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Background: Non-pharmaceutical interventions, including hand hygiene, wearing masks, and cough etiquette,
and public health measures such as social distancing, used to prevent the spread of coronavirus disease 2019
(COVID-19), could reduce the incidence rate of respiratory viral infections such as influenza. We evaluated the

Accepted 21 June 2022 effect of COVID-19 on the incidence of influenza in Korea.

P 5 Methods: This retrospective study included all patients who visited five urban emergency departments (EDs)
Eyworas- during the influenza epidemic seasons of 2017-18, 2018-19, and 2019-20. Influenza was defined as ICD-10

COVID-19 . . .. .

SARS-CoV-2 codes J09, J10, and J11, determined from ED discharge records. The weekly incidence rates of influenza per

Influenza 1000 ED visits during the 2019-20 season, when COVID-19 became a pandemic, were compared with those of

2017-18 and 2018-19. The actual incidence rate of the 2019-20 season was compared with the predicted
value using a generalized estimation equation model based on 2017-18 and 2018-19 data.

Results: The weekly influenza incidence rate decreased from 101.6 to 56.6 between week 4 and week 5 in 2020
when the first COVID-19 patient was diagnosed and public health measures were implemented. The weekly
incidence rate during week 10 and week 22 of the 2019-20 season decreased most steeply compared to
2017-18 and 2018-19. The actual influenza incidence rate observed in the 2019-20 season was lower than
the rate predicted in the 2017-18 and 2018-19 seasons starting from week 7 when a COVID-19 outbreak
occurred in Korea.

Conclusions: The implementation of non-pharmaceutical interventions and public health measures for the
COVID-19 epidemic effectively reduced the transmission of influenza and associated ED use in Korea. Imple-
menting appropriate public health measures could reduce outbreaks and lessen the burden of influenza during
future influenza epidemics.

Communicable disease control

© 2022 Elsevier Inc. All rights reserved.

1. Introduction 20, 2020 [1-3]. After this first case, the Korea Disease Control and

Prevention Agency (KDCA) raised the alert level of the infectious disease

The outbreak of coronavirus disease-2019 (COVID-19), which was
caused by severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), was reported in Wuhan, China in December 2019, and the
first confirmed patient in the Republic of Korea was reported on January

Abbreviation: COVID-19, coronavirus disease 2019; ED, emergency department; ILI,
influenza-like illness; KDCA, Korea Disease Control and Prevention Agency; NDIs, non-
pharmaceutical interventions; SARS-CoV-2, severe acute respiratory syndrome
coronavirus-2.
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E-mail address: juokpark@hallym.ac.kr (J.O. Park).
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crisis from “blue” to “yellow” as more COVID-19 patients were identi-
fied, including recommendations that people should wear face masks
and practice hand hygiene (Fig. 1) [4]. When there was an outbreak in
Daegu metropolitan city, the KDCA raised the infectious disease crisis
warning to “red” on February 24, 2020, and began to implement social
distancing in public [5,6]. These non-pharmaceutical interventions
(NPIs) and public health measures were aimed at preventing the spread
of COVID-19 through respiratory droplets. Along with behavioral
changes following NPIs and public health measures recommended by
the KDCA in the population, these measures were expected to influence
the outbreak of other diseases caused by respiratory viruses [7-9].
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https://doi.org/10.1016/j.ajem.2022.06.039
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« Occurrence and prevalence of new infectious diseases abroad
« Monitoring the crisis sig, Improvement of response capacity
« Improvement of crisis symptom monitoring and monitoring response capabilities

« Influx of new infectious diseases from overseas

« Strengthening the screening test, emphasis on non-pharmaceutical intervention

Yellow

«» On-site quarantine and operation of quarantine infrastructure

» Appointing infectious disease hospitals

« Limited spread of new infectious diseases in Korea
« Establishment and operation of the Central Disaster Management Headquarters

« Implement social distancing in public

« Community or nationwide spread of new infectious diseases in Korea
« Central Disaster and Safety Countermeasure Headquarters operation with government-wide support network

Fig. 1. Alert level of the infectious disease crisis by the Korea Disease Control and Prevention Agency.

