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Health Behavior and Chronic Disease Management Status in the
Chungcheong Region: The Results of 2023 Korea Community
Health Survey
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Division of Chronic Disease Control, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

Using the 2023 Korea Community Health Survey, this study verified and summarized healthcare-related indicators including
health behaviors, chronic disease morbidity, and management status in the Chungcheong region (Daejeon, Sejong, Chungbuk,
and Chungnam). Based on this, we identified health vulnerability indicators such as current smoking rate, current smoking
rate of males, monthly drinking rate, high-risk drinking rate, obesity rate (self-reported), diabetes diagnosis experience rate,
and stress awareness rate in the Chungcheong region in 2023. Regarding the seven health vulnerability indicators in 2023, the
current smoking rate and current smoking rate of males were 22.2% and 39.2%, respectively. The monthly drinking rate and
high-risk drinking rate were 59.2% and 14.4%, respectively. The obesity rate (self-reported) and diabetes diagnosis rate were
34.0% and 9.8%, respectively. The stress awareness rate was 27.9%. It is hoped that these data can be used as basic data for

exploring intervention projects for chronic disease prevention and management in consideration of local characteristics.

Key words: Health survey; Health behavior; Health vulnerability indicator; Chronic disease; Prevention and management
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Introduction

As of 2022, chronic diseases accounted for 74.3% of all
fatalities in the Republic of Korea (ROK), and medical ex-
penses for chronic diseases were KRW 83 trillion (80.9% of
all medical expenses) and increasing annually [1]. According
to Statistics Korea, the elderly population, those aged 65 and

over, is expected to reach 20.6% of the total population by

www.phwr.org Vol 17, No 48, 2024

2025, as ROK transitions to a super-aged society. The increase
in the elderly population also affects the multimorbidity [2,3],
which among elderly persons—those aged 65 and older—is
54.9% in ROK. While the prevalence of three or more chronic
conditions is 18.2% for those aged 65-69 years, it rapidly in-
creases to 42.1% for those aged 85 years and older [4], high-
lighting the necessity of chronic disease management to enjoy

a healthy elderly life. Since 6 out of 10 adults over age 30 have
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Key messages
(D What is known previously?

Since 2008, the Korea Community Health Survey has
been conducted annually to produce local health sta-
tistics for use by local governments as a basis for local
healthcare planning and evaluation.

@ What new information is presented?

Among the main health indicators, the current smoking
rate, current smoking rate of males, monthly drinking
rate, high-risk drinking rate, obesity rate (self-reported),
stress awareness rate, and diabetes diagnosis experience
rate (30 years and older) were identified as health vulner-
ability indicators in the Chungcheong region in 2023.

(® What are implications?

When implementing interventions for chronic disease
prevention and management at the regional level, it is
necessary to select priority areas in consideration of local
characteristics.

hypertension, diabetes, or pre-diabetes because of Westernized
diets and sedentary lifestyles, health risk factors must be man-
aged among young adults as well to prevent chronic diseases
(5].

The purpose of chronic disease management is to prevent
hypertension, diabetes, dyslipidemia, obesity, etc., through life-
style modifications such as smoking cessation, alcohol absti-
nence, and physical activity, and fatal diseases such as cancer,
cardiovascular disease, and chronic kidney disease, by support-
ing people with these pre-existing conditions with ongoing
treatment and health promotion activities. It is also intended
to prevent early death and improve the quality of life of people
with chronic diseases [6]. To achieve these goals, not only are
individual efforts needed but interventions at the national and

community levels are required as well. It is also necessary to

2086

identify the health behavior and chronic disease management
status in the region and promote customized chronic disease
preventive care intervention programs according to commu-
nity characteristics.

In ROK, the Community Health Survey has been con-
ducted annually since 2008 to produce health statistics data on
health behavior, chronic disease morbidity, and management
status at the regional level, and local governments have been
utilizing the data of the Community Health Survey as evidence
when establishing and evaluating regional healthcare plans.

This study aimed to investigate health behaviors and
chronic disease morbidity and management at the regional
level by focusing on the statistical results of the Chungcheong
region (Daejeon, Sejong, Chungbuk, and Chungnam) in “Korea
Community Health at a Glance 2023,” which is published ac-
cording to the data of the Community Health Survey in 2023,
and to provide foundational data for the development of
chronic disease preventive care intervention programs in the

Chungcheong region.

Methods

1. Data Sources and Analysis Methods

To investigate the health behavior and chronic disease
morbidity and management status of the residents of the
Chungcheong region, the appendix statistics of the statistical
report “Korea Community Health at a Glance 2023,” pub-
lished by the Korea Disease Control and Prevention Agency,
were used. Of the 43 indicators included in the report, 18 indi-
cators (10 related to health behavior and 8 related to morbidity
including health knowledge) were selected as the main health

indicators for analysis. The data for each health indicator were
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standardized by sex and age, and the representative value of according to whether the value of the Chungcheong region’s
each indicator in the Chungcheong region was calculated us- representative value for each indicator increased or decreased
ing the median value of 36 Si-Gun-Gu in the region. To evalu- from the previous year, and the status of each of the four cities

ate the health status of the Chungcheong region in 2023, de- and provinces and 36 Si-Gun-Gu in the Chungcheong region

teriorated indicators were selected as vulnerability indicators was presented for each vulnerable indicator.

Table 1. Status of 18 health indicators in the Chungcheong region in 2023
Chungcheng rigion
- Nationwide® Increase Status of s
Indicator (2023) 2022 2023 decrease{ indicator t?]zprgw_thlrg)
(2023-2022) improvement gron
Health Current smoking rate 20.3 20.0 22.2 +2.0 Deterioration 9.0
behavior Current smoking rate of males 36.1 35.8 39.2 +3.4 Deterioration 16.1
Monthly drinking rate 58.0 57.3 59.2 +1.9 Deterioration 5.0
High risk drinking rate 13.2 13.3 14.4 +1.1 Deterioration 6.9
Walking practice rate 47.9 439 46.3 +2.4 Improvement 5.1
Moderate or higher physical 25.1 241 26.2 +2.1 Improvement 3.9
activity practice rate
Obesity rate (self-reported) 33.7 32.4 34.0 +1.6 Deterioration 6.1
Annual weight control 66.9 65.1 65.9 +0.8 Improvement 8.3
attempt rate
Stress awareness rate 25.7 245 279 +3.4 Deterioration 25
Depression experience rate 7.3 7.6 7.5 -0.1 Improvement 1.3
Morbidity Blood pressure level 62.8 66.9 69.1 +2.2 Improvement 7.6
awareness rate
Hypertension diagnosis 20.6 21.6 21.4 -0.2 Improvement 2.7
experience rate (=30 yr)
Treatment rate for 93.6 94.1 94.5 +0.4 Improvement 2.9
people diagnosed with
hypertension (=30 yr)
Blood sugar level awareness 30.6 32.2 34.7 +2.5 Improvement 6.9
rate
Diabetes diagnosis 9.1 9.5 9.8 +0.3 Deterioration 0.8
experience rate (=30 yr)
Treatment rate for people 92.8 90.8 92.0 +1.2 Improvement 4.2
diagnosed with diabetes
(=30 yr)
Awareness rate for early 62.0 55.2 61.0 +5.8 Improvement 15.5
symptoms of stroke
Awareness rate for early 52.9 459 52.3 +6.4 Improvement 16.1
symptoms of myocardial
infarction
Unit: %, %p. “Median among 258 cities, counties, and districts, "Difference between the maximum and minimum values of
indicator values of four metropolitan cities and provinces in the Chuncheong region.
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Results

Of the 18 major health indicators, 7 indicators, which
were related to smoking, alcohol drinking, obesity, stress, and
diabetes, were considered health vulnerability indicators in
the Chungcheong region in 2023. In particular, the current
smoking rate and the current smoking rate of males in the
Chungcheong region were 22.2% and 39.2% in 2023, respec-
tively, an increase of 2.0%p and 3.4%p, respectively, from the

previous year, while the monthly drinking rate and high-risk

A -o - Nationwide —=— Chungbuk
—o— Daejeon —¥— Chungnam
30 - Sejong

(Unit: %)

2014 (2015(2016|2017 (2018 | 2019 | 2020 | 2021 | 2022 | 2023

drinking rate were 59.2% and 14.4%, respectively, an increase
of 1.9%p and 1.1%p, respectively, from the previous year. The
obesity rate (self-reported) was 34.0%, an increase of 1.6%p
from the previous year, while the stress awareness rate and dia-
betes diagnosis rate were 27.9% and 9.8%, corresponding to
increases of 3.4%p and 0.3%p, respectively, from the previous
year. As for the current smoking rate of males, the disparity
between cities and provinces in the Chungcheong region was
16.1%p, which is the largest disparity in the area among health

vulnerability indicators (Table 1).

B -o - Nationwide
—eo— Daejeon
Sejong

—=— Chungbuk
—— Chungnam

50
45
40
35
30 A
25 A
20 A

(Unit: %)

0
2014 (20152016 2017|2018 2019 | 2020 | 2021 | 2022 | 2023

-0~ Nationwide | 24.0 | 22.3| 22.5|21.7 | 21.7 | 20.3 [ 19.8 | 19.1 [ 19.3 ] 20.3

-o - Nationwide | 45.4 | 41.6 [ 41.9 | 40.7 [ 40.6 | 37.4 [ 36.6 | 35.6 | 35.3 | 36.1

—o— Daejeon 222(211(21.0(20.9(22.7]18.9|17.3| 17.8 | 18.5| 19.0

—eo— Daejeon 41.0(38.8]39.2|38.2|41.3|353|31.9|329]|33.4|34.0

Sejong 228 (17.9(18.1|17.8(175] 159|156 15.1 | 15.1| 13.2

Sejong 42.6(34.6|34.3|34.1)33.0|309|283|28.0]29.3]|237

—=— Chungbuk |[25.0|222(225|232[23.2|222(215|21.0[207]|21.9

—=— Chungbuk |46.6 | 41.5|42.2| 422 |42.8|40.0|39.7 | 38.1|37.0 | 38.1

—¥— Chungnam [ 24.0 [ 23.4 | 22.8 [ 22.3| 23.9 | 21.5| 20.2 | 20.0 | 20.5 | 22.2

—¥— Chungnam | 45.0 | 43.1 | 41.3 | 40.6 [ 43.5| 39.4 | 37.0 | 36.3 | 36.0 | 39.8

C

601 ¥ =

R 50

=

2
40 7 -o - Nationwide —=— Chungbuk

—o— Daejeon —»— Chungnam
Sejong

0

2014 (2015(2016|2017 (2018|2019 | 2020 | 2021 | 2022 | 2023

D -o - Nationwide —=— Chungbuk
—o— Daejeon —v— Chungnam
20 - Sejong

(Unit: %)

0

2014(2015] 2016|2017 | 2018|2019 | 2020 | 2021 | 2022 | 2023

-0 - Nationwide | 60.9 | 61.3 | 61.0 | 61.5 | 60.9 | 59.9 | 54.7 | 53.7 [ 57.7 | 58.0

-o - Nationwide | 146 | 15.0 | 14.8 [ 15.3 | 15.0 | 14.1 [ 10.9 | 11.0 | 12.6 | 13.2

—o— Daejeon 59.6|60.7 | 61.5|61.9| 60.5 [ 58.7 [ 56.5 | 52.2 | 57.2 [ 59.4

—eo— Daejeon 134 (1421133 (125]124|11.21104| 7.9 | 9.9 | 120

Sejong 5721 549|596 |625|56.6 (60.8|47.4 484 |58.1(57.2

Sejong 135(11.2(127(132|11.0|108| 66 | 76 | 6.1 | 9.3

—=— Chungbuk [60.1|61.6(61.9|634|61.1|61.7|57.4|557]59.9] 622

—=— Chungbuk | 16.9|16.0|17.2|17.0|16.0| 17.6 | 13.4 | 12.6 | 15.1 | 16.2

—v¥— Chungnam | 60.6 | 60.2 | 60.7 | 62.2 | 62.9 | 58.8 | 53.7 | 53.9 | 57.9 | 58.4

—v— Chungnam | 14.7| 15.5| 15.5| 16.3 | 15.0 | 14.6 | 12.1 | 11.5 | 14.2 [ 14.0

Figure 1. Trend of health vulnerability indicators in the Chungcheong region (2014-2023)
(A) Current smoking rate, (B) Current smoking rate of males, (©) Monthly drinking rate, (D) High risk drinking rate, (E) Obesity rate (self-

reported), (F) Stress awareness rate, (G) Diabetes diagnosis experience rate (=30 years). N/A=not available.
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0
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Sejong 252126.2|30.1(27.7(27.8| N/A | 28.027.5|27.7|29.3

Sejong 28.5(325|25.0|29.5(30.1|29.2|24.1|255(20.1]|2538

—=— Chungbuk |[27.4|265(28.7|29.0[32.1| N/A [324|31.0(329]345

—=— Chungbuk |29.4|30.0]|284|29.7|27.1|26.2|26.2|27.2|25.2|26.3

—v¥— Chungnam [ 26.2 [ 26.4 | 28.3 [ 28.9| 32.1 | N/A | 31.6 | 32.5 | 32.9 | 34.4
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Figure 1. Continued

1. Smoking Rate

The current smoking rate by City-Province in the
Chungcheong region declined from 22.2% in Daejeon, 22.8%
in Sejong, 25.0% in Chungbuk, and 24.0% in Chungnam in
2014 to 19.0%, 13.2%, 21.9%, and 22.2% in Daejeon, Sejong,
Chungbuk, and Chungnam, respectively, in 2023. However,
the current smoking rates of Chungbuk and Chungnam were
higher than the national rate (20.3%) (Figure 1A).

