significant difference be-
tween the Daegu/Gyeongbuk area and the remaining regions, 
despite more stringent NPIs used during a large regional out-
break in the area. Similarly, there was no difference in the de-
gree of decreasing incidences between the Seoul/Gyeonggi/
Incheon metropolitan area, which is the most populous region 
with the largest number of cases of COVID-19, and elsewhere.

Sample Surveillance for Respiratory Viruses

The weekly incidence of respiratory viral infections was sig-
nificantly lower than both the predicted incidence (19.5%; 
95% CI, 11.8–55.4%) and the 4-year mean incidence in 
the preintervention period (24.5%; P < .001) (Figure  3 and 
Table 1B). When examined separately by species, the number 
of specimens that tested positive for bocavirus, parainfluenza 
virus, rhinovirus, and metapneumovirus were significantly 
lower during the intervention period, while those of respiratory 
syncytial virus (RSV) and coronavirus were comparable to both 
the predicted incidence and 4-year mean incidence. The rela-
tive CuIs were smaller (4.0–19.6% of the mean preintervention 
CuIs) compared with those of notifiable diseases (29.4–63.4%).

Incidences of Notifiable Nonrespiratory Infections

Hepatitis A, hepatitis C, and carbapenem-resistant Entero
bacterales (CRE) infections met the inclusion criteria for no-
tifiable nonrespiratory infections. The observed incidences of 
all 3 diseases during the intervention period remained within 
the 95% CIs of model predictions (Figure 4). Hepatitis C and 
CRE were newly designated as notifiable diseases in July 2017; 
thus, the observed CuIs were compared against the mean CuIs 
in 2018–2019 (Table  1C). The CuIs of hepatitis C and CRE 

during the intervention period were 112.3% and 124.9% of the 
preintervention mean CuIs, respectively. A large surge in hep-
atitis A was observed in 2019, which led to a relatively smaller 
CuI in the intervention period (31.9% of the preintervention 
mean). However, the observed CuI of hepatitis A lay within the 
95% CI of the predicted value.

DISCUSSION

This nationwide study demonstrates a remarkable reduction in 
the incidence of highly transmissible infections following the 
implementation of NPIs that were enforced to control COVID-
19. This trend may vary by age, suggesting that these trans-
missible diseases may be affected differently depending on the 
degree of NPI implementation and age-specific factors. Even as 
the COVID-19 pandemic continues, the reduction in the inci-
dence of other respiratory infections may provide secondary 
benefits, as this can decrease the efforts put into screening and 
isolation and reduce medical expenses related to COVID-19, 
especially since it is difficult to distinguish this disease from 
other respiratory infections [9].

The monthly incidence rates of notifiable diseases decreased 
remarkably to 26–63% of the predicted values, regardless of 
their high infectivity (eg, chicken pox R0 = 6.3–13.8, pertussis 
R0 = 7.3–18.5, mumps R0 = 4.3–11.2, scarlet fever R0 = 3.7–8.0) 
[10]. In particular, chickenpox and mumps showed a significant 
reduction in both the prediction models and the CuIs compared 
with that in the past 4 years. Meanwhile, the incidences of per-
tussis and IPD were not high enough to detect any difference 
and that of scarlet fever has shown a downward trend in recent 
years. These are limitations in analyzing the effects of NPIs.

Interestingly, the incidence of notifiable diseases began to 
decline even before late February, which was when NPIs were 
officially recommended by health authorities. This finding sug-
gests that voluntary social distancing and behavior changes by 
individuals had begun before the government-led mandates in 
Korea. Based on mobile big data, the daily movement of people 
in February 2020 was seen to decrease by up to 38% compared 
with that during 2–20 January 2020 (before the first Korean 
COVID-19 confirmed case) [11]. The authors of the study also 
reported that the daily number of passengers at major subway 
stations in Seoul was also significantly lower. Similar study 
results were recently published in the United States [12, 13]. 
Nolen et  al [12] reported that hospitalization rates for non–
COVID-19 respiratory illnesses had begun to decline before 
mandatory social distancing in Alaska. Another study com-
paring the diagnosis rates of common infectious diseases in 
children (aged 0–17  years), before and after imposing strong 
social-distancing measures, including movement restrictions 
in Massachusetts, reported a significant reduction in sev-
eral respiratory illnesses by 10–101% [13]. Unlike the above 2 
studies in the United States, our data show that less-stringent 
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means of social distancing without movement restrictions or 
remote working (commonly called “lockdown”) can also re-
duce the spread of highly transmissible infections.

