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Result of Tuberculosis Epidemiological Investigation in a Workplace

Yoon-Hee Lee, Da-Heen Son, A-Ra Ko, Tae—Eun Kim, Yuna Kim*

Division of Infectious Disease Response, Chungcheong Reginal Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

Tuberculosis (TB) is an airborne infectious disease caused by Mycobacterium tuberculosis. TB is transmitted upon expulsion
of the TB bacteria into air through coughing and sneezing, potentially infecting people nearby. Whenever TB cases are reported
in a group facility, epidemiological investigations targeting individuals in close contact of the patient are conducted. This field
report describes the epidemiological investigation of a tuberculosis outbreak that occurred at a workplace in the Chungcheong
region. We analyzed the epidemiological characteristics of patients with tuberculosis, including latent infections, and genotyped
patient specimens. Two additional tuberculosis cases within the same workplace were identified and confirmed to be caused by
the same type of bacteria through genotypic analysis, indicating transmission within the group. Through this investigation, we
reiterate the importance of early response and environmental management in tuberculosis prevention and control in workplace

settings.
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Introduction

Tuberculosis (TB) is an airborne infectious disease caused
by Mycobacterium tuberculosis (M. tb). The incidence of TB
in the Republic of Korea (ROK) has continued to decrease
from 39,557 in 2011 to 16,264 in 2022 (31.7 per 100,000
population); however, the incidence rate of TB is the second
highest among the Organization for Economic Co-operation
and Development (OECD) member countries, which calls for
active management [1,2]. When TB is detected in a group set-
ting (such as business or social welfare facility), an epidemio-

logical investigation is conducted on all the individuals in the
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group. This prevents further development of TB by identify-
ing additional patients, halting the spread of TB, and detect-
ing latent TB infections [3]. This outbreak report is based on
an index patient reported with TB in the Chungcheong area in
December 2021, wherein the patient was both sputum smear
(4+) and TB-polymerase chain reaction (PCR) positive. This
resulted in an epidemiological investigation on affiliated work-
place A in accordance with the National Tuberculosis Control

Guidelines in the ROK.
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Key messages
(D What is known previously?

Tuberculosis (TB), caused by Mycobacterium tuberculo-
sis, is an airborne infectious disease. When patients with
tuberculosis are identified in group facilities, epidemio-
logical investigations, including genetic testing for tuber-
culosis bacteria, are conducted on individuals living in
the same space as the patients to identify the route of tu-

berculosis transmission.

@ What new information is presented?

To confirm the transmission of tuberculosis bacteria
at the workplace in the Chungcheong region, positive
strains of index patients and additional patients 1 and 2
were sent to the Korea Disease Control and Prevention
Agency for bacterial analysis. The tuberculosis bacteria
in the index patient and patients 1 and 2 were found to
be genetically identical, confirming that these cases were
caused due to transmission within the group.

® What are implications?

Genetic analysis results revealed all three tuberculosis
patients in this workplace to be infected with geneti-
cally identical tuberculosis bacteria indicating a unique
group case likely influenced by the strong infectivity of
the index patient and environmental factors, such as
lack of regular ventilation and shade. This underscores
the importance of managing environmental factors
such as lighting and ventilation to prevent tuberculosis

transmission.

Investigation and Results

1. Contact Investigation
1) Contact information of the patient and family
The index patient was suspected of having pulmonary
TB after a chest X-ray and computed tomography (CT) scan
showed possible signs, and positive smear (4+) and TB-

PCR tests ultimately confirmed the diagnosis. The patient

www.phwr.org Vol 17, No 20, 2024

subsequently received a 4-drug standard treatment (isonia-
zid [H], rifampin [R], thambutol [E], and pyrazinamide [Z],
HREZ), which began in December 2021 and was completed in
September 2022.

Family contact screening was performed on the patient’s
spouse and child, who was 9 years old, which showed that
there were no additional patients. However, the spouse was
positive for latent TB infection and completed the treatment

regimen (4R).

2) On-site epidemiological investigation

In December 2021, a patient with active TB was report-
ed at workplace A through the integrated disease and health
management system, and the decision was made to conduct
an epidemiological investigation based on the incident report.
In January 2022, members of the epidemiological investiga-
tion team from the Chungcheong Reginal Center for Disease
Control and Prevention of the Korea Disease Control and
Prevention Agency (KDCA) and TB response personnel from
the local public health center visited the business site and con-
ducted an investigation.

