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Background/Aims: Studies on the effectiveness of public health measures to pre-
vent respiratory virus transmission in real-world settings are lacking. We inves-
tigated the effectiveness of universal mask use and adherence to other personal 
preventive measures on the changing viral respiratory infection patterns during 
the coronavirus disease 2019 (COVID-19) pandemic.
Methods: Data were extracted from the South Korean National Respiratory Virus 
Sentinel Surveillance System. During the COVID-19 pandemic, a cross-sectional 
survey on adherence to personal preventive measures was conducted. Additional-
ly, the number of subway passengers was analyzed to estimate physical distancing 
compliance. 
Results: During the pandemic, adherence to personal preventive measures sig-
nificantly increased, particularly indoors and on public transportation. Respira-
tory virus trends were compared based on laboratory surveillance data of 47,675 
patients with acute respiratory infections (2016 to 2020). The 2019 to 2020 influ-
enza epidemic ended within 3 weeks, from the epidemic peak to the epidemic 
end, quickly ending the inf luenza season; with a 1.8- to 2.5-fold faster decline 
than in previous seasons. Previously, the overall respiratory virus positivity rate 
remained high after the influenza seasons had ended (47.7% to 69.9%). During the 
COVID-19 pandemic, this positive rate, 26.5%, was significantly lower than those 
in previous years. Hospital-based surveillance showed a decreased number of hos-
pitalized patients with acute viral respiratory illnesses. 
Conclusions: This study suggests that high compliance to the use of personal 
preventive measures in public might reduce the incidence of all respiratory virus 
infections and its hospitalization rates, with no additional quarantine, isolation, 
or contact screening. 
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INTRODUCTION

The novel beta-coronavirus, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), first reported 

in Wuhan, China in 2019, spread to the neighboring 
Asian countries and was declared a pandemic in March 
2020 [1]. On January 20, 2020, the first case of corona-
virus disease 2019 (COVID-19) was confirmed in Korea. 
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The Korean Centers for Disease Control and Prevention 
(KCDC) raised the infectious disease alert level on Jan-
uary 27, 2020, and provided strong recommendations 
on coughing etiquette and hand washing [2]. Moreover, 
Koreans have an increased interest in the use of per-
sonal protection [3]. This is because of the quarantine 
failure experienced in the country during the 2015 Mid-
dle East respiratory syndrome coronavirus (MERS-CoV) 
epidemic. This led to increased public awareness on the 
issue of respiratory virus infections [4-6]. Hence, during 
pandemics, most people in Korea wear masks while us-
ing public transport and at public gatherings, leading to 
an increasing rate of people wearing masks in daily life. 
Furthermore, given the growing concern with fine dust 
pollution, including Asian dust, Koreans have generally 
accepted the use of masks (against particulate pollution) 
in daily life [7].

The influenza season in Korea occurs during each 
winter, like in other countries with temperate climates 
[8]. In community settings, no additional isolation or 
contact screening is required for patients with flu or 
respiratory infections [9]. In the 2019 to 2020 influen-
za season, respiratory physicians in Korea observed a 
rapid decrease in the incidence of flu-like symptoms 
in the population and an increase in the incidence of 
confirmed COVID-19 cases. To prevent the transmis-
sion of important emerging infectious diseases, such 
as COVID-19, there is an urgent need to evaluate the 
effectiveness of prevention measures in use by all the 
community members in high-risk areas. Therefore, we 
investigated the effectiveness of the use of and adher-
ence to personal preventive measures (including uni-
versal mask use) on the changing patterns in seasonal 
respiratory virus infections, across Korea, during the 
COVID-19 pandemic. 

METHODS

To evaluate the changes in the prevalence and patterns of 
influenza and respiratory viruses during the COVID-19 
outbreak, national surveillance data from the KCDC 
were analyzed. The KCDC manages the national-level 
influenza clinical sentinel surveillance, laboratory re-
spiratory virus sentinel surveillance, and hospital-based 
surveillance systems, with weekly reports [8,10]. These 

surveillance systems are independent of each other. 
Patients registered in the surveillance systems do not 
belong to a specific cohort but are registered when a 
patient voluntarily visits individual medical institutions 
where the surveillance is being conducted. For the status 
and analysis of COVID-19 data in Korea, a separate daily 
report from KCDC was used [11].

Influenza clinical sentinel surveillance
Influenza clinical surveillance in Korea is conducted 
through 200 pre-selected outpatient clinics nationwide. 
The total number of patients visiting the clinics and 
the number of patients with influenza-like illness (ILI), 
stratified by age group, are reported as the number of 
ILI patients per 1,000 patients. ILI symptoms include 
cough or sore throat with a sudden onset of fever > 38°C 
[8]. Here, we collected the ILI data reported over 4 years 
and compared the yearly trends, to identify the preva-
lence and patterns of influenza.

