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ABSTRACT

This study presents statistical methods and findings from the 2021 Annual Report on the Rare Disease Patients in Korea
and discusses future improvements. Using data from five institutions, the report tracks rare disease codes and provides
statistics on incident cases, deaths, and healthcare utilization. In 2021, 55,874 new rare diseases were reported. Although the
scope of rare disease statistics is expanding, further improvements are required. These improvements include creating new

statistical indicators, implementing rare disease registration and statistics programs, and proposing an integrated information

management system.
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Introduction

More than 7,000 different rare diseases have been identi-
fied worldwide, affecting an estimated 300 million people [1].
A rare disease is generally defined as any condition with a low
prevalence, but each country has its own criteria for defining
a rare disease. In the European Union (EU), a rare disease is
defined as “a disease with a prevalence of 50 or fewer patients

per 100,000 people in the EU.” In the United States (US), it

1644

is defined as “a disease with a prevalence of 200,000 or fewer
cases in the US.” In Japan, it is defined as “a disease with no
clear mechanism of pathogenesis and no established treat-
ment.” In Australia, it is defined as “a disease with fewer than
2,000 patients, whether incurable or not” [2]. In the Republic
of Korea (ROK), it is defined as a disease that affects fewer than
20,000 people or that has an unknown number of carriers due
to diagnostic difficulties; this definition is determined accord-

ing to the procedures and standards outlined in the Ordinance
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Key messages
(D What is known previously?

Since 2020, the “Annual Report on the Rare Disease
Patients in Korea” has provided information on incident
cases, deaths, and healthcare utilization for rare diseases
annually.

@ What new information is presented?

In 2021, there were 55,874 new cases, with 1,845
deaths. The average medical expense per person in the
first year after registration was 6.17 million KRW. The
2021 report extended healthcare utilization data from 3
to 12 months and expanded regional coverage from 7 to
17 areas.

(® What are implications?

Despite these advancements, new statistical indicators are
needed, and the promotion of registration and statistical
programs should be increased to improve the usability of
reports.

of the Ministry of Health and Welfare (Article 2 of the Rare
Disease Management Act), as notified by the Commissioner of
the Korea Disease Control and Prevention Agency (KDCA).
Since 2020, the KDCA has been publishing the Statistical
Yearbook of Rare Disease Patients based on the aforemen-
tioned definition, establishing it as the only nationally recog-
nized source for rare disease statistics in ROK. Prior to 2020,
limited survey data were available, making it challenging to use
as a foundation for improving policies and systems related to
rare diseases. In response to the need for active government
engagement in the efficient management of patients with rare
diseases, as well as research and projects related to rare diseases,
the Rare Disease Management Act was enacted in December
2015. This legislation led to the development of the First

Comprehensive Plan for the Management of Rare Diseases

www.phwr.org Vol 17, No 39, 2024

(2017-2021) and the initiation of the National Statistics
Project of Rare Diseases by the KDCA [3]. Consequently, rare
disease statistics were first published in the “2019 Annual
Report on the Rare Disease Patients in Korea” in December
2020, followed by four subsequent editions including the
“2020 Annual Report on the Rare Disease Patients in Korea”
in 2021, the “2020 Annual Report on the Rare Disease
Patients in Korea (2)” in 2022 (which included revisions in
statistical calculation criteria such as mortality rates and details
of healthcare utilization from the 2021 edition), and the “2021
Annual Report on the Rare Disease Patients in Korea” in 2023.

Thus, this study introduces the method used to compile
statistics on rare diseases in ROK, focusing on the “Annual
Report on the Rare Disease Patients in Korea,” and proposes
measures to improve rare disease statistics in the future, which
are essential for the development of various systems and poli-

cies related to rare diseases.

Methods

1. Data Collection System and Contents

The Annual Report on the Rare Disease Patients in Korea
are based on data collected from five relevant organizations: the
National Health Insurance Service (NHIS), the Social Security
Intelligence Service (SSIS), the Health Insurance Review and
Assessment Service (HIRA), Statistics Korea, and the Ministry
of the Interior and Safety. The data are categorized into three
types: incidence statistics, mortality statistics, and healthcare
utilization statistics. The collected data include information
on individuals eligible for co-pay relief related to rare diseas-
es from NHIS and SSIS, healthcare utilization data from the

HIRA, cause of mortality information from Statistics Korea,

1645


http://www.phwr.org

PHWR

and civil registration database information from the Ministry
of the Interior and Safety. The data collected from each source
are processed according to statistical standards and ultimately
managed through the integrated information management sys-
tem for rare diseases at the KDCA.

The specific collection items and details depending on each

source are shown in Supplementary Table 1.

2. Selection of Subjects for Rare Disease

Statistics

In the Annual Report on the Rare Disease Patients, patients
with rare disease are defined as those who developed a new rare
disease during the relevant year. The time of first occurrence
was determined based on the date of initial application (new
registration) for the special co-payment calculation system ap-
plicable to rare diseases. If the same person developed differ-
ent rare diseases in the same year, the classification and criteria
of rare diseases (excluding ultra-rare and other chromosomal
abnormalities) were applied based on the diagnostic criteria
of the co-pay relief system for rare diseases. Among multiple
rare diseases (excluding ultra-rare and other chromosomal ab-
normalities), the first occurring rare disease was selected as the
newly developed rare disease for that individual. If multiple
rare diseases were classified as ultra-rare diseases or other chro-
mosomal abnormalities, they were considered separate rare
diseases. The rare diseases included in the statistical analysis
for each year are those designated and notified by the KDCA
at a certain time each year in accordance with the Rare Disease
Management Act, including 926 rare diseases in 2019, 1,014
rare diseases in 2020, and 1,080 rare diseases in 2021.

1646

3. Procedures and Methods of Data Processing
1) Data processing procedures for statistical analysis
For the purpose of the Annual Report on the Rare Disease
Patients, data collected from NHIS and SSIS are used to identi-
fy subjects for analysis. In other words, the data for rare disease
statistics are derived from administrative procedures and spe-
cialized roles of each organization, rather than from primary
data collected directly. To finalize the selection of subjects and
the corresponding rare disease information, the data must be
processed to meet the criteria for rare disease statistics as de-

scribed above.

2) Establishment of the database for managing
the codes and history of rare diseases

The disease code information for patients with rare dis-
eases, which is included in the co-pay relief data collected from
the NHIS and SSIS, comprises a rare disease code (Korean
Standard Classification of Diseases, KCD), a co-pay relief spe-
cific code, and a disease classification serial number. For statis-
tical analysis of rare diseases according to the KDCA notifica-
tion criteria, the rare disease codes assigned by the co-pay relief
criteria from the NHIS and SSIS are matched with the disease
codes in the annual report. For rare diseases without an as-
signed disease code in the KDCA notification, a new disease
code is assigned based on consultations with Statistics Korea
and disease code experts. As noted, the disease codes collected
from the original sources and those listed in the KDCA noti-
fication, which serve as the basis for the annual report, differ
from each other. Furthermore, new rare diseases are added,
and existing ones are deleted or modified, causing changes in
the historical data each year. To manage and utilize these codes

effectively, a database was established to track the codes and
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history of rare diseases. This database includes information
such as “change code” , “change contents”, “rare disease start
year”, “rare disease end year”, “year of the annual report”, “se-
rial number based on KDCA'’s rare disease list”, “KCD based

» <«

on KDCA’s rare disease list”, “KCD based on annual report”,
“disease serial number based on NHIS”, “Korean disease name
base on annual report”, “English disease name base on annual

» «

report”, “classification of rare diseases (rare diseases, ultra-rare

diseases, and other chromosomal abnormalities)”.