Influenza is caused by a respiratory virus that spreads through
droplet-based transmission and is highly contagious and prevalent in
winter [10]. Influenza is associated with a high mortality rate owing to
complications such as pneumonia in high-risk groups including elderly
patients aged 265 years, pregnant women, and immunosuppressed
patients [11-13]. It is estimated that 3-5 million people have a severe in-
fluenza infection each year, and 25-50 million people have died from
influenza worldwide [14]. In Korea, it is estimated that >23,000 people
are hospitalized and >1200 people die from influenza per year [15]. To
reduce the burden due to influenza, it is important to establish active
prevention policies and infection control measures. NPIs such as hand
hygiene, cough etiquette, and use of masks are known to lower the
risk of acquiring influenza infection, as well as to delay and reduce the
peak of the epidemic [16,17].

Before COVID-19, even though public health agencies had invested
physically and financially in promoting NPIs for controlling influenza
epidemics, they were not considered mandatory nor widely accepted.
However, during the COVID-19 pandemic, the KDCA has mandated
mask use and social distancing behaviors, such as closing schools and
suspension of mass gathering events. The majority of people imple-
mented NPIs and maintained social distancing. We considered that
such a large-scale behavioral change occurring in society could have
an unintended effect on other respiratory infectious diseases, such as in-
fluenza. Influenza surveillance systems based in primary clinics can
monitor influenza-like illnesses (ILIs) but usually do not include severe
patients. Meanwhile, influenza surveillance based in the emergency de-
partment (ED), which includes severe patients, could be more objective
due to the use of diagnostic tests.

We aimed to analyze the beneficial effects of the COVID-19 pan-
demic related increase in NPIs and public health measures on the inci-
dence of influenza using data from EDs in selected Korean hospitals.

2. Materials and methods
2.1. Study setting and design

This retrospective observational study was conducted in the EDs of
five urban teaching hospitals in Korea. The study was approved by the
institutional review board of our institution, and the need for informed
consent was waived because of the retrospective design of the study
(IRB number: 2020-05-017).

The annual number of patients treated in each ED ranges from
10,000 to 80,000, which varies from hospital to hospital. From 2017 to
2019, the median number of patients treated in the EDs of the five hos-
pitals was 41,218. The population of the area where two hospitals are
located is 9.7 million, and the populations of the area where the other
three hospitals are located are 890,000, 550,000, and 280,000, respec-
tively. When patients are discharged from the ED, they are diagnosed
based on the International Classification of Diseases (ICD)-10 code. In-
fluenza can be diagnosed through an antigen test using immuno-
chromatographic assay (BD Veritor System for Rapid Detection of Flu
A + B) [18]. However, during an influenza epidemic declared by
KDCA, it also can be diagnosed based on clinical symptoms only. The in-
fluenza epidemic is declared by the KDCA when the average proportion
of patients with ILIs is more than two standard deviations from the
average proportion of patients in the non-epidemic period over the
past 3 years since 2006. The influenza epidemic is declared over by
the KDCA after review, if the average proportion of patients with ILIs
is below the standard for declaring an epidemic for 3 consecutive
weeks. According to declarations by the KDCA, in the winter of
2017-18, the influenza epidemic began at week 48 of 2017, peaked dur-
ing the first week of 2018, and concluded at week 21 of 2018. In the
2018-19 season, the influenza epidemic began at week 46 of 2018,
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peaked at week 52 of 2018 and week 16 of 2019, and concluded during
week 25 of 2019 [19]. During the 2018-19 epidemic, the first peak was
dominantly type A influenza and the second peak was dominantly type
B influenza. In the 2019-20 season, when COVID-19 became a pan-
demic, the influenza epidemic was declared at week 46, peaked at
week 52, and concluded at week 13 of 2020.