Laboratory respiratory virus sentinel surveillance 
The Korea Influenza and Respiratory Virus Surveil-
lance System (KINRESS) identifies major respiratory 
viral causative agents in the respiratory samples (throat 
or nasopharyngeal swabs) of patients with acute respi-
ratory illnesses (ARIs), including influenza. The KIN-
RESS identifies the weekly pathogen-based epidemic 
patterns, monitors the appearance of new viruses, and 
analyzes antiviral resistance [12,13]. Respiratory samples 
were collected from patients who consented to testing at 
52 pre-selected medical institutions where the ILI-mon-
itoring surveillance systems described above were con-
ducted. Inclusion criteria were patients with ILI or ARIs 
who visited the hospital, with typical symptoms occur-
ring within 3 days of onset [9]. The collected samples 
were transported to 17 Institutes of Health and Envi-
ronment across the country. Multiplex real-time poly-
merase chain reaction (PCR)/reverse-transcription-PCR 
was performed to identify the respiratory virus genes 
for all eight types and 15 subtypes [14]. Targeted viruses 
included human adenovirus (HAdV), human parainflu-
enza virus (HPIV types 1, 2, and 3), human respiratory 
syncytial virus (HRSV types A and B), influenza virus 
(IFV A/H1N1(pdm09), A/H3N2, and B), human corona-
virus (HCoV 229E, OC43, and NL63), human rhinovirus 
(HRV), human bocavirus (HBoV), and human metap-
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neumovirus (HMPV). The remaining respiratory sam-
ples after this initial screening test were sent to the cen-
tral KCDC for retesting for unidentified specimens. We 
analyzed the KINRESS data from January 2016 to April 
2020, to identify changes in the patterns of the seasonal 
respiratory virus epidemic. In this study, seasonal influ-
enza epidemic duration was defined based on laborato-
ry results. The influenza epidemic period was defined 
from the week when the positive influenza ratio (the 
number of influenza-positive/the number of total tests) 
increased by ≥ 5% to the week before it fell to < 5%. The 
exacerbation period was defined from the beginning of 
the epidemic to the week when the positive influenza 
ratio was the highest, while the relief period was defined 
from the epidemic peak to the epidemic end. In Korea, 
the influenza epidemic occurred with both influenza A 
and influenza B (2017–2018 and 2019–2020) simultane-
ously, or influenza B epidemic occurred only after the 
end of the influenza A epidemic (2016–2017 and 2018–
2019). The latter epidemic seasons were evaluated based 
on the first initial presentation of influenza A in the ep-
idemic [15].

Hospital-based surveillance system
Selected hospitals by the KCDC monitor the hospital-
ization due to respiratory virus infections. Nationwide, 
206 hospital-level medical institutions register patients 
with confirmed viral pathogens who exhibit clinical 
symptoms consistent with ARIs and patients who are 
infected with one of the eight respiratory viruses (HAdV, 
HPIV, HRSV, IFV, HCoV, HRV, HBoV, and HMPV) or 
two bacteria (Mycoplasma pneumoniae and Chlamydophila 
pneumoniae) [9,10]. This hospital-based surveillance sys-
tem did not include COVID-19 cases.

Cross-sectional survey for individual preventive 
measures
We conducted a cross-sectional online survey to com-
pare the general public’s use of masks and personal 
hygiene status during the COVID-19 pandemic, inde-
pendently of the ongoing surveillance systems in Korea. 
For the survey, the pre-COVID-19 pandemic period in 
Korea was defined from December 1, 2019, to January 
31, 2020, and the COVID-19 pandemic period from Feb-
ruary 1, 2020, to March 31, 2020. From January 27, 2020, 
when the outbreak spread nationwide, the national in-

fectious disease alert level went from ‘caution’ to ‘alert.’ 
A third-generation transmission case occurred on Janu-
ary 31, 2020, and since then, the use of masks by the gen-
eral public surged, according to media reports [16]. The 
survey was used to collect data on the age, sex, healthcare 
worker occupation status, perception on wearing masks, 
and reasons for using masks. It also compared the use of 
masks during outings and in the work setting, on pub-
lic transportation, and in indoor spaces with the use in 
other settings, such as supermarkets and bus terminals, 
before and after the pandemic. The survey also inquired 
about the type of masks most frequently used before 
and after the pandemic. Furthermore, the coughing 
etiquette and hand-washing practice were compared. 
An online survey platform was used, and survey partic-
ipants were not restricted, because the survey was open 
to everyone. To compare the rates of use of preventive 
measures by individuals before and after the COVID-19 
pandemic, the following Likert-type responses were in-
cluded: “Never,” “Seldom,” “Generally,” or “Always.” De-
pending on the level of use of preventive measures, the 
question was scored from 1 for “Never” to 4 for “Always.” 
Additional information on the survey is available in the 
Appendix 1.

Estimating the compliance with the physical dis-
tancing measure
As the number of COVID-19 cases began to increase 
sharply, on February 29, 2020, the health authorities 
recommended voluntary social distancing. Except for 
confirmed cases and their close contacts, compulso-
ry lockdowns and measures were not strictly enforced. 
To evaluate the compliance with the physical distanc-
ing measure, the weekly number of passengers in the 
Seoul Metropolitan Subway during the outbreak was 
compared to the numbers from the previous 2 years, us-
ing data from 275 subway stations reported by the Seoul 
Metro [17]. 

Statistical analysis
For the surveillance data, the Student’s t test was used 
to compare the yearly positive ratio, while the Kruskal 
Wallis test and the Games-Howell test were used to 
analyze the pattern, based on the respiratory virus sur-
veillance data during influenza epidemics and during 
post-influenza weeks. Mask use and personal hygiene 
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practice before and after the COVID-19 pandemic were 
compared by paired t test. To analyze the correlation of 
compliance among preventive measures, Pearson’s cor-
relation coefficients were calculated. All analyses were 
performed using IBM SPSS Statistics for Windows ver-
sion 26.0 (IBM Corp., Armonk, NY, USA).

