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Summary

Social distancing and other universal preventive interventions to contain COVID-19 in South Korea
resulted in substantial reductions in common respiratory viruses. However, transmission of
adenoviruses and rhinoviruses persisted. Attributable virological characteristics require further study

to inform optimal public health responses.
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Abstract

Background: We hypothesized that nationwide social distancing and other preventive measures for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were associated with reduced

detection of other respiratory viruses in South Korea.

Methods: We analyzed national surveillance data to compare incidence of respiratory viruses during
2016-2019 vs. 2020. Results of multiplex reverse transcriptase—polymerase chain reaction assays for
eight respiratory viruses were included: adenovirus (ADV), parainfluenza virus (P1V), respiratory

syncytial virus (RSV), influenza virus (IFV), human coronavirus (HCoV; non-SARS-CoV-2), human

rhinovirus (HRV), human bocavirus (HBoV), and human metapneumovirus (HMPV).

Results: During 2016-2019, rates of detection of respiratory viruses were relatively stable: ADV,
3.7%-9.2%; P1V, 1.4%-17.0%; RSV, 0.3%-15.3%; IFV, 0.4%-35.6%; HCoV, 1.5%-8.4%; HRV,
7.0%-25.1%; HBoV, 0.6%-6.3%; and HMPV, 0.7%-14.5%. Following implementation of social
distancing in February 2020, rates of detection of enveloped viruses (HCoV, HMPV, IFV, PIV and
RSV) were significantly reduced by up to 100%. However, non-enveloped viruses (ADV, HRV and

HBoV) persisted throughout 2020, and HRV rates in hospitalized patients significantly increased.

Conclusions: After implementation of social distancing for SARS-CoV-2 in South Korea, rates of
detection of enveloped respiratory viruses decreased significantly, whereas non-enveloped viruses
persisted, suggesting that enhanced infection prevention strategies are required to mitigate spread of

these viruses.
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Introduction

As severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) disseminated rapidly
throughout the world in 2020, many countries implemented statewide social distancing measures and
other preventive interventions to mitigate the spread of coronavirus disease 2019 (COVID-19) [1].
These strategies have been shown to delay outbreaks and flatten the epidemic curve in various settings
[2-4]. Moreover, social distancing has been associated with the additional benefit of reducing the
incidence of other communicable diseases such as those caused by respiratory syncytial virus (RSV)
and influenza virus (IFV) [5-12]. However, it is not currently known what effect public health
interventions have on other respiratory viruses [13]. The sparse published data indicate that
emergence of human rhinoviruses during the COVID-19 pandemic coincided with relaxation of social
distancing measures and school reopening in single cities in the United Kingdom (UK) [14] and

Australia [15].

The system for national surveillance of respiratory viruses in South Korea collates results
from multiplex reverse transcriptase polymerase chain reaction (RT-PCR) assays from across the
country. We analyzed national data from 2016 to 2020 to describe the impact of sequential social
distancing interventions on common respiratory viruses in the context of universal face mask use and
hand hygiene implemented in early 2020. In this study, we hypothesized that statewide public health
responses were associated with reductions in incidence rates of common respiratory viruses in South

Korea during 2020.

Methods

Social distancing measures.

In response to the outbreak of COVID-19 in China, South Korea mandated universal use of
face masks and recommended modified personal behavior including physical distancing starting in
February 2020. As cases surged in South Korea, social distancing was instituted at the national level
with varying levels of restrictions from March 2020 onwards (Figure 1, Table 1) [16]. The

coordinated public health response enforced limits on gatherings in various congregate settings



including entertainment venues, places of worship, schools, sporting events, and work environments
(Table 1). Stringent social distancing schemes were enforced between March 21 and May 5, 2020 and
were replaced on May 6, 2020 with less restrictive physical distancing in daily life when the number
of cases declined [17, 18]. The public health strategy changed to a three-tier scheme on June 28, 2020
(Figure 1) and subsequently to a five-level model on November 17, 2020 (Table 1) to permit

maximum flexibility in response to social and economic upheaval caused by the epidemic.

Respiratory virus surveillance.