2.2. Study participants

For convenience, in this study, we included all patients who visited
five EDs from week 40 of each year to week 22 of the following year,
considering the start and peak of each influenza epidemic period in
2017-18, 2018-19, and 2019-20. We excluded patients who visited
the ED only for receiving their medical records. All patients were di-
vided into three phases based on their visiting week. The first phase
was defined as patients who visited from weeks 40 to 52 when the
number of influenza patients increased; the second phase was defined
as patients who visited from weeks 1 to 9 of the following year, wherein
the number of patients gradually decreased, and the third phase was de-
fined as patients who visited from weeks 10 to 22 when the second ep-
idemic peak occurred (Fig. 2).

2.3. Variables

Information on patients was extracted anonymously from the elec-
tronic records of the hospitals. A diagnosis of influenza was defined as
ICD-10 codes J09, J10, and ]J11, determined from ED discharge records.
For body temperature, we used the first measurement taken immedi-
ately after the ED visit. Fever was defined as a body temperature of
>37.5 °C according to the suspected symptoms of COVID-19 defined
by the KDCA. COVID-19 pandemic-related information was collected
from announcements made by the KDCA.

2.4, Statistical analysis

The demographic findings for each season were described. Data of
categorical variables are reported as counts and percentages, and data
of continuous variables are reported as median, first quartile, and
third quartile. The weekly incidence rates of influenza per 1000 ED visits
were calculated for each season. The analysis was performed according
to the phases of the period considered in this study. The difference in the
incidence rate between seasons for each phase was expressed as the in-
cidence rate ratio with a 95% confidence interval (95% CI). A generalized
estimation equation model with a Poisson distribution was used to

2017-18
Influenza epidemic
154,023 patients

2018-19
Influenza epidemic
162,315 patients
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compare changes in the weekly incidence rate for each season and to
predict the trend of the influenza epidemic in the 2019-20 season
based on the data of influenza incidence rates in the 2017-18 and
2018-19 seasons [20]. B means the change in the weekly incidence
rate. Since the weekly data that can be evaluated for each phase are
short, we estimated changes in weekly incidence rates over time using
a linear term for time. All statistical analyses were performed using
SAS software (version 9.4; SAS Institute Inc., Cary, NC, USA).

3. Results

During the study period, 463,633 patients visited the ED of the par-
ticipating hospitals (Table 1). There were 147,295 influenza patients in
the 2019-20 season. In the 2018-19 and 2017-18 seasons, there were
162,315 and 154,023 influenza patients, respectively. The distribution
of age and sex of patients was similar during each phase. However, in
the third phase of the 2019-20 season, wherein the number of COVID-
19 patients surged nationwide, the total number of ED visits was
lower, and the median patient age was older than that in the previous
two seasons. The proportion of patients whose body temperature was
>37.5 °C was the lowest (14.7%) in the third phase of the 2019-20 sea-
son. Fig. 3 shows the weekly distribution influenza-diagnosed patients
by hospital by season.

Fig. 4 shows the weekly incidence rate of influenza per 1000 ED
visits by season. In the first phase (weeks 40 to 52), influenza incidence
rate increased weekly in every season. In the second phase (weeks 1 to
9), the influenza incidence rate decreased in every season. In particular,
in the 2019-20 season, the weekly influenza incidence rate per 1000 ED
visits sharply decreased from 101. 6 to 56.6 between weeks 4 and 5. In
week 4, the first COVID-19 patient was diagnosed in Korea, and the
KDCA raised the alert level from “blue” to “yellow” with emphasis on
practicing hand hygiene, following cough etiquette, and wearing
masks. When an outbreak of COVID-19 occurred in Daegu metropolitan
city in week 9, the KDCA raised the alert level from “orange” to “red” and
recommended social distancing such as maintaining a 2-m distance be-
tween people, refraining from going out, restricting movement,
suspending mass gathering events, and closing schools. After week 9
of 2020, the influenza incidence rate per 1000 ED visits remained
below 2, and there was no second epidemic wave, unlike that in the
2018-19 season. The ratio of influenza incidence rate per 1000 ED visits
by season was evaluated for the third phase, in which social distancing
was emphasized in 2019, to compare the difference in incidence rate by
season. Compared with the third phase of the 2018-19 and 2017-18
seasons, the incidence rate ratios of the third phase of the 2019-20

