J Korean Med Sci. 2023 Feb 27;38(8):e58
https://doi.org/10.3346/jkms.2023.38.e58
eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article
Preventive & Social Medicine

‘ '.) Check for updates ‘

Received: Sep 16, 2022
Accepted: Nov 30, 2022
Published online: Feb 10, 2023

Address for Correspondence:
Myoung-don Oh, MD, PhD

Department of Internal Medicine, Seoul
National University College of Medicine, 101
Daehak-ro, Jongno-gu, Seoul 03080, Korea.
Email: mdohmd@snu.ac.kr

Jin Yong Lee, MD, PhD, MHA

Public Healthcare Center, Seoul National
University Hospital, 101 Daehak-ro, Jongno-gu,
Seoul 03080, Korea.

Email: jylee2000@gmail.com

*Soo-Hee Hwang and Hyejin Lee contributed
equally to this article.

© 2023 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Soo0-Hee Hwang
https://orcid.org/0000-0003-2452-9593
Hyejin Lee
https://orcid.org/0000-0001-5279-340X
Myunghoo Jung
https://orcid.org/0000-0002-8916-1622
Sang-Hyun Kim
https://orcid.org/0000-0002-5548-6496

https://jkms.org

Incidence, Severity, and Mortality of
Influenza During 2010-2020 in Korea:
A Nationwide Study Based on the
Population-Based National Health
Insurance Service Database

Soo-Hee Hwang
Ho Kyung Sung

»" Hyejin Lee ,>* Myunghoo Jung @, Sang-Hyun Kim @,’
,* Myoung-don Oh @, and Jin Yong Lee © *&7

'HIRA Research Institute, Health Insurance Review & Assessment Service, Wonju, Korea

?Department of Family Medicine, Seoul National University Bundang Hospital, Seongnam, Korea
*Department of Family medicine, Seoul National University College of Medicine, Seoul, Korea

“National Emergency Medical Center, National Medical Center, Seoul, Korea

*Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

SDepartment of Health Policy and Management, Seoul National University College of Medicine, Seoul, Korea
Public Healthcare Center, Seoul National University Hospital, Seoul, Korea

ABSTRACT

Background: The epidemiology of influenza is commonly used to understand and establish
relevant health policies for emerging respiratory infections, including coronavirus disease
2019 (COVID-19). However, Korea has no confirmed nationwide data on influenza incidence,
severity, and mortality rate.

Methods: We conducted a cross-sectional study to obtain epidemic data on influenza at the
national level using National Health Insurance claims data during 2010 to 2020. Influenza
cases were defined as 90-day timeframe episodes based on all inpatient and outpatient
claims data with disease code J09, J10, and J11. Influenza incidence, severity, and mortality
rate were calculated, and logistic regressions were performed to assess the associations of
demographic characteristics and comorbidity with influenza-related hospitalization, severe
illness, and death.

Results: There were 0.3-5.9% influenza cases in the population from 2010 to 2020, with
9.718.9%, 0.2-0.9%, and 0.03-0.08% hospitalized, used in the intensive care unit, and
dead, respectively. Age-standardized incidence and mortality rates were 424.3-6847.4 and
0.2-1.9 per 100,000 population, respectively. While more than half of the influenza cases
occurred in populations aged younger than 20 years, deaths in older than 60 years accounted
for more than two-thirds of all deaths.

Conclusion: This study provided the simplest but most important statistics regarding Korean
influenza epidemics as a reference. These can be used to understand and manage other new
acute respiratory diseases, including COVID-19, and establish influenza-related policies.

Keywords: Epidemiology; Incidence; Severity; Mortality; Influenza, Korea

117

ssaadyuljwix §=§ Aq pejeseuen


http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2023.38.e58&domain=pdf&date_stamp=2023-02-10
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-2452-9593
https://orcid.org/0000-0003-2452-9593
https://orcid.org/0000-0001-5279-340X
https://orcid.org/0000-0001-5279-340X
https://orcid.org/0000-0002-8916-1622
https://orcid.org/0000-0002-8916-1622
https://orcid.org/0000-0002-5548-6496
https://orcid.org/0000-0002-5548-6496
https://orcid.org/0000-0003-2452-9593
https://orcid.org/0000-0001-5279-340X
https://orcid.org/0000-0002-8916-1622
https://orcid.org/0000-0002-5548-6496
https://orcid.org/0000-0002-1207-0298
https://orcid.org/0000-0002-2344-7695
https://orcid.org/0000-0002-7752-2697

Incidence, Severity, and Mortality of Influenza

JKMS

Ho Kyung Sung
https://orcid.org/0000-0002-1207-0298
Myoung-don Oh
https://orcid.org/0000-0002-2344-7695
Jin Yong Lee
https://orcid.org/0000-0002-7752-2697

Disclosure
The authors have no potential conflicts of
interest to disclose.