In terms of the current smoking rate of males by City-
Province in the Chungcheong region, the 10-year compari-

son showed a decrease from 41.0% in Daejeon, 42.6% in

www.phwr.org Vol 17, No 48, 2024

Sejong, 46.6% in Chungbuk, and 45.0% in Chungnam in
2014 to 34.0%, 23.7%, 38.1%, and 39.8% in Daejeon, Sejong,
Chungbuk, and Chungnam, respectively, in 2023. However,
Chungbuk and Chungnam had a higher current smoking rate
of males than the national rate (36.1%) (Figure 1B). In 2023,
the current smoking rate and the current smoking rate of males
by Si-Gun-Gu in the Chungcheong region were the highest in
Cheongyang-gun of Chungnam at 28.3% and 53.6%, respec-
tively, and the lowest in Sejong at 13.2% and 23.7%, respec-

tively (Figure 2A, B).
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2. Alcohol Drinking Rate

The monthly drinking rate by City-Province in the
Chungcheong region (in a 10-year comparison) was 59.6% in
Daejeon, 57.2% in Sejong, 60.1% in Chungbuk, and 60.6% in
Chungnam in 2014, and 59.4%, 57.2%, 62.2%, and 58.4% in
Daejeon, Sejong, Chungbuk, and Chungnam, respectively, in
2023, with all three cities and provinces except Sejong having
higher monthly drinking rates than the national rate (58.0%)
(Figure 1C). In 2023, the monthly drinking rate by Si-Gun-Gu
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in the Chungcheong region was highest in Cheongwon-gu of
Cheongju-si, Chungbuk, at 66.2% and lowest in Geumsan-gun
of Chungnam at 50.2% (Figure 2C).

The high-risk drinking rate (in a 10-year comparison) by
City-Province in the Chungcheong region decreased from
13.4% in Daejeon, 13.5% in Sejong, 16.9% in Chungbuk, and
14.7% in Chungnam in 2014 to 12.0%, 9.3%, 16.2%, and
14.0% in Daejeon, Sejong, Chungbuk, and Chungnam, respec-
tively, in 2023, but Chungbuk and Chungnam had a higher
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Figure 2. Status of health vulnerability indicators in cities/countries/districts (2023)
(A) Current smoking rate, (B) Current smoking rate of males, (C) Monthly drinking rate, (D) High risk drinking rate, (E) Obesity rate (self-

reported), (F) Stress awareness rate, (G) Diabetes diagnosis experience rate (=30 years).
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Figure 2. Continued

high-risk drinking rate than the national rate (13.2%) (Figure
1D). In 2023, the high-risk drinking rate by Si-Gun-Gu in the
Chungcheong region was highest in Taean-gun of Chungnam

at 21.1% and lowest in Sejong at 9.3% (Figure 2D).

3. Obesity Rate

The obesity rate (self-reported) by City-Province in the
Chungcheong region (in a 10-year comparison) increased
from 24.1% in Daejeon, 25.2% in Sejong, 27.4% in Chungbuk,
and 26.2% in Chungnam in 2014 to 28.4%, 29.3%, 34.5%,
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and 34.4% in Daejeon, Sejong, Chungbuk, and Chungnam,
respectively, in 2023, with Chungbuk and Chungnam hav-
ing higher obesity rates (self-reported) than the national rate
(33.7%) (Figure 1E). In 2023, the obesity rate (self-report-
ed) by Si-Gun-Gu in the Chungcheong region was highest in
Boeun-gun of Chungbuk at 44.1% and lowest in Seo-gu of
Daejeon at 23.2% (Figure 2E).

4. Stress Awareness Rate

The stress awareness rate by City-Province in the
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Chungcheong region (in a 10-year comparison) decreased
from 28.7% in Daejeon, 28.5% in Sejong, 29.4% in Chungbuk,
and 30.1% in Chungnam in 2014 to 28.3%, 25.8%, 26.3%,
and 27.7% in Daejeon, Sejong, Chungbuk, and Chungnam, re-
spectively, in 2023, but all four cities and provinces had higher
stress awareness rates than the national rate (25.7%) (Figure
1F). In 2023, the stress awareness rate by Si-Gun-Gu in the
Chungcheong region was highest in Dongnam-gu of Cheonan-
si, Chungnam, at 33.3%, and lowest in Chungju-si, Chungbuk,
at 21.1% (Figure 2F).

5. Diabetes Diagnosis Rate

The diabetes diagnosis rate by City-Province in the
Chungcheong region (in a 10-year comparison) increased
from 8.6% in Daejeon, 7.9% in Sejong, 8.0% in Chungbuk,
and 7.9% in Chungnam in 2014 to 9.0%, 9.0%, 9.0%, and
9.8% in Daejeon, Sejong, Chungbuk, and Chungnam, respec-
tively, in 2023, with Chungnam having a higher diabetes diag-
nosis rate than the national rate (9.1%) (Figure 1G). In 2023,
the diabetes diagnosis rate by Si-Gun-Gu in the Chungcheong
region was highest in Boryeong-si, Chungnam, at 12.3% and

lowest in Nonsan-si, Chungnam, at 7.1% (Figure 2G).

Conclusion

Using data from the “Korea Community Health at a
Glance 2023 statistics report, we examined health behaviors
and chronic disease morbidity and management levels in the
Chungcheong region. We found that, among the indicators re-
lated to health behaviors, current smoking rate, current smok-
ing rate of males, monthly drinking rate, high-risk drinking

rate, obesity rate (self-reported), and stress awareness rate in

2092

the Chungcheong region worsened compared with the previ-
ous year. On the other hand, the walking activity rate, mod-
erate or intense physical activity rate, annual weight control
attempts rate, and depression experience rate improved com-
pared with the previous year, but the walking activity rate and
annual weight control attempts were lower than the national
rate. Of the indicators related to morbidity, the diabetes di-
agnosis rate in the Chungcheong region worsened compared
with the previous year, while the blood pressure level aware-
ness rate, hypertension diagnosis rate, treatment rate for those
diagnosed with hypertension, blood glucose level awareness
rate, treatment rate for those diagnosed with diabetes, and
awareness rate of early symptoms of stroke (acute stroke) and
myocardial infarction improved compared with the previous
year. However, the treatment rate for those diagnosed with dia-
betes and the awareness rate of early symptoms of stroke and
myocardial infarction were lower than the national rate.

In particular, the current smoking rate, current smoking
rate of males, monthly drinking rate, high-risk drinking rate,
obesity rate (self-reported), stress awareness rate, and diabe-
tes diagnosis rate in the Chungcheong region were identified
as health vulnerability indicators, which are also related to the
indicators for evaluating the effects of chronic disease man-
agement proposed in the policy research project to develop a
mid- to long-term strategy for chronic disease management
in the Chungcheong region. That study proposed the current
smoking rate as a short-term indicator; the high-risk drinking
rate, hypertension, diabetes, and obesity prevalence as medi-
um-term indicators; and cardiovascular disease incidence as a
long-term indicator for evaluating the effects of chronic disease
management [7].

Thus, the health vulnerability indicators identified in this
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analysis should be intensively managed to drive improvements.
Among the four cities and provinces in the Chungcheong re-
gion, Chungbuk and Chungnam have a higher proportion of
elderly people [8], and the indicators related to smoking, al-
cohol drinking, and obesity, which are major risks for chronic
diseases, are higher than those of Daejeon and Sejong. Thus, it
is necessary to promote chronic disease preventive care inter-
vention programs focusing on these areas. In particular, ma-
jor indicators related to health behaviors, such as the current
smoking rate and high-risk drinking rate in the Chungcheong
region, are spatially clustered with neighboring communities;
however, some clusters lack medical resources, and hence it is
necessary to select priority areas for implementing intervention
programs [9].

In July 2024, the Chungcheong Regional Center
for Disease Control and Prevention (RCDC) published
“Chungcheong region Community Health at a Glance 2023,”
a report that presents the current health statistics at the region-
al level and health indicators that require priority intervention
by local area, and distributed it to Si-Gun-Gu and competent
organizations in the region; Si-Gun-Gu was instructed to use
it when planning local health programs. In cooperation with
RCDC, City-Province, and Si-Gun-Gu, we also conducted
awareness-raising campaigns for the prevention and manage-
ment of chronic diseases in vulnerable areas to improve health
vulnerability indicators by encouraging people to practice
healthy lifestyles. Since local governments differ in their degree
of activation and content of chronic disease prevention man-
agement programs, it is necessary to systematically develop and
disseminate guidelines for chronic disease prevention manage-
ment programs to improve the effectiveness of the programs

[7,10]. Mid- to long-term efforts are also needed to improve

www.phwr.org Vol 17, No 48, 2024

health indicators in the region by securing financial resources
to promote chronic disease preventive care intervention pro-

grams and implement the programs.
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ABSTRACT

Digital health literacy (DHL) has become important for individuals to take on the responsibility to manage their health for
chronic disease. However, few studies have investigated what is DHL and its associated factors. Thus, we conducted a scoping
review to to address the above knowledge gaps, and to identify the concept of DHL designed to counter these impacts for
clinical application. A systematic review was conducted of studies published in MEDLINE, Embase, Cochrane Library, Web
of Science from January 2011 to October 2019 using PRISMA-ScR guideline. Articles eligible for inclusion focused on the
conceptualization of DHL or electronic health (eHealth) literacy (EHL) including new digital health technologies, and clinical
application reported on factors of DHL and Included newly developed measurement instruments referred to as DHL, and EHL
including new digital health technologies. In 26 studies, various terms and definitions of DHL were used, and most articles
described a concept of eHealth literacy as e-Health focused the use of information communication technologies. We defined
3 thematic categories as DHL: 1) advanced health literacy, 2) digital skills-based and multidimensional literacy and 3) others
consisting of internal or external factors for the users’ engagement in digital health. The findings from our study confirm that
the basic approaches of DHL share the same scope with health literacy, but DHL included a broader context and new concepts

such as technology-related ability. This study provides an integrated perspective on the status and influencing factors of DHL.
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Introduction

Digital health has a broad scope, including various tech-
nologies and services, such as mobile health, personal health
records, wearable devices, telehealth and telemedicine, hos-
pital information technology, and medical technology [1,2].

The purpose of a global strategy on digital health is to improve
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health care quality, lower costs by preventing diseases, moni-
tor patients’ statuses, and manage chronic conditions [1,2]. In
particular, patient-centered digital health technologies such as
smartphones and activity trackers have brought major changes
to the health environment and health care system [3,4]. As dig-
ital technologies offer people greater opportunities to manage

their health, prevent health problems, and promote health and
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Key messages
® What is known previously?

Digital health literacy (DHL) is ability to find, under-
stand, evaluate, and apply health information using digi-
tal technologies and services; however, it is often used
interchangeably with eHealth literacy.

@ What new information is presented?

This study found that DHL lacks consistency and insuffi-
ciently addresses competencies related to these technolo-
gies. We identified evolving health literacy and other rel-
evant factors, proposing a new framework.

® What are implications?