4. Contents of Statistics for Rare Disease
Patients
A total of four Annual Report on theRare Disease Patients
have been published, beginning with the 2019 edition and
concluding with the 2021 edition. The 2019 Annual Report
on the Rare Disease Patients included only incidence statistics.
In subsequent years, mortality and healthcare utilization statis-

tics were added, and some criteria for generating statistics were

updated. Table 1 provides a summary of the statistics and cri-

teria reported for each year.

5. Improvements to the Statistics for Rare
Disease Patients
First, new indicators and management measures related to
rare disease statistics were developed through a review of lit-
erature from ROK and other countries. The final improvement
plan was then formulated based on surveys and consultations

with experts in rare diseases and statistics.

Results

1. Major Findings from the Statistics for Rare
Disease Patients in 2021
The data collected from five relevant organizations were
analyzed according to the data processing procedures, statisti-

cal content, and methodologies described above. The major

Table 1. Key findings and features of annual rare disease patient statistics (2020-2023)

Category 2020 2021

2022 2023

Annual 2019 Annual Report

report name  on the Rare Disease

Patients in Korea in Korea

Incident cases (2020)

Deaths (2019)

NHIS benefit (2019)
(during 3 months)

Main contents Incident cases (2019)

Changes
contents

2020 Annual Report on
the Rare Disease Patients

Reference 2019.1.1.-2019.12.31.  2020.1.1.-2020.12.31.
period”

Rare disease 926 1,014

Data collection 2019.1.1.-2020.2.29. 2020.1.1.-2021.2.28.
date

Include deaths & NHIS
benefit (during 3 months)

2020 Annual Report on
the Rare Disease Patients
in Korea (2)

2020.1.1.-2020.12.31.

2021 Annual Report on
the Rare Disease Patients
in Korea

2021.1.1.-2021.12.31.

1,014
2020.1.1.-2021.2.28.

1,086
2021.1.1.-2022.12.31.

Incident cases (2020)

Deaths (2020)

NHIS benefit (2020)
(during 3 months)

Incidence, deaths, NHIS
benefit (unified reference
year)

Incident cases (2021)

Deaths (2021)

NHIS benefit (2021)
(during 12 months)

NHIS benefit (during 12
months), detailed regional
statistics

NHIS=National Health Insurance Service. “Registration period for newly diagnosed rare disease patients in NHI benefit coverage system.

www.phwr.org Vol 17, No 39, 2024
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statistical findings for rare disease patients in 2021 [4] are as
follows. Detailed statistical findings for each year can also be
accessed through the KDCA’s Rare Diseases Helpline (http://
helpline.kdca.go.kr) and the national statistics portal (Korean

Statistical Information Service, http://www.kosis.kr) [5,6].

1) Incidence statistics

Of the 1,086 rare diseases, a total of 753 rare diseases were
registered with new patients. A total of 55,874 new cases (new
patients) were registered for these rare diseases, with 27,976
(50.1%) male patients and 27,898 (49.9%) female patients. Of
the total cases, 53,967 (96.6%) included rare diseases (exclud-
ing ultra-rare and other chromosomal abnormalities), 1,820
(3.3%) included ultra-rare diseases, and 87 (0.2%) included

other chromosomal abnormalities.

2) Mortality statistics
Of the 55,874 cases of rare diseases in 2021, there were
1,845 deaths, including 1,826 cases of rare diseases (excluding
ultra-rare diseases and other chromosomal abnormalities) and
19 cases of ultra-rare diseases. There were no reported deaths

from other chromosomal abnormalities (Table 2).

3) Healthcare utilization statistics
Of the rare disease cases, a total of 49,772 patients (clinic
visits) were treated at least once within 12 months after initial
registration for co-pay relief. The mean total medical expenses
per patient were 6,170,000 KRW, with co-payments paid by
patients amounting to 640,000 KRW (Table 2).

1648

2. Suggestions for Improving Rare Diseases

Statistics

The Annual Report on the Rare Disease Patients has been
designated as a nationally approved statistic (Approval No.
1171006) since 2019, with four editions published up to 2023.
The 2019 Annual Report on the Rare Disease Patients pub-
lished in 2020 included only incidence statistics. In contrast,
the 2020 Annual Report on the Rare Disease Patients pub-
lished in 2021 expanded to include mortality statistics and
healthcare utilization statistics, as well as an increased number
of statistical indicators for individual categories. However, to
accurately report the overall incidence of diseases and improve
policies and systems for managing rare diseases, various statis-
tical indicators from a more direct and user-friendly perspec-
tive are needed. Additionally, there is a need to revise the statis-
tical production system to account for changes in data sources
and calculation methods to produce more accurate rare disease
statistics. Moreover, it is necessary to develop a more systemat-
ic information system for collecting, managing, and analyzing
data than the current information system. Thus, this study pro-
poses the following measures to improve rare disease statistics

in ROK [7].

1) Development of new statistical indicators

Currently, the Annual Report on the Rare Disease Patients
includes incidence statistics, mortality statistics, and healthcare
utilization statistics, with a total of nine statistical result tables
for each category. Although the statistical indicators have been
improved both quantitatively and qualitatively by incorporat-
ing feedback from various internal and external experts since
the first publication, there remains a need to enhance and de-

velop statistical indicators that are both direct and highly useful

www.phwr.org Vol 17, No 39, 2024
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Table 2. Key finding of 2021 Annual Report on the Rare Disease Patients in Korea
Category Total uItraRfrraers,lsoeti?r é?w);glrﬁ)lggmal UI_tra—rarb<)a Other Ch’°”.‘°?s°c’)“a'
) disease abnormalities
No. of rare Total (officially annanced) 1,086 783 249 54
diseases Incident cases 753 525 192 36
Incident cases (>patient 200) 52 51 1 0
No. of incident Total 55,874 53,967 1,820 87
cases Male 27,976 26,880 1,054 42
Female 27,898 27,087 766 45
Incident cases (>patient 200) 43,079 42,653 426 0
Male 21,742 21,440 302 0
Female 21,337 21,213 124 0
No. of deaths” Total 1,845 1,826 19 0
National Patients 49,772 48,173 1,530 69
Health Claims per capita (case)” 15 15 23 51
Insurance Vsits per capita (day)” 19 19 26 46
Service Days paid per capita (day)” 214 216 165 107
benefit” Medical expenses per capita 617 620 559 242
(KRW 10,000)"
Insurance benefit per capita 553 555 495 220
(KRW 10,000)"
Co-payment per capita 64 64 65 23
(KRW 10,000)"
YRare disease: disease that affects less than 20,000 people or disease by which the number of people affected is unknown because it is
difficult to diagnose that disease. "Ultra-rare disease: disease has a specific diagnostic criteria and it satisfies one of the followings: (i) its
affected people is less than 200, or (ii) it does not have a specific Korean Standard Calssification of Diseases (KCD). 9Other chromosomal
abnormalities: new chromosomal abnormalities (deletion, duplication, etc.) which were detected by scientific and medical technology
development meeting with the following criteria; (i) the abnormalities do not have a specific KCD, and (ii) it can be classified as a disease, not
as a symptom. “It refers to the number of patients who were registered within the same year and reported as deceased between January 1 and
December 31, 2021. ®The statistics was produced from the information of National Health Insurance Service Benefit within 12 months after
the registrations in 2021. "Mean.