Decreased incidence of infectious diseases by enforcing NPIs 
is not characteristic of some respiratory infections but appears 
to be a common phenomenon in transmissible pathogens, 
mainly represented by respiratory viruses, which are trans-
mitted by droplets or direct contact. Previous studies evaluating 
the effects of social distancing have reported a reduction in 
nonspecific acute respiratory illnesses, including influenza-like 

illness and pneumonia [12–15]. However, respiratory viruses 
included in our study were identified through a PCR-based test, 
and we demonstrated numbers showing that all the respiratory 
viruses recorded by the KINRESS had a decreasing trend. In 
particular, enterovirus infections, which are most prevalent 
during the summer in temperate climates, were remarkably re-
duced to 3% of the last 4-year mean. A recent Taiwanese study 
reported a reduction in enterovirus infections along with influ-
enza during the 2019–2020 winter season after wearing masks 
and social distancing during the COVID-19 outbreak [16]. 

Coronavirus

Figure 3.    A–I, Weekly reported cases of respiratory virus infections from a nationwide sample surveillance network. Thick red lines denote the observed incidence 
in the intervention period; thick blue lines, the predicted incidence; blue shading, 80% and 95% confidence intervals of the predicted incidence. Abbreviation: N, number.
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However, this study did not include similar data for the summer 
season. Our study included data for the summer season (June 
to July) as well, which allowed us to distinctly observe the con-
tinued decline in enterovirus infections [16]. Meanwhile, in 
countries in the Southern Hemisphere, influenza activity was 
very low during the typical influenza season, June–August 2020 
[17]. Since the NPIs against COVID-19 have stayed in place in 
South Korea, we would be able to observe whether the decline 
in infections caused by respiratory viruses such as RSV and in-
fluenza (which are prevalent in the winter season) continues in 
the coming winter months in the Northern Hemisphere.

Mumps and rhinovirus infections tended to increase after 
May 2020 when social-distancing measures were relaxed, while 
the incidence of other transmissible diseases remained at low 
levels during the whole period. One of the reasons for this could 
be increased exposure among vulnerable children of that age as 
schools or daycare centers opened, but it is unclear why only 
infections due to these 2 respiratory viruses increased. In ad-
dition, a low cross-immunity to heterogeneous subtypes of rhi-
novirus and waning herd immunity against mumps could be 
potential causes, but more long-term surveillance data are re-
quired to clarify the certainty and persistence of these results 
[18–21].

The degree of reduction in notifiable diseases after NPIs were 
enforced differed by age group. In general, the decrease in all 
notifiable diseases in children was greater than that in adults; in 
particular, chickenpox and mumps decreased by 40–66% com-
pared with the last 4-year mean in children, but only by 22–26% 
in adults. One of the possible explanations is that NPI was en-
forced more strongly among children than adults. While adults 
were not forced to work from home, on-site school reopening 
had been delayed until 20 May. After that, schools were opened 
as follows: high school (ages 16–18  years) first, then kinder-
garten (ages 3–6 years), middle school (ages 13–15 years), and 
elementary school (ages 7–12 years). This judgment was made 
considering the need for child care, the possibility of poor 

compliance with infection-control policies among young chil-
dren, the high-density facilities, and the possibility of trans-
mission of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) to grandparents who are at higher risk for severe 
illness from COVID-19 [22, 23]. Along with the delay in re-
opening schools, multifaceted interventions such as restrictions 
on the use of indoor play facilities and large academies may have 
also contributed to reducing the likelihood of transmission.

This study nevertheless has some limitations. First, although 
physicians are obliged to report notifiable diseases to the health 
authorities, there is the possibility of over- or underreporting 
as well as misdiagnosis. However, we also examined the inci-
dences of 3 common nonrespiratory infections. Their inci-
dences during the COVID-19 pandemic were similar or larger 
compared with baseline or model predictions, suggesting the 
absence of underreporting. Second, even though only notifiable 
diseases with more than 100 cases per year were included, these 
numbers may be insufficient to detect differences to a statisti-
cally significant degree, particularly in subgroups. Third, we 
could not exclude imported cases due to limitations of the da-
tabase. However, the number of imported cases included in the 
study was very small (<20 cases per year), so it would not exert 
a meaningful effect on the results. Finally, factors indirectly re-
lated to NPIs (eg, healthcare-seeking behaviors) could not be 
accounted for in the analysis.

We demonstrated that the implementation of NPIs was asso-
ciated with a significant reduction in the incidences of several 
respiratory infections in South Korea. As NPI measures con-
tinue to be in place during the COVID-19 pandemic, further 
research is needed to determine if this associated decreased 
trend is sustained in the coming winter months.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, so 
questions or comments should be addressed to the corresponding author.

Figure 4.    A–C, Monthly incidence of notifiable nonrespiratory infections and predicted incidence by ARIMA model. Thick red lines denote the observed incidence 
in the intervention period; thick blue lines, the predicted incidence; blue shading, 80% and 95% confidence intervals of the predicted incidence. Abbreviation: ARIMA, 
autoregressive integrated moving average.
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