Our findings suggest that DHL is crucial for enhancing
access to health information and aiding informed health
decisions. Effective implementation of digital health in-
terventions requires a consistently and comprehensively
established DHL concept.

equity, digital health literacy (DHL) has become essential [5,0].

As digital health becomes more commonplace, there is a
strong demand to define the concept of DHL [6-8]. Most stud-
ies and institutions have similarly referred to DHL as electronic
health (eHealth) literacy (EHL) [9]. EHL is defined as “the abil-
ity to seek, find, understand and appraise health information
from electronic sources and apply the knowledge gained to ad-
dressing or solving a health problem” [10]. The term EHL has
been widely used since 2001, and the abilities and skillsets are
mainly linked to internet use. The World Health Organization
defines eHealth’s focus as using information and communica-
tion technology (ICT). The concept of EHL does not cover the
interactive and mobile services [11] required for using digital
health care. As society rapidly digitizes, digital literacy (DL) has

become an important issue. DL is described as “the ability to

www.phwr.org Vol 17, No 48, 2024

use information and communication through digital technolo-
gies to find, evaluate, create, and communicate information, re-
quiring both cognitive and technical skills” [12]. Although the
concept of DL is more aligned with DHL, it does not include
health-related competencies [13]. The differences between the
concepts of EHL, DL, and DHL are based on skills and techno-
logical competencies and are focused on supporting and im-
proving healthcare [14]. Recently, a study on the DHL instru-
ment included a broad spectrum of skills with the expanded
concept of health (Health 2.4) using performance-based items;
however, these competencies only focused on computers and
internet browsers [7].

Digital health offers tremendous potential for clinical appli-
cations in managing health, including chronic diseases, but not
everyone can benefit from it owing to DHL. Finding vulnerable
groups and developing feasible interventions with growth po-
tential is crucial. Thus, we conducted a scoping review focus-
ing on the conceptualization of DHL. We specifically aimed to
address the above knowledge gaps and identify the concept of

DHL to counter these impacts for clinical application.

Methods

1. Study Design

A scoping review was conducted to examine the types of
literacy, the definition of DHL, and the extent to which digital
service platforms and associated factors, including barriers and
facilitators, impact DHL. We used the scoping review method-
ology by Peters et al. [15] We also complied with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses ex-
tension for Scoping Reviews (PRISMA-ScR) reporting guide-

lines extension for scoping reviews. Our research questions
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were refined, and the draft protocol was revised to incorporate
detailed definitions of inclusion criteria, literature search strat-
egies, and data extraction items aligned with the study’s objec-
tives and design, based on feedback from the health profes-
sional research team with expertise in health literacy or digital

health.

2. Search Strategy and Data Sources

We systematically searched Pubmed, Embase, Cochrane
Library, and Web of Science from January 2011 to October
2019. Based on the results of the preliminary literature review,
we restricted the period to only identify studies published from
2011 to capture the newly expanded digital health technologies

[16]. Key search terms were identified from the DHL scoping

Records identified through
a database search
(n=5,428)

and systematic reviews, including EHL and DL. After conduct-
ing a preliminary literature search, we found no current or on-
going reviews that included the newly expanded term “DHL.”
We used a preliminary search method and terms based on
medical subject heading (MeSH) terms and relevant publica-
tion keywords that had been commonly used previously. We
employed a search strategy using recommended controlled vo-
cabulary and key search terms that covered two domains, “dig-
ital health” and “health literacy”. Additionally, grey literature
was searched for relevant definitions and concepts using the

term “DHL,” including the question “What is DHL?”

3. Eligibility Criteria and Screening Process

Eligible studies included full original scientific articles. The

A 4

Duplicated (n=3,571)

y

Records screened
(n=1,857)

Excluded (n=1,587)

A

Not relevant digital or health literacy
Not relevant inclusion criteria

y

Abstract and full-text
screening for eligibility
(n=270)

Records excluded (n=244)
Not journal article or full-text (n=31)
Not relevant digital or health literacy (n=188)
Not relevant inclusion criteria (n=25)

v

Studies included
(n=26)
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Figure 1. Flow diagram of scoping
review

www.phwr.org Vol 17, No 48, 2024


http://www.phwr.org

search was restricted to English language studies. Our inclu-
sion criteria were as follows:

1) Studies focused on the conceptualization of DHL or
EHL, including new digital health technologies. 2) Studies
whose primary focus was the clinical application of DHL fac-
tors. 3) Investigations that included newly developed measure-
ment instruments referred to as DHL and EHL, including new
digital health technologies.

We excluded studies based on the following criteria:

1) Papers that mentioned DHL but lacked certain defini-
tions or concepts. 2) Studies conducted in adults (aged <18
years) or conducted only on populations with high DHL, such
as university students, or specific groups, such as health profes-
sionals and librarians. 3) Articles focused only on concepts or
measurements for searching for and using online health infor-
mation (e.g., eHEALS). This includes articles on the linguistic
validation of certain measurements. 4) Perspective articles on
DHL without new DHL definitions or concepts. 5) Conference
papers, commercial writing, preprints, notes, brief reports, let-
ters, and editorials.

One researcher performed the initial literature screening,
examining the titles to select articles relevant to DHL. All ini-
tial search results were imported into EndNote X20 (Clarivate),
and 3,571 duplicates were removed from the 5,428 articles.
The titles of 1,857 articles were screened, and 1,587 studies
were excluded. The abstracts of 270 articles were further ex-
amined to select studies that met the inclusion criteria. After
selecting 38 articles, their full texts were reviewed. As a result,
244 articles were excluded, and a total of 26 articles were in-
cluded in the study (Figure 1). The references of the includ-
ed studies were examined to identify any additional relevant

articles; however, no further studies were added to the final

www.phwr.org Vol 17, No 48, 2024

selection.

4. Data Extraction and Classification

Data extraction followed a predesigned template based on
ongoing discussions among authors. To ensure quality control,
two authors reviewed the titles and abstracts to identify eligible
papers. The authors discussed the data extraction to confirm a
consistent understanding of the aim of the study. At this stage,
the references of studies that met the inclusion criteria were

manually searched to identify additional relevant articles.

5. Data Charting Process
The full text of 38 publications was thoroughly reviewed.
The following information was extracted:

1) Study characteristics (authors, published country, year
of publication, study design, target population, sample
size, and study purpose).

2) Information regarding DHL (type of literacy and defini-
tion of DHL), digital service platforms, and associated
factors, including barriers and facilitators.

The research team discussed and summarized the results.

Finally, 26 articles were included in the analysis (Table 1)
[7,17-59].

Results

1. Study Characteristics

Of the 26 studies, the United States (n=9, 34.6%),
Denmark (n=4, 15.4%), and the Netherlands (n=3, 11.5%)
conducted the most studies, followed by Israel (n=2, 7.7%)
(Table 1). Spain, Germany, Greece, and China each conducted

a study related to DHL. Four (15.4%) studies were conducted
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in multiple countries.

Except for four review articles, most studies assessed the
factors associated with DHL using quantitative methods (n=20,
76.9%), and two studies (7.7%) used qualitative methods. The
studies were mostly cross-sectional and included development
and validation (n=20, 76.9%), reviews (n=4, 15.4%), and co-
hort and interventional studies (n=2, 7.7%). Among the 26
studies, four were review articles, and one was a development
study. Eight studies were conducted in patients with chronic
diseases such as cancer, diabetes, chronic obstructive pulmo-
nary disease, and rheumatic disease (30.8%). Six studies were
conducted in older adults (23.1%), and five were conducted
among general age groups (19.2%). Two studies were con-
ducted in patients with chronic diseases and those with average
health (7.7%).

The included articles had various purposes. Nine stud-
ies (34.6%) aimed to identify the current status or use of DHL
through surveys, tests, and data analysis. Approximately two-
thirds of the studies (n=8, 30.8%) examined the associated fac-
tors or trends in DHL using various methods. Seven studies
(26.9%) aimed to establish and evaluate newly developed mea-
surements, while two (7.7%) examined the definition, concept,

and model of DHL.

2. Information Regarding Digital Health Literacy
Various types of literacy and definitions regarding DHL
were used. The most widely used type of literacy was “eHealth
literacy” (n=19, 73.1%), defined as “the ability to seek, find,
understand, and appraise health information from electron-
ic sources and apply knowledge gained to address or solve a
health problem” by Norman and Skinner [28,40]. Among

the 26 studies, nine used the term “digital” as follows: “digital
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literacy” (n=5, 19.2%), “digital divide” (n=2, 7.7%), “digi-
tal readiness” (n=1, 3.8%), and “DHL” (n=1, 3.8%). Other
terms used included “computer literacy” in two studies, “media
health literacy” in one study, and “media literacy” in another

study.

3. Digital Service Platforms Related to Digital

Health Literacy

Regarding the technologies used in this study, the platform
was thematically clustered according to the terms or items of
measurement mainly used in the articles. Among the 26 stud-
ies, 12 (46.2%) used eHealth-related technology terms, includ-
ing internet, online, website or web, and ICT. Several studies
used expanded or specific technologies and services, such as
videos (e.g., YouTube), blogs, emails, eBooks, social media,
PDF files, personal medical information, and computers. Four
studies (15.4%) used only digital-related terms, such as digital
services, digital technology, digital solutions, digital environ-
ments, and digital media, whereas 10 studies (38.5%) used
eHealth and digital-related terms.

In terms of “digital devices,” one cross-sectional study [29]
evaluated the usage rate of “desktops, laptops, or netbook com-
puters, tablets, smartphones, and home internet.” In contrast,
another study [42] evaluated the usage rate of “videoconfer-
encing (telehealth).” In the Netherlands study on eHealth lit-
eracy [31], the research participants’ level of DL in the fol-
lowing activities was assessed: visiting blogs, participating in
discussion forums, playing games, downloading, listening to
music, or using technologies and services, such as download-
ing software or emailing with friends. Six studies (23.1%) used
eHealth and mobile-related terms, including smartphones, mo-

bile phones, trackers, smartwatches, and mobile applications
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(apps) [27,39,45,46,50,57].

4. Associated Factors, Including Barriers and
Facilitators for Digital Health Literacy
Factors associated with DHL were clustered into three

domains (health-related, digital-related, and others).

Each domain was divided into three categories based
on the model proposed by Nutbeam [60] (Table 2)
(7,17,19,20,22,24,27,31,39,45,48,50-54,56-59]. First, func-
tional literacy refers to the basic level of reading and writing
skills required to obtain, understand, and use health informa-

tion. Next, communicative literacy refers to the advanced skills

Table 2. Factor associated with digital health literacy

1. Health-related factors

2. Digital-related factors

3. Others

Functional literacy

O Functional health literacy [19,24]
« Reading ability [45]
« Numeracy [27]
« Language proficiency [27]

O Understanding of health concepts,
disease, and healthcare [17,19,22]
« Knowledge of health and disease

[19,56]

« Knowledge of healthcare [24]

O Familiarity with health, disease,
and healthcare [19,24]

O Information searching skills [7,58]
« Internet access [20]
« eHealth activities [20]

Communicative literacy
O Communication factor [52]
O Ability to interact with information

[56]

Critical literacy
O Evaluating reliability and relevance
of online information [7,58]
« Trust [20]

Functional literacy
O Ability to actively engage with
digital services [17,19,22,31,39,45,
48,51,52,54,59]

« Using technology to process health
information [17,19,22,31,39,45,48,
51,52,54,59]

« Motivated to engage with digital
services [17,19,22,59]

« Skill and technique acquisition
(17,20,39,48]

« Cell phone expertise [57]

« Operational skills [7,58]

« Navigation skills [7,58]

O Digital familiarity [19]

« Familiarity with technology
[24,59]

« Total number of electronic devices
used to seek health information
(54]

« Technological experience [27,39]

O Access to digital services that work

(17,19,22,56]

o Access to technology [27]

Communicative literacy
O Adding self-generated content to
Web-based apps [7,58]
O Relevance and appropriateness to
target audience [27]

Critical literacy
O Protecting and respecting privacy
while using the Internet [7,57,58]
« Feel safe and in control [17,22,56]

Needs and views of health
O Digital services that suit individual
needs [17,19,22,56]
O Health information needs [57]
O Constructive attitudes and
approaches [17]

Self-efficacy
O Digital confidence [19,59]
« Technology confidence [24,39]

Perceived benefit and harms
O Physical activity [53]
O Digital incentives [19]
« Feel that using technologies is
beneficial [56]
« Incentives for engaging with
technology [24]
O Usability of digital tools [27]
O Computer anxiety [57]

Social support
O Social support for health [17,27,50]
« Feel understood and supported by
healthcare providers [17]
O Relationship with doctor [57]
O Use of available structured training
and guidance [27]

www.phwr.org Vol 17, No 48, 2024
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that allow people to extract information, derive meaning from
different sources of communication, and apply new informa-
tion in changing circumstances. Finally, critical literacy refers
to more advanced skills for critically analyzing and reflecting
on information or advice received and using information to

exert greater control over life events and situations.