The workplace A is a two-story building, but only the
first floor was used as an office. Six teams (31 people in total)
worked in a space of approximately 80-90 pyeong (approxi-
mately 264-298 square meters), which was divided by parti-
tions. The index patient was the team leader of Team B and
worked full time (9:00-18:00), 5 days a week, without chang-
ing the workplace. The patient attended a team leader meet-
ing once a week, which was held in a separate conference room
with a total of 7 people (1 director and 6 team leaders from
each department), and each meeting lasted from 30 minutes to

1 hour.
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The patient’s sputum smear test was positive (4+) and that
they were highly contagious due to the high number of TB bac-
teria [4]. The patient additionally stated that symptoms of oc-
casional coughing and phlegm were monitored at the time as
the patient was a smoker. A quarter of the walls at the business
in question had windows, but the blinds were always down,
making it difficult to frequently ventilate the office during the

winter months of the presumed period of infection.

3) Workplace contact investigation

Chest X-rays were taken of those who had been in contact
with the patient to identify additional cases of TB, and inter-
feron gamma releasing assay (IGRA) was performed to de-
tect latent infection. The patient had exhibited symptoms of
intermittent cough and phlegm but because of their history
of smoking, the date of onset of the TB infection was unclear.
Therefore, the estimated period of infection was determined
to be from August 21, 2021, 3 months before the chest X-ray
was taken, to January 13, 2022, the patient’s last day of work (a
total of 21 weeks).

A total of 34 people were considered contacts based on
patient characteristics, contact duration and method, and spa-
tial characteristics. Thirty-three employees who worked in the
same office and had been in continuous contact with the index
patient were considered close contacts. Of them, 31 received
two chest X-rays and serial latent TB infection tests while the
remaining two (one transferred departments and one was on a
leave of absence) underwent a chest X-ray and initial latent TB
infection test 8 weeks after the last contact. Among the attend-
ees of the team leader’s meeting, the director worked in a sepa-
rate office and only attended the meetings; therefore, they were

classified as a casual contact and two chest X-rays were taken.

834

4) M. tb genotyping
Molecular genotyping is a laboratory-based approach for
analyzing the genetic material of M. tb. It is used for the pre-
liminary recognition and prevention of TB outbreaks and to
trace the sources of infection as it helps identify TB transmis-
sion routes and clusters of cases [3,5]. For this report, we geno-
typed TB strains from the index patient as well as from addi-

tional patients 1 and 2.

2. Findings
1) Initial contact investigation findings

In January 2022, all the 34 contacts were screened with
chest X-rays (initial round), which showed no abnormal find-
ings. An initial latent TB infection test was conducted on the
33 close contacts, of whom 11 (33.3%) were positive.

During the initial contact investigation, one of the close
contacts was reported as an additional TB patient. Additional
patient 1 was suspected of having TB based on a chest CT scan,
but they had negative sputum smear and TB-PCR results. This
patient was ultimately diagnosed with smear-negative pulmo-
nary TB and was started on the HREZ treatment at the discre-
tion of the attending physician. A member of the same team as
the index patient (Team B), additional patient 1 initially had a
normal chest X-ray but was positive for latent TB infection on
contact screening. However, treatment was refused by the pa-
tient due to concerns regarding the side effects of antitubercu-
lar medications.

Further investigation was conducted following the discov-
ery of additional patient 1, but there were no more contacts be-
cause all the employees present were included in the initial in-
vestigation. Chest X-rays were performed during the 6-month

follow-up (second round) appointment for the 34 original
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contacts, which showed no additional patients.

2) Second contact investigation findings

In January 2023, another active case of TB was reported
at workplace A. Additional patient 2 was treated for pneumo-
nia after a visit to Hospital A for a cough on August 2022 and
chest CT showed abnormal results; however, the symptoms
did not improve. The patient was later transferred to Hospital
B in January 2023, where chest X-ray showed unclear results,
but they were sputum smear positive (4+) and Xpert MTB/
resistance to rifampin (RIF) positive/R sensitive. The patient
was diagnosed with pulmonary TB and was started on HREZ
treatment.

This warranted a second on-site investigation at workplace
A. This particular patient was a member of Team C but was

found to be working in close proximity (within a radius of 1

m) to the index patient (Figure 1). The patient had a normal
chest X-ray but was positive for latent TB infection on contact
screening. However, treatment was refused by the patient due
to concerns regarding the side effects of antitubercular medi-
cations. In January 2023, a total of 38 contacts were screened
with chest X-rays but no additional patients were identified.
Since the concerned business has a long history of exposure
to highly contagious TB patients, 29 casual contacts were also
tested for latent TB infection, among whom 2 (6.9%) were di-

agnosed with the infection.