Ethics
The Hallym University Sacred Heart Hospital Institu-
tional Review Board was consulted, and this proposal 
did not require ethics approval (HALLYM 2020-03-032-
001). The reasons for this decision are as follows: First, 
the data used for surveillance analysis were disclosed to 
the public without personally identifiable information 
by the KCDC, and this analysis purpose is not evaluat-
ing a specific test or treatment. Second, although the 
online survey was a human study, the subject was not 
limited to a specific person or group, and personal in-
formation were not collected and recorded. The need to 
obtain written informed consent for participation in the 
online survey was waived owing to the rapid emergence 
of this infectious disease and the survey was completed 
anonymously.

RESULTS

Fig. 1 shows the summary of the COVID-19 pandemic 
in Korea. As of April 24, 2020, there were 10,708 patients 
with confirmed COVID-19, with 59.6% women and an 
average age of 44 years. The overall mortality rate was 
2.2% [11]. Additional details are available in the Appen-
dix 2 [18-21].

Individual-level preventive measures before and 
after the COVID-19 pandemic 
Overall, 604 subjects responded to the survey, includ-
ing 60.3% female and 6.5% healthcare providers. The 
response of “always” or “generally” use masks during 
regular outings or at work increased from 12.3% (74/604) 
before the pandemic to 94.9% (573/604) during the pan-
demic (Table 1, Fig. 2, Supplementary Table 1, and Sup-
plementary Fig. 1) [22]. The response to whether they “al-
ways” or “generally” use masks in public transportation 
and public indoor spaces with other people also showed 
a significant increase. After the COVID-19 pandemic, 

females had a higher rate of use of masks and washed 
hands more frequently than males (Supplementary 
Tables 2 and 3). Both before and during the COVID-19 
pandemic, the mask-wearing rate and hand-washing 
frequency, and coughing etiquette showed significant 
correlations (Supplementary Tables 4 and 5).

Compliance with the physical distancing measure
In 2019, 1,799,719,433 passengers used the Seoul Met-
ro. Further, on average, 34 million passengers used 
the Seoul Metro per week. This remained consistent 
throughout the year, except for weeks that included > 
three national holidays. After the Korean health author-
ities recommended voluntary social distancing in week 
9 of 2020, the number of passengers decreased by 38% 
compared to those of previous years, as shown in Fig. 
3C (21,810,500; 35,169,961; and 35,085,751 passengers per 
week for 2020, 2019, and 2018, respectively; p < 0.001).

Changes in influenza clinical sentinel surveillance 
data
Fig. 3A shows the results from the influenza clinical 
surveillance in the past 4 years. The influenza epidemic 
pattern in 2019–2020, compared to those in 2016–2017, 
2017–2018, and 2018–2019 (for influenza A), showed an 
overall flat trend, and the epidemic declined before 
reaching the peak. The peak ILI rate (cases per 1,000 
patients) in 2019–2020 of 49.8 was lower than that of 
2016–2017 (86.2), 2017–2018 (72.1), and 2018–2019 (73.3). 
The average number of ILI patients over the 3 weeks (the 
week of the highest peak, and 1 week before and after 
the peak), which was 48.9 in 2019–2020, was significantly 
lower (p = 0.05) than those in previous years (2016–2017, 
70.5; 2017–2018, 71.0; and 2018–2019, 66.1). Furthermore, 
the slope of the new numbers of ILI patients steeply de-
clined from the fourth to the 6th week of 2020. 

Changes in laboratory respiratory virus surveillance 
data
Table 2 shows the pattern of influenza epidemics, based 
on the laboratory-confirmed positive testing rates of in-
fluenza from surveillance results, across the influenza 
seasons. In previous seasons, the exacerbation period 
was shorter than the relief period when influenza spread 
rapidly in the community and then slowly recovered. 
Conversely, in the 2019 to 2020 season, the exacerbation 
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period lasted for 13 weeks, with a 3-week relief period, 
and then, the epidemic quickly ended. When comparing 
the weekly average number of patient decline, to com-
pare the alleviation rates of the influenza epidemic, year-
ly, the number of patients declined approximately 1.8 to 
2.5 times faster than in the previous year. The quick end 

to the flu epidemic coincided with the beginning of the 
COVID-19 pandemic, a period of national interest for 
personal protection use, including the widespread use 
of masks (Fig. 3C). 

Table 3 shows the comparison of yearly laboratory sur-
veillance results for all respiratory viruses. In the respira-

Figure 1. Daily numbers of coronavirus disease 2019 (COVID-19) cases and respiratory virus surveillance in South Korea. The 
dark blue bars indicate the daily-confirmed COVID-19 cases. The light blue line indicates the weekly positive rate of laboratory 
respiratory virus surveillance (all eight types, including influenza) in the 2019 to 2020 influenza epidemic and post-influenza 
period. KCDC, Korean Centers for Disease Control and Prevention; RT-PCR, reverse transcription-polymerase chain reaction. 
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Table 1. Perception towards the use of masks and individual-level preventive measures before and after the COVID-19 pan-
demic, obtained from the online survey in South Korea

Question
Response frequency (n = 604)

p valuebBefore COVID-19
2019.12–2020.1a

After COVID-19
2020.2–2020.3a

Characteristics

Female sex 364 (60.3)

Health-care worker 39 (6.5)

Age group, yr

18–29 77 (12.7)

30–39 153 (25.3)

40–49 142 (23.5)

50–59 168 (27.8)

60–69 52 (8.6)

≥ 70 12 (2.0)

Perception of the use of masks

It is necessary to wear a mask regularly to protect myself 
 against the virus (yes)

584 (96.7)

People wearing masks may be patients (yes) 17 (2.8)

The reasons for using masks

For personal protection from the infection 514 (85.1)

To prevent transmission of infection to people around them 401 (66.4)

Because everyone else wears them and they did not want 
 to be singled out for not wearing them

121 (20.0)