1) Health-related factors

Seven studies reported the level of functional literacy on
the following health-related factors (38.4%): reading, nu-
meracy, and language proficiency [19,24,27,45]; knowledge
[17,19,22,24,56] and familiarity with health, diseases, and
health care [19,24]. Three studies described the essential func-
tions of eHealth, including information searching skills, such
as gaining access to the internet, as an associated factor of DHL
[7,20,58]. Two studies [52,56] showed that communication
and the ability to interact with information were associated
factors. Regarding critical literacy, the reliability and relevance
of online health information were evaluated in three studies

[7,20,57].

2) Digital-related factors

Based on the three categories of health literacy, digital-
related factors were divided into three types: functional, com-
municative, and critical literacy. In terms of functional lit-
eracy, 15 studies (57.7%) identified that the ability to actively
engage with digital services, including computers, the inter-
net, and cell phones, was associated with functional literacy
[7,17,19,20,22,31,39,45,48,51,52,54,57-59]. Familiarity
with digital technology and experience with digital health were
identified in six studies [19,24,27,39,54,59]. Five studies iden-

tified the accessibility of digital technology and services as an

2126

associated factor[17,19,22,27,56]. For communicative litera-
cy, the ability to add self-generated content to web-based apps
[7,58] and determine the relevance and appropriateness of the
content to the target audience [27] was identified in three stud-
ies. Regarding critical literacy, five studies identified individu-
als’ ability to protect and respect privacy when using digital

health [7,22,56-58].

3) Others

Four additional factors that can influence DHL were
identified: 1) health needs and views, 2) self-efficacy, 3) per-
ceived benefits and harm, and 4) social support. Five stud-
ies identified health needs, digital services, health information
[17,19,22,56,57], and constructive attitudes and approaches
[17] for improving digital health as factors that can affect an
individual’s view of health. Four studies reported digital confi-
dence, including technology, as a factor promoting self-efficacy
[19,24,39,59]. Perceived benefits and harms included physi-
cal activity [53], digital incentives [19,24,56], usability of digi-
tal tools [27], and computer anxiety [57]. Finally, social sup-
port from health care providers [17,27,50], relationships with
doctors [57], and the use of training and guidance for digital

health [27] were also associated with DHL.

5. Concept Mapping and Framework of Digital
Health Literacy
1) Concept mapping of digital health literacy
Consistent with the results, the concept mapping of DHL
is presented in Figure 2. This context was theoretically derived
from a scoping review based on four key factors (performance
expectancy, effort expectancy, social influence, and facilitat-

ing conditions) and four moderators (age, sex, experience, and
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Digital health
technologies and Patients’ needs and Perceived benefit
services views of health and harms

e // ———————————— > Recipient

Digital health literacy

Health-related literacy

Advanced health literacy

Digital-related literacy
Digital functional literacy
Digital communicative literacy
Digital critical literacy

Figure 2. Conceptualization of digital health literacy

voluntariness) of the Unified Theory of Acceptance and Use
of Technology [61] and the health belief model. The concept
showed each DHL category with factors such as patients” health
needs and views, perceived benefits and harms of digital health,
self-efficacy, social support, and facilitating aspects affecting re-

cipients’ usage of digital health technology and health services.

2) Digital health literacy framework

Regarding our objective, the harmonization of digital-relat-
ed health literacy factors presented the DHL framework (Figure
3), and each element was built on the factors listed in Table 2.
This framework comprises three main domains (digital and
health literacy, and others), each having three interdependent
factors: functional, communicative, and critical literacy. The
individual context affects DHL, which provides an abstract ex-
planation of the influencing factors.

In our conceptualization of DL aspects, functional-inducing

www.phwr.org Vol 17, No 48, 2024

N Health and

4 4 " wellness

A
Social support
I
Self-efficacy Facilitating factors

Precise

healthcare

factors comprised the ability to actively engage with digital
health and access digital services, as well as familiarity with
digital technology/services. This focused on the basic skills
needed to obtain and understand digital health and to use digi-
tal technology and services. The communicative-inducing fac-
tors, which describe the advanced skills required to communi-
cate about health using digital resources and understand and
apply relevant digitalized health information, include adding
self-generated content to digital services and extracting rel-
evant and appropriate digitalized content. In terms of critical-
inducing factors, protecting and respecting privacy while using
digital technology services were included. This factor focused
on more advanced skills to recognize and resolve privacy issues
related to digitalized content.

Function-inducing factors in health literacy included the
ability to understand and the degree of familiarity with health

concepts, diseases, and healthcare. In our study, the health
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Digital literacy

- Ability to gain access to digital services
- Digital technology/service familiarity

- Ability to actively engage with digital health

C
007/)7
(//7 %
Cy %
ke

- Adding self-generated
content to digital services

- Extract the relevant and
appropriate digitalized

Health literacy

contents

- Understanding of health concepts,
disease, and healthcare

- Familiarity with health, disease,
and healthcare

- Information searching skills

- Communication
- Ability to interact with
health information

- Protecting and
respecting privacy
while using the digital
technology/service

\eO \\\10

- Evaluating reliability

and relevance of health
information
. ) Unmet needs
Percegvsd benefit of haalth SZ?I:ltjaril(i:te Self-efficacy Social support
and barriers information y

Figure 3. Framework of digital health literacy

information searching skill, usually called eHealth, was re-
ferred to as a basic skill for promoting health literacy. In terms
of communicative-inducing factors, the ability to interact with
health information was included. For the critical-inducing fac-
tor, the reliability and relevance of health information were
evaluated. Lastly, the concept of DHL included perceived bene-
fits and barriers, unmet needs for health information, availabil-
ity of resources, self-efficacy, and social support, which are also

considered important influential factors.

Discussion

In this study, we aimed to identify the concept of DHL.
We systematically reviewed 26 studies and examined vari-
ous synthesized elements to clarify this concept. Our findings

revealed different terms and definitions for DHL and other

2128

approaches, including three redefined thematic categories: 1)
advanced health literacy, which involved meaning-making and
was a crucial precondition in understanding health concepts,
health information, and knowledge to maintain health; 2) digi-
tal skills-based and multidimensional literacy, including digital
functional, communicative, and critical factors that help in the
delivery of health information and implement health-related
decisions and actions using digital technology and services; and
3) others consisting of internal or external factors for user en-
gagement in digital health.

These findings confirm that a comprehensive approach,
consistency in the use of the term, and a consensus on the tax-
onomy of DHL are lacking. The term DHL has been used to
describe a broad range of competencies regarding digital tech-
nologies and services used by various stakeholders across di-

verse health care settings. The terms and definitions of eHealth

www.phwr.org Vol 17, No 48, 2024
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literacy are still widely used to address the technical competen-
cies required in the digital health environment. This may be
because eHealth and digital health perform similar functions
and support digital health via electronic means, while each
represents a different aspect of technology [62]. This finding
aligns with a literature review on the concept of “eHealth” for
digital technologies, which comprised core domains such as
“health in our hands,” “interacting for health,” and “data en-
abling health” [63]. This means that eHealth and digital health
concerning health literacy are still used primarily for internet-
oriented technology rather than digital devices. In addition,
critical points of view regarding the definitions of eHealth
literacy often lack a well-founded theoretical basis and ap-
proaches [26]. In particular, inconsistent and interchangeable
terms and definitions can be detrimental to opportunities for
digital health measurement instruments and implementation.
Therefore, future research needs to assess various state-of-the-
art technologies and services and update content based on a
theoretical basis and approaches to digital health.

As expected, the findings showed that functional literacy of
digital technologies and services was a major factor associated
with DHL. This finding is consistent with those of several stud-
ies demonstrating that users’ functional ability in technology is
highly associated with engaging with and taking advantage of
digital health [7,17,48]. This means that people familiar with
technology are more likely to use digital health. Similarly, edu-
cation and interventions to improve the ability to use technol-
ogy may also complementarily increase peoples’ engagement
with digital health. However, functional literacy requires differ-
ent competencies depending on the technology used to achieve
disease-specific health goals [8]. For example, multiple digital

tools, including mobile apps, insulin pumps, glucometers, and

www.phwr.org Vol 17, No 48, 2024

wearables, have been provided to patients with diabetes to gen-
erate data for self-management [64]. Therefore, future research
should offer a certain level of technological skills and services
with the flexibility to prioritize education and interventions for
improving DHL. Moreover, DHL incorporates the basic ap-
proaches and scope of health literacy that can encourage people
to effectively determine and actively participate in their health
[65-67] rather than simply learning technical skills. Therefore,
communicative and critical literacy will become increasingly
important, as these literacies can capture the interplay of nu-
merous data and information, especially when contextual con-
ditions for health become more complex.

Many studies have developed valid DHL measures, but
the key components or operational definitions of competen-
cies are heterogeneous, and they mainly focus on subjective
items based on self-evaluation rather than performance-based
instruments. This aligns with a previous study that found a
large gap between the measurements reflected in actual clini-
cal practice and eHealth service design [68]. In addition, self-
reporting measures an individual’s perceived ability to perform
a task and may assess confidence and social resources. Actual
task performance may evaluate objective target skills [69,70].
A review article on EHL [20] also reported that most eHealth
interventions targeted vulnerable populations. However, they
did not consider users’ needs for EHL during intervention de-
velopment or assess EHL to confirm whether users’ needs were
met [68]. One reason is that when initiating practical interven-
tions to improve DHL, researchers have developed measure-
ment instruments focused on determining how DHL affects
clinical outcomes rather than understanding the current com-
petencies of users and the factors that influence an individual’s

health literacy [8,71]. Redefining and conceptualizing a wide
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range of skills for all technologies and services can empower
people to communicate and obtain data and information about
the complexity of making health decisions [5,6]. Moreover,
digital health interventions and educational programs should
be developed using valid assessment tools, including the fac-
tors necessary for practical applications or digital technology
design. Thus, our results provide insights into the foundation
of digital technologies and the factors associated with future in-
struments for measuring DHL.

This study has several limitations that should be addressed.
First, although we followed the scoping review methodology to
search the literature and identify the status and influencing fac-
tors of DHL, relevant studies examining these influencing fac-
tors could have been missed. However, we used all the relevant
terms to search for other articles and included them in our
search queries. Second, we included articles with variations in
study design owing to the lack of adequate intervention studies.
Therefore, the quality of the publications was not assessed, but
all stages, including article selection and data extraction, were

duplicated by two researchers.

1. Conclusion

The digital transformation of health and healthcare has
raised several challenges, including the lack of skills and com-
petencies to use digital technology properly. The results of
this study confirm that the factors influencing DHL are com-
plex and interdependent. Furthermore, this study provides an
integrated perspective on the status of and factors influenc-
ing DHL. Notably, DHL has the potential to help people use
digital technologies and services to become more involved in
maintaining their health. Further research should be conduct-

ed to explore how these concepts may improve DHL through
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education and interventions, considering the specific charac-

teristics of users with various health statuses.