3) Final contact investigation findings
A total of 50 contacts were screened with chest X-rays and
2 additional cases (4.0%) were detected. Latent TB infection
tests were performed on 46 of the 50 contacts (4 were exclud-

ed because they were previously diagnosed with TB and latent

Team A | | Team B | | Team C | | Team D | | Team E | | Team F E

n

Director’s * It_

office

a

| | % 0

e
Conference I:I
L] N

Complaints reception desk
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Y Additional new case 1
¢ Additional new case 2

Entrance

Figure 1. Seating arrangement diagram
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TB infection). Of the 46 contacts, 13 (28.2%) were confirmed
positive. Eight of the 13 underwent complete treatment for

latent TB infection, while the remaining 5 refused treatment

(Table 1, Figure 2).

4) M. tb genotype test results
To examine the transmission of M. tb at workplace A,
culture-positive strains from the index patient and additional

patient 1 were submitted to the KDCA’s Division of Bacterial

Diseases. The genotypes of both patients were consistent with
TBG0381, confirming the case as a group transmission case.
Twelve months later, a culture-positive strain from additional
patient 2 was sent for M. tb genotyping along with that from
the index case. The genotypes of the index patient, addition-
al patient 1, and additional patient 2 were all consistent with
TBGO0381, confirming that additional patient 2 was also a

group transmission case (Figure 3).

Table 1. Results of contact investigation
Category Contacts TB cases LTBI tested LTBI
Total” 50 (100.0) 2 (100.0) 46 (100.0) 13 (28.3)
1st investigation”
Close contacts 31 (91.2) 2 (100.0) 30 (90.9) 10 (90.9)
Usual contacts 3(8.8) 0(0.0) 3(9.D 1(9.1)
Total 34 (100.0) 2 (100.0) 33 (100.0) 11 (100.0)
2nd investigation
Close contacts 26 (89.7) 0(0.0) 25 (89.3) 1 (50.0)
Usual contacts 3(10.3) 0(0.0) 3(10.7) 1 (50.0)
Total 29 (100.0) 0(0.0) 28 (100.0) 2 (100.0)
Unit: n (%). *Total: excluding chest X-rays (22 duplicate contacts) and LTBI tests (24 duplicate contacts). “1st investigation: no further
investigation due do same contacts.
TB=tuberculosis; LTBI=latent tuberculosis infection.

20 [ Index cases family contact
19 [ First contact investigation
1? ] [ Secondary contact investigation
16 * Index case (cluster #1)
15 % Additional new case 1
13 b “¢ Additional new case 2 (cluster #2)
2 42 2
“—_' 119 1 ,' *********************************** b
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Figure 2. Epidemic curve of a Mycobacterium tuberculosis outbreak at a workplace in the Republic of Korea

LTBI=latent tuberculosis infection.
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Figure 3. Analysis of Tuberculosis strains related to A workplace (MIRU-VNTR): confirmation of Mycobacterium tuberculosis

genotype TBG0381 match in index case and additional new cases 1 and 2
MIRU-VNTR=mycobacterial interspersed repetitive unit-variable number tandem repeat.

Public Health Response

On-site epidemiologic investigations were conducted fol-
lowing the initially reported TB case and expanded upon as ad-
ditional cases were identified. For those who tested negative for
latent TB infection during the primary contact investigation,
additional tests for latent TB infection were performed during
the second contact investigation. Local governments also thor-
oughly followed up on those who refused treatment for latent
TB infection.

In addition, the findings of the investigation were shared
with the district TB coordinators for training in the event of a
similar situation and to be used as a resource for promoting the
importance of treating latent TB infection to prevent transmis-
sion in congregate settings.

This served as an opportunity to enhance latent TB treat-
ment for positive cases after exposure to a patient with TB, as
there is a risk of additional cases erupting in the workplace. It
also strengthened the surveillance for additional cases in the

community in the event of a TB case in the workplace.

Conclusion

This report shows that additional cases of TB that occurred

www.phwr.org Vol 17, No 20, 2024

after the detection of the first patient at a specified business site
were confirmed to be cases of workplace transmission, through
epidemiological investigation and genotyping.

Preventing TB outbreaks by early detection of additional
TB cases in congregate settings through epidemiologic surveil-
lance, and identifying and treating latent cases are key national
policies for TB.

In 2022, there were 16,264 new TB cases (31.7 per
100,000 population) and 89 additional cases (122.2 per
100,000 contacts) among 72,824 group facility contacts, rep-
resenting a 3.9-fold increased risk of developing TB compared
to the general population. Thus, thorough contact manage-
ment is necessary [6].

The case discussed in our study had a secondary attack rate
of 4% (2/50), with two additional TB cases out of a total of 50
contacts. The incidence rate of additional TB cases in the epi-
demiological investigation of the group facility was 4,000 per
100,000 contacts, which is 32.7 times higher than the inci-
dence rate of additional TB cases in 2022 (122.2 per 100,000
contacts). All the three TB patients at workplace A were iden-
tified as outlier cases with consistent M. tb genotyping results,
suggesting that the index patient had highly contagious TB.
The index patient was monitored for intermittent cough and

phlegm (because the patient had a smoking history) and was
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ultimately diagnosed with a highly infectious TB with posi-
tive (4+) sputum smear. TB should be suspected and a TB test
should be performed if a cough persists for more than 2 weeks.