Author Contributions

Conceptualization: Hwang SH, Lee H, Oh MD,
Lee JY. Data curation: Jung M, Kim SH. Formal
analysis: Jung M, Kim SH. Investigation: Jung
M, Kim SH, Sung HK. Methodology: Hwang
SH, Lee H, Jung M, Kim SH. Validation: Hwang
SH, Lee H, Sung HK. Oh MD, Lee JY. Writing -
original draft: Hwang SH, Lee H, Jung M, Kim
SH. Writing - review & editing: Hwang SH, Lee
H, Oh MD, Lee JY.

https://jkms.org

INTRODUCTION

Seasonal influenza has been considered a suitable model for understanding the epidemiology
of coronavirus disease 2019 (COVID-19) since its early emergence because of the similarity

in the mode of infection and range of symptoms.1,2 Although coronavirus variants have
differences in transmissibility, virulence, and severity, public officials, policymakers, and the
general public have frequently compared the clinical symptoms and mortality of seasonal
influenza to understand the risks of COVID-19 and have commonly been used as a reference
in its clinical studies.3-6

Globally, annual epidemics of seasonal influenza are estimated to result in approximately 3

to 5 million cases of severe illness and 290,000 to 650,000 respiratory deaths (4.0-8.8 per
100 000 individuals).”8 Despite the worldwide epidemiology of seasonal influenza, its use as
a benchmark for COVID-19 at the national level requires accurate epidemiological statistics
from that country. In addition, seasonal influenza epidemics are highly likely to be influenced
by social factors, including country, race, and vaccination.??

To date, Korea has no nationwide data on influenza, which can be used as a reference. Several
countries, including Korea, conduct influenza surveillance annually; however, the national-
level incidence and mortality rates cannot be confirmed.

The COVID-19 pandemic has lasted approximately 2 years, and several countries have recently
declared that they are starting to manage COVID-19 as an endemic disease, such as seasonal
influenza.10,11 Therefore, an analysis of the influenza epidemic should be conducted to
manage COVID-19 at the level of the seasonal influenza epidemic. In addition, claim data
offer the benefit of easily obtaining data at the national level. Therefore, this study aimed

to investigate seasonal influenza incidence, severity, and mortality using national health
insurance claims data.

METHODS

Study design and data sources

A retrospective cohort was constructed using National Health Insurance (NHI) claims data
submitted to the Health Insurance Review and Assessment Service (HIRA) from 2011 to
2020, followed by a cross-sectional study for each year. It enables us to analyze and observe
representative statistics of the total patient population in Korea because it includes nearly
the entire population’s medical utilization.12 Information on patients’ age, sex, type of
insurance (NHI or Medical Aid [MA] program, a public assistance program for low-income
households), type of medical services (inpatient and outpatient), institution(s) visited,
visit dates, diagnoses, medications, and treatments was obtained from the claims data.12,13
Furthermore, we used midyear population estimates by age group from Statistics Korea.l4

Episode of influenza and case definition

We extracted all inpatient and outpatient claims data regarding seasonal influenza using the
Korean Standard Classification of Diseases and Causes of Death-7 (KCD-7) (J09, J10, and J11).
However, seasonal influenza has a broad spectrum of symptoms, ranging from asymptomatic
to severe respiratory disease, and multiple healthcare utilization can occur in influenza cases.
Therefore, a re-diagnosis of influenza within 90 days after the initial diagnosis of influenza
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782,964,551 claims in 2010
803,705,145 claims in 2011
879,985,585 claims in 2012
896,630,633 claims in 2013
918,876,263 claims in 2014

No. of claims in HIRA data
915,555,222 claims in 2015
953,340,630 claims in 2016
955,360,693 claims in 2017
974,084,074 claims in 2018
994,419,602 claims in 2019
867,288,961 claims in 2020

Extraction using diagnosis code (JO9-J11)

Identification of influenza claims
No. of outpatients & inpatients claims

910,713 influenza claims in 2010 (0.12% of total claims) 1,522,673 influenza claims in 2015 (0.17% of total claims)
= 859,206 outpatients (94.3%) + 51,507 inpatients (5.7%) = 1,385,407 outpatients (91.0%) + 137,266 inpatients (9.0%)
356,239 influenza claims in 2011 (0.04% of total claims) 3,728,096 influenza claims in 2016 (0.39% of total claims)
= 336,130 outpatients (94.4%) + 20,109 inpatients (5.6%) = 3,484,700 outpatients (93.5%) + 243,396 inpatients (6.5%)
1,010,602 influenza claims in 2012 (0.11% of total claims) 1,951,418 influenza claims in 2017 (0.20% of total claims)
= 935,474 outpatients (92.6%) + 75,128 inpatients (7.4%) =1,797,681 outpatients (92.1%) + 153,737 inpatients (7.9%)
415,126 influenza claims in 2013 (0.05% of total claims) 4,735,494 influenza claims in 2018 (0.49% of total claims)
= 371,675 outpatients (89.5%) + 43,451 inpatients (10.5%) = 4,470,770 outpatients (94.4%) + 264,724 inpatients (5.6%)
1,519,929 influenza claims in 2014 (0.17% of total claims) 3,233,946 influenza claims in 2019 (0.33% of total claims)
=1,390,554 outpatients (91.5%) + 128,375 inpatients (8.5%) = 3,039,375 outpatients (94.0%) + 194,571 inpatients (6.0%)

1,282,845 influenza claims in 2020 (0.15% of total claims)

=1,195,363 outpatients (93.2%) + 87,482 inpatients (6.8%)

Applying 90-day episode-of-care

Identification of influenza episodes

574,670 episodes in 2010
208,942 episodes in 2011
601,761 episodes in 2012
265,506 episodes in 2013
960,740 episodes in 2014

964,982 episodes in 2015
2,357,711 episodes in 2016
1,278,794 episodes in 2017
3,031,575 episodes in 2018
1,974,947 episodes in 2019

825,864 episodes in 2020

Fig. 1. Process of data extraction and definition of influenza cases.

https://jkms.org

was considered as the same episode, and a newly diagnosed influenza after 90 days was
considered a new case of influenza (re-infection) (Fig. 1).