for the development of policies and systems related to rare dis-
eases. Based on a review of Korean and international literature
and input from the Statistical Advisory Committee on Rare
Diseases, this study proposes the significance and develop-
ment of key new statistical indicators, as detailed in Table 3 [8].
While the Annual Report on the Rare Disease Patients current-
ly reports the number of rare disease cases in ROK, it is also
essential to calculate the total prevalence of these diseases. To

address this, several options could be considered: expanding

www.phwr.org Vol 17, No 39, 2024

the data from the NHIS and SSIS to include all registrants, not
just those newly registered for co-pay relief, and using this data
to calculate the overall prevalence of rare diseases; expand-
ing rare disease registries to collect relevant data directly from
designated organizations, such as the Cancer Registration and
Statistics Program, to calculate the prevalence of rare diseases;
or utilizing the incidence statistics from the Annual Report on
the Rare Disease Patients, which is currently published, to cal-

culate prevalence at a specific time point (point prevalence).
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Table 3. New statistical indicators for rare disease patients

Indicators Description Method
Number of  * Total prevalent cases of each rare disease for the * Collection of complete data on rare disease patients
prevalent current year within the NHI system

cases of rare * Includes individuals diagnosed with rare diseases

diseases who are alive after a certain period
Number of
deaths cf) Currently, number of deaths among rare disease
patients within the same year
Relative

survival rate 1 year of diagnosis

for 1 year

survival rate of patients to the expected survival rate
of the general population with the same sex and age

group [8]

* Number of deaths within 1 year of rare disease onset * Review of current Statistics Korea cause of death data

* Probability of not dying from the rare disease within ¢ Linkage with Statistics Korea's cause of death data

* Relative survival rate: the ratio of the observed

* Implementation of the rare disease registration
program

* Calculation of the point prevalent cases using the
Annual Report on the Rare Disease Patients in Korea

items and collection process

For mortality statistics, the current count refers to the number
of deaths within the current year among cases identified within
that year. Given that the follow-up period for deaths can range
from as short as one day to as long as one year, the current
methodology for counting deaths may need to be reconsidered.
Additionally, developing a relative survival rate—considering
the probability of surviving without death from a rare disease
within one year of diagnosis, combined with the life expectan-
cy of the general population—would provide a valuable novel

indicator.

2) Advancement in the integrated information
management system for rare diseases
In the integrated information management system for rare
diseases currently operated by the KDCA, data is transmitted
from the KDCA based on five relevant organizations through
the administrative information distribution system in text
format. These data are then loaded into the integrated infor-

mation management system for rare diseases, where they are

1650

organized into a database that facilitates connections between
the different data sets. While the current system supports basic
functions such as aggregation, error checking, correction, and
deletion of transmitted and received information, it lacks ad-
vanced capabilities for data preprocessing and analysis of the
integrated information. Therefore, it is necessary to upgrade
the integrated information management system for rare dis-
eases to one with more efficient data integration, management,
and analysis functions, taking into account future expansion
and utilization. The proposed contents and configuration of

the information system are outlined below (Figure 1).

(1) Overall system environment
o A system environment that enables automated data pre-
processing according to certain predefined rules after staging
of data collected from internal and external organizations.
o A system environment capable of advanced computa-
tional processing, including integrated analysis mart configura-

tion, data processing and analysis, visualization of results, and
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machine learning.

(2) Statistical analysis functions
« Basic/advanced statistical analysis, modeling, visualiza-

tion, unstructured data analysis, etc.

(3) Presenting and utilizing analysis results
« Establishing an environment where analysis results can be
provided not only to internal staff and researchers but also to
general users (the public) in the long term. The data should be
usable even in a limited form, depending on the purpose of its
utilization; however, institutional measures for the safe protec-

tion of privacy should be prioritized.

3) Actual implementation of the rare diseases
registry program
As for rare disease statistics, the “2019 Annual Report on

the Rare Disease Patients” was published in December 2020

www.phwr.org Vol 17, No 39, 2024

under Article 10 of the “Rare Disease Management Act”
(Projects, etc. for Statistics on Registration of Rare Diseases),
which is significant, as it represents the first official data on
the incidence of rare diseases in ROK. However, the current
Annual Report on the Rare Disease Patients only analyzes new
cases, which limits its ability to capture the overall status of all
rare disease patients in ROK. Furthermore, the statistical anal-
ysis relies on secondary data collected and integrated through
administrative procedures, which means the criteria for select-
ing subjects and conducting overall statistical analysis are based
on administrative data processing rather than disease charac-
teristics and clinical judgment. Additionally, the statistics only
include co-pay relief registrants from NHIS and SSIS, exclud-
ing information on rare disease patients who are not registered.
To address these limitations and to collect and manage com-
prehensive information on disease statistics and progression,
it is necessary to implement a rare disease registry statistical

program with a “disease registry” and reporting system, similar
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to the cancer registry in ROK. This initiative could also serve
as core information for “establishing an integrated database”
among the 10 strategic objectives proposed in the Second
Comprehensive Plan for the Management of Rare Diseases

(2022-2026) [9].

Discussion

The KDCA has been conducting a national statistics proj-
ect to monitor the status of patients with rare diseases un-
der national oversight in accordance with the Rare Disease
Management Act. Since its initial publication in December
2020, the KDCA has been releasing the Annual Report on the
Rare Disease Patients annually. This annual report, which is a
nationally approved statistic, provides an annual overview of
the status of rare disease patients in ROK.

The statistics on rare disease patients are derived from ad-
ministrative data collected from five key organizations: the
NHIS, SSIS, HIRA, Statistics Korea, and the Ministry of the
Interior and Safety. The KDCA collects and integrates this data
through administrative procedures aligned with each organiza-
tion’s purpose and then preprocesses it for analysis to produce
rare disease statistics. Initially, the Annual Report on the Rare
Disease Patients included only incidence statistics. However,
subsequent publications have introduced new statistical indica-
tors, such as number of deaths and healthcare utilization, while
expanding the scope of statistical analysis. Ongoing research is
conducted to establish and review the criteria for statistical in-
dicators and to develop various data processing methodologies,
ensuring the reliability of these statistics.

To improve the policy and social utilization of current rare

disease statistics in ROK as a national statistic, continuous
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efforts are required. From this perspective, this study propos-
es several key areas for improvement in rare disease statistics.
First, it is essential to develop new statistical indicators that fo-
cus on the needs of consumers. Second, it is recommended that
the integrated information management system for rare diseas-
es of KDCA be advanced, and that a rare disease registry sta-
tistical program be promoted. These measures aim to produce
more accurate rare disease statistics based on disease character-
istics and clinical criteria in the medium to long term.