2. Practice Implications

DHL will help patients understand and use health informa-
tion through education and interventions. Rather than limiting
DHL to specific skills and technologies, it is necessary to define
patients’ needs and the skills required to develop and utilize
digital technology and services, meet the clinical implications,
and determine the target population and diseases. Our findings
indicate that future studies need to develop valid and reliable
measurement instruments that focus on the components to fa-
cilitate understanding and consensus on the types of interven-

tions and the essential factors required for various individuals.
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Application and Significance of Wastewater—based Pathogen
Monitoring in Infectious Disease Surveillance: Insights from
International Case Studies

Jeong Hyun Lee @, Hye Jin Park @, Hwajung Yi @, Yoon-Seok Chung*

Division of High—Risk Pathogen, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

Wastewater-based monitoring of pathogens, such as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
emerged as a highly effective tool for infectious disease surveillance systems. Wastewater surveillance systems can detect
emerging infectious diseases or new viral variants in a community earlier than hospital-based clinical surveillance systems,
thereby preventing the spread of infections. In particular, it provides a foundation for rapid response to variants with higher
transmissibility and virulence. This study aims to examine how wastewater-based pathogen surveillance can be applied to
monitor pathogen mutations through case studies from various countries worldwide. Moreover, wastewater surveillance is more
cost-effective than mass testing in areas with low clinical testing rates and large populations. Genomic analysis of wastewater
can detect several pathogens that may not be captured by clinical surveillance, thereby providing critical information for
predicting the emergence of potential variants. In conclusion, wastewater-based pathogen surveillance is a valuable tool in
public health management to respond to infectious diseases. It enables the monitoring of infectious disease spread and pathogen

mutation trends. In addition, it can function as an early warning system through the analysis of wastewater from communities.

Key words: Wastewater surveillance; Infectious disease monitoring; Infectious disease epidemiology; Community monitoring
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Introduction

The surveillance of various pathogens using wastewater is
drawing attention as a useful tool for monitoring infectious dis-
eases and antimicrobial resistance. In wastewater surveillance,
samples are collected and analyzed to detect the emergence of
pathogens circulating in the community. This also plays an im-

portant role in preventing the spread of infectious diseases by
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detecting their occurrence and mutations of pathogens before
clinical cases appear, as pathogens can be shed before the onset
of clinical symptoms [1].

Thus, wastewater surveillance can be an important objec-
tive indicator of virus circulation within a community. It can
complement public health surveillance based on the screen-
ing of patients with suspected symptoms. It can be particularly

useful in cases of asymptomatic infection and in situations in
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Key messages
(D What is known previously?

Wastewater surveillance is an efficient method for mon-
itoring the emergence of new infectious diseases in
communities. In the case of coronavirus disease 2019
(COVID-19), wastewater surveillance has proven to be a
valuable tool for tracking the spread of the pathogen and
monitoring the emergence of variants.

(@ What new information is presented?

Many countries around the world are monitoring the oc-
currence of infectious diseases and the mutation trends
of pathogens through wastewater surveillance and epide-
miological analysis, tracking the spread of various patho-
gens and the emergence of variants.

® What are implications?

The COVID-19 pandemic has led to an expansion in
pathogen monitoring and variant surveillance, prompt-
ing the use of wastewater for infectious disease surveil-
lance as a more cost-effective alternative to traditional
clinical specimen-based monitoring. The continued
emergence of severe acute respiratory syndrome corona-
virus 2 variants underscores the need for early detection
and epidemiological surveillance of new variants.

which the testing capacity and willingness to test are reduced
[2]. Because both symptomatic and asymptomatic individuals
shed pathogens into sewage, wastewater samples pooled from
the entire population provide better insight into the genetic di-
versity of pathogens circulating in the community than insight
obtained solely from testing and sequencing clinical samples
(3,4].

The diverse mutations of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus might have nega-
tively impacted several aspects of public health, including

increasing transmissibility as well as immune evasion and

www.phwr.org Vol 17, No 48, 2024

reducing the efficacy of vaccines and therapeutics [5]. For in-
stance, the Delta and Omicron variants have spread rapidly
worldwide due to their higher transmissibility and ability to
evade existing immune responses [5]. Consequently, the emer-
gence of these variants has jeopardized the speed and effective-
ness of public health responses and highlighted the limitations
of existing surveillance systems. Existing pathogen mutation
surveillance has been conducted mainly through individual
testing and genetic sequence analyses using clinical specimens.
However, understanding the infection trends of the entire
community only with clinical data from current sentinel sur-
veillance institutions is difficult; thus, this approach cannot suf-
ficiently play a role as an early warning system.

Pathogen surveillance using wastewater can complement
these limitations and detect the genetic material of pathogens
present in wastewater at the community level. Bioinformatics
analysis technologies, such as the polymerase chain reaction
and next-generation sequencing (NGS), are being utilized to
monitor SARS-CoV-2 variants in wastewater [6]. The use of
these technologies has significantly improved the sensitivity
and specificity of wastewater surveillance, playing an impor-
tant role in the early detection of pathogen outbreak trends and
variants. Wastewater-based surveillance has become an impor-
tant tool for pandemic responses and preparedness, with the
potential to further improve the effectiveness of infectious dis-
ease management with the integration of clinical surveillance
data [7,8].

In this study, we examined how wastewater-based patho-
gen surveillance could be applied to monitoring pathogen mu-
tations through cases from various countries around the world.
By doing so, we aimed to maximize the advantages of wastewa-

ter-based infectious disease surveillance, such as being able to
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detect infectious diseases outbreaks early in order to establish

public health response strategies.

Main body

Wastewater-based infectious disease surveillance has
shown promise as an early warning system for outbreaks of
pathogens, such as SARS-CoV-2, in several countries. Case
studies conducted in various countries have shown that waste-
water-based infectious disease surveillance is more effective
than traditional clinical surveillance in detecting the occur-
rence and mutation of infectious diseases early and preventing

the spread of infectious diseases within the community [9].

1. United States of America

Public health laboratories across the United States are
conducting wastewater surveillance by working with waste-
water treatment facilities to develop surveillance sample col-
lection plans. They are able to predict infectious disease out-
break trends by comparing wastewater surveillance data with
clinical case data from a particular site and the surrounding
communities [9]. In response to the coronavirus disease 2019
(COVID-19) pandemic, the Centers for Disease Control
and Prevention (CDC) launched the National Wastewater
Surveillance System (NWSS) in September 2020 to monitor
SARS-CoV-2 in wastewater. The NWSS aims to build a robust
and sustainable surveillance system through independent and
regional wastewater surveillance. Through this system, the US
Department of Health and Human Services and public health
laboratories are developing the capacity needed to conduct
wastewater surveillance, building on epidemiological resourc-

es, data analysis tools, and laboratory support. Data analyzed
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in this way can enable early detection of new infectious disease
outbreaks and aid in local decision-making, such as selecting
locations for mobile testing and vaccination sites [10].

The NWSS currently operates more than 1,200 surveil-
lance sites nationwide. As of July 2022, wastewater surveil-
lance systems have been deployed in 46 states and five major
urban communities, collecting samples from wastewater sys-
tems serving more than 130 million people across the United
States. The CDC continues to provide technical guidance, data
analysis, and visualization methods to jurisdictions with waste-
water surveillance systems [11]. Omicron (B.1.1.529) was de-
tected in local wastewater in late November 2021 (before the
Omicron variant was identified as a clinical case in the area in
January 2022). This was a case of the preliminary detection
of SARS-CoV-2 RNA in a wastewater system in Burlington,
Vermont. Rapid sewage testing allowed local health authorities
to respond by deploying personnel and resources to areas with
high virus detection rates and disseminating information to
specific audiences, focusing on vulnerable populations [11,12].
Additionally, the CDC initiated a traveler-based SARS-CoV-2
genomic surveillance program to detect novel SARS-CoV-2
variants at three US airports in September 2021 and expanded
the program to eight international airports in the nation in the
first half of 2024 [13]. The aim of this program is to proac-
tively detect variant SARS-CoV-2 strains by collecting samples
from arriving travelers (who play a vital role in the monitoring
of the emergence of infectious diseases). Travelers are high-
ly mobile and can become infected while traveling, possibly
spreading diseases from one place to another in a short period.
If mutations are found in human samples, this situation is like-
ly to be after widespread infection has already occurred within

the community [13]. The aforementioned case demonstrates
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that traveler-based wastewater surveillance at airports can play
a critical role in the early detection of emerging infectious dis-
eases and variants. Due to their high mobility and susceptibil-
ity to infection, travelers can be a major conduit for the rapid
spread of variant viruses or new infectious diseases. Therefore,
airport sewage surveillance is an important tool for detecting
mutations in the early stages and responding preemptively be-
fore an infectious disease spreads widely throughout the com-
munity. In conclusion, sewage surveillance systems at major
international airports can play an effective role in preventing
the spread of infectious diseases by proactively managing pub-
lic health risks in conjunction with sewage surveillance in the

community.

2. The Netherlands

The National Institute for Public Health and the Environment
(Rijksinstituut voor Volksgezondheid en Milieu, RIVM) has been
conducting wastewater research for approximately 30 years.
In 1992, the RIVM detected poliovirus in sewage samples
during a polio outbreak in an anti-vaccination region [14].
Additionally, from 2020 onward, wastewater surveillance has
been conducted to monitor the spread of SARS-CoV-2, with
all wastewater treatment plants in the Netherlands participat-
ing in this study [14].

The Netherlands has more than 300 sewage treatment
plants, and the RIVM collects sewage samples from all of them
on a weekly basis [14]. The samples are tested for the SARS-
CoV-2 virus in the “Monitoring coronavirus variants using
sewage” laboratory of the NWSS program of the RIVM [14].
Additionally, the RIVM has been testing four sewage samples
per week from Schiphol Airport since February 17, 2020.

As this airport is a major point of entry into the Netherlands,
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monitoring for the SARS-CoV-2 virus variants is vital
[14]. During the height of the COVID-19 pandemic in the
Netherlands, high levels of the virus were detected in sewage at
Schiphol Airport, and the same mutant strains were detected
as in other countries, which is consistent with trends across the
Netherlands [14]. In particular, the Omicron variant was first

detected in sewage at Schiphol Airport in November 2021 [14].

3. South Africa

SARS-CoV-2 variants in sewage samples collected from
urban centers across South Africa were detected and analyzed.
South Africa has a population exceeding 55 million people,
most of whom live in urban areas located in five of the coun-
try’s nine provinces [1]. It has over 1,000 sewage treatment
plants, and 84% of the population uses toilets connected to a
public sewage system or septic tank [1]. In June 2020, the first
wastewater COVID-19 testing was performed in South Africa,
which led to the creation of the South African Collaborative
COVID-19 Environmental Monitoring System to moni-
tor trends in the SARS-CoV-2 virus in wastewater across the
country [1]. Recent studies have demonstrated that viral genet-
ic analyses in wastewater are feasible and that both wastewater
and clinical surveillance can be used to determine the phyloge-
netic relationships of similar mutant strains. This strategy al-
lowed us to discover new mutations and strains in wastewater

before they were identified in clinical specimens [1].

4. India

In 2021, wastewater samples were collected from 11 treat-
ment plants in the Jaipur district and monitored for early de-
tection of the Delta variant (B.1.617.2) [15]. Sewage samples

were collected weekly from February 19 to June 8, 2021, and

2143


http://www.phwr.org

I Public Health Weekly Repo: ’\

an NGS analysis was performed. By achieving an average ge-
netic coverage of 94.39%, characteristics of the mutations were
analyzed with high reliability. In other words, approximately
94.39% of the entire genetic sequence was read accurately. The
analysis found that the Delta variant was detected in sewage 2-3
weeks earlier than such findings appeared in clinical reports
[15]. This early detection has been instrumental in enabling

public health authorities to take preemptive measures [15].

5. Switzerland

The spread of SARS-CoV-2 variants during a major inter-
national event was monitored by analyzing wastewater from
the canton of Grisons in Switzerland [16]. The complex ge-
ography and diverse population of Grisons undergo signifi-
cant changes during peak seasons due to tourists and events.
Major sporting events in Davos and St. Moritz in December
2021 resulted in large population influxes [16]. To monitor
the prevalence and spread of SARS-CoV-2 variants in Grisons,
24-hour composite wastewater samples were collected from a
treatment plant before and after the Fédération Internationale
de Ski Alpine and Nordic World Cup events in November and
December 2021 and the World Economic Forum (WEF) in
May 2022 and January 2023 [16]. The prevalence of variants
identified in sewage sequencing data showed that the Omicron
variant BA.1 was spread in Davos and St. Moritz during an
international sporting event held in December 2021 [16].
During the WEF in January 2023, the Omicron BA.2.75 vari-
ant was detected in Davos but not in St. Moritz, showing that
large international events can influence the spread of new vari-
ants [16]. These results demonstrate that the spread of new
variants in large-scale events can be detected using wastewater

surveillance, providing important information for developing

2144

public health strategies [16].