We also suspect that the spatial characteristics of the busi-
ness site may have played a role. Although the business site was
a large space of approximately 80-90 pyeong, the workspace
was oriented to one side such that the employees were within
a radius of 1 m of each other. Moreover, the blinds were al-
ways down during the estimated contagious period of the in-
dex patient (August 2021 to January 2022), and ventilation
was infrequent. The high level of contagiousness of the index
patient and the spatial characteristics, lack of regular ventila-
tion, and use of blinds in particular, are thought to have caused
the spread of M. tb. This suggests that managing environmen-
tal factors such as lighting and ventilation is also important to
prevent TB transmission. Ventilation is essential to prevent
airborne infections because aerosols smaller than 5 pm can re-
main suspended in the air for a long time and spread over 10 my;
the size of TB respiratory droplets released into the air ranges
from 2 to 10 pm [7].

In addition, the latent TB infection rate in the workplace
was 28.3%, which is higher than the rate reported in 2022
(24.2%); therefore, it is necessary to closely monitor individu-
als in the workplace [8]. In this investigation, additional pa-
tients 1 and 2 were close contacts of the index patient and were
diagnosed with latent TB infection during contact investiga-
tion. However, both refused treatment due to concerns regard-
ing the side effects of antitubercular medications and subse-
quently developed TB over the next 12 months. Individuals
diagnosed with latent TB infection after contact with an active
TB patient are at an increased risk of developing TB, and those

with untreated latent TB infection are 5.7 times more at risk of
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developing active TB compared to those who complete treat-
ment [9]. Our findings illustrate the need for more aggressive
treatment of latent TB infection in those who have had recent
contact with a patient with TB. Furthermore, patients who re-
fuse or discontinue treatment for latent TB infection should
be followed up thoroughly, and public efforts such as raising
awareness are needed to increase the treatment rate for latent

TB infection.
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ABSTRACT

Obesity among children and adolescents is a serious global public health problem. It can lead to obesity in adults, decreased
healthy life expectancy, and increased medical costs. Therefore, a national-level intervention, prevention, and active
management of obesity are imperative. Current obesity prevention and management projects for children and adolescents are
temporary, segmented, and duplicative, with a notable lack of efficient government-led program. In this study, we uncovered
the current status of obesity prevention and management projects for children and adolescents, along with problems associated

with it from multifaceted perspectives. A survey and in-depth interviews were conducted with fieldworkers and experts. Based

on the results of this study, we suggested the following policy directions.
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Introduction

The recent rise in the prevalence of child and adolescent
obesity, especially that of class 2 and higher obesity, follow-
ing the coronavirus disease 2019 pandemic has become one of
the most serious public health concerns, and its management
is recognized as a critical factor in preventing cascading socio-
economic problems beyond simple maintenance of health [1].
Factors that influence child and adolescent obesity are highly
complex and dependent on the educational and family envi-

ronment, which therefore require active social interventions

www.phwr.org Vol 17, No 20, 2024

because food intake and physical activity are not aspects of life
in which children and adolescents can directly participate [2].
In particular, obesity in children and adolescents has a high
probability to continue toward adulthood and is associated
with chronic diseases such as diabetes, hypertension, dyslipid-
emia, and non-alcoholic fatty liver disease in young adulthood.
This not only causes suffering throughout the individual’s long
life cycle but also social problems such as psychiatric problems
and difficulties with friendships [3]. This phenomenon is ex-
acerbated in relatively low-income and vulnerable populations

[4]. According to the 2019 Obesity Fact Sheet (Korean Society
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Key messages
(D What is known previously?

Currently, various child and adolescent obesity preven-
tion and management projects and policies are being
implemented in the Republic of Korea. However, these
projects are often temporary, segmented, and duplica-
tive, indicating scope for improvement.

(@ What new information is presented?

Lack of awareness among parents and students about
obesity prevention and management projects and inad-
equate cooperation between institutions are major chal-
lenges encountered during project operations. Schools
are the main activity spaces for students; therefore,
school-centric programs must be implemented to facili-
tate such projects. Additionally, active cooperation from
related organizations in the local community is required.

(® What are implications?

To implement obesity prevention and management proj-
ects for children and adolescents efficiently, it is neces-
sary to prepare a national-level concrete action plan.
Smooth operations and cooperation within the local
community become possible only when this is done in
advance.

for the Study of Obesity, 2019), the prevalence of adult obesity
by socioeconomic level tends to increase with lower education
level, and rural areas have a higher prevalence of obesity than
urban areas. This indicates that the risk of obesity is higher
among socioeconomically disadvantaged groups and requires
national-level management [5].