Rare diseases are often incurable and require lifelong treat-
ment, resulting in high social costs and imposing significant
psychosocial and economic burdens on patients and their fam-
ilies. Due to the limited number of cases, active government
intervention is essential rather than relying solely on private
efforts. Therefore, it is crucial to develop clear and comprehen-
sive statistical information to enhance the efficiency of the cur-
rent system, develop additional systems, and support various
policy decisions. Achieving this requires ongoing support and

efforts at the national level.
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Characteristics of Lyme Disease in Korea between 2019 and 2023

Dong—Hwi Kim, Ji-hye Hwang, SI-Ki Lim, Jonghee Kim*
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Prevention Agency, Cheongju, Korea

ABSTRACT

Lyme disease is an infectious illness that is transmitted by the bite of a tick infected with the pathogen Borrelia burgdorferi.
In the Republic of Korea, the pathogen was isolated from ticks in the early 1990s and has been designated and managed
as a statutory infectious disease since 2010. This study analyzed the epidemiological investigation data of 116 patients with
Lyme disease reported to the Disease and Health Integrated Management System (https://is.kdca.go.kr/) from 2019 to 2023
to determine the recent outbreak pattern of Lyme disease. We aimed to determine the epidemiological characteristics. The
number of patients with Lyme disease decreased during the COVID-19 pandemic but increased approximately six-fold in 2023
compared with 2021. Most cases of domestic infection (72.4%) occurred between June and November, and were related to
various outdoor activities, such as one-time outdoor activities (42.1%) and farm and garden work (40.4%) in summer and fall
(72.4%). Lyme disease presents a low fatality rate; however, if it does not receive appropriate treatment in the early stages, it

becomes chronic. Therefore, it is important to reduce exposure to ticks to prevent individuals from being bitten during periods

of frequent outdoor activities, and prevention and management should be strengthened through active promotion.

Key words: Lyme disease; Tick-borne diseases; Zoonotic diseases; Erythema migrans
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Introduction

Lyme disease is a tick-borne zoonotic illness in which tick
larvae infected with bacteria of the genus Borrelia (Borrelia
burgdorferi, Borrelia afzelii, and Borrelia garinii) enter the
body when ticks penetrate human skin as they feed on blood to
develop into nymphs the following summer [1].

In the United States, Lyme disease is the most common
tick-borne illness, with an overall annual incidence of >30,000

individuals. Cases of Lyme disease have also been reported

1662

annually in the United Kingdom, Spain, Australia, Canada,
Russia, China, and Japan [2]. In the Republic of Korea (ROK),
233 cases of Lyme disease have been exported until 2023 since
the Lyme disease surveillance was initiated in 2011, with the
number of reported cases ranging 10-20 per year, peaking
at 45 in 2023. Without proper treatment in the early stages,
Lyme disease can become chronic, resulting in neurological
symptoms, encephalitis, and paralysis in 15% of untreated pa-
tients, cardiovascular symptoms in 8%, and chronic infections,

such as monoarthritis and acrodermatitis chronica atrophicans,

www.phwr.org Vol 17, No 39, 2024
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Key messages
(D What is known previously?

Lyme disease is a tick-borne zoonosis caused by Borrelia
burgdorferi. It is an infectious disease that occurs when
the pathogen spreads during the blood-sucking process
of an infected tick.

@ What new information is presented?

As the number of tick carriers increases due to climate
change, the number of patients with Lyme disease and
the areas where it occurs are expected to further expand.
Although regional differences depending on climate
(temperature, humidity, and rainfall) and environmen-
tal factors are observed, tick-borne Borrelia burgdorferi
have already become indigenous.

® What are implications?

Lyme disease is an infectious illness with a low fatality
rate; however, if it does not receive appropriate treat-
ment in the early stages, it can become a chronic dis-
ease. During the season of frequent outdoor activities, it
is important to reduce exposure to ticks to avoid bites,
and prevention and management must be strengthened
through active promotion.

in approximately 60% of untreated patients, weeks or years af-
ter infection [3].

The global incidence of tick-borne diseases has been in-
creasing, likely due to the expanding tick population caused by
global warming [4]. With the detection of the causative agent
of Lyme disease in ROK, Ixodes persulcatus, Ixodes nipponen-
sis, and Ixodes granulatus [5], the number of cases is projected
to increase. After isolating the pathogen from ticks in the early
1990s, the Korea Disease Control and Prevention Agency des-
ignated Lyme disease as a statutory notifiable disease in 2010
to monitor outbreaks and characterize its main attributes. In

ROK, Lyme disease mainly occurs from May to November,

www.phwr.org Vol 17, No 39, 2024

and the number of domestic cases has at least tripled compared
to the imported cases over the past 3-4 years. In this report, we
provide fundamental data of Lyme disease for the prevention
and control by analyzing epidemiological survey data reported

in the past 5 years, 2019-2023.

Methods

In this investigation, we analyzed data from 116 cases of
Lyme disease (29 confirmed and 87 suspected) reported to
the Integrated Disease & Health Management System and re-
flected in the statistics for the past 5 years (January 1, 2019-
December 31, 2023) through frequency analysis according
to year, month, and region based on the report date. Cases of
Lyme disease were classified as confirmed or suspected accord-
ing to the 2023 Statutory Infectious Disease Diagnosis and
Reporting Criteria [6]. Epidemiological survey data for these
cases were comparatively analyzed according to epidemiologi-
cal (such as time and risk factors of the exposure) and clinical
(such as symptoms, underlying diseases, and medical treatment
modalities) characteristics, which were divided into Korean
domestic infection, imported, and unknown according to the
origin of infection. The criteria used to distinguish domestic
and international cases were epidemiological associations with-
in 1 month before the manifestation of the first symptom, con-
sidering the incubation period of Lyme disease (3-30 days).
Cases in which loss of contact and communication issues made
it difficult to determine the origin of infection solely based on

epidemiological findings were categorized as unknown.
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Results

1. Reported Cases of Lyme Disease

A total of 116 cases of Lyme disease (84 domestically in-
fected, 29 overseas-acquired, and three unknown) were re-
ported between January 1, 2019 and December 31, 2023; the
yearly distribution of these cases were as follows: 2019, n=23;
2020, n=18; 2021, n=8; 2022, n=22; and 2023, n=45. A
distinct increase in the number of cases occurred in 2023 fol-
lowing the novel coronavirus disease (COVID-19) pandemic.
In 2023, the number of imported cases remained <10, while
the number of domestic cases increased to 36 (Figure 1A).
Meanwhile, Lyme disease cases occurred between April and
November, with the highest number of domestic cases (n=19

[16.4%]) reported in November (Figure 1B).