Respiratory virus activity in South Korea is monitored at the national level through two
networks: the laboratory sentinel surveillance system (Korea Influenza and Respiratory Virus
Surveillance System, KINRESS) and the clinical sentinel surveillance system [19, 20]. The laboratory
sentinel surveillance system collects results of laboratory tests for respiratory specimens obtained
from non-hospitalized patients with respiratory symptoms who visited 52 outpatient clinics in 17
cities and provinces [21]. This system reports weekly detection rates of respiratory viruses which are
calculated by dividing the number of positive specimens by the total number of tests performed
(Supplemental Table 1). The clinical sentinel surveillance system collects data from hospitalized
cases who have been confirmed to be infected with infectious disease pathogens while displaying
clinical symptoms consistent with acute respiratory infection [22]. Hospitalized cases are reported
from 214 nationally distributed sentinel hospitals. This system reports the number of unique patients
hospitalized with respiratory viruses each week at sentinel hospitals (Supplemental Table 2). All

submitted and reported data are de-identified and publicly available.

Data analyses.

We analyzed all available national surveillance data for respiratory virus activity in children
and adults to compare longitudinal trends in incidence for 2016-2019 vs. 2020. The surveillance
system collects results of multiplex RT-PCR assays for eight human respiratory viruses including
adenovirus (ADV), parainfluenza virus (PIV), respiratory syncytial virus (RSV), influenza virus

(IFV), human coronavirus (HCoV; non-SARS-CoV-2), human rhinovirus (HRV), human bocavirus



(HBoV), and human metapneumovirus (HMPV) [19, 20]. The detection rate was defined as the
percentage of respiratory specimens submitted for multiplex RT-PCR testing that yielded a positive
result. Test results of hospitalized patients are reported here as detection rates (%) and ranges per
month, and interval changes in detection rates (%) between 2016-2019 and 2020 for each virus. We
tested statistical differences in detection rates using chi-square tests or Fisher’s exact tests. Outpatient
results are reported as the mean weekly incidence and range per month, and changes in incidence
between 2016-2019 and 2020. We tested statistical differences of these data using Wilcoxon rank-sum
tests. We performed statistical analysis using SAS 9.4 (SAS Institute Inc., Cary, NC). A P value

<0.05 was considered to be statistically significant.

Ethics statement.

This study involved secondary analysis of publicly available de-identified data that did not
constitute human subjects research and was exempted by the Hallym University Institutional Review

Board (HIRB-2020-EX005).

Results

The number of submitted respiratory specimens among hospitalized patients peaked each
year in January (n=5127 for 2016-2019 vs. n=1490 for 2020). During 2016-2019, the statewide
monthly detection rates-for respiratory viruses in hospitalized patients varied for ADV (3.7-9.2%),
PIV (1.4%-17.0%), RSV (0.3%-15.3%), IFV (0.4%-35.6%), HCOV (1.5%-8.4%), HRV (7.0%-
25.1%), HBoV (0.6%-6.3%), and HMPV (0.7%-14.5%) (Figure 2, Supplemental Table 1).
Following the introduction of statewide social distancing measures in early 2020 (Figure 1),
substantial and significant reductions in the monthly proportion of positive specimens (PPS) (%)
relative to the corresponding PPS during 2016-2019 were observed from March onwards for PIV (-
88.1% to -100%), RSV (-82.1% to -100%), IFV (-98.5% to -100%), HCoV (-52.2% to -100%), and

HMPV (-85.3% to -100%). On the other hand, although the monthly PPS fluctuated widely for ADV



(+76.0% to -50.5%), HRV (+135.8% to -72.1%), and HBoV (+1871.8% to -82.6%), these three

viruses continued to be detected at varying rates throughout 2020 (Figure 2, Supplemental Table 1).

The weekly incidence of respiratory viruses detected in outpatients during 2016-2019 vs.
2020 are shown in Figure 3 and Supplemental Table 2. Mean monthly incidences for 2016-2019
varied for each virus as follows: ADV, 118-316 cases; PIV, 33-455; RSV, 12-1042; IFV, 12-983,;
HCoV, 16-286; HRV, 228-661; HBoV, 34-271; and HMPV, 15-412 (Supplemental Table 2). After
social distancing measures were implemented in 2020, there were significant decreases.in monthly
mean incidence rates after March 2020 relative to 2016-2020 for all observed viruses: ADV (-77.8%
t0 -94.9%), PIV (-86.2% t0 -99.0%), RSV (-68.5% to -99.9%), IFV (-63.1% t0-99.0%), HCoV (-
43.7% t0 -99.3%), HRV (-60.4% to -93.8%), HBoV (-49.7% to -96.6%), and HMPV (-94.9% to -