The severity of influenza-induced illness was classified into the following: mild (ambulatory
state, category 1-2), moderate (non-intensive care unit [ICU] hospitalization and/or oxygen
therapy, category 3—4), severe (ICU hospitalization, and/or invasive mechanical ventilation,
category 5-6), and dead (death, category 7) using the modified 7-category ordinal scale of
clinical status for hospitalized patients with influenza and the ordinary scale for COVID-19
of the World Health Organization.1518 For this classification, we defined hospitalization,
applying oxygen therapy, ICU hospitalization, and wearing a mechanical ventilator within 28
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days of being diagnosed with influenza as influenza-related events in this study. However, it is
not limited to influenza-caused events. We estimated the timeframe using the first admission
date because we could not obtain the dates of ICU hospitalization, oxygen therapy, and
ventilation from the claim’s date.

In this study, deaths that occurred within 28 days of being diagnosed with influenza were
defined as influenza-related deaths, and it should be noted that deaths were all caused
deaths. In case of in-hospital death, we categorized the underlying cause of death based on
the KCD-7 as pneumonia and influenza (J09-J18), other respiratory diseases (JOO-JO8 and
J19-J99), and circulatory disease (I00-199) using the diagnosis at the time of admission.

Statistical analyses

Baseline characteristics for the study cohort are presented as mean with standard deviations
and median with interquartile range for the age. Other demographic data were presented

as number and percentage. The crude incidence rate of influenza was calculated by dividing
the midyear population by the year. In addition, crude influenza-related event rates
(hospitalization, ICU use, and death) were calculated by dividing the number of influenza
cases by the year. Furthermore, the severity of influenza using mutually exclusive categories
(mild, moderate, severe, and dead) was expressed as numbers and proportions for the age
groups of < 4, 5-19, 20-49, 50-59, 60—69, 70-79, and > 80 years. The case fatality rate was the
crude proportion of dead cases and was calculated as the number of deaths among patients
with influenza at that time.

Age-standardized incidence and mortality rates were generated for age groups < 4, 519, 20—
49, 50-59, 60-69, 70-79, and = 80 years using the Statistics Korea 2005 mid-year population
structure as a reference. In addition, simple and multiple logistic regressions were performed
to assess the associations of demographic characteristics and comorbidity using the Charlson
Comorbidity Index (CCI) with influenza-related hospitalization, severe illness (use of ICU or
mechanical ventilator), and death in 2018, with the highest incidence of influenza.

The statistical significance threshold was set at P < 0.05. All analyses were performed using the
Statistical Analysis System (SAS) software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Ethics statement
This study was reviewed and approved by the Institutional Review Board (IRB) of HIRA (IRB
No. 2022-061-001). Informed consent was waived as we used anonymized data.

RESULTS

Characteristics of influenza cases in Korea

From 2010 to 2020 (11 years), there were 208,942-3,031,575 influenza cases (0.4%—5.9% of
the population) per year in Korea, with the number of influenza cases fluctuating significantly
by year. Except for 2020, more than 1 million cases have occurred yearly since 2016, and the
largest number of influenza cases occurred, with 3,031,575 and 2,357,711 cases in 2018 and
2016, respectively. The mean patients’ age of influenza cases was 24.7 + 20.7 and 29.3 + 22.0
years in 2010 and 2020, respectively. Notably, by age group, the number and proportion

of influenza cases were more than 50% in the < 20 years age group, while the proportion

of influenza cases was only 8.0% in the > 60 years age group. In addition, influenza cases

https://doi.org/10.3346/jkms.2023.38.e58 4/17
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were more likely to be female (53.7%; range, 52.6-54.8%), 97.9% (range, 96.8-98.3%) of
cases were covered by NHI, and 2.1% (range, 1.7-3.2%) were medical aid recipients. Among
influenza cases, 9.7-18.9%, 0.2—0.9%, and 0.03-0.08% were hospitalized, used in the

ICU, and dead within 28 days of being diagnosed with influenza, respectively (Table 1). The
crude number and incidence rate of influenza, crude number and rate of influenza-related

Incidence, Severity, and Mortality of Influenza

hospitalizations, crude number of influenza-related deaths, and case fatality rates by age 5
years from 2010 to 2020 are presented in Supplementary Tables 1, 2, and 3, respectively.