2. Epidemiological Characteristics

Regarding the general characteristics of Lyme disease, there
was no significant differences in terms of sex, with 56 males
(48.3%) and 60 females (51.7%). The mean (+standard devia-
tion [SD]) age was 44.0+17.7 years, with 39 (33.6%) cases >60

years of age; the majority of domestic cases were individuals

A B

507 Bl Domestic
451 I Imported
40 4 T Uncertainly

No. of cases
No. of cases

- T - T
2019 2020 2021
Year

2022

2023

Figure 1. Lyme disease reporting status (2019-2023)
(A) By year. (B) By month.
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>60 years of age (44.0%) while imported cases were mainly
those 20-49 years of age (55.2%). Regarding occupation, 31
(26.7%) were householder/unemployed, of whom the most
domestic cases were agricultural workers (25.0%), while most
imported cases were 12 (41.4%) were householder/unem-
ployed. A total of 116 patients were classified based on epi-
demiological characteristics, with 29 confirmed (25.0%) and
87 suspected (75.0%) cases, of whom 84.5% (n=98) were
Koreans. According to season, 42 (36.2%) cases occurred in
summer and autumn. The most domestic infections occurred
in autumn (n=36 [42.9%]), while most foreign-borne infec-
tions occurred in summer (n=16 [55.2%]).

Regarding the history of outdoor activities, 54 (64.3%) of
84 domestically infected individuals were engaged in outdoor
activities, including simple outdoor activity and farm/field

work of 22 (40.7%) (Table 1).

3. Clinical Characteristics

Clinical symptoms included fever (n=65 [56.0%]), ery-
thema migrans/rash (n=61 [52.6%]), chills (n=35 [30.2%]),
headache (n=34 [29.3%]), myalgia (n=32 [27.6%)), fatigue
(n=27 [23.3%]), and arthralgia (n=18 [15.5%]) among a

19

Domestic
Imported
Uncertainly
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Table 1. Characteristics of Lyme disease in Korea, 2019-2023

Categories Total (n=116) Domestic (n=84) Imported (n=29) Uncertainly (n=3)
Gender
Male 56 (48.3) 42 (50.0) 13 (44.8) 1(33.3)
Female 60 (51.7) 42 (50.0) 16 (55.2) 2 (66.7)
Age (yr)” (44.0+17.7) (53.7£21.1) (36.2£21.1) (44.3+£21.4)
<20 7 (6.0) 5 (6.0) 2(6.9) =
2039 14 (12.1) 6 (7.1) 8 (27.6) -
30-49 21 (18.1) 12 (14.3) 8 (27.6) 1(33.3)
40-49 14 (12.1) 10 (11.9) 3(10.3) 1(33.3)
50-59 21 (18.1) 14 (16.7) 6(20.7) 1(33.3)
>60 39 (33.6) 37 (44.0) 2 (6.9) -
Occupation
Agricultural worker 21 (18.1) 21 (25.0) - -
Office/specialized worker 28 (24.1) 17 (20.2) 10 (34.5) 1(33.3)
Construction worker 18 (15.5) 13 (15.5) 5Q17.2) -
Householder/unemployed 31 (26.7) 19 (22.6) 12 (41.4) -
Other 26 (22.4) 14 (16.7) 10 (34.5) 2 (66.7)
Case classification
Confirmed cases 29 (25.0) 21 (25.0) 8 (27.6) =
Probably 87 (75.0) 63 (75.0) 21 (72.4) 3 (100.0)
Nationalities
Koreans 98 (84.5) 83 (98.8) 14 (48.3) 1(33.3)
Foreigner 18 (15.5) 1(1.2) 15 (51.7) 2(66.7)
Season
Spring (Mar—May) 19 (16.4) 16 (19.0) 3 (10.3) -
Summer (Jun—Aug) 42 (36.2) 25 (29.8) 16 (55.2) 1(33.3)
Fall (Sep—Nov) 42 (36.2) 36 (42.9) 6 (20.7) -
Winter (Dec—Feb) 13 (11.2) 7 (8.3) 4(13.8) 2 (66.7)
Outdoor activities” 57 (49.1) 54 (64.3) 3 (10.3) -
Farm/field work 23 (40.4) 22 (40.7) 1(33.3) -
Simple outdoor activity” 24 (42.1) 22 (40.7) 2 (66.7) -
Others 4 (7.0) 4 (7.4) - -
Uncertainly 6 (10.5) 6(11.1) - -
Staying or visiting abroad 30 (25.9) 1(1.2) 29 (100.0) =

Values are presented as number (%). YMeantstandard deviation. ”57 out of 116 total patients were confirmed to have outdoor activities
through epidemiological investigation (including duplicate responses). °6 hiking, 6 visiting graves and weeding, 5 walking around the area, 2

camping, 1 each on a golf course, fishing, and early morning soccer, and 2 others.

total of 116 patients. Fever (n=56 [66.7%]) and erythema
migrans/rash (n=15 [51.7%]) were the most common symp-
toms among domestic and imported cases of Lyme disease,

respectively. Underlying medical conditions were found in 31

www.phwr.org Vol 17, No 39, 2024

(26.7%) individuals, of which the most common was hyper-
tension (n=17 [14.7%]) followed by diabetes (n=7 [6.0%]). In
addition, the mean (+SD) number of days from the first symp-

tom to reporting to a healthcare facility was 17.4+18.6 days,
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which was longer for imported cases (19.2+19.8 days) than for
domestic cases (16.2+18.1 days). According to treatment type,
59 (52.2%) and 54 (47.8%) individuals were treated through
outpatient care and hospitalization, respectively. The mean
length of hospitalization was 10.1+10.6 days, in which im-
ported cases (20.0+£18.0 days) had longer hospital stays than
domestic cases (9.819.8 days) (Table 2).

4. Domestic Cases of Lyme Disease according to
Year and City/Province
In ROK, 84 cases of Lyme disease were reported be-
tween 2019 and 2023. By province, Chungcheongnam-do
had the highest number of cases (n=19 [22.6%]), followed
by Gyeonggi-do (n=16 [19.0%]), Seoul (n=12 [14.3%]), and
Incheon (n=10 [11.9%]) (Figure 2F). The number of cases de-

creased to six in 2021 and then increased to 16 in 2022, and

Table 2. Clinical features of Lyme disease in Korea, 2019-2023

Categories Total (n=116)

Clinical features®

Fever 65 (56.0)
Erythema migrans/rash 61 (52.6)
Chills 35(30.2)
Headache 34 (29.3)
Myalgia 32 (27.6)
Fatigue 27(23.3)
Arthralgia 18 (15.5)
Arthritis 12 (10.3)
Cardiovasxular symtom 5(4.3)
Neurology symptom 6(5.2)
2nd Erythema migran 3(2.6)
Lymphatic hypertrophy 3(2.6)
From symptom onset to reporting (day)? 17.4+18.6
Underlying diseases” 31 (26.7)
Hypertension 17 (14.7)
Diabetes 7 (6.0)
Cerebrovascular diseases 2(1.7)
Heart disease 3(2.6)
Blood disease 2(1.7)
Immunodeficiency disease 3(2.6)
Liver disease 2(1.7)
Cancer 2(1.7)
Others 9(7.8)
Administration” 113 (97.4)
Ambulatory care 59 (52.2)
Hospitalization 54 (47.8)
Hospitalization period (day)? 10.1£10.6