It is necessary in the work setting 90 (14.9)

Preventive measuresc

Wearing a mask during regular outings or at work 1.60 ± 0.76 3.54 ± 0.61 < 0.001

Wearing a mask in public transportation (n = 598)d 1.52 ± 0.78 3.80 ± 0.48 < 0.001

Wearing a mask in public indoor spaces with other people 1.51 ± 0.75 3.75 ± 0.52 < 0.001

Adhering to correct cough etiquettee 2.63 ± 0.90 3.58 ± 0.59 < 0.001

Adhering to correct hand-washinge 2.69 ± 0.80 3.53 ± 0.60 < 0.001

Score for correct hand-washing practicef 2.31 ± 0.68 3.04 ± 0.75 < 0.001

Values are presented as number (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019. 
aFor the survey, the cut-off day for the COVID-19 pandemic was defined as January 31, 2020. On January 27, the national infec-
tious disease alert level went from ‘caution’ to ‘alert.’ 
bThe mask use and personal hygiene practice before and after the COVID-19 pandemic were compared by paired t test.
cLikert scale responses: “Never,” “Seldom,” “Generally,” and “Always.” Depending on the level of use, the question was scored 
from 1 for “Never” to 4 for “Always.”
dData were missing for six patients. Except for this item, all respondents had to complete the mandatory answers when pro-
ceeding with the online surveys and submit the final responses. The responses of the respondents who stopped in the middle 
of the questionnaire could not be collected.
eCover the mouth and nose with tissue or elbow when coughing or sneezing. Wash the hands with running water and soap or 
sanitizer for at least 30 seconds, using the recommended six steps by Korean Centers for Disease Control and Prevention.
fScores for proper hand washing practice: 1 point (not done); 2 points (1–5 times); 3 points (6–10 times); 4 points (more than 10 
times).
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tory samples collected throughout the year, the average 
overall virus-positive rate was 56.6% to 63.0%. The yearly 
positive rates of the respiratory virus during the 8-week 
post-influenza period after the end of the epidemic were 
compared. During the post-influenza periods, the pos-
itive rates remained high (2016–2017, 47.7%; 2017–2018, 
69.9%; 2018–2019, 67.6%), and it was confirmed that 
HRV, HPIV, or HMPV mainly replaced influenza and 

become prevalent in the community during these pe-
riods. However, the overall respiratory virus-positive 
rates during the 8-week post-influenza period in 2019 to 
2020 averaged 26.5%, keeping the positive ratio low. The 
overall respiratory viral infection collectively decreased 
(Fig. 3B). Prior to implementing the social distancing 
measure, the seasonal respiratory virus was controlled 
following strong adherence to personal preventive 

Table 2. Analysis of the annual influenza incidence rates based on laboratory-confirmed test data

Variable
Years of influenza seasons

2016–2017 2017–2018 2018–2019 2019–2020 p value

Duration of epidemics, wka 14 
(influenza A) 

19 14 
(influenza A) 

16 -

Duration of epidemic phases, wkb

Exacerbation phase 4 6 6 13 0.002c

Relief phase 10 13 8 3

Alleviation rates of seasonal epidemics

Mean positive reduction rate per week, % –4.85 –4.81 –4.92 –9.20 0.995d

Mean reduction in no. of patients per week, % –13.5 –13.5 –18.3 –34.0 0.452d

aThe period of the epidemic was between when the test positivity of influenza increased by ≥ 5% to the week before it fell to < 5%.
bThe exacerbation period was from the beginning of the epidemic to the week when the test positivity of influenza was the 
highest, while the relief period was the period from the peak to the end of the epidemic.
cStatistical significance was tested by the linear-by-linear association. 
dStatistical significance was tested by Kruskal-Wallis test.

Figure 2. Online survey results for the use of individual-level preventive measures in the pre- and coronavirus disease 2019 
(COVID-19) pandemic-periods. (A) Violin plots of universal masks in those at risk of social contact. (B) Violin plots of the ap-
propriateness of coughing etiquette and hand washing, and the daily number of hand-washings. For this online survey, pre-
COVID-19 pandemic period in Korea was defined from December 1, 2019 to January 31, 2020 while the COVID-19 pandemic 
period from February 1, 2020 to March 31, 2020.

A B
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measures. After voluntary social distancing was imple-
mented, the positivity rate continued to decrease and 
remained low (Fig. 3C). Supplementary Fig. 2 shows the 
weekly changes in the number of hospitalizations due to 
respiratory virus infection, using hospital-based surveil-
lance system data. It showed a decrease in the number 
of patients diagnosed with respiratory viral infections of 
all types, confirmed by the laboratory data. 

DISCUSSION

This study showed that the use of masks and compli-
ance with personal hygiene practices by Koreans in their 
daily lives increased following the COVID-19 pandemic. 
After personal preventive measures were implanted in 
Korea, the transmission of seasonal respiratory viruses, 
including influenza, dramatically decreased. These re-
sults indirectly suggest that the increased compliance 
with personal preventive measures suppressed the over-
all transmission of respiratory viruses.