Age-standardized incidence of influenza

The total incidence rate of influenza was lowest in 2011 and 2013, with 424.3 and 557.9

cases per 100,000 population, respectively, and highest in 2018 at 6847.4 cases per 100,000
population. Furthermore, by age group, the highest incidence rate was observed in the
population younger than S years, ranging from 1,451.6 to 22,660.0 cases per 100,000
population by year, and it decreased as the age increased. In 2012, 2013, and 2015, the lowest
incidence of influenza was observed in the age group 50-59 years, and in 80 years and older
for the remaining years. Despite the significant fluctuation in influenza incidence by year, it
tended to decrease with increasing age (Supplementary Table 4, Fig. 2).

Severity of influenza cases

Most influenza cases (81.1-90.3%) were classified as mild (ambulatory status) and treated only
in an outpatient setting within 28 days after the diagnosis of influenza. However, 0.2-0.9%
were severe (ICU hospitalization and/or invasive mechanical ventilation), and approximately

Age-standardized incidence of influenza by year

25,000 - - 8,000
6,847.4
c ’ L 7,000
S
£ 20,000 -
53 L 6,000
o 5,489.9
I
S 4,874.6
=l L 5,000
S 15,000 -
2
g" L 4,000
()
p=}
= 10,000 -
= L 3,000
o
[} 2,908.9
w 2,105.2
3 - 2,000
é 5,000 1 19064 1,280.5 1,913.3
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494.3
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Year

Hm<4 MW5-19 W20-49 mW50-59 MW 60-69 MW 70-79 >80 —e— Allages

Fig. 2. Age-standardized incidence of influenza, 2010-2020.
Influenza incidence rate was adjusted to 2005 midyear population from Statistics Korea.
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0.1% died. The lowest proportion of mild cases was observed in the age group 80 years and
older, 70 years, and younger than 5 years, with 49.8-75.0%, 67.6-85.0%, and 70.1-84.2% by
year, respectively; the highest proportion of moderate cases was also observed in these 3 age
groups, ranging from 21.1% to 43.9%, 13.3% to 29.8%, and 15.0% to 29.8%, respectively.
Furthermore, the highest proportion of severe cases was found in the age group of 80 years
and older (1.6-8.6%) and increased as the age increased before 2018. From 2018 to 2020, the
proportion of severe cases in the age group younger than 5 years was 0.8%, which was higher
than those in previous years. The case fatality rate of influenza was less than 0.1% in patients
aged younger than 49 years. However, it increased exponentially from 0.4-0.7% and 1.9-2.9%
by year in the age group of 70 and 80 years and older, respectively (Table 2, Fig. 3).

Age-standardized mortality of influenza and underlying causes of death

The total number of age-standardized influenza-related deaths varied by year, from 105 in
2013 to 938 in 2018; deaths within 28 days in those younger than 20 years accounted for less
than 7%, whereas deaths in older than 60 years accounted for more than two-thirds of all
deaths. Overall influenza-related mortality was lowest in 2013 and 2011, with 0.2 and 0.3 per
100,000 population, respectively, and the highest in 2018 with 1.9 per 100,000 population.
In addition, the highest mortality rate was found in the age group of 80 years and older,
ranging from 5.3 to 66.9 cases per 100,000 population per year. Furthermore, it increased
significantly as the age group increased (Supplementary Table 5, Fig. 4).

Table 2. Severity of influenza cases, 2010-2020

Year Age group No. of cases
Mild Moderate Severe Dead
2010 All ages 574,670 510,806 (88.9) 61,417 (10.7) 2,140 (0.4) 307 (0.1)
<4 104,057 83,623 (80.4) 20,246 (19.5) 182 (0.2) 6 (0.0)
5-19 182,190 165,821 (91.0) 16,068 (8.8) 294 (0.2) 7 (0.0)
20-49 200,448 184,659 (92.1) 14,995 (7.5) 754 (0.4) 40 (0.0)
50-59 44,480 39,616 (89.1) 4,476 (10.1) 357 (0.8) 31(0.1)
60-69 25,900 29,839 (88.2) 9,735 (10.6) 267 (1.0) 59 (0.2)
70-79 14,117 11,728 (83.1) 2,087 (14.8) 207 (1.5) 95 (0.7)
» 80 3,478 2,590 (72.5) 810 (23.3) 79 (2.3) 69 (2.0)
2011 All ages 208,942 186,662 (89.3) 21,289 (10.9) 815 (0.4) 176 (0.1)
<4 33,583 27,130 (80.8) 6,403 (19.1) 48(0.1) 2(0.0)
5-19 38,732 35,327 (91.2) 3,341 (8.6) 63 (0.2) 1(0.0)
20-49 892,088 75,785 (92.3) 5,999 (7.3) 282 (0.3) 29 (0.0)
50-59 26,839 924,299 (90.5) 2,371 (8.8) 151 (0.6) 25 (0.1)
60-69 15,978 14,392 (90.1) 1,431 (9.0) 118 (0.7) 37 (0.2)
70-79 9,413 8,004 (85.0) 1,256 (13.3) 115 (1.2) 38 (0.4)
> 80 2,309 1,732 (75.0) 488 (21.1) 38 (1.6) 51 (2.9)
2012 All ages 601,761 514,586 (85.5) 85,132 (14.1) 1,732 (0.3) 311 (0.1)
<4 177,202 141,959 (80.1) 35,079 (19.8) 156 (0.1) 8 (0.0)
5-19 190,668 168,386 (88.3) 29,162 (11.6) 116 (0.1) 4(0.0)
20-49 141,074 127,891 (90.7) 12,691 (9.0) 475 (0.3) 17 (0.0)
50-59 41,873 36,765 (87.8) 4,896 (11.5) 260 (0.6) 292 (0.1)
60-69 26,074 29,087 (84.7) 3,717 (14.3) 247 (0.9) 23(0.1)
70-79 18,543 13,880 (74.9) 4,988 (23.1) 303 (1.6) 79 (0.4)
>80 6,327 3,618 (57.2) 2,369 (37.4) 175 (2.8) 165 (2.6)
2013 All ages 965,506 915,298 (81.1) 48,827 (18.4) 1,229 (0.5) 152 (0.1)
<4 59,139 41,497 (70.1) 17,608 (29.8) 103 (0.2) 1(0.0)
5-19 79,415 60,153 (83.1) 12,123 (16.7) 137 (0.2) 2 (0.0)
20-49 81,731 71,8292 (87.9) 9,536 (11.7) 365 (0.4) 8(0.0)
50-59 24,996 20,602 (85.0) 3,421 (14.1) 193 (0.8) 10 (0.0)
60-69 14,029 11,722 (83.6) 9,159 (15.4) 126 (0.9) 29 (0.2)
70-79 10,438 7,597 (72.8) 9,603 (24.9) 199 (1.9) 39 (0.4)
> 80 3,598 1,975 (56.0) 1,377 (39.0) 106 (3.0) 70 (2.0)
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Table 2. (Continued) Severity of influenza cases, 2010-2020