Domestic (n=84)  Imported (n=29)  Uncertainly (n=3)
56 (66.7) 7 (24.1) 2 (66.7)
44 (52.4) 15 (51.7) 2 (66.7)
29 (34.5) 5(17.2) 1(33.3)
27 (32.1) 7 (24.1) -

23 (27.4) 9 (31.0) -

19 (22.6) 8 (27.6) -

10 (11.9) 7 (24.1) 1(33.3)
6(7.1) 5(17.2) 1(33.3)
4 (4.8) 1(3.4) -
5(6.0) 1(3.4) -
3(3.6) - -
2(2.4) 1(3.4) -

16.2£18.1 19.2+£19.8 23.5+4.8

29 (34.5) 2(6.9) -

16 (19.0) 1(3.4) -

7 (8.3) - -
2(2.4) - -
3(3.6) - -
2(2.4) - -
2(2.4) 1(3.4) -
2(2.4) - -
2(2.4) - -
9 (10.7) - -

83 (98.8) 27 (93.1) 3 (100.0)

35 (42.2) 22 (81.5) 2 (66.7)

48 (57.8) 5(18.5) 1(33.3)

9.8£9.8 20.0£18.0 3.0£0.0

Values are presented as number (%). *Clinical features and Underlying disease can be duplicated. 35 patients with confiemed hospitalization

and discharge records as a result of epidemiological investigation. “Meanstandard deviation.
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Figure 2. Regional distribution of estimated areas of 84 cases Lyme disease in domestic by 2019-2023
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36 in 2023 (Figure 2A-E) by year.

5. Countries of Origin for Foreign—borne Cases
From 2019 to 2023, there were 29 imported cases of Lyme
disease. According to year, the number of cases increased from
2021, with the highest in 2023 (n=9 [31.0%]). The highest
number of cases were from the United States (n=9 [31.0%])
and Germany (n=3 [10.3%]), while other countries in Europe,

Asia, and elsewhere also contributed (Table 3).
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Discussion

Over the past 5 years (2019-2023), the number of cases
of Lyme disease declined during the COVID-19 pandemic in
2021 (n=8), and 2022 (n=22) and then increased in 2023
(n=45), likely due to a return to normal life and increased out-
door activity. The pattern of Lyme disease cases in the past 5
years was somewhat different from that in the previous 8 years
of reported cases, from 2011 to 2018 [7]. In the past 4 years,
domestic infections accounted for 72.4%, compared with
56.4% from 2011 to 2018. From 2011 to 2018, most do-

mestic cases occurred in Chungcheongnam-do, Gyeonggi-do,
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Table 3. Estimated countries of Lyme disease, 2019-2023

Year Case (n=29)?

Country

2019 9 (31.0)
2020 3 (10.3)
2021 2 (6.9)

2022 6 (20.7)
2023 9 (31.0)

USA (1), Russia (1)

USA (5), Sweden (1), Thailand (1), France (1), Hong Kong (1)
Germany (1), Eeast Europe (1), Austria (1)

USA (2), Germany (1), Mongolia (1), Vietmam (1), Togo (1)
USA (1), Germany (1), Russia (1), Romania (1), Belgium (1), India (1), Croatia (1), Thailand (1), Poland (1)

Values are presented as number (%). “Patients with Lyme disease who, as a result of epidemiological investigation, have not been exposed to

domestic risks within the incubation period (3-30 days) and have been confirmed to have stayed or visited overseas.

Gangwon-do, and Gyeongsangnam-do, while in the past 5
years, additional cases were reported in Jeollanam-do, indicat-
ing that the pattern of Lyme disease has changed along with the
increase in the number of cases.

The majority of Lyme disease cases occurred between
June and November (72.4%), with the highest proportion oc-
curring in November (16.4%). The density of hard ticks in
ROK is reported to be high in May and June, when the num-
ber of nymphs is high, and in August and September, when
the number of larvae is high, with a sharp decline in October
[8]. Despite the sharp decline in the hard tick population
in October, the number of cases increased in November.
Considering that the incubation period of Lyme disease (3-30
days) is longer than that of other vector-borne diseases and that
the initial symptoms are mild and early differential diagnosis
of individuals with various febrile diseases is difficult [9], it is
estimated that the period from exposure to ticks to the onset
of symptoms and the period from symptom onset to diagnosis
may have affected the increase. However, an additional follow-
up studies should be conducted to clarify the exact causes.

In ROK, Lyme disease caused by domestic infection was re-
ported in nine of 17 cities and provinces except Daegu, Ulsan,
Sejong, and Jeju. I nipponensis and Haemaphysalis japoni-
ca, the vectors of Lyme disease, have been collected in all re-

gions of the country except Gangwon-do (Inje), Gyeonggi-do
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(Gwangju), Jeollanam-do (Boseong), and Jeju-do [8]. Despite
regional differences from climatic (such as temperature, hu-
midity, and precipitation) and environmental factors, Lyme
disease-carrying ticks appear to have already become indi-
genized in the country. Therefore, to reduce tick exposure and
prevent tick bites during seasons of frequent outdoor activi-
ties, it is critical to strengthen the prevention and management
strategies through rigorous active campaigns. Moreover, fur-
ther researches are needed to investigate the relationship be-
tween the distribution of Lyme disease-carrying ticks and oc-
currence of Lyme disease in the country through the collection
of ticks in presumed areas with high infection rates.

The number of imported cases of Lyme disease has in-
creased since 2021, with the highest number in 2023 (n=9
[31.0%]). The United States accounted for the largest propor-
tion of imported cases (31.0%), followed by Germany (10.3%),
Thailand (6.9%), and other countries. Lyme disease is a tick-
borne illness that occurs primarily in North America, Europe,
and Asia, with 173,773 cases of Lyme disease in the United
States during 2018-2022, representing a 15.4% increase in
2022 compared with that in 2021 [10]. This increase could
be attributed to the increased chances for exposure to the tick
vector, resulting from increased international travel and stays
after COVID-1 pandemic, and it is believed that the cases

were introduced into the country during the incubation period
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after exposure to ticks during international travel and stays.
Therefore, it is necessary to provide advice and guidance on
Lyme disease to travelers visiting areas where Lyme disease is
likely to occur, as well as to monitor for imported cases.

Lyme disease can usually be completely cured if the in-
fected individuals are treated with antibiotics at an early stage.
However, if diagnosis is delayed or antibiotic treatment is in-
appropriate, Lyme disease can invade and negatively affect the
organ systems including the nervous system (meningitis and
encephalitis), heart (arrhythmia), and musculoskeletal system
(arthritis). Especially among immunocompromised patients,
Lyme disease can cause death in rare cases [11]. Patients with
suspected symptoms of Lyme disease should be examined in
healthcare facilities for history of outdoor activities or inter-
national travel for early diagnosis and appropriate treatment,
for which further researches are needed to improve control
measures.