Currently, although the national government and local
governments operate various obesity prevention programs,
they are temporary and overlapping, lacking an efficient sys-
tem at the governance level. This makes the evaluation of their

effectiveness and management difficult [6-8]. This study aims
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to identify the status and current problems of prevention and
management projects regarding child and adolescent obesity
from various aspects and suggest policy measures to comple-

ment them.

Methods

1. Quantitative Survey
1) Survey of obesity prevention and management
projects for children and adolescents

To determine the current state of development for commu-
nity-based obesity and control programs and implementation
systems nationwide, a quantitative survey was administered
to practitioners and providers involved in project delivery at
public health centers and elementary and middle schools. The
survey employed a six-step process: Step 1) Review of domes-
tic and international literature — Step 2) Development of pre-
liminary survey items — Step 3) Feasibility study — Step 4)
Preliminary survey — Step 5) Selection of final survey items
and survey implementation — Step 6) Analysis of results and
feedback.

To ensure the survey’s validity, eight experts from aca-
demia, schools, and public health centers reviewed the items.
The survey was then conducted nationwide in collaboration
with the Korea Disease Control and Prevention Agency and
the Korean Health Teachers Association.

The survey targeted practitioners and project providers at
6,163 elementary schools, 3,258 middle schools (estimated to
be about average workforce 2.4 people, according to the 2022
Education Statistics Annals), and 258 public health centers
(estimated to be about average workforce 2.8, according to the

2021 Status of Local Healthcare Organizations) nationwide,
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for an estimated population of 22,946 people. A total of 577
individuals completed the survey (508 from schools and 69
from public health centers), representing a response rate of

2.3% for schools and 9.5% for public health centers.

2. Qualitative Survey

A qualitative survey was conducted with two distinct
groups: project providers and experts. Project provider were
interviewed about the specific reasons behind project opera-
tion difficulties and practical solutions for facilitate. In contrast,
experts offered insights into the system’s macro-level direc-
tion, including strategies to improve governance and policy

approaches.

1) In—depth interviews with the project providers of
obesity prevention and management projects for
children and adolescents

In-depth interviews were conducted with representatives
from various organizations. This included personnel from the
Ministry of Education, the Office of Education, elementary
and middle schools, the Center for Child-Care Foodservice
Management, and universities participating in community en-
gagement projects within the education sector. Additionally,
representatives from public health centers known for their ac-
tive participation in obesity prevention initiatives or strong
responses to the quantitative survey were interviewed in the
health sector. A total of 18 organizations participated, geo-
graphically distributed across seven locations in Seoul, five in
the Incheon and Gyeonggi-do, one each in Gangwon-do and
Chungcheong-do, and two each in Jeolla-do and Gyeongsang-
do. The selection considered both regional size and city

population.
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2) Expert opinion survey

An expert opinion survey was conducted using a mixed-
method approach. This involved both written responses and
in-person interviews, tailored to individual circumstances. The
survey included participation from 14 experts with diverse
backgrounds: five clinicians, three education specialists, four
public healthcare experts, and two specialists in related fields.
Their insights focused on program improvement strategies and

future development directions.

Results

1. Survey Results of Obesity Prevention and
Management Projects for Children and
Adolescents

1) Project status and project provider characteristics
The child and adolescent obesity prevention project at each
school is typically run by a team of around 2.4 people, and op-
erates with an average annual budget of KRW 1.91 million

(Table 1). Notably, 33.3% of respondents reported no sepa-

rate budget allocated for this initiative. The primary funding

source comes from the Ministry of Education and the Office of

Education. School personnel involved in these projects are pre-

dominantly female (85.8%), with an average age of 41.8 years.

School nurses make up the majority of respondents (81.1%).
Public health centers generally have a larger team size of

approximately 2.8 people managing child and adolescent obe-

sity prevention projects. However, the annual budget varies
significantly across centers and projects, ranging from KRW