Respiratory viral diseases, such as infections caused 
by influenza and rhinovirus, spread widely within local 

communities [23]. However, to prevent this community 
spread, neither do we wear advanced protective equip-
ment nor trace contacts or isolate infected individuals. 
This is because most respiratory viral infections produce 
mild symptoms, and it is not practical to implement 
such measures in the general community. Conversely, 
the effectiveness of wearing masks and following hand 
hygiene measures in a healthcare setting or a small co-
hort (dormitory, household, etc.) to prevent the spread 
of respiratory viruses has been proven in previous stud-
ies [24]. The effectiveness of wearing masks can be clas-
sified in many ways. When masks are used by people 
with respiratory infections, it helps reduce the spread 
of infection by reducing droplet discharge [25]. When a 
healthcare worker uses masks, droplet or aerosol-based 
infections from infected patients can be prevented [24]. 
Despite some inconsistent results, the majority of stud-
ies demonstrated the effectiveness of masks when used 
in specific adherent groups [26-30]. A randomized clin-
ical trial (RCT) comparing three groups: one that uses 
surgical masks, another that uses P2 (N95) masks, and 
a control group, in 143 households with children di-
agnosed and confirmed with ARIs showed that masks 

Table 3. Positive rates of respiratory virus infection confirmed during laboratory surveillance, stratified by year and post-in-
fluenza epidemic period (8 weeks)

Year or  
influenza  
season

Duration, wk Total
Total 

positive 
rate, %

p valueb
Positive rate for individual respiratory virusa

HCoV, % HRV, % HPIV, % HMPV, % HAdV, % IFV, %

2016 53 11,111 59.0 - 5.5 15.0 6.0 4.1 6.3 15.9

2017 52 11,915 56.6 - 4.4 19.4 6.3 5.3 3.7 10.9

2018 52 11,966 63.0 - 5.7 16.3 6.1 4.9 6.8 17.0

2019 52 12,151 60.2 - 2.9 17.2 6.4 5.0 8.0 14.0

2016–17 Post-epidemic, 8c 1,702 47.7 0.002 2.2 18.0 14.5 1.3 4.9 1.7

2017–18 Post-epidemic, 8c 1,868 69.9 < 0.001 2.1 25.1 10.8 17.3 5.4 2.9

2018–19 Post-epidemic, 8c 1,563 67.6 < 0.001 1.2 20.2 18.2 6.9 9.3 1.3

2019–20 Post-epidemic, 8c 845 26.5 NA 4.3 6.4 0.2 2.6 6.6 1.3

HCoV, human coronavirus; HRV, human rhinovirus; HPIV, human parainfluenza virus types; HMPV, human metapneumo-
virus; HAdV, human adenovirus; IFV, influenza virus; NA, not available.
aHPIV (human parainfluenza virus types 1, 2, and 3), HRSV (human respiratory syncytial virus types A and B), IFV (influenza 
A/H1N1(pdm09) and A/H3N2 B), HCoV (human coronavirus 229E, OC43, and NL63).
bGames–Howell test was applied to compare the positive rate of the total respiratory virus infection in 2019 to 2020 with the 
other years’ 8th-week post-influenza periods. 
cPost-seasonal influenza epidemic period (8 weeks): 2016–2017 season (2017, 21st to 28th week); 2017–2018 season (2018, 15th to 
22nd week); 2018–2019 season (2019, 23rd to 30th week); and 2019–2020 season (2020, 8th to 15th week). 
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were not effective in preventing infection. However, 
the adherent users with frequent mask usage were less 
than 50% in both mask groups. Interestingly, these us-
ers showed a reduced risk of infection in the family by 
about 70% [30]. An RCT comparing controls, face mask 

alone, and face mask with hand hygiene among young 
adults in college dormitories reported that after 4 to 5 
weeks, ILI risk was reduced by about 35% in both inter-
vention groups compared to that in controls [27]. The 
aforementioned interventions were also performed in 
259 households with index cases of confirmed influenza. 
The intervention groups showed a low secondary infec-
tion rate, with a statistically significant preventive effect, 
in 154 households where the intervention began within 
3 days of index case symptom onset [28]. Thus, when us-
ing masks to prevent a secondary respiratory viral in-
fection, the rate of compliance with mask use and their 
early use during the infectious stage is important. These 
results are similar to those in the real-world setting in 
Korea. In the early stages of the COVID-19 pandemic, 
the widespread use of masks began. In this context, Lee 
et al. [31] reported similar results, with an early end to 
the 2019 to 2020 influenza season in Korea.

The use of masks is also effective in reducing micro-
bial colonization in the mucosal layer of the upper re-
spiratory tract [32]. This indirectly suggests that wearing 
masks might reduce the potential spread of infection 
from asymptomatic patients. Considering the presence 
of asymptomatic infectious agents before symptom 
onset in the transmission of respiratory infections, in-
cluding COVID-19, this is an important finding [33,34]. 
Another effect of masks is the role of social behavioral 
modification. Widespread mask-wearing allows indi-
viduals to observe better personal hygiene, such as not 
touching the face, and to provide a visual reminder to 
maintain social distances. In our study, the use of masks 
was positively correlated with hand washing and cough-
ing etiquette.

Our research has several limitations. First, the num-
ber of visits to the medical institutions may have been 
underdetermined because patients with respiratory vi-
ral infections may have visited the medical institutions 
less frequently during the COVID-19 pandemic. How-
ever, the COVID-19 pandemic in Korea was not so se-
vere that it limited the use of medical resources, except 
in Daegu City. During the pandemic, the institutions 
of surveillance, indications for inclusion, and testing 
process were not changed. The interpretation of the 
results of surveillance by test positivity was appropriate 
because the surveillance was not performed in a cohort 
group but active sentinel surveillance was conducted for 