In ROK, the most common origin of Lyme disease was do-
mestic infection (72.4%), which was not predominantly associ-
ated with a specific occupation or age group but mainly related
to various outdoor activities. The numbers of domestic cases
and outbreak areas are expected to expand with an increase in
vector populations due to climate change. Therefore, it is im-
portant to promote the prevention strategies and education to
the public as well as overseas travelers to visit a medical institu-
tion immediately if they have symptoms, such as erythema mi-
grans, after outdoor activities such as hiking in the mountains

and/or activities in parks and fields.
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Prevalence of Recent COVID-19 Variants and
Cell-based Omicron KP.3 Infectivity Analysis
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Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Since the outbreak of the coronavirus disease (COVID-19) pandemic in 2019, the Korea Disease Control and Prevention
Agency (KDCA) has been conducting genomic surveillance using whole-genome sequencing to monitor SARS-CoV-2 variants
in the Republic of Korea (ROK). Since the JN.1 lineage, derived from BA.2.86, was first detected in ROK in November 2023,
the proportion of various JN.1 sub-lineages has continued to increase, with KP.3 accounting for 60.9% as of August 2024. In
particular, the KP.3 sub-lineages with the highest shares were identified as KP.3.3.1 (22.3%), KP.3.3 (14.0%), and KP.3.1.1
(11.1%). We compared cell-based infectivity and viral replication among recently circulating JN.1, KP.2, and KP.3. KP.3
showed the highest viral shedding rate up to 48 hours, especially at 24 hours, when it was approximately 67 times higher
than that of JN.1 and 23 times higher than that of KP.2. Although there was little difference in peak viral replication among
JN.1, KP.2, and KP.3, that of KP.3 was approximately 66 and 16 times higher than that of JN.1 and KP.2, respectively, at 24
hours. We hypothesize that the higher initial infectious virus shedding and viral replication of KP.3 compared to those of JN.1
and KP.2 may have contributed to the increase in transmission and cases. The KDCA will continue close monitoring based
on whole-genome sequencing to identify the prevalence of variants in ROK, characterize new variants, and provide scientific

evidence to guide the COVID-19 response in the country.
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Starting from the first warnings of the coronavirus disease
2019 (COVID-19) outbreak in late 2019, the World Health
Organization (WHO) [1] declared a global pandemic status,
and over time, many variants of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) have emerged. In May
2023, the head of the WHO declared an end to COVID-19 as
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a public health emergency of international concern. However,
tracking of SARS-CoV-2 variants has continued, including the
ongoing efforts of monitoring for emergence of novel variants
and the risk of resurgence.

Since the emergence of a new SARS-CoV-2 variant of

concern, named Omicron, in November 2021, it has spread
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worldwide, and succeeding sub-lineages have also appeared,
becoming dominant epidemic strains in many countries [2].
During the earlier days of Omicron circulation in 2022, sub-
lineages BA.1, BA.2, BA.5, and BA.2.75 were sequentially
prevalent. In August 2022, XBB, a recombinant sub-variant
of Omicron, was first identified in India, and in 2023, sub-lin-
eages of XBB, such as XBB.1.5, and XBB.1.16 were identified
as well as EG.5, a descendent lineage of XBB 1.9.2, circulat-
ing worldwide. In July 2023, BA.2.80, another new Omicron
subvariant with the largest number of spike gene (amino acid)
mutations, was identified in Denmark [3]. Subsequently, JN.1
[4], a descendent of BA.2.86, and the sub-lineages of JN.1 were
identified, and these strains are still prevalent in late 2024, hav-
ing an impact on the trend of SARS-CoV-2 infection in the
Republic of Korea (ROK) and other countries.

The Omicron subvariant JN.1 (BA.2.86.1.1) was first de-
tected and identified in Luxembourg in August 2023, and
it has been classified into 404 sub-lineages, including KP.3,
KP.2, JN.1.16, and LB.1, as of August 2024. As of late 2024
the variants of interest designated by the WHO [5] are BA.2.86
and JN.1, and the variants under monitoring are JN.1.7, KP.2,
KP.3,KP.3.1.1,JN.1.18, and LB.1.

Among the JN.1 sub-lineages, KP.3, which has three ad-
ditional mutations (F456L, Q493E, and V1104L) with spike
protein substitutions, was first detected in the United States in
February 2024, and since then, its percentage share of new cas-
es of COVID-19 climbed worldwide, and it was reported as the
most dominant SARS-CoV-2 variant, as of August 2024. As of
late 2024, there have been no reports confirming that KP.3 is
associated with increasing severity of COVID-19, but a previ-
ous study reported that neutralization titers were significantly

reduced (1.3-fold to 2.1-fold) in serum samples after XBB.1.5

www.phwr.org Vol 17, No 39, 2024

vaccination compared to those of JN.1, showing slightly supe-
rior immune evasion, which is likely to have an impact on the
global circulation of the variant [0].

For monitoring of SARS-CoV-2 variants circulating in
ROK, the Korea Disease Control and Prevention Agency
(KDCA) implemented genomic surveillance through whole-
genome sequencing and other methods in 2020, and from
2022, analysis of the variants has been conducted using sam-
ples obtained through the Korea Respiratory Virus Integrated
Surveillance System, which has since been expanded and im-
proved. Since the first detection of the JN.1 variant in ROK
in November 2023, its prevalence has continued to increase,
along with an increase in the percentage shares of different
sub-lineages of JN.1. As of September 2024, the KDCA listed
JN.1, KP.3, KP.2, LB.1, and JN.1.16 as the major variants for
surveillance. In addition, virus stocks of JN.1, KP.2, and KP.3,
which are Omicron sub-lineages that dominated circulation in
ROK in late 2024, were obtained, and using these stocks, cel-
lular-level analyses were performed with infectious virus shed-
ding and viral replication, through which the correlation be-
tween infectivity and transmissibility was examined.

From April 2024, when KP.3 was first detected in ROK,
to August 2024, whole-genome sequencing was performed
for a total of 4,988 confirmed cases of COVID-19. During the
sequencing period 168 Omicron sub-lineages were identified
and 145 JN.1 sub-lineages were identified (including 18 KP.3
sub-lineages, 6 KP.2 sub-lineages, 10 LB.1 sub-lineages, and
9 JN.1.16 sub-lineages). In addition, the sequencing identified
23 other Omicron and recombinant Omicron sub-lineages.

Since the first detection of the JN.1 lineage in ROK in
November 2023, the share of all JN.1 sub-lineages has contin-

ued to rise, accounting for more than 97% of all SARS-CoV-2
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variants. From the JN.1 sub-lineages, KP.3 accounted for
45.5% in July 2024, an increase of 33.4% compared to the
previous month, and 60.9% as of August 2024, a further in-
crease of 15.4% from the percentage share in July. Along with
the increase in the percentage share of the KP.3 variant, the
percentage share of different KP.3 sub-lineages also showed
an increasing trend. In particular, the KP.3 sub-lineages with
the top three highest percentage shares were KP.3.3.1 (22.3%),
KP.3.3 (14.0%), and KP.3.1.1 (11.1%). The spike protein se-
quences of KP.3 and KP.3.3 are identical, but one additional
mutation was identified in KP.3.3.1 (T547K) and KP.3.1.1
(S31 deletion), respectively. Other sub-lineages, such as KP.2,
LB.1, and JN.1.16, had decreasing trends in their percentage
shares, in contrast to the increasing percentage shares of KP.3
sub-lineages (Figure 1, Table 1).