100%) (Figure 3, Supplemental Table 2)

Discussion

In this nationwide epidemiological study in South Korea, we demonstrated that the rate of
detection of IFV and RSV decreased substantially in 2020 from an historical baseline rate in both
hospitalized patients and outpatients after implementation of social distancing for COVID-19. These
findings align with other investigations [6-12, 23]. In addition, we report that HCoV (non-SARS-
CoV-2), HMPV and PIV rates were significantly lower in 2020 than during 2016-2019, which
expands previously published evidence supporting the role of social distancing and other protective
measures against the transmission of several common respiratory viruses. The only other study that
showed significant reductions in the detection rates of HMPV and P1V was performed at a single

center in Israel [24].

On the other hand, ADV, HRV and HBoV persisted throughout 2020 in hospitalized patients
and to a lesser extent in outpatients, despite intensive public health interventions. The precise reasons
for variation in rates of transmission between these and other respiratory viruses are not known, but

are likely attributable to differences in certain intrinsic virological properties. The 95% confidence



intervals for incubation periods of many respiratory viruses overlap as follows: ADV, 5-6 days; PIV,
2-3 days; RSV, 4-5 days; HRV, 1-2 days; HCoV, 3-4 days; IFV, 0.5-1.5 days [25, 26]. Infectious
periods are also similar, for example, 1-21 days for RSV, 1-9 days for IFV, and 7-16 days for HRV
[27]. HRV has a basic reproduction number of 1.2-1.8, length of hospital stay of 0.4-1.7 days and case
fatality proportion of 0-0.125%, which is similar to other respiratory viruses [28]. Therefore, these
HRYV characteristics do not appear to mediate higher risk of viral transmission despite social
distancing measures implemented in South Korea. Our finding that HRV persisted in South Korea
during 2020 aligns with a study from Hong Kong, where multiple HRV outbreaks were reported [29].
In another study, investigators in Southampton, UK reported that all tested respiratory viruses initially
decreased in 2020 following the nationwide lockdown. However, 2 weeks after re-opening schools in
that city, there was a sharp increase in the detection of HRV in adults suggesting that the virus had
spread from schools to the broader community [14]. HRV also resurged in Sydney, Australia after
relaxation of social distancing measures [15]. In South Korea, schools were closed in March and
reopened in May 2020 while the authorities continued to minimize crowding, and maintain mask and
hand hygiene policies [30]. Nevertheless, HRV surged after schools reopened and decreased only
after intensification of social distancing rules. It is possible that early social distancing measures
reduced exposure to HRV during the typical transmission season from January through March, which
resulted in attenuated acquired immunity and a delayed surge in the fall when social distancing was
relaxed. The resurgence was controlled after public health interventions were re-intensified. Overall,
rates of HRV in hospitalized patients in South Korea were higher during 2020 than during 2016-2019
although smaller numbers of respiratory samples were submitted for testing in 2020. Despite the large
HRV resurgences, transmission of SARS-CoV-2 remained low in South Korean school-aged children
[31] indicating that different methods of transmission were likely responsible. It is notable that in the
setting of preemptive testing strategy implemented in Korea, there was no significant age-specific
differences in the detection rate of COVID-19 in tested cases [32], suggesting that similar proportions

of children and adults were tested.



The relative importance of respiratory droplets, aerosols, contaminated fomites and direct
human contact as modes of spread for respiratory viruses is well recognized [33]. However, the
nuanced differences in the mechanisms of transmission of ADV, HRV, and HBoV versus SARS-
CoV-2 and other respiratory viruses have not been clearly defined. Relevant factors that determine
spread of pathogens include 1) virological features such as virulence, fitness and transmissibility
(expressed as the basic reproduction number, Rg), immune evasion as well as seasonal variations [34],
2) host characteristics such as age, co-morbidities, asymptomatic viral carriage, personal hygiene and
proximity to other hosts, and 3) environmental conditions such as temperature, humidity and
contamination of surfaces [35]. The common virological feature missing in ADV, HRV and HBoV
but present in all other respiratory viruses, is the viral envelope [36]. The absence of a lipid bilayer
envelope renders these viruses more resistant to inactivation by routine surface cleaning and
disinfectants, desiccation and heat, which may explain their year-round persistence and ability to
spread despite universal infection preventive measures [37]. Therefore, enhanced infection control
strategies may be required to counter the biophysical robustness of these virions that enable them to

survive on surfaces for extended periods.