500,000 to KRW 8,000, with an average of KRW 12,950,000

(Table 1). The Ministry of Health and Welfare and local gov-

ernments are the main funding sources. Similar to schools,
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Table 1. Number of main participants and budget in the project
Contents Average Median cSitarjdgrd Minimum ~ Maximum
eviation
Number of main participants (people) School 2.4 2.0 3.1 1.0 41.0
Public health center 2.8 2.0 1.6 1.0 10.0
Budget (unit of 10,000 won) School 191.0 150.0 213.1 5.0 2,200.0
Public health center ~ 1,294.9 700.0 1,510.5 50.0 8,000.0
Table 2. Main operational purpose and content of the project
Contents School Public health center
Purpose Fact-finding survey 55 (10.8) 5(7.2)
Improving awareness 149 (29.3) 40 (58.0)
Obesity prevention 421 (82.9) 66 (95.7)
Obesity intervention 372 (73.2) 29 (42.0)
Performance Evaluation 105 (20.7) 19 (27.5)
Consulting 246 (48.4) 20 (29.0)
Education 465 (91.5) 65 (94.2)
Monitoring 243 (47.8) 44 (63.8)
Provision of goods 81 (15.9) 21 (30.4)
Medical treatment linkage 16 (3.1) 1(1.4)
Unit: n (%). (duplicate response).

the workforce at public health centers involved in these proj-
ects skews female (84.1%). The average age is 30.3 years, and
the range of professions is more diverse than that of schools.
Nurses (36.2%) form the largest group, followed by exercise

expert (14.5%) and dietitians (11.6%).

2) Purpose and content of project operations

Schools primarily focused their obesity prevention pro-
grams on prevention (82.9%), intervention (73.2%), and
awareness-raising (29.3%). The program content typically in-
cluded educational components (91.5%), followed by counsel-
ing (48.4%), monitoring (47.8%), and evaluation (20.7%). In
contrast, public health centers prioritized prevention (95.7%)
and awareness-raising (58.0%) over intervention (42.0%).

Their programs also included elements of education (94.2%)

852

and monitoring (63.8%). However, public health centers of-
fered a wider range of support by providing supplies (30.4%)
and counseling (29.0%) compared to schools (Table 2).

3) Project linkage level

A five-point scale assessed the perceived importance and
actual level of collaboration between various entities involved
in school-based obesity prevention projects. Importance was
determined by the combined percentage of respondents who
rated collaboration as “important” and “very important.”
Similarly, the actual level of collaboration was measured by
summing the percentage who answered “sufficient” and “very
sufficient.”

School personnel identified school-to-school collaboration

as the most crucial (90.0%), followed by collaboration with
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public health centers (80.3%), community sports facilities,
and school-management organizations (72.6%). However,
the reality of collaboration differed. While most common
among schools (60.0%), collaboration with public health cen-
ters (27.6%), and healthcare organizations (18.3%) fell short
of perceived importance. Notably, both school-public health
center collaboration and collaboration with physical education
facilities displayed a significant gap between perceived impor-
tance and actual levels (Figure 1).

Public health center personnel mirrored the importance
placed on school collaboration (97.1%), followed by collabo-
ration with other public health centers (89.9%) and commu-
nity sports facilities (69.6%). However, the actual collaboration
patterns differed slightly. The most frequent collaboration oc-
curred between public health centers themselves (75.4%), fol-
lowed by collaboration with schools (63.8%), and community
sports facilities (33.3%) (Figure 2). Similar to schools, public
health center personnel reported a disconnect between the per-
ceived importance of collaboration with schools and physical
education facilities and the actual level of collaboration, em-

phasizing the gap despite its recognized value.

100 ~
90
80 -
70
60
50
40
30
20
10 A
O_

%

2. Results of In—depth Interviews with the

Project Providers of Obesity Prevention

and Management Projects for Children and

Adolescents

1) Perception and direction of projects

In terms of active obesity prevention interventions, schools
prioritized educational interventions, emphasizing the need for
obesity management education, increased time for physical ac-
tivity through adjustments to extra-curricular schedules, and
the creation of a supportive school environment. In contrast,
public health centers focused on monitoring and practice-
based interventions, highlighting the importance of regular
monitoring, providing support for physical activity and pro-
moting healthy nutrition practices, even offering incentives to
encourage project participation.

Despite these differing approaches, both schools and pub-
lic health centers acknowledged the critical role of obesity pre-
vention programs and the seriousness of childhood obesity.
Additionally, both the education and health sectors agreed that

schools should be a central player in these efforts.

2) Project linkage status

In terms of intra-institution collaboration, schools reported

Il The importance of cooperation
[ The degree of actual connection

17N

School Public health
(school-to-school) center

A hospital

Community Community Other
welfare facilities sports facilities (academy, etc.)

Figure 1. Comparison of the importance of inter-institutional cooperation and actual connectivity (school to other institutions)
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Figure 2. Comparison of the importance of inter-institutional cooperation and actual connectivity (public health center to other

institutions)

difficulty collaborating routinely unless designated as part of
special programs like “Research Schools” or “Health Dream
Schools”. Conversely, public health centers found collaboration
within teams to be readily achievable but acknowledged chal-
lenges in collaborating between departments. These findings
indicate that both schools and public health centers struggle
to maintain collaboration across different departments within
their organizations.