Year Age group No. of cases Severity
Mild Moderate Severe Dead
2014 All ages 960,740 817,660 (85.1) 139,080 (14.5) 3,608 (0.4) 392 (0.0)
<4 209,342 166,034 (79.3) 49,989 (20.5) 315 (0.92) 4(0.0)
5-19 365,044 321,055 (87.9) 43,547 (11.9) 432 (0.1) 10 (0.0)
20-49 955,025 296,923 (89.0) 26,903 (10.5) 1,180 (0.5) 19 (0.0)
50-59 62,807 59,388 (83.4) 9,848 (15.7) 548 (0.9) 23 (0.0)
60-69 35,054 28,514 (81.3) 6,094 (17.4) 405 (1.2) 41(0.1)
70-79 24,618 17,693 (71.9) 6,338 (25.7) 462 (1.9) 125 (0.5)
> 80 8,850 5,053 (57.1) 3,361 (38.0) 266 (3.0) 170 (1.9)
2015 All ages 964,982 812,275 (84.2) 147,886 (15.3) 4,142 (0.4) 679 (0.1)
<4 194,297 154,842 (79.7) 39,194 (20.2) 188 (0.1) 3(0.0)
5-19 374,837 329,308 (87.9) 45,034 (12.0) 483 (0.1) 12 (0.0)
20-49 299,403 202,830 (88.4) 95,542 (11.1) 1,008 (0.4) 23 (0.0)
50-59 73,311 59,690 (81.4) 12,900 (17.6) 693 (0.9) 28 (0.0)
60-69 46,145 36,381 (78.8) 9,155 (19.8) 537 (1.2) 72 (0.2)
70-79 32,536 21,987 (67.6) 9,686 (29.8) 706 (2.2) 157 (0.5)
> 80 14,523 7,237 (49.8) 6,375 (43.9) 597 (3.6) 384 (2.6)
2016 All ages 2,357,711 2,084,568 (88.4) 266,976 (11.3) 5,449 (0.2) 718 (0.0)
<4 506,433 419,546 (82.8) 86,578 (17.1) 301 (0.1) 8 (0.0)
5-19 1,121,900 1,025,737 (91.4) 95,406 (8.5) 743 (0.1) 14 (0.0)
20-49 505,533 458,591 (90.7) 45,163 (8.9) 1,737 (0.3) 49 (0.0)
50-59 108,637 92,700 (85.3) 15,056 (13.9) 814 (0.7) 67 (0.1)
60-69 65,273 53,899 (82.6) 10,546 (16.2) 742 (1.1) 86 (0.1)
70-79 35,606 26,098 (73.3) 8,678 (24.4) 649 (1.8) 181 (0.5)
> 80 14,329 7,997 (55.8) 5,549 (38.7) 463 (3.2) 320 (2.2)
2017 All ages 1,278,794 1,110,868 (86.9) 162,316 (12.7) 4,800 (0.4) 810 (0.1)
<4 211,212 168,125 (79.6) 49,779 (20.3) 305 (0.1) 3(0.0)
5-19 529,107 476,810 (90.1) 51,748 (9.8) 546 (0.1) 3(0.0)
20-49 324,331 295,037 (91.0) 98,143 (8.7) 1,133 (0.3) 18 (0.0)
50-59 99,559 85,549 (85.9) 13,235 (13.3) 737 (0.7) 38(0.0)
60-69 62,901 51,699 (82.2) 10,421 (16.6) 713 (1.1) 68 (0.1)
70-79 34,762 24,767 (71.2) 9,076 (26.1) 729 (2.1) 190 (0.5)
> 80 16,922 8,881 (52.5) 6,914 (40.9) 637 (3.8) 490 (2.9)
2018 All ages 3,031,575 2,738,655 (90.3) 270,440 (8.9) 20,603 (0.7) 1,877 (0.1)
<4 433,001 364,571 (84.2) 65,091 (15.0) 3,334 (0.8) 5 (0.0)
5-19 1,043,648 966,575 (92.6) 74,553 (7.1) 2,504 (0.2) 16 (0.0)
20-49 962,430 903,617 (93.9) 54,944 (5.7) 3,809 (0.4) 60 (0.0)
50-59 289,567 260,929 (90.1) 95,848 (8.9) 2,697 (0.9) 93 (0.0)
60-69 173,360 149,949 (86.5) 20,596 (11.9) 2,666 (1.5) 156 (0.1)
70-79 87,862 68,035 (77.4) 16,427 (18.7) 2,953 (3.4) 447 (0.5)
> 80 41,707 24,986 (59.9) 12,981 (31.1) 2,640 (6.3) 1,100 (2.6)
2019 All ages 1,974,947 1,764,048 (89.3) 197,478 (10.0) 12,728 (0.6) 693 (0.0)
<4 293,782 240,373 (81.8) 50,936 (17.3) 2,469 (0.8) 4(0.0)
5-19 912,602 833,008 (91.3) 77,026 (8.4) 2,561 (0.3) 7 (0.0)
20-49 560,101 517,867 (92.5) 39,303 (7.0) 2,895 (0.5) 36 (0.0)
50-59 101,291 89,472 (88.3) 10,572 (10.4) 1,196 (1.2) 51 (0.1)
60-69 64,752 54,453 (84.1) 8,968 (13.8) 1,250 (1.9) 81 (0.1)
70-79 28,829 21,304 (73.9) 6,105 (21.2) 1,955 (4.4) 165 (0.6)
>80 13,590 7,571 (55.7) 4,568 (33.6) 1,102 (8.1) 349 (2.6)
2020 All ages 825,864 732,913 (88.7) 84,996 (10.3) 7,398 (0.9) 557 (0.1)
<4 119,380 97,882 (82.0) 20,579 (17.2) 917 (0.8) 2 (0.0)
5-19 216,131 195,014 (90.2) 20,482 (9.5) 630 (0.3) 5 (0.0)
20-49 399,220 299,320 (92.9) 21,177 (6.6) 1,701 (0.5) 29 (0.0)
50-59 79,925 71,366 (89.3) 7,598 (9.4) 993 (1.2) 38(0.0)
60-69 51,197 43,662 (85.3) 6,505 (12.7) 974 (1.9) 56 (0.1)
70-79 24,746 18,728 (75.7) 4,747 (19.2) 1,133 (4.6) 138 (0.6)
> 80 12,965 6,941 (56.6) 3,978 (32.4) 1,050 (8.6) 296 (2.4)