Conclusion

Monitoring pathogen occurrence and variants using waste-
water can provide valuable information for infectious disease
surveillance. Sewage-based testing provides information such
as trends in pathogen occurrence and the emergence of vari-
ants. Further, it is useful for monitoring the occurrence of new
infectious diseases in the community. Additionally, analyzing
mutations of various pathogens in wastewater using advanced
molecular biology technologies, such as NGS, can aid in un-
derstanding the emergence and occurrence trends of variants.
However, since sewage samples can affect data results depend-
ing on the collection location and frequency due to the nature
of the sample, standardized protocols and quality control are
required. Pathogen detection and genetic data analyses us-
ing wastewater have limitations in distinguishing between the
emergence of pathogen variants and simple sequence analy-
sis errors due to the complexity of the microbial communi-
ty in wastewater and the presence of non-pathogenic genes.
Therefore, developing and validating analytical tools that are
suitable, efficient, and reliable for wastewater samples is cru-
cial. In addition, continuous research should be conducted to
improve the sensitivity, specificity, and speed of detecting mu-
tations in wastewater samples by improving sequencing and
data analysis technologies and utilizing bioinformatics analysis
tools.

Sewage surveillance is an efficient and useful tool that can
encompass community infectious disease surveillance and help
predict the occurrence of new pathogens as well as the emer-

gence of variants even in areas where clinical specimens are
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scarce. Therefore, pathogen surveillance using wastewater can
be effective in monitoring and detecting the occurrence of new
infectious diseases and mutations, thereby protecting various

community resources from future infectious diseases.
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Introduction to the Research Results of Coronavirus Disease 2019
Big Data (K-COV-N) and the Corresponding Utilization Plan

Hyeryeon Lee (@, Suhyeon Choi @, Eunjin Eom @, Gyeong Hee Song 3, Seong Sun Kim*

Division of Epidemiological Data Analysis, Department of Data Science, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

As part of the effort to establish a scientific basis for quarantine policies aimed at responding to new infectious diseases
based on the experience of responding to coronavirus disease 2019 (COVID-19), the Korea Disease Control and Prevention
Agency (KDCA) and National Health Insurance Service promoted the establishment of health information big data and signed
a business agreement (April 29, 2021). The big data created by combining the KDCA’s COVID-19 confirmed cases and
vaccination data with the National Health Insurance Service's national health information are known as K-COV-N (KDCA
Covid-19 NHIS cohort). The big data constructed were opened to the private sector through the National Health Insurance
Service’s open platform to promote private research. A cumulative total of 211 cases have been approved since the opening
of COVID-19 big data from April 2022 until October 2, 2024, and a total of 30 papers have been published in international
journals. The main contents were research results such as COVID-19 infection risk factors, vaccination effects, and long
COVID. In addition, after the opening of big data, we held workshops on practical networking for utilizing COVID-19 big
data to share analyses and techniques for utilizing the data. Additionally, we established a public-private data analysis network
to promote exchanges between practitioners. In addition, we are contributing to the activation of private research by expanding
ties with the National Cancer Center and health-information-holding organizations. Accordingly, the KDCA plans to continue
opening up infectious disease-related information to develop evidence-based quarantine policies and support expert decision-

making.

Key words: K-COV-N; COVID-19 infection risk factors; Vaccination effect; Long COVID

*Corresponding author: Seong Sun Kim, Tel: +82-43-719-7950, E-mail: sskim0719@korea.kr

Introduction and Prevention Agency (KDCA) and the National Health

Insurance Service (NHIS) established the scientific founda-

Republic of Korea (ROK) has been recognized for its suc- tion of quarantine policies and entered into a business agree-
cessful response to the coronavirus disease 2019 (COVID-19) ment to provide and share data between organizations for the
through active epidemiological investigations and everyday life establishment and operation of a COVID-19 big data surveil-

quarantines [1,2]. In line with this, the Korea Disease Control lance system (April 29, 2021) [3]. Additionally, they sought to
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Key messages
(D What is known previously?

Preparing a scientific basis for quarantine policies when
responding to new infectious diseases is important.

(@ What new information is presented?

Big data combining the Korea Disease Control and
Prevention Agency’'s COVID-19 confirmed case and
vaccination data with the National Health Insurance
Service's national health information has been estab-
lished, released to private researchers from April 2022,
and 30 papers are published in international professional
journals as of October 2, 2024.

® What are implications?

Through the activation of expert research, it is necessary
to continuously expand the connection with health infor-
mation holding institutions to provide a scientific basis
for future infectious disease policies.

contribute to actively responding to the spread of COVID-19
to prevent and strengthen the response system in case of future
outbreaks of new infectious diseases by utilizing COVID-19

big data.

Results

1. Background and Progress

KDCA and NHIS integrated and linked COVID-19-
related data through mutual cooperation, by which they estab-
lished a big-data analysis environment for infectious disease
research unique to ROK by combining COVID-19 full-cycle
data and the national health information of NHIS. Big data
include information on confirmed cases, such as the date of

confirmation; outbreak information, such as the presence of

2154

symptoms; and immunization information, such as the num-
ber of vaccinations.

In this way, they have been able to provide a scientific basis
for quarantine policies, promote the analysis of health damage
caused by COVID-19 and the development of active preven-
tion and treatment methods, and activate COVID-19 big data
by making them available to private researchers (April 2022)
[4].

These big data, which were created by combining the
COVID-19 confirmed cases and vaccination data of KDCA
with the national health information of NHIS, have been
named K-COV-N (KDCA Covid-19 NHIS cohort).

To request COVID-19 big data, users need to apply to the
National Insurance Health Sharing Service (NIHSS) website
of NHIS; then, KDCA reviews the appropriateness of the re-
quested data to use COVID-19 database (DB). Only the data
requested and approved by KDCA shall be provided to the ap-
plicant through the NHIS Data Provision Review Committee.

COVID-19 big data are provided in the form of a DB
customized for the applicant’s research purpose from NHIS,
which undergoes a de-identification process to remove infor-

mation that can identify individuals.

2. Research Outcomes Utilizing Coronavirus
Disease 2019 Big Data and Plans for Its Use
As of October 2, 2024, 211 applications have been ap-

proved since the release of COVID-19 big data in April 2022,

and 30 papers have been published in international jour-

nals, indicating active and diverse research outcomes using

COVID-19 big data.

Such data are expected to provide a foundation for preemp-

tive protection measures for susceptible and high-risk groups,

www.phwr.org Vol 17, No 48, 2024
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Table 1. Major research results of K-COV-N utilization

Number

Classification (duplication)"’)

Major research results

COVID-19 infection risk 16
factors

Vaccination effect 18

vaccination

Long COVID 4

Using antibiotics 1

« Increase in neonatal intensive care unit admissions due to maternal COVID-19
infection confirmed

« Confirmation of high-risk groups for COVID-19 infection or severe symptoms
(patients with mental illness, patients with abnormal blood sugar control,
organ transplant patients, patients with autoimmune diseases, obesity, asthma,
patients with chronic childhood diseases, etc.)

« COVID-19 Omicron pandemic easier transmission among children confirmed

« People who have been vaccinated against COVID-19 have a reduced risk of
developing myocardial infarction, cerebral infarction, cardiovascular disease,
and facial paralysis after COVID-19 infection

« The following risks are not increased by vaccination: autoimmune diseases,
retinal artery and vein occlusion, early pregnancy loss, chronic diseases, and
adverse effects in adolescents

« If you have a history of uveitis, ophthalmological monitoring is required after

« Risk of most AI-CTDs is not increased after COVID-19 vaccination (mRNA)

o Adults infected with COVID-19 have a higher risk of developing allergic
diseases compared to those who were not infected

« Patients with COVID-19 infection are at higher risk of developing short- and
long-term neuropsychiatric sequelae compared to the general population and
patients with acute respiratory infections

« The rate of antibiotic use is higher in severe COVID-19 patients than in

influenza patients

K-COV-N=KDCA Covid-19 NHIS cohort: COVID-19=coronavirus disease 2019; AI-CTDs=autoimmune connective tissue diseases; long

COVID=chronic COVID-19 syndrome. If there are more than two main research results of the paper, write the number of episodes in

duplicate.

for utilization in vaccination promotion and post-vaccination
monitoring measures, and for follow-up studies of people with
chronic COVID-19 syndrome (long COVID). The cumulative
research outcomes from COVID-19 big data are shown below
by category (Table 1).

Research on risk factors for COVID-19 infection has
identified increased admissions to the neonatal intensive care
unit due to maternal COVID-19 infection and also identi-
fied groups at increased risk of COVID-19 infection or severe
disease.

Studies on the effects of COVID-19 vaccination have

shown a reduced risk of myocardial infarction, cerebral

www.phwr.org Vol 17, No 48, 2024

infarction, cardio-cerebrovascular disease, and facial paralysis
after COVID-19 infection in those who received vaccination.
Conversely, vaccination does not increase the risk of autoim-
mune disease, retinal artery and vein occlusion, or adverse
events in adolescents with chronic diseases.

COVID-19 symptoms/signs commonly last up to 4
weeks after diagnosis (i.e., acute COVID-19), while chronic
COVID-19 syndrome, also known as long COVID, is defined
as one or more symptoms/signs that occurred during or af-
ter the acute phase, are not explained by other conditions, and
persist beyond 4 weeks to 3 months after COVID-19 diagno-

sis [5]. Relevant studies have found an increased risk of allergic
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diseases in adults with COVID-19 compared to those without,
and an increased risk of short- and long-term neuropsychiat-
ric sequelae in those infected with COVID-19 compared to the
general population and patients with acute respiratory infec-
tions. Regarding COVID-19 therapeutics, higher rates of anti-
biotic use were found in severely ill COVID-19 patients com-

pared to those infected with influenza.

1) Regarding risk factors for coronavirus disease 2019
infection

The paper “Identifying susceptibility of children and ado-
lescents to the Omicron variant (B.1.1.529)” [6] from the re-
search team of Professor June Young Chun at the National
Cancer Center reported that the Omicron variant tended to
spread more easily among children compared to the previous
Omicron variants.

This study identified a susceptible age group for the
Omicron variant virus and showed that it can be used as a basis
for planning for future outbreaks.

The paper “Protective effect of vaccination on the risk of
cardiovascular disease after SARS-CoV-2 infection” by the re-
search team of Professor Sang Min Park from Seoul National
University [7] reported a significant increase in the inci-
dence of cardiovascular diseases within 1 month of confirmed
COVID-19 infection. Additionally, the study found a 38% re-
duction in cardiovascular disease among second-dose vaccine
recipients and a 56% reduction among third or more doses
compared to the unvaccinated. These findings suggested that
vaccination may reduce the risk of cardiovascular diseases as a
sequela or complication.

Additionally, the paper “COVID-19 vaccination, inci-

dence, and mortality rates among individuals with mental

2156

disorders in South Korea: A nationwide retrospective study” by
the research team of Professor Hejin Lee from Seoul National
University Bundang Hospital [8] showed that people with
mental disorders had up to four times higher mortality rates
from COVID-19 compared to the general population. These
findings indicate that the risk of infection may be higher in cer-

tain populations during a pandemic such as COVID-19.

2) Regarding the effects of vaccinations

The paper “Association between vaccination and acute
myocardial infarction and ischemic stroke after COVID-19
infection” [9] by the research team of Professor Jachun Jung,
Gachon University, showed that the risk of myocardial infarc-
tion and cerebral infarction after COVID-19 infection de-
creased by more than half in those who were vaccinated against
COVID-19. This suggests the need to provide COVID-19 vac-
cination for groups with risk factors for cardiovascular diseases.

Two studies, “Risk of autoimmune skin and connective tis-
sue disorders after mRNA-based COVID-19 vaccination” [10]
and “Long-term risk of autoimmune diseases after mRNA-
based SARS-CoV?2 vaccination in a Korean, nationwide,
population-based cohort study” [11] by the research team of
Professor Solam Lee, Wonju Severance Christian Hospital,
Yonsei University, concluded that COVID-19 vaccination
is not associated with an increased risk of most autoimmune
and connective tissue diseases. As such, the mRNA-based
COVID-19 vaccine does not increase the risk of autoimmune
and connective tissue diseases after vaccination and can thus be
used to assess the risk of vaccination.

The paper “Retinal artery and vein occlusion risks after
coronavirus disease 2019 or coronavirus disease 2019 vacci-

nation” by the research team of Professor Yong Joon Kim from

www.phwr.org Vol 17, No 48, 2024
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Yonsei University [12] showed no increase in the risk of retinal
artery occlusion/vein occlusion within 60 days of COVID-19
infection or vaccination.