Respiratory specimens from individuals infected with
SARS-CoV-2 that tested positive for the variants JN.1, KP.2,
and KP.3, confirmed by whole-genome sequencing, were used

to inoculate Vero EG cells (derived from monkey kidneys) to
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Figure 1. Proportion of SARS-CoV-2 variants in the Republic
of Korea from April to August 2024
As of 31 August 2024.
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isolate the variants. The Vero EG cells were inoculated with the
isolated viruses at a multiplicity of infection of 0.01, and the
culture supernatants were harvested for 72 hours at 12-hours
intervals. For hourly evaluation of the infectious virus shed-
ding using the culture supernatants, the viral titer was mea-
sured. The infectious virus shedding increased gradually over
time, and KP.3 showed higher initial viral shedding within 48
hours than KP.2 and JN.1. Notably, viral shedding of KP.3 at
24 hours was 5.4x10° log,, PFU/ml, which was approximately
67 times higher than for JN.1 (8.0x10° log,, PFU/ml) and 23
times higher than for KP.2 (2.4x10* log;, PFU/ml) (Figure
2A).

In addition, RNA was extracted from the samples, real-time
polymerase chain reaction was performed on the extracted
RNA, and viral copy numbers were determined using the cycle
threshold values for analysis of viral replication. The three vari-
ants showed a gradual increase in viral replication over time,

with the peak viral replication (KP.3; 1.9x10"" log;, copies/ml,

Table 1. Proportion of SARS-CoV-2 variants in the Republic
of Korea from April to August 2024

Variants proportion (%)

Variants -
April  May June July August

KP.3 sub-lineages 0.3 25 121 455 609

KP.3.3.1 0.0 00 00 63 223
KP.3.3 01 05 64 223 14.0
KP.3.1.1 0.0 00 06 27 111
Other KP.3" 02 20 51 142 135
JN.1 sub-lineages” 83.1 672 593 14.6 189
KP.2 13 59 57 158 85
LB.1 01 13 25 54 49
JN.1.16 9.0 174 191 104 44
Other” 62 57 13 83 24

As of 31 August 2024. “Include all sub-lineages of KP.3 except
KP.3.3.1, KP.3.3, and KP.3.1.1. "Include all sub-lineages of JN.1
except KP.3, KP.2, LB.1, and JN.1.16. 9Include all Omicron sub-

lineages except all sub-lineages of JN.1.
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Figure 2. Viral replication kinetics and infectivity in Vero E6 cells infected at a multiplicity of infection of 0.01 for 72 hours
Culture supernatants were harvested at the indicated time points. (A) Viral titers measured using plaque assays. (B) Viral RNA replication copy

numbers determined using real-time PCR. PCR=polymerase chain reaction.

KP.2; 1.1x10" log;, copies/ml, JN.1; 1.5x10"" log;, copies/ml)
at 72 hours. No significant difference was observed in the peak
viral replication among the Omicron sub-lineages, JN.1, KP.2,
and KP.3, but the viral replication of KP.3 was observed to be
approximately 66-fold higher than that of JN.1 and approxi-
mately 16-fold higher than that of KP.2 at 24 hours (Figure
2B).

In this study, the percentage shares of the SARS-CoV-2
variants circulating in ROK from March 2024 to September
2024 were examined and comparative analysis was performed
on the infectious virus shedding and viral replication between
different Omicron sub-lineages to characterize the viral vari-
ants dominating circulation at that time. As the Omicron cir-
culation continues, a variety of Omicron sub-lineages have
emerged, and in particular, KP.3, a sub-lineage of the JN.1 lin-
eage of the Omicron variant, whose increasing prevalence has
been reported worldwide, shows an increasing prevalence in
ROK, having the highest percentage share among the variants.
The infectivity analysis for the viral variants demonstrated
that circulating KP.3 and KP.2 had higher initial infectious vi-

rus shedding within 48 hours than their parent lineage, JN.1,

www.phwr.org Vol 17, No 39, 2024

indicating that SARS-CoV-2 is evolving, aiming for better op-
timized human-to-human transmission with increasing trans-
missibility as it adapts to different hosts. In particular, KP.3
had approximately 23 times and 67 times more infectious
virus shedding 24 hours after the inoculation than KP.2 and
JN.1, respectively, indicating that the variant is dominating
global circulation including ROK through elevated infectiv-
ity. In addition, since KP.3 had higher infectious virus shed-
ding within 48 hours than that for BA.5 reported in a previ-
ous study; in particular, the 12-hours infectivity of KP.3 was
higher by approximately 74-fold. Therefore, it was speculated
that transmissibility of KP.3 would also be higher than for
other Omicron sub-lineages [7]. Thus, it is predicted that the
circulation of KP.3 with increased transmissibility will contin-
ue in ROK, as was the case previously for circulation of BA.5.
Furthermore, given that neutralization titers are significantly
reduced in serum samples after XBB.1.5 vaccination compared
to those of JN.1 [6], it could be inferred that the increase in
transmissibility and immune evasion of KP.3 has an impact on
the current dominance of KP.3.

In conclusion, this study confirmed that KP.3, a variant
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circulating in late 2024, has higher initial infectious virus shed-
ding within 48 hours and viral replication compared to other
Omicron sub-lineages at the cellular level. Thus, it can be in-
ferred from the analysis that KP.3 has elevated transmissibility,
which is likely to have had an impact on the increasing preva-
lence of KP.3 in ROK and elsewhere in late 2024. However, it
is not possible to draw a definite conclusion as to the impact on
the incidence and epidemiology of the infectious disease sim-
ply based on the results of infectious virus shedding and viral
replication analyzed at the cellular level. Therefore, in the fu-
ture, additional studies on the influencing factors will be neces-
sary to examine the correlation with the results of cellular-level
analyses, by evaluating more aspects of transmissibility, such as
analysis of the structural stability of the binding between spike
protein (S) and the receptor, angiotensin-converting enzyme
2, for the SARS-CoV-2 virus through molecular dynamics
simulation.

The KDCA will continue close monitoring based on whole-
genome sequencing to identify patterns in the prevalence of
SARS-CoV-2 variants and to characterize the variants emerg-
ing in ROK and elsewhere through detection of novel vari-
ants and serve to continuously provide scientific evidence for

COVID-19-related response actions.
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QuickStats

Trends in the Prevalence of High-risk Drinking, during 2013-2022

The prevalence of high-risk alcohol drinking among those aged =19 years has slightly increased among men from 19.7%
to 21.3% during 2021-2022, has not changed much among women (Figure 1). Men in their 40s and women in their 30s had

a higher prevalence of high-risk drinking than the other age groups (Figure 2).
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Figure 1. Trends in the prevalence of high-risk drinking, Figure 2. Prevalence of high-risk drinking by age group,
2013-2022 2022

*Prevalence of high-risk drinking: the proportion of people aged =19 years who drink =2 times per week and consume a large amount of
alcohol each time (an average of =7 glasses for men and =5 glasses for women per episode).

"The mean in Figure 1 was calculated using the direct standardization method based on a 2005 population projection.

Source: Korea Health Statistics 2022, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

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