Figure 3. (A) Influenza-like illness analysis by year. (B) An-
nual positivity rates of overall respiratory virus infection 
confirmed during laboratory surveillance during the in-
fluenza epidemic and post-influenza periods, weekly, from 
2016 to 2020. (C) The timeline of the public health measures 
implemented and adherence to them, during the coronavi-
rus disease 2019 (COVID-19) pandemic in South Korea. The 
green dotted line indicates the rates of wearing of face masks 
in public transportation. The orange dotted line indicates 
the weekly number of passengers in the Seoul Metropolitan 
subway as a social distancing indicator. A decrease in the 
number of passengers was observed over 3 years, during 
the weeks with the three national holidays (Lunar New Year 
holidays: 4th, 6th, and 7th weeks in 2020, 2019, and 2018, 
respectively). The blue line indicates the respiratory virus 
positivity rate as an effectiveness indicator. KCDC, Korean 
Centers for Disease Control and Prevention.
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patients who visited the institutions with symptoms. 
These test positivity data reflect the seasonal patterns of 
the individual viruses, including influenza, well, which 
has been affirmed in previous studies [31,35]. Moreover, 
the decrease in the number of hospitalized patients who 
were confirmed with respiratory viral pneumonia due 
to severe symptoms and the absence of the 2020 to 2021 
seasonal influenza epidemic are clear additional evi-
dence. Second, this study was not a case-control study, 
thus it was not possible to explain the differences in in-
fection prevention by the types of masks used. Because 
masks are difficult to get, some people disinfected or 
reused their masks or worn cotton masks. In the worst 
pandemic situations, the lack of masks is a major prob-
lem. As with the recently revised Centers for Disease 
Control and Prevention recommendations, wearing a 
cloth mask may be a temporary measure. Third, the cor-
relation between the number of subway riders and com-
pliance with social distancing measures was not well 
validated. We used this as an alternative because there 
is no validation index to evaluate the compliance with 
social distancing objectively and numerically [36,37]. 
The advantage of subway passenger data is that because 
the subway is a means of short-distance transportation 
and these data represent information on essential dai-
ly movements, such as commuting, shopping, and at-
tending school. Moreover, these are important physical 
distancing interventions. Fourth, it is impossible to de-
termine which preventive measures were most effective. 
In Korea, the seasonal respiratory virus was controlled 
prior to implementing the social distancing campaign. 
Compliance with personal preventive measures was 
much higher than compliance with social distancing 
measures. The combined measures of broad and strong 
mandatory social distancing may effectively control the 
COVID-19 pandemic. The effect of these measures has 
already been demonstrated by the Chinese through their 
experience and through epidemic simulation modeling 
[38,39]. However, not all members of society continue 
to maintain social distance, especially those with low 
incomes or who are unemployed. Even if COVID-19 
continues, people have no choice but to work, shop 
for food, and use public transportation. The universal 
use of masks during inevitable social meetings may be 
a simple and inexpensive way to prevent the spread of 
hidden infections from unidentified symptomatic and 

asymptomatic patients.
In conclusion, the increase in the use of individual-lev-

el preventive measures on a national level helped con-
trol the seasonal respiratory virus transmission, which 
does not generally necessitate additional quarantine, 
such as isolation or contact screening. This indirectly 
suggests that the increased use of personal protective 
measures in public areas may decrease the rate of respi-
ratory virus transmission. Further studies are needed to 
compare the effectiveness of each public health measure 
by integrating data of implemented measures against 
the COVID-19 pandemic from various countries.
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APPENDIX 1. Online questionnaire
Online questionnaire: preventive measure against COVID-19 infection

#1. What is your sex?
Male / Female

#2. What is your age?
18 - 29 / 30 - 39 / 40 - 49 / 50 - 59 /60 - 69 / ≥ 70 

#3. Are you a health-care worker (hospital or clinics, all kinds of workers)?
Yes / No

#4. Do you think it is necessary to wear a mask regularly to protect yourself against the virus?
Yes/ No

#5. Do you think people wearing masks may be sick patients?
Yes / No

We will ask the same questions for ‘before’ and ‘during the COVID-19 epidemic.’ Please answer separately. The ques-
tions below require one response per row.

The period before the COVID-19 epidemic: from December 2019 to January 2020.
The period during and after the COVID-19 epidemic: from February 2020 to March 2020.

#6. Overall, d  id you wear a mask during regular outings or at work?
Before epidemic: a. Never b. Seldom c. Generally d. Always
After epidemic: a. Never b. Seldom c. Generally d. Always

#7. Did you wear a mask in public transportation?
Before epidemic: a. Never b. Seldom c. Generally d. Always
After epidemic: a. Never b. Seldom c. Generally d. Always
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#8. Did you wear a mask in public indoor spaces with other people?
Before epidemic: a. Never b. Seldom c. Generally d. Always
After epidemic: a. Never b. Seldom c. Generally d. Always

#9. Which masks did you most use?

Before epidemic: a. Surgical mask b. KF94 c. KF80 d. Cotton mask e. Others
After epidemic: a. Surgical mask b. KF94 c. KF80 d. Cotton mask e. Others

#10.  Why did you use masks during the COVID-19 epidemic? (multiple choices are possible.)
a. For personal protection from the infection
b. To prevent infection of people around me
c. Because everyone else wears them and I did want to be singled out for not wearing them
d. It is necessary during work
e. Other reasons

#11. Did you adhere to proper cough etiquette?
[Proper Coughing Etiquette]
Cover your mouths and nose with a tissue or your sleeve when coughing or sneezing. Wash your hands with soap after 
coughing or use a hand sanitiser.
Before epidemic: a. Never b. Seldom c. Generally d. Always
After epidemic: a. Never b. Seldom c. Generally d. Always
#12. Did you adhere to correct hand-washing?
[Proper Wand-washing]
Wash your hands with running water and soap for at least 30 seconds. You could use an alcohol-based hand sanitiser. 
Palms - Backs of the hands - Between the fingers - Fingers interlocked - Thumbs - Under the nails
Before epidemic: a. Never b. Seldom c. Generally d. Always
After epidemic: a. Never b. Seldom c. Generally d. Always