2019-20
Influenza epidemic
147,295 patients

1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
phase phase phase phase phase phase phase phase phase
(week (week (week (week (week (week (week (week (week
40-52) 1-9) 10-22) 40-52) 1-9) 10-22) 40-52) 1-9) 10-22)
(58170 (39,090 | (56,763 (61,340 (39,863 | (61,112 (62,675 (41,525 | (43,095
patients) patients) | patients) patients) patients) | patients) patients) patients) | patients)
A A 4 € Yy A 4

Fig. 2. Numbers of patients during the study period.
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Fig. 3. Influenza epidemic curve by hospital by season.

season were 0.03 and 0.14, respectively, which showed a statistically
significant difference (p < 0.01).

The results of evaluating the weekly change in the incidence rate
during the second phase by season show that the weekly incidence
rate decreased by 3 = —0.21 (95% CI -0.22, —0.19) in 2017-18, by 3
= —0.27 (95% C1-0.29, —0.24) in 2018-19, and most steeply by 3 =
—0.33 (95% C1-0.35, —0.31) in 2019-20 (Fig. 5). The results of testing
showed a statistically significant difference in the change in weekly in-
cidence rate in the second phase by season (p < 0.001). During the third
phase, the weekly incidence rate in the 2019-20 season decreased most
steeply by B = —0.12 (95% CI -0.09, —0.15). The weekly incidence rate
in 2017-18 decreased by 8 = —0.10 (95% CI -0.09, —0.11), and the

weekly incidence rate in 2018-19 decreased by 8 = —0.14 (95% CI
-0.06, —0.23). The change in weekly incidence rate in the second
phase by season was not a statistically significant difference. The
p-value for the 2017-18 and 2019-20 seasons, and the 2018-19 and
2019-20 seasons were 0.59 and 0.32 respectively.

The weekly incidence rate of the 2019-20 season in the second phase
was predicted based on the trend of incidence rates in the 2017-18 and
2018-19 seasons. For this purpose, a generalized estimation equation
model was used (Fig. 6). The bar of predicted weekly influenza incidence
rate in Fig. 6 indicates the confidence interval. From week 7, the actual
influenza incidence rate observed in the 2019 season was lower than
the value predicted in the 2017-18 or 2018-19 seasons.
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Fig. 4. Weekly influenza incidence rates per 1000 emergency department visits by season.

4. Discussion

We investigated the effect of the COVID-19 epidemic on reducing
the incidence of influenza-associated ED use by analyzing ED-based
data, comparing the changes in the weekly incidence rate and
predicting the trend of the influenza epidemic. The weekly influenza
incidence rate per 1000 ED visits decreased sharply after the change in
the alert level announced by the government. The weekly change in
the incidence rate in the second phase was the most dramatic in the
2019-20 season compared to that in the 2018-19 and 2017-18 seasons.
From week 7 of 2020, the actual influenza incidence rate observed was
lower than the incidence rate predicted by the 2017-18 or 2018-19 sea-
sons.

Our findings suggest that public health measures, including social
distancing and the use of personal protective measures, are associated
with a reduced spread of influenza. When the KDCA raised the level of
infectious disease crisis alert, they recommended and implemented a
change in the behavior of the population and social distancing policy.
The government emphasized mandatory use of masks in public places,
following cough etiquette, practicing hand hygiene, staying at home

21d phase

0.15
o 010
4
o

0.05

0.00

2 4 6 8
week
year 2017-18 2018-19 2019-20

after the onset of respiratory symptoms, refraining from nonessential
social activities, and postponing school and preschool openings. Fig. 7
shows the COVID-19 incidence, ED visits and population mobility
derived from data published by Statistics Korea based on mobile big
data analysis [21]. Population mobility defined as visiting a city other
than the one in which the person lives and staying there for >30 min
by using telecommunication-based mobility data. The population mo-
bility started to decline from week 8, when the number of confirmed
COVID-19 cases surged and the government raised the alert level of
the infectious disease. The ED use also declined when the number of
confirmed COVID-19 cases surged. This shows that people were
influenced by government policies and quarantine rules. The official in-
fluenza epidemic period of the 2019 season as defined by the KDCA
ended 12 weeks earlier than that of the previous season [19]. During
2020-2021, the KDCA did not declare the influenza epidemic [19].
These findings support our results.