The research team led by Professor Seung-Ah Choe, Korea
University, published a study entitled “Effectiveness and safety
of COVID-19 vaccination during preconceptional and pre-
clinical pregnancy period: A national population study” [13],
in which they analyzed COVID-19 vaccination and the risk
of miscarriage during preconception and early pregnancy and
found a significant difference in the risk of early miscarriage
between the vaccinated and unvaccinated groups.

These results provide evidence of the efficacy and safety of
COVID-19 vaccines in early pregnancy and can be used as a

basis for COVID-19 safety in pregnancy.

3) Regarding chronic coronavirus disease 2019
syndrome

For a study on long COVID, Professor Dong Keon Yon
and colleagues at Kyung Hee University [14] reported a study
titled “Incident allergic diseases in post-COVID-19 condition:
multinational cohort studies from South Korea, Japan and the
UK.” The paper focused on COVID-19 infection and the as-
sociated risk of developing allergic diseases and showed that
adults infected with COVID-19 had a 20% higher risk of de-
veloping allergic diseases compared to those who were not in-
fected; the same trend was found in Japanese (165%) and UK
(14%) cohorts. This was the first study to identify an associa-
tion between long COVID and the risk of developing allergic
diseases. The study provided information on the risk of devel-
oping allergic diseases in COVID-19 patients using health clin-
ical data. It also demonstrated that long-COVID research in

ROK is not only focused on the severity of the disease but also

www.phwr.org Vol 17, No 48, 2024

on research specifically needed for Korean people.

4) Regarding antibiotic use during coronavirus
disease 2019

Last, the study “Antibiotic prescription in patients with
coronavirus disease 2019: Analysis of national health insur-
ance system data in the Republic of Korea” the research team of
Professor Hong Bin Kim, Seoul National University Bundang
Hospital addressed antibiotic use during COVID-19 [15].

The researchers compared antibiotic prescription data for
inpatients with COVID-19 and influenza and found that anti-
biotic use was higher in the influenza group (57%) than in the
overall COVID-19 group (21%), while antibiotic use was high-
er in the severe COVID-19 group (67%) than in the influenza
group (21%).

These results suggested the need for appropriate antibiotic
use during the pandemic, considering disease severity and risk

of bacterial co-infection.

Conclusion

To expand the collaboration with NHIS from a COVID-19
big data-focused collaboration to a collaboration for infectious
disease research, KDCA seeks to link health information data
and expand infectious diseases to be analyzed.

In this context, KDCA plans to expand the linkage of in-
fectious diseases other than COVID-19 to promote infec-
tious disease-related research and contribute to improving
national health. To promote the utilization of COVID-19 big
data, KDCA held the “Workshop for Establishing a Practice
Network for Utilizing COVID-19 Big Data” (May 3, 2023)

targeting those in charge of using COVID-19 big data in
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the public and private sectors, where they shared examples
of using COVID-19 big data and analysis techniques and
established a public-private data analysis network to acti-
vate exchanges among those in charge. Additionally, KDCA
held the “COVID-19 Big Data Utilization Practice Network
Workshop” (October 26, 2023) to strengthen the capabilities
of big-data analysis and utilization, providing training on how
to design and apply COVID-19 big-data research methodol-
ogy. The COVID-19 big-data symposium will continue to be
held to share findings from COVID-19 big-data research and
discuss future research plans annually.

The National Cancer Center, another partner institution,
runs the K-CURE Cancer Public Library Project. The library
holds big data on cancer patients in ROK was designed to
pseudonymize data on the registration, screening, healthcare
utilization, and death of cancer patients. It is being held by
public institutions so that it can be used for research. KDCA
has expanded its cooperation with health information reten-
tion institutions, such as linking COVID-19 data with the
K-CURE Cancer Public Library of the National Cancer Center
and opening it to the public (July 2024), and it continues to
promote private research by expanding cooperation with the
Health Insurance Review and Assessment Service, another in-
stitution that holds health-related big data [16]. Additionally, it
should fulfill the public’s right to know and promote infectious
disease research in the private sector in areas that need to be
expanded through big data research, such as population-based
vaccine effectiveness research, antibiotic resistance-related re-
search, and treatment status of chronic infectious diseases that

require long-term follow-up.
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ABSTRACT

To prevent the introduction and spread of overseas infectious diseases in the Republic of Korea (ROK), the Korea Disease
Control and Prevention Agency has designated areas in which quarantinable infectious diseases are prevalent or may become
prevalent as quarantine inspection areas or similar areas under Article 5 of the Quarantine Act, and individuals entering ROK
from these areas undergo quarantine. Here, we introduce the newly added quarantinable infectious diseases in the second half

of 2024 and quarantine inspection areas or similar areas that were changed and implemented from September 1, 2024.

Key words: Quarantinable infectious disease; Quarantine inspection required area; Strict quarantine inspection required area
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Introduction

The Korea Disease Control and Prevention Agency (KDCA)
has established 13 national quarantine stations and 11 branch
offices at airports and ports nationwide to prevent the intro-
duction and spread of infectious diseases from other coun-
tries or within the country and to protect and maintain pub-
lic health. It has been conducting quarantine operations on
people, means of transportation, and cargo. Previously, under
Article 5 of the Quarantine Act (Designation and Cancellation
of Quarantine Inspection Required Area or Similar Area), 14
types of infectious diseases were designated as quarantinable
infectious diseases, and areas where quarantinable infectious

diseases were likely to be introduced into the Republic of Korea

2166

(ROK) were designated as quarantine-inspection-required ar-
eas [1]. In the second half of the year, four infectious diseases
were included among quarantinable infectious diseases [2,3],
and new strict quarantine inspection required areas were des-
ignated. Thus, the foundation was laid for the establishment of
a selective quarantine system based on the risk level for each
region by classifying areas into strict quarantine-inspection-
required areas and quarantine-inspection-required areas.

This article aims to introduce the current status of strict
quarantine-inspection-required areas and quarantine-inspec-
tion-required areas, which were established on September 1,
2024, following the amendment, and introduce the general
quarantine controls conducted for individuals entering ROK

from quarantine-inspection-required areas.

www.phwr.org Vol 17, No 48, 2024
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Key messages
(D What is known previously?

In the first half of 2024, 171 countries were designated
as quarantine inspection areas for 14 quarantinable in-
fectious diseases.

(@ What new information is presented?

In the second half of 2024, 157 countries were designat-
ed as quarantine inspection areas for 18 quarantinable
infectious diseases, and 21 countries were designated as
strict quarantine inspection areas.

(® What are implications?

The new designation of strict quarantine inspection areas
lays the foundation for a selective quarantine system pro-
portional to the risk in each region.

Results

In accordance with the Quarantine Act, the KDCA, follow-
ing a period of deliberation by the Quarantine Committee, des-
ignates areas in the country where quarantinable infectious dis-
eases are prevalent or likely to be prevalent as areas requiring
quarantine inspection. The KDCA then proceeds to conduct
quarantine inspections focusing on people, vehicles, and car-
go entering the country from such areas. The designation and
cancellation of quarantine-inspection-required areas are sub-
ject to periodic revision and implementation biannually and
informed by recent trends in overseas outbreaks of infectious
diseases and a risk assessment for each infectious disease. In
the event of a significant outbreak of a quarantined infectious
disease in another country, the emergence of a novel infec-
tious disease, or the declaration of a Public Health Emergency
of International Concern (PHEIC) by the World Health

Organization (WHO), the designated quarantine inspection

www.phwr.org Vol 17, No 48, 2024

areas are promptly modified and managed.

1. Quarantine—inspection-required Areas in

the First Half of 2024

Regarding the quarantine-inspection-required areas in the
first half of 2024, four additional infectious diseases—dengue,
chikungunya, Zika virus infection, and measles—were des-
ignated as quarantinable infectious diseases from January 1,
2024, considering the increasing incidence of infectious dis-
eases due to climate change, such as abnormally high tempera-
tures, and the activation of international travel. Additionally,
156 countries were designated as quarantine-inspection-
required areas, effective January 1, 2024. Furthermore, con-
sidering the surge in mosquito-borne infectious diseases in
the Americas attributed to anomalous weather patterns and
heightened precipitation levels, additional quarantine inspec-
tion areas were designated for dengue and Zika virus infections
on April 15, 2024, resulting in a total of 171 countries desig-

nated as quarantine inspection areas.

2. Increase in Quarantinable Infectious Diseases
and Changes to Quarantine—inspection—
required Areas in the Second Half of 2024
In accordance with the WHO declaration of a PHEIC for

Mpox (August 14, 2024), the KDCA designated Mpox as a

quarantinable infectious disease on August 21. Additionally,

the KDCA designated a total of eight countries, primarily
countries with recent outbreaks of Mpox Clade I in Africa,
as quarantine-inspection-required areas. Furthermore, on

September 1, three viral hemorrhagic fevers (Marburg hemor-

rhagic fever, Lassa fever, and Crimean-Congo hemorrhagic fe-

ver [CCHEF)), classified as Class 1 infectious diseases under the
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Infectious Disease Control and Prevention Act and requiring
quarantine, were designated as quarantinable infectious diseas-
es. Consequently, the numbers of quarantinable infectious dis-
eases and quarantine-inspection-required areas changed from
14 quarantinable infectious diseases and 171 quarantine-in-
spection-required areas in the first half of 2024 to 18 and 157,
respectively, in the second half (Table 1).

In detail, the major changes to the quarantine-inspection-
required areas effective from September 1 included the desig-
nation of Marburg hemorrhagic fever, Lassa fever, and CCHF
as quarantinable infectious diseases, as well as the designation
of quarantine-inspection-required areas following the occur-
rence of one or more outbreaks of the diseases within the past
year. Additionally, three new countries with outbreaks of Lassa
fever and 10 new countries with outbreaks of CCHF have been
designated as quarantine-inspection-required areas. On the
other hand, Marburg hemorrhagic fever has not resulted in the
designation of new quarantine-inspection-required areas since
no outbreaks have occurred within the past year. The number
of quarantine-inspection-required areas changed from 26 to
28 for cholera, 24 to 21 for polio, 86 to 88 for dengue, 22 to
28 for chikungunya, 17 to 19 for Zika, and 119 to 84 for mea-
sles, reducing the total number of such areas from 171 in the

first half of 2024 to 157 in the second half [4].

3. Designation of Strict Quarantine—inspection—
required Areas
In accordance with Article 5 of the Quarantine Act, the
KDCA, following deliberation by the Quarantine Committee,
has designated 21 countries as strict quarantine-inspection-
required areas. These countries have been identified as having

quarantinable infectious diseases that are deadly and highly

2168

infectious, necessitating intensive quarantine (Table 2). This is
the first time that strict quarantine-inspection-required areas
have been designated since the amendment of the Quarantine
Act in 2020, in which the existing contaminated areas and
neighborhoods were changed from quarantine-inspection-
required areas to strict quarantine-inspection-required areas.
Mainly countries with Class 1 infectious disease outbreaks,
which had a high fatality rate among quarantinable infectious
diseases, were designated as strict quarantine-inspection-re-
quired areas. Accordingly, five countries, including Mongolia,
Madagascar, and the Democratic Republic of the Congo, have
been designated as strict quarantine-inspection-required areas
for plague; five countries, including Cambodia, Mexico, and
the United Kingdom, have been designated as strict quaran-
tine-inspection-required areas for zoonotic influenza; and 13
countries, including Saudi Arabia, the United Arab Emirates,
and Qatar, have been designated as strict quarantine-inspec-

tion-required areas for MERS.