Data shown are number (%) not otherwise specified.
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Case fatality of influenza by year
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Fig. 3. The case fatality of influenza, 2010-2020.

Among all-cause deaths within 28 days associated with influenza, in-hospital deaths
accounted for 75.0-84.7% annually. Because of classifying in-hospital deaths into underlying
causes of death, pneumonia, and influenza (J09-J18), other respiratory diseases (JOO-JO8

and J19-J99), and circulatory diseases (I00-199) were 37.4-51.5%, 8.8-14.9%, and 7.0-14.9%,
respectively (Table 3).

Risk factors associated with hospitalization, severe illness, and death

The risk of hospital admission was significantly higher in the age group of 80 years and older
(adjusted odds ratio [aOR], 6.87; 95% confidence interval [CI], 6.72-7.03), 70’s (aOR, 3.25; 95%

Table 3. Location and underlying causes of death, 2010-2020

Year Total Out-of-hospital  In-hospital In-hospital death
death death Influenza and pneumonia  Other Respiratory disease Circulatory disease Others

2010 307 64 (20.8) 243 (79.2) 91 (37.4) 32(13.2) 17 (7.0) 103 (42.4)
2011 176 34 (19.3) 142 (80.7) 64 (45.1) 16 (11.3) 12 (8.5) 50 (35.2)
2012 311 76 (24.4) 935 (75.6) 102 (43.4) 30(12.8) 91 (8.9) 82 (34.9)
2013 159 38(25.0) 114 (75.0) 46 (40.4) 17 (14.9) 17 (14.9) 34 (29.8)
92014 392 87 (22.9) 305 (77.8) 144 (47.9) 36 (11.8) 99 (9.5) 96 (31.5)
2015 679 146 (21.5) 533 (78.5) 943 (45.6) 64 (12.0) 53 (9.9) 173 (32.5)
2016 718 110 (15.3) 608 (84.7) 285 (46.9) 66 (10.9) 69 (11.3) 188 (30.9)
2017 810 147 (18.1) 663 (81.9) 333 (50.2) 63 (9.5) 76 (11.5) 191 (28.8)
2018 1,877 363(19.3)  1,514(80.7) 780 (51.5) 139 (9.9) 175 (11.6) 490 (27.7)
2019 693 116 (16.7) 577 (83.3) 296 (51.3) 51(8.8) 59 (9.0) 178 (30.8)
2020 557 86 (15.4) 471 (84.6) 215 (45.6) 47 (10.0) 47 (10.0) 162 (34.4)