#13. How many times a day did you do accurate and correct hand-washing?
Before epidemic: a. 0   b. 1 - 5   c. 6 - 10   d. >10
After epidemic: a. 0   b. 1 - 5   c. 6 - 10   d. >10
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APPENDIX 2. Summary of the COVID-19 epidemic 
in South Korea

The first case of coronavirus disease 2019 (COVID-19) 
in Korea was a 35-year-old woman who was living in 
Wuhan, China and had entered Korea on January 19, 
2020 [11]. Subsequently, there was a continuous influx of 
COVID-19-positive patients into Korea; thus, the Korean 
government banned entry from the entire Hubei prov-
ince in China on February 4, 2020. Additional COVID-19 
cases were identified by further foreign influx and spo-
radic secondary contacts with traceable epidemiology 
and contacts. However, after February 18, 2020 the num-
ber of infected cases dramatically increased following 
large-scale gatherings of religious groups in Daegu. The 
nationwide quarantine system was strengthened and 
expanded, and the number of confirmed patients in-
creased with the increase in COVID-19 testing through 
conventional screening clinics, as well as ‘Drive Thru’ or 
‘Walk Thru’ centers [18-21].

A total of 10,708 patients were confirmed COVID-19 

positive as of April 24, 2020. The total cumulative posi-
tive ratio of the test was 1.8%. Among confirmed patients, 
59.6% were women and 40.4% were men. The average 
age of confirmed patients was 44 years old, and by age 
group, those in their 20s (20 to 29) had the highest num-
ber of cases (27.4%), and 2,538 (23.7%) were over 60 years 
old. The overall mortality rate was 2.2%, and the mor-
tality rate for patients over 80 years old was 23.5%. The 
average duration of the diagnosis for 7,367 patients with 
confirmed symptom onset was 4.7 days on average. The 
pattern of occurrence of COVID-19 infection in Korea is 
that the disease widely spread around specific religious 
groups (Shincheonji) in Daegu, and the area accounted 
for 63.9% of all confirmed cases in Korea. Overall, 5,212 
(48.7%) cases were correlated with a religious group, 
3,290 (30.7%) cases were sporadic or from small clusters 
of infections in the community, and 1,023 (9.5%) cases 
were estimated to be from overseas. The predominance 
of cases in the 20s and females were likely caused by the 
outbreak related to a religious group in Daegu [21].
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Supplementary Table 1. Individual preventive measures and the type of mask used, before and after the COVID-19 epidemic 
in an online survey in South Korea

Individual preventive measures
Response frequency (n = 604)

p valuebBefore COVID-19
2019.12–2020.1a

After COVID-19
2020.2–2020.3a

Wearing a mask during regular outings or at workc < 0.001

Never, 1 point 327 (54.1) 4 (0.7)

Seldom, 2 point 203 (33.6) 24 (4.5)

Generally, 3 point 61 (10.1) 210 (34.8)

Always, 4 point 13 (2.2) 363 (60.1)

Mean of points 1.60 ± 0.76 3.54 ± 0.61

Wearing a mask in public transportation (n = 598)d < 0.001

Never, 1 point 374 (62.5) 5 (0.8)

Seldom, 2 point 161 (26.9) 6 (1.0)

Generally, 3 point 40 (6.7) 92 (15.4)

Always, 4 point 23 (3.8) 495 (82.8)

Mean of points 1.52 ± 0.78 3.80 ± 0.48

Wearing a mask in public indoor space with other people < 0.001

Never, 1 point 375 (62.1) 5 (0.8)

Seldom, 2 point 168 (27.8) 10 (1.7)

Generally, 3 point 44 (7.3) 114 (18.9)

Always, 4 point 17 (2.8) 475 (78.6)

Mean of points 1.51 ± 0.75 3.75 ± 0.52

Adhering to correct cough etiquettee < 0.001

Never, 1 point 65 (10.8) 4 (0.7)

Seldom, 2 point 199 (32.9) 21 (3.5)

Generally, 3 point 232 (38.4) 198 (32.8)

Always, 4 point 108 (17.9) 381 (63.1)

Mean of points 2.63 ± 0.90 3.58 ± 0.59

Adhering to correct hand-washinge  < 0.001

Never, 1 point 35 (5.8) 4 (0.7)

Seldom, 2 point 212 (35.1) 20 (3.3)

Generally, 3 point 260 (43.0) 231 (38.2)

Always, 4 point 97 (16.1) 349 (57.8)

Mean of points 2.69 ± 0.80 3.53 ± 0.60

Correct hand-washing numberf < 0.001

0 (not done), 1 point 36 (6.0) 3 (0.5)

1–5 times, 2 point 387 (64.1) 146 (24.2)

6–10 times, 3 point 140 (23.2) 276 (45.7)

More than 10 times, 4 point 41 (6.8) 179 (29.6)

Mean of points 2.31 ± 0.68 3.04 ± 0.75 < 0.001

Most used mask -

Surgical mask 279 (46.2) 75 (12.4)
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Individual preventive measures
Response frequency (n = 604)

p valuebBefore COVID-19
2019.12–2020.1a

After COVID-19
2020.2–2020.3a

KF94 mask (FFP2)g 157 (26.0) 431 (71.4)

KF80 mask (FFP1)g 53 (8.8) 64 (10.6)