4. Quarantine Control for People Entering

the Republic of Korea

As of September 1, 2024, 21 new countries had been des-
ignated as strict quarantine-inspection-required areas, and
selective quarantine was being conducted in accordance with
the risk level of each area, including strict quarantine-inspec-
tion-required areas and quarantine-inspection-required areas
(Figure 1). Previously, individuals entering ROK through or
from quarantine-inspection-required areas were obliged to re-
port their health status via the Q-CODE system or by complet-
ing a health status questionnaire. In light of the recently imple-
mented designation of strict quarantine-inspection-required

areas, it has become obligatory to declare the health status of

www.phwr.org Vol 17, No 48, 2024
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Table 1. Quarantine inspection required area (September 1st, 2024)

Quarantinable
infectious disease

Quarantine inspection required area

First half of 2024

Second half of 2024

Remark

Cholera

Plague

Yellow fever

Severe acute respiratory
syndrome (SARS)

Human infection with
zoonotic influenza

Novel influenza
Middle East respiratory
syndrome (MERS)

Ebola virus disease

26 countries
- Asia, Middle East: 9 countries

including Lebanon, Bangladesh, Syria

- Africa: 15 countries including
Republic of South Africa, Malawi,
Sudan

- America, Oceania: Dominican
Republic, Hait

5 countries

- Asia, Middle East: Mongolia,
China 1 district (Inner Mongolian
Autonomous Region)

- Africa: Madagascar, Democratic
Republic of the Congo

- America, Oceania: United States of
America 1 state (Colorado)

42 countries

- Africa: 29 countries including
Angola, Ethiopia, Kenya, Nigeria

- America, Oceania: 13 countries
including Argentina, Brazil,
Colombia, Peru

6 countries

- Asia, Middle East: Taiwan, China
7 districts (Guangxi Zhuang
Autonomous Region, Guangdong
Province, Sichuan Province, Anhui
Province, Jiangxi Province, Hunan
Province, Chongging Municipality),
Cambodia

- America, Oceania: Brazil, United
States of America 1 state (Michigan)

- Europe: United Kingdom

13 countries

- Asia, Middle East: Lebanon,
Bahrain, Saudi Arabia, Syrian Arab
Republic, United Arab Emirates,
Yemen, Oman, Jordan, Iraq, Iran,
Israel, Qatar, Kuwait

28 countries

- Asia, Middle East: 8 countries
including Bangladesh, Syria,
Afghanistan

- Africa: 18 countries including
Nigeria, South Sudan, Republic of
South Africa

- America, Oceania: Dominican
Republic, Hait

5 countries

- Asia, Middle East: Mongolia,
China 1 district (Inner Mongolian
Autonomous Region)

- Africa: Madagascar, Democratic
Republic of the Congo

- America, Oceania: United States of
America 1 state (Colorado)

42 countries

- Africa: 29 countries including
Angola, Ethiopia, Kenya, Nigeria

- America, Oceania: 13 countries
including Argentina, Brazil,
Colombia, Peru

6 countries

- Asia, Middle East: Vietnam,
China 6 districts (Guangxi Zhuang
Autonomous Region, Sichuan
Province, Anhui Province,
Zhejiang Province, Fujian Province,
Chongging Municipality), Cambodia

- Americas, Oceania: Mexico, United
States of America 3 state (Michigan,
Colorado, Texas)

- Europe: United Kingdom

13 countries

- Asia, Middle East: Lebanon,
Bahrain, Saudi Arabia, Syrian Arab
Republic, United Arab Emirates,
Yemen, Oman, Jordan, Iraq, Iran,

Israel, Qatar, Kuwait

26—28 countries

- Designation: Mayotte,
Comoros, Congo

- Release: Lebanon

6—6 countries

- Designation: Mexico,
United States of America
(Colorado, Texas),
Vietnam, Chiana
(Zhejiang Province,
Fujian Province)

- Release: Taiwan, Brazil,
China (Guangdong
Province, Jiangxi Province,
Hunan Province)

www.phwr.org Vol 17, No 48, 2024
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Table 1. Continued 1

Quarantinable
infectious disease

Quarantine inspection required area

First half of 2024

Second half of 2024

Remark

Emerging infectious
disease syndrome

Polio

Dengue fever

Chikungunya fever

Zika virus infection

Measles

24 countries

- Asia, Middle East: 5 countries
including Afghanistan, Yemen, Israel

- Africa: 19 countries including
Guinea, Burundi, Burkina Faso,
Kenya

86 countries

- Asia, Middle East: 16 countries
including Nepal, Taiwan, Lao People’s
Democratic Republic, Malaysia

- Africa: 18 countries including
Ghana, Guinea, Nigeria, Niger

- America, Oceania: 49 countries
including Guiana, Guadeloupe,
Guatemala

- Europe: Spain, Italy, France

22 countries

- Asia, Middle East: Malaysia, India,
Taiwan, Philippines

- Africa: Burkina Faso, Senegal

- America, Oceania’ 16 countries
including Guatemala, Nicaragua,
Mexico

17 countries

- Asia, Middle East: Singapore,
Thailand

- America, Oceania: 15 countries
including Guatemala, Nicaragua,
Mexico

119 countries

- Asia, Middle East: 37 countries
including Lao People’s Democratic
Republic, Malaysia, Bangladesh

- Africa: 49 countries including Ghana,
Mali, Burkina Faso

- America, Oceania: 6 countries
including New Zealand, United States
of America, Canade

- Europe: 27 countries including
Netherlands, Norway, Denmark

21 countries

- Asia, Middle East: 4 countries
including Afghanistan, Yemen,
Indonesia

- Africa: 17 countries including
Guinea, Nigeria, South Sudan, Niger

88 countries

- Asia, Middle East: 16 countries
including Nepal, Taiwan, Lao People’
s Democratic Republic, Malaysia

- Africa’ 19 countries including
Ghana, Guinea, Nigeria, Niger

- America, Oceania: 50 countries
including Guiana, Guadeloupe,
Guatemala

- Europe: Spain, Italy, France

28 countries

- Asia, Middle East: 7 countries
including East Timor, Malaysia,
Maldives

- Africa: Mali, Burkina Faso, Senegal

- America, Oceania: 18 countries
including Guatemala, Nicaragua,
Mexico

19 countries

- Asia, Middle East: Singapore, India,
Thailand

- America, Oceania’ 16 countries
including Guatemala, Nicaragua,
Mexico

84 countries

- Asia, Middle East: 25 countries
including Nepal, Lebanon, Malaysia

- Africa: 46 countries including
Ghana, Gabon, Gambia, Guinea

- America, Oceania: Fiji

- Europe: 12 countries including
Germany, Russia, Romania, lithuania

24—21 countries

- Designation: South
Sudan, Angola,
Ethiopia, Zimbabwe

- Release: Malawi, Benin,
Burundi, Burkina
Faso, Algeria, Israel,
Cameroon

86—88 countries

- Designation: U.S. Virgin
Islands, Kenya

22—28 countries

- Designation: East Timor,
Mali, Maldives, United
States of America,
Barbados, Pakistan

17—19 countries
- Designation: United
States of America, India

119—84 countries

- Designation: Eswatini

- Release: 36 countries
including Guinea-
Bissau, Netherlands,
Norway, New Zealand,
Denmark, Lao People’s
Democratic Republic

2170
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Table 1. Continued 2

Quarantinable Quarantine inspection required area - .
0 . ; emar
infectious disease First half of 2024 Second half of 2024
Mpox - 8 countries New designation
- Africa: 8 countries including
Rwanda, Burundi, Ethiopia, Uganda
Marburg hemorrhagic - - -
fever
Lassa fever - 3 countries New designation
- Africa: Nigeria, Liberia, Benin
Crimean-Congo - 10 countries New designation
hemorrhagic fever - Asia, Middle East: Afghanistan, Iraq,
Iran, Turkiye, Pakistan
- Africa: Mauritania, Senegal, Uganda
- Europe: North Macedonia, Georgia
-=not applicable.
Table 2. Strict quarantine inspection required area (September 1st, 2024)
Quarantinable Strict quarantine inspection required area
Remark

infectious disease First half of 2024

Second half of 2024

Plague - 5 countries

(Colorado)
Human infection = 5 countries
with zoonotic

influenza

Middle East
respiratory
syndrome (MERS)

13 countries

New designation

- Asia, Middle East: Mongolia, China 1 district (Inner
Mongolian Autonomous Region)

- Africa! Madagascar, Democratic Republic of the Congo

- America, Oceania: United States of America 1 state

New designation

- Asia, Middle East: China 5 districts (Guangxi Zhuang
Autonomous Region, Sichuan Province, Zhejiang Province,
Fujian Province, Chongqing Municipality), Cambodia

- Americas, Oceania: Mexico, United States of America 3 state
(Michigan, Colorado, Texas)

- Europe: United Kingdom

New designation

- Asia, Middle East: Lebanon, Bahrain, Saudi Arabia, Syrian
Arab Republic, United Arab Emirates, Yemen, Oman,
Jordan, Iraq, Iran, Israel, Qatar, Kuwait

-=not applicable.

individuals who have resided in or traversed through such des-
ignated regions, as well as those who have stayed in or passed
through quarantine-inspection-required areas and exhibit

symptoms that may indicate the presence of quarantinable

www.phwr.org Vol 17, No 48, 2024

infectious diseases. The quarantine inspection system has been
enhanced to facilitate the voluntary disclosure of asymptom-
atic travelers from quarantine-inspection-required areas. This

has been achieved by furnishing pertinent epidemiological data
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<Selective quarantine inspection proportional to the level of risk>

Category Current

Improvement (2024.9.1.)

Strict quarantine
inspection required area

Fever screening &
mandatory submission
of health declaration form
(a fine will be imposed
for non-submission)

Fever screening &
submission of health
declaration form

Quarantine inspection
required area

Fever screening &
encouraging voluntary
reporting through the
provision of information

General area Fever screening

Figure 1. Selective quarantine in-

Fever screening spection proportional to the level

of risk

through SMS notifications to travelers entering and exiting the
country, thus indicating that health status reporting is no lon-
ger mandatory for asymptomatic individuals. This has set the
basis for a flexible and efficient quarantine system by establish-
ing health status declaration obligations for high-risk travelers
from strict quarantine-inspection-required areas and encour-
aging voluntary declarations through fever surveillance and
epidemic information provided to travelers from quarantine-

inspection-required areas.

Conclusion

Quarantine represents the frontline of the national de-
fense system for diseases, performing critical functions in the
prevention of infectious diseases through investigation, sur-
veillance, and inspection of individuals, transportation, and
cargo. In particular, since the onset of the coronavirus disease
2019 (COVID-19) pandemic in 2020, a series of rigorous
quarantine protocols, including the submission of a negative
Polymerase Chain Reaction test prior to entry, specialized en-
try procedures, isolation and testing after entry, and the provi-
sion of information to healthcare organizations through Drug

Utilization Review-International Traveler information System

2172

(DUR-ITS), have been instrumental in curbing the influx of
COVID-19 patients into the country while maintaining open
borders. In recent years, the incidence of mosquito-borne in-
fectious diseases has increased globally owing to several factors,
including rapidly rising temperatures, El Nifio, and urbaniza-
tion, leading to growing concerns about the potential influx of
dengue patients into ROK. In response, ROK has been expand-
ing its infectious disease information and quarantine services,
offering voluntary reporting and providing dengue rapid test
kits for those who wish to test for dengue.

Meanwhile, the threat of infectious diseases spreading
from abroad continues to grow, with the WHO declaring a
PHEIC for Mpox (August 14) owing to a surge in Mpox out-
breaks in Africa and the emergence of new strains of the virus.
In response to the emergence of novel infectious diseases, the
KDCA has expanded the list of quarantinable infectious dis-
eases to include high-risk pathogens and designated additional
strict quarantine-inspection-required areas. Thus, it has laid a
robust foundation for an effective and flexible quarantine sys-
tem tailored to the specific risk and prevalence of infectious
diseases. The KDCA will persist in its endeavors to enhance the
efficacy of its quarantine protocols and its pursuit of an array of

quarantine services, with the objective of ensuring the efficacy

www.phwr.org Vol 17, No 48, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

of the quarantine system in preventing the incursion of infec-
tious diseases from overseas into ROK at the earliest possible

stage.
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QuickStats

Trends in the Prevalence of Perceived Depressive Symptoms

among Korean Adolescents, 2014-2023

In 2023, the prevalence of perceived depressive symptoms among adolescents in the Republic of Korea was 21.4% for boys,

30.9% for girls, no significant change as they repeatedly increased or decreased over the past 10 years. Data in 2023 indicated

that proportion was higher for girls than for boys, The prevalence of high school students (25.6%) and middle school students

(26.3%) was similar (Figures 1, 2).
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Figure 2. Trends in the prevalence of perceived depressive
symptoms by school levels, 2014-2023

*Prevalence of perceived depressive symptoms: the percentage of students who experienced such extreme sorrow or despair to the extent of

withdrawing from daily life for 2 weeks.

Source: The Korea Youth Risk Behavior Survey (KYRBS), https://www.kdca.go.kr/yhs/

Reported by: Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and Control, Korea
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