Data shown are number (%) not otherwise specified.
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Age-standardized influenza-related mortality by year
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Fig. 4. Age-standardized influenza-related mortality, 2010-2020.
Influenza-related mortality rate was adjusted to 2005 midyear population from Statistics Korea.
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CI, 3.19-3.31), and in the age group of younger than 5 years (aOR, 2.84; 95% CI, 2.81-2.88) than
in the reference age group (20—49 years). In addition, influenza cases in females (aOR: 1.04,
95% CI: 1.04-1.05), MA (aOR, 2.06; 95% CI, 2.02-2.10), and higher CCI scores (aOR, 1.36; 95%
CI, 1.35-1.38 in CCI score with 1-2; aOR, 2.19; 95% CI, 2.16-2.22 in CCI score > 3) were more
likely to be admitted to hospitals.

Older age (aOR, 5.97; 95% CI, 5.67-6.28 in the age group 70 years; aOR, 11.17; 95% CI, 10.59—
11.79 in the age group 80 years and older), MA (aOR, 3.24; 95% CI, 3.10-3.39), and higher
CCI score (aOR, 1.44; 95% CI, 1.40-1.49 in CCI score with 1-2; aOR, 2.57; 95% CI, 2.47-2.68
in CCI score with over 3) were associated with the presence of influenza-related severe illness.
Moreover, the age group of 5-19 years (aOR, 0.61; 95% CI, 0.58-0.64) and females (aOR,
0.78; 95% CI, 0.75-0.80) were less likely to use ICU or wear mechanical ventilators than

the reference group. Similar to hospitalization, the age group younger than 5 years (aOR,
1.85; 95% CI, 1.77-1.95) was associated with increased use of ICU or mechanical ventilators
compared with the reference age group.

Notably, similar patterns in the risk factors for death were observed, except for the age group
younger than 5 years. Younger age (aOR, 0.17; 95% CI, 0.07-0.43 in the age group < 5 years;
aOR, 0.25; 95% CI, 0.14—-0.44 in the age group 5-19 years) was associated with decreased
death, and influenza cases in older age (aOR, 50.97; 95% CI, 38.68—67.16; aOR, 251.24; 95%
CI, 192.03-328.70 in the age group 80+ years) were significantly associated with increased
influenza-related death (Table 4).
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DISCUSSION

Annually, there were 0.4-5.9% influenza cases in the population, of which 9.7-18.9%,
0.2-0.9%, and 0.03-0.08% were hospitalized, used in the ICU, and dead within 28 days of
being diagnosed with influenza, respectively. Most of the influenza cases (81.1-90.3%) were
mild; however, 0.2-0.9% were severe, and less than 0.08% died.

Due to the contribution of differences in climatic and ecological drivers, cultural and social
aspects, and demographic characteristics to the patterns and magnitude of influenza, there
are limitations in directly compare our results with those of other countries.1® According to
our study, the incidence rate of influenza in Korea was lower, the hospitalization rate was more
than twice as high, and case fatality was similar to or lower than Japan and United States. In
the most recently published Japanese documents estimated from Japanese medical data, the
influenza incidence rate, hospitalization rate, the use rate of ICU or mechanical ventilation,
and mortality rate for 20172020 were 5.7-11.4%, 1.62%, 0.08%, and 0.09%, respectively.20 In
the United States, the estimated influenza incidence rate among all age groups ranged from
3.0% to 11.3% between 2010 and 2016, with 13.2% and 3.9% for children younger than 5 years
and adults > 65 years, respectively.?! In addition, the estimated influenza disease burden from
population-based surveillance data was 114,192-624,435 hospitalizations, 18,491-95,390 ICU
admissions, 4,915-27,174 deaths annually, and 54-70% of hospitalizations and 71-85% of deaths
occurred among adults aged 65+.22 According to in-season disease burden estimates provided
by the Centers for Disease Control and Prevention, there were 9-41 million, 140,000-710,000,
and 12,000-52,000 symptomatic influenza illnesses, hospitalizations, and deaths annually,
respectively. Therefore, it can be calculated that the hospitalization rate was 1.2-2.0%, and the
mortality rate was 0.10-0.18% between the 2010/11 and 2019/20 flu seasons.?3

Unlike our study, the United States using population-based surveillance data, including
the Influenza Hospitalization Surveillance Network and the multiplier method to estimate
influenza. Therefore, there are differences in the results, and the United States’ method
has limitations in the generalization and accuracy according to the time of estimation and
changes in patterns of care-seeking.22,24

By age group, the highest age-standardized incidence rate was observed in the population
younger than 5 years, ranging from 1,451.6 to 22,600.0 cases per 100,000 population yearly.
It showed a tendency to decrease with the increasing age group. In contrast, the highest
proportion of severe cases and the case fatality rate were found in the age group of 80 years
and older, with 1.6-8.6% and 1.9-2.9%, respectively, and increased as the age increased. In
addition, the highest age-standardized mortality rate was observed in the age group of 80
years and older, ranging from 5.3 to 66.9 cases per 100,000 population yearly. It increased
significantly as the age group increased. Notably, more than three-quarters of all-cause
influenza-related deaths occurred during hospitalization. Furthermore, more than half of the
underlying causes of death were respiratory diseases, including pneumonia and influenza.
Influenza cases in the age group younger than 5 years were more likely to be admitted to

the hospital and use ICU or mechanical ventilators; however, they were less likely to die.
Despite having the lowest incidence of influenza in the age group > 80 years, this group had a
significantly high risk of hospitalization, presence of severe illness, and death.