Cotton mask 77 (12.7) 24 (4.0)

Others 38 (6.3) 10 (1.7)

Values are presented as number (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019. 
a For the survey, the cut-off day of the COVID-19 epidemic was defined as January 31, 2020. On January 27, the national infectious dis-
ease alert level went from ‘caution’ to ‘alert.’ To reduce recall bias, data was divided into monthly units.

b Comparison of mask use and personal hygiene before and after the COVID-19 epidemic was analyzed by paired t test.
c Likert scale responses: “Never,” “Seldom,” “Generally,” “Always.” Depending on the level of performance, the question was scored 
from 1 for ‘Never’ to 4 for ‘Always.’

d Data were missing for six patients. Except for this item, all respondents had to complete the mandatory answers when proceeding 
with the online surveys and submit the final responses. The answer data of the respondents who stopped in the middle of the ques-
tionnaire could not be collected.

e Cover mouths and nose with tissue or elbow when coughing or sneezing. Wash hands with running water and soap or sanitiser for 
at least 30 seconds with six steps as Korean Centers for Disease Control and Prevention recommend.

f Scoring of proper hand-washing: 1 point (not done); 2 points (1–5 times); 3 points (6–10 times); 4 points (more than 10 times).
g KF94 masks certified by the Korean Ministry of Food and Drug Safety (similar to FFP2) are suitable for healthcare workers as fil-
tering facepiece masks. The performance, such as filtering efficiency, is almost identical between KF94 and N95 [22]. Korea govern-
ment supply KF94 masks to the public (two masks per person per week).

Supplementary Table 1. Continued
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Supplementary Table 2. Masking (indoor space with other people) and hand-washing adherence before the COVID-19 out-
break

Variable
Masking (public indoor places) Correct hand-washing practice

Never or
seldoma

Always or
generallya OR (95% CI) p value

Never or
seldoma

Always or
generallya OR (95% CI) p value

Sex

Male 219 21 1.0 - 118 122 1.0 -

Female 324 40 1.29 (0.74–2.24) 0.372 129 235 1.76 (1.26–2.46) 0.001

Age group, yr 

18–49 336 36 1.0 - 150 222 1.0 -

≥ 50 207 25 1.13 (0.66–1.93) 0.663 97 135 0.94(0.67–1.31) 0.718

Occupation

Public 507 58 1.0 - 235 330 1.0 -

HCWs 36 3 0.73 (0.22–2.44) 0.787 12 27 1.60 (0.79–3.23) 0.184

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; HCW, health-care workers.
aLikert-type responses: “Never do,” “Seldom do,” “Generally do,” “Always do.”
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Supplementary Table 3. Masking (indoor space with other people) and hand-washing adherence after the COVID-19 outbreak

Variable
Masking (public indoor places) Correct hand-washing practice

Never or
seldoma

Always or
generallya OR (95% CI) p value

Never or
seldoma

Always or
generallya OR (95% CI) p value

Sex

 Male 12 228 1.0 - 19 221 1.0 -

 Female 3 361 6.33 (1.77–22.69) 0.002 5 359 6.17 (2.27–16.77) < 0.001

Age group, yr 

 1–49 10 362 1.0 - 22 350 1.0 -

 ≥ 50 5 227 1.25 (0.42–3.71) 0.792 2 230 7.23 (1.68–31.03) 0.001

Occupation

 Public 12 553 1.0 - 22 543 1.0 -

 HCWs 3 36 0.26 (0.07–0.96) 0.066 2 37 0.75 (0.17–3.31) 0.468

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; HCW, health-care workers.
aLikert-type responses: “Never do,” “Seldom do,” “Generally do,” “Always do.” 
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Supplementary Table 4. Pearson’s correlation coefficients for personal hygiene before the COVID-19 outbreak, South Korea

Variable (1) (2) (3) (4) (5) (6)

(1) Wearing a mask during regular outings or at work 1

(2) Wearing a mask in public transportation 0.802a 1

(3) Wearing a mask in public indoor space with other people 0.788a 0.910a 1

(4) Adhering to correct cough etiquette 0.223a 0.260a 0.229a 1

(5) Adhering to correct hand-washing 0.222a 0.253a 0.238 a 0.514 a 1

(6) Hand-washing number 0.134b 0.135b 0.143a 0.332a 0.564a 1

COVID-19, coronavirus disease 2019.
ap < 0.001. 
bp = 0.001.
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Supplementary Table 5. Pearson’s correlation coefficients for personal hygiene after the COVID-19 outbreak, South Korea

Variable (1) (2) (3) (4) (5) (6)

(1) Wearing a mask during regular outings or at work 1

(2) Wearing a mask in public transportation 0.554a 1

(3) Wearing a mask in public indoor space with other people 0.624a 0.771a 1

(4) Adhering to correct cough etiquette 0.363a 0.365a 0.365a 1

(5) Adhering to correct hand-washing 0.379a 0.347a 0.355a 0.533a 1

(6) Hand-washing number 0.251a 0.207a 0.256a 0.349a 0.498a 1

COVID-19, coronavirus disease 2019.
ap < 0.001. 
bp = 0.001
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Supplementary Figure 1. Online survey results of individual preventive measures before and after the coronavirus disease 
2019 (COVID-19) epidemic. (A) The paired responses of all survey subjects about universal masking and (B) coughing etiquette 
and hand-washing before and after the COVID-19 epidemic. A single thin horizontal box means one survey responder. The 
inner color of box is the answer to that question.

A B
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Supplementary Figure 2. Weekly change in the number of hospitalized adults with an acute respiratory viral infection. 
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