Wearing masks showed protective effects against influenza in ran-
domized controlled studies of community and health care facilities
[22,23]. Hand hygiene demonstrated a preventive effect in laboratory
settings [24,25]. A meta-analysis showed reduction in the incidence

3 phase

0.06
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Rate

0.02

0.00

year 2017-18 2018-19 2019-20

Fig. 5. Trend of weekly change in influenza incidence rates by season: (A) second phase, (B) third phase.
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rate of respiratory illness by practicing hand hygiene [26]. In these
previous studies, the effectiveness of NPIs in reducing the incidence of
influenza was similar to the results of our study, but they were con-
ducted in laboratory or small community settings. In Texas, United
States, closing schools showed potential benefits during the influenza
epidemic [27]. Social distancing measures in workplaces delayed and
reduced the peak influenza attack rate, and were more effective when
combined with NPIs as shown in a meta-analysis [28].

Public health measures were adopted for reducing the incidence of
COVID-19 and several studies have investigated the effects of these
measures on influenza at a national or regional level using a national in-
fluenza surveillance database. In Hong Kong, NPIs resulted in 44% reduc-
tion in transmissibility [7]. Compared with the three preceding seasons,
Singapore recorded a decline in the daily influenza cases and influenza
positivity in the 2019-20 season and China showed a reduced rate of
influenza transmission during the 2019-2020 season after imple-
menting NPIs [8,29]. Olsen et al. also reported reduction in the positivity
of influenza tests in the United States and decreased influenza activity in
Australia, Chile, and South Africa [30]. In Korea, two studies used a
surveillance system database and reported an early end of the influenza
epidemic and decreased peak rate of influenza activity and influenza
hospitalization cases [31,32]. Korea had recommended NPIs and imple-
mented a social distancing policy, including postponing school opening
and suspension of mass gathering events, after the start of the COVID-19

COVID-19
case
4000 -

3500

3000 -

epidemic. Our study shows statistically significant reduction in the in-
fluenza incidence rate observed in the 2019-20 season compared with
that predicted by the previous two seasons.

Our study has a few limitations. COVID-19 could have affected
healthcare-seeking behaviors. The government encouraged people
with respiratory symptoms to visit a hospital. Patients with mild disease
became reluctant to visit the hospital because of concerns about contact
with confirmed COVID-19 patients. Because this study used ED-based
data, the change in hospital visits could also indicate the change in ED
visits. People may have visited primary clinics or outpatient clinics
other than EDs. This change could affect the incidence rate of influenza
among ED visits. To reduce the effect of this decrease in ED visits, when
analyzing the incidence rate and associated trend, we used the number
of influenza patients per 1000 ED visits, not the number of influenza pa-
tients diagnosed in the ED. In our study, it was difficult to determine
whether the practice of influenza testing used in the five participating
EDs was consistent from year to year. In particular, it is not known
whether influenza testing practices have changed since the start of the
COVID-19 epidemic. However, even after the COVID-19 epidemic
began, the guidelines for conducting influenza testing by participating
hospitals and the standards set by the government for diagnosing influ-
enza have not changed. Because this was an observational study, we
could not identify which measures were potentially effective in reduc-
ing the incidence of influenza. We were unable to ascertain how well
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social distancing or behavioral changes were actually performed; this
would require further research.

5. Conclusions

Our study suggests that implementing NPIs and public health
measures to control the spread of COVID-19 had a substantial impact
on reducing influenza and related ED use in Korea. Implementing ap-
propriate NPIs and public health measures could reduce outbreaks
and lessen the burden of influenza during future influenza epidemics.
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