In Japan, during the 3-year influenza season, children and adolescents younger than 20 years
and those aged 65 years and older accounted for 41.6% and 11.5% of patients with influenza,
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respectively.20 The trend was similar in all countries that the incidence rate in the younger age
group was higher than that in the age group over 65 years, and the number of deaths within
28 days was rare in young and middle-aged patients; however, the case fatality rate exceeded
0.1% for the elderly.

In Korea, the incidence of influenza-like illness (ILI) is monitored through a national
influenza surveillance system operated by the Korea Centers for Disease Control and
Prevention, which is based on the clinical sentinel surveillance system, laboratory sentinel
surveillance system, and hospitalization and mortality monitoring system.25 Although it
plays a crucial role in identifying influenza epidemic patterns and virus characteristics, the
data collected are very limited. Furthermore, due to the small number of participating clinics
(approximately 200), calculating the ILI rate by age is limited, and it cannot sufficiently
reflect the entire epidemiology.26:27

A previous study on the burden of influenza-related diseases in Korea used data combining
national influenza virus surveillance data and/or health insurance claim data with the
cause of death. However, most studies, such as in other countries, estimated the disease
burden using mathematical modeling techniques and covered a specific population group
or presented the incidence, hospitalization, death from influenza, or costs segmentally
according to the research interests and data sources.28-31

In our study, the number of influenza-related deaths was lower than that reported in previous
studies using statistical modeling. For example, a previous study estimated that the excess
number was approximately 2,300-5,300 per year in studies using data from the national
influenza surveillance system and 532-913 per year in studies analyzing claims data from the
National Health Insurance Service.31 However, the number and trend of influenza cases per
year were similar to simple statistics on the number of patients with influenza and medical
costs.32-34 Therefore, these might be attributed to differences in data sources, analysis
methods, and the definition of influenza cases and deaths, among others.

The incidence of influenza was higher in 2016 and 2018 in our study. Hospitalization was
higher in 2013 and 2015, and mortality was higher in 2011 and 2015. In 2016 and 2018,
influenza A strain subtype HIN1, subtype H3N2, and influenza B strain were all detected.
Year 2013 and 2015, when influenza A strains subtype H3N2 was detected frequently, was
presented with a high hospitalization and fatality rate, which is consistent with previous
studies that H3N2 had a higher severity (Supplementary Table 6).35,36

This study has some limitations. First, the incidence of influenza might be overestimated
because our case definition was based on diagnosis information in claims data; therefore,
it could overlap considerably with other respiratory diseases, particularly during influenza
epidemics.’37 However, estimation of influenza incidence using laboratory test confirmed
data, including surveillance systems, is known to be costly and complex, and it is difficult
to cover the entire population38,39; therefore, our results can provide a more comprehensive
measure of the disease burden on influenza. Second, we defined and used all-cause events
that occurred within 28 days after the diagnosis of influenza to calculate influenza-related
hospitalization, applying oxygen therapy, use of ICU and/or mechanical ventilation, and
death, which could result in the risk of losing specificity and overestimation of the actual
number of events.40 However, identifying events directly caused by influenza is difficult
because respiratory disease, influenza, and pneumonia are less likely to be coded as the
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underlying causes of events in claims data among influenza cases with chronic diseases.30,32
In addition, our approach can include events from influenza complications and/or pre-
existing comorbidities exacerbated by influenza while applying a 28-day time window to
secure association with influenza. Third, our results cannot provide information regarding
the circulating influenza viruses and characteristics of clinical symptoms, the effect of
vaccination, and signals for new respiratory infections due to a lack of clinical data or

test results. Instead, it can provide more information to better understand the burden of
influenza illness and the spectrum of influenza from mild to fatal, which covers almost the
entire population. Finally, as our study focused on influenza, the overall burden of respiratory
viruses is unknown. A further study on co-infection with respiratory viruses and the burden
of disease is needed in the future.

In conclusion, this study provides the simplest but most important statistics regarding
influenza epidemics in Korea based on claims data. These results also support the importance
of recommending to the high-risk target population such as patients aged 60 years or older and
people with major comorbidities to manage the disease burden of influenza. It will be possible
to establish a better vaccination and antiviral drug prescription strategy by integrating and
analyzing influenza related data such as influenza statistics, vaccination data, and influenza
subtype data. In addition, it is necessary to assess and improve the accuracy of the data through

regular analysis every year. More studies that harmonize related statistics are required to fully
assess epidemics related to influenza and use it in public policy.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
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Supplementary Table 2
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Supplementary Table 3
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Supplementary Table 4
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Supplementary Table 5
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