In addition to having a favorable impact on respiratory tract diseases [9, 13, 38, 39], social
distancing in the era of COVID-19 also reduced non-respiratory communicable diseases. In 2020, the
cumulative incidence of chickenpox and mumps in South Korea were 36.4% (95% CI, 23.9-76.3) and
63.4% (95% CI, 48.0-93.3) of the predicted incidence [40]. In the Northern Territory of Australia,
there was a decline in communicable enteric illnesses, particularly shigellosis and rotavirus, after
social distancing measures and border controls were introduced [41]. Although pooled analysis of
randomized controlled trials (RCTs) and cluster-RCTs showed uncertainty about the effect of physical
interventions in preventing respiratory virus outbreaks [42], the findings from numerous studies from
around the world referenced above including the current findings, suggest that social distancing and

other public health responses have an additive suppressive effect on communicable diseases.

There are several limitations to this retrospective study. First, the national laboratory

surveillance system is a passive scheme and as such is subject to selection bias because of the



subjectivity of healthcare providers and variations in individuals’ health-seeking behavior. Temporal
changes in social distancing protocols during 2020 also may have impacted individuals’ interaction
with the healthcare system, possibly leading to detection bias, especially related to the outpatient data.
Considering that healthcare in South Korea is operated under a single payer system, the National
Health Insurance Service, accurate utilization data are available. Compared to 2017-2019, it was
estimated that there was a 3.5% decline in outpatient visits nationally in 2020 [22]. The rate of
respiratory sample submissions in 2020 were lower than those of 2016-2019, and have declined
progressively during the year which may have introduced reporting bias. In addition, positive results
of viral molecular studies, which are highly sensitive and specific, may indicate active disease,
asymptomatic infection, or prolonged shedding. A second limitation was that demographic
information such as age and sex was not available. Therefore, the role of children and school
attendance in driving viral transmission cannot be inferred from our data. Future research that
analyzes age stratification could be valuable, as previous studies have identified age-specific
differences in respiratory virus incidences [43]. An additional limitation was that we could not
confirm if individuals were adherent to public health mandates nor could we determine whether social
distancing, wearing face masks, or hand and environmental hygiene had a dominant impact on
preventing transmission of respiratory viruses. Nevertheless, this national epidemiological study fills
an important knowledge gap-in characterizing the impact of widescale public health interventions on
the detection of common respiratory viruses. Furthermore, our findings are representative of an entire
country and are generalizable to other countries with a comparable socioeconomic status, healthcare

infrastructure and climatic conditions.



Conclusion

Social distancing and other preventive interventions that were implemented for COVID-19
in South Korea in 2020 had the added benefit of reducing the activity of several common enveloped
respiratory viruses. On the other hand, the non-enveloped respiratory viruses (ADV, HRV and HBoV)
continued to be detected during 2020. To improve the overall public health response to all circulating
respiratory viruses including SARS-CoV-2, enhanced interventions targeting non-enveloped viruses

are required to mitigate their ongoing transmission.
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Figure legends

Figure 1. Weekly number of laboratory-confirmed coronavirus disease 2019 (COVID-19) cases,
South Korea, 2020.

SD denotes social distancing. Levels of social distancing are indicated by 1, 1.5, 2, 2.5 (see Table 1).

Figure 2. Monthly detection rates of respiratory viruses in hospitalized patients from the national
surveillance system for influenza and respiratory viruses, South Korea: 2016-2019 vs. 2020.

A, adenovirus; B, parainfluenza virus; C, respiratory syncytial virus; D, influenza virus; E, human
coronavirus (non-COVID-19); F, human rhinovirus; G, human bocavirus; H, human
metapneumovirus

Figure 3. Monthly incidence of respiratory viruses in outpatients from the national surveillance
system for influenza and respiratory viruses, South Korea: 2016-2019 vs. 2020

A, adenovirus; B, parainfluenza virus; C, respiratory syncytial virus; D, influenza virus; E, human
coronavirus (non-COVID-19); F, human rhinovirus; G, human bocavirus; H, human
metapneumovirus.
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Figure 3
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