External collaboration also presents distinct challenges.
Schools primarily responded to external requests for program
publicity, suggesting a more reactive approach. In contrast,
public public health centers proactively delivered programs at
various locations such as daycare centers, schools, and com-

munity child centers.

3) Challenges of operating the projects
Both school and public health center practitioners identi-
fied a lack of willingness and awareness among parents and
students as a significant barrier to program implementation.
Specifically, they reported low levels of awareness regarding the
seriousness of obesity among the target audience and concerns

about potential stigmatization and negative impacts on peer
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relationships if students participated in the program.

Another common challenge was the lack of specialized
training materials and project operation manuals. This resulted
in individual project providers taking on the primary responsi-
bility for project planning.

Schools emphasized the lack of budget and professional
manpower as obstacles to operating an education-centered
prevention system. This suggests a need for additional resourc-
es to support effective program delivery within schools. Public
health centers reported difficulty recruiting participants with-
out the active cooperation of schools, as this is where students

spend a significant amount of time.

4) Project facilitating factors and important
considerations

Schools prioritized the following factors as crucial for proj-
ect success: awareness among parents and children, staff train-
ing, community engagement, publicity, budget, and facility
infrastructure. In contrast, public health centers placed greater
emphasis on publicity, facility infrastructure, budget, and poli-
cy and institutional arrangements.

Schools highlighted the importance of addressing the
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quality of students’ home environments, motivating both chil-
dren and caregivers for program participation, and acknowl-
edging the limitations of implementing programs solely within
public health centers. Ensuring the long-term viability of the
projects and having clear guidelines and educational materials
were also seen as major concerns for schools.

Public health centers, on the other hand, emphasized cre-
ating programs that were appealing to children. They also saw
cooperation from the Ministry of Education and the Office
of Education as critical, along with implementing projects di-
rectly within schools. Establishing strong local connections and
having access to professional organizations for guidance were

viewed as beneficial by public health centers.

3. Expert Opinion Survey Results

1) Opinions on operational plans for community-
based obesity and chronic disease prevention

An expert in public healthcare projects emphasized the
critical need for a central coordinating body, a control tower, to
oversee and facilitate community-based child and adolescent
obesity prevention initiatives. The expert further highlighted
the importance of increasing physical activity opportunities
within schools, given the significant amount of time children
and adolescents spend there. This suggests a shift toward pri-
oritizing school-based initiatives alongside community efforts.
For successful implementation, it is crucial to focus communi-
ty resources and budgets on supporting schools while fostering
strong collaboration with local public health centers and other

community organizations.

2) Challenges of operating the projects

Experts identified several key challenges hindering child

www.phwr.org Vol 17, No 20, 2024

and adolescent obesity prevention projects. First, participants
and their parents often lacked the necessary awareness and
motivation to actively engage in the programs. Second, the
Office of Education and Education Support Centers, which
manages school life, did not prioritize child and adolescent
obesity prevention as a high-level concern. Finally, the dualized
system of the Ministry of Education and the Ministry of Health
and Welfare created inefficiencies, hindering the integration of

projects within a unified framework.

3) Practical approaches to community engagement
for obesity prevention and management projects
for children and adolescents

Respondents acknowledged the difficulty of coordinat-
ing child and adolescent obesity prevention and management
projects by relying on the commitment of one of the two or-
ganizations, the local government, or the Office of Education.
They emphasized that effective program delivery hinges on
projects that leverage the unique strengths and roles of each
organization.

Respondents highlighted the critical need to elevate child
and adolescent obesity prevention and control to a higher
policy priority. This could involve increased government sup-
port and the implementation of incentive programs to encour-
age participation. Second, the suggestion to increase physical
activity and exercise opportunities within schools was recog-
nized as important, given the significant time students spend
there. Finally, the need for increased social awareness regard-
ing the seriousness of child and adolescent obesity was also

emphasized.
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Discussion

This study aimed to provide evidence-based support for lo-
cal governance in planning and implementing child and ado-
lescent obesity prevention projects and policies. It sought to
gain a comprehensive national understanding of the current
state of these programs in public health centers and schools
(elementary and middle schools) across the country, moving
beyond the limitations of focusing on a few regions or a small
number of programs.

Schools generally target the entire student population rath-
er than identifying individuals for intervention. This approach
may have been influenced by concerns over stigmatization due
to the labeling of obese children. While both inter-Institution
and inter-professional collaboration was recognized as highly
important, the study found disappointingly low levels of actual
collaboration in both areas.

Analysis of the reasons behind this low collaboration in-
cluded low openness to collaboration with other organizations,
the burden of organizing extracurricular activities, and a lack of
flexibility in adapting external plans to align with the school’s
yearly schedule.

Project operation challenges identified included difficul-
ties in carving out time for project activities outside of regular
school hours, limitations in developing new and engaging pro-
gram content, and a lack of active participation from students.
This highlights the importance of not only project provider
commitment, but also the willingness of participants to actively
engage.

Similar to schools, public health center programs most of-
ten target the entire child population, regardless of individual

obesity levels. The large variation in project budgets across
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centers may indicate that the intensity of intervention varies
depending on the funding organization’s interests, rather than
a standardized approach based on needs. To address this issue,
it is recommended that project budgets be allocated propor-
tionally to the size of the region and the number of children
and adolescents it serves. Additionally, a re-evaluation is neces-
sary to ensure programs designed specifically for children and
adolescents are available and appropriately tailored to their
needs, as many existing obesity prevention programs primarily
target adults.

The current practice of evaluating program effectiveness
solely through changes in physical development deserves re-
view. Many programs focus primarily on educational activities,
and these may not necessarily translate directly to immediate
physical changes. Evaluation should consider a broader range
of metrics beyond just physical development. Furthermore,
rather than simple pre- and post-program Body Mass Index
(BMI) comparison, it is recommended to continuously track
the change in percentile BMI by age using pediatric growth
charts. This provides a more accurate picture of program effec-
tiveness by taking into account continuous growth patterns in
children and adolescents.

This study revealed a significant gap between the perceived
importance of collaboration, both intra-Institution and inter-
Institution, in child and adolescent obesity prevention projects,
and the actual level of collaboration achieved. This suggests
that obstacles hinder the implementation of collaborative ef-
forts despite their acknowledged value.

Interview results indicated that a strong perception of
collaboration activities as extra work was a major barrier.
Collaboration was more likely to occur when driven by exter-

nal mandates, volunteer motivation, or genuine organizational
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interest. At the community level, the success of linkages and
collaborations appears to be significantly influenced by the in-
terest and engagement of guardians and households. These
findings highlight the need for policy strategies that address
these challenges.

To strengthen collaboration, policy strategies are needed to
actively engage guardians and households at the central level.
Developing mechanisms to incentivize and mobilize commu-
nity organizations can further strengthen collaborative efforts.

While various government policies target childhood and
adolescent obesity in the Republic of Korea (ROK), their im-
plementation often occurs in a fragmented manner depending
on the central authority involved. Given that home and school
are the primary environments for children and adolescents, es-
tablishing an efficient linkage system among relevant authori-
ties is crucial.

This calls for a more comprehensive policy and network-building

Main \
strategy /l

strategy at the governance level. Efforts should extend beyond sim-
ply expanding human resources and developing project programs.
A clear national goal for preventing child and adolescent obe-
sity should be established. To achieve this goal, a comprehen-
sive national strategy is needed, encompassing elements such
as financial support, legal and institutional reforms, and a well-
coordinated system across all levels of the central government
(Figure 3) [9].

This study aimed to translate valuable insights from a na-
tionwide field survey of child and adolescent obesity preven-
tion and management projects into actionable policy direc-
tions. Unlike previous research limited to specific regions or
smaller samples, this study provides a comprehensive na-
tional perspective. It examines the current status of programs
in public health centers and schools (elementary and middle
schools), and gathers in-depth feedback from various stake-

holders involved. The findings presented here are expected to

Nutrition and diet
Physical activity
Examination
Medical use, etc.

Legal
/institutional
approach

‘ Sustain ’ Cohort

/expand

construction

Central ministry

Building Community
partnerships Local organizations,
etc.
Education
Consulting
Promotion, etc.
— /

Figure 3. Proposal of essential elements for child and adolescent obesity prevention project

Data from the article of McGlashan et al. (Sci Rep 2019:9:12599) [9].
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significantly impact the implementation of obesity prevention
and management policies for children and adolescents in ROK.
Ultimately, this knowledge can contribute to a reduction in
child and adolescent obesity rates and promote overall health

improvements.
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| 5ERE 11970 &dE d5ol74 vholg&e 290
T IIb, 2lYA] C.101 513 ol= sfefolA g Hiol
A7 A GARS o ks e AR

@ AlAE2?

Ao Q5L A SRV T A 202289 F
CERE 202349 1197HA] dgol+4 vrold & 344 4
HE A&Hor £4, 24319 Hiolg Ao Mz Holet
Auh FdE BYE s Slnt. o=t A ¥e S
Hho] 29 theFet A wo] A gl An} J=g HehH o
2 opopdt & Qlrh E3 SRE WARAA AEE 49
A, WAl A2A HEE At 72AdFAme 2
o 22 9 A= HF 52 TAXRRR E8E 5 A

Ql

2o

< 4o E stto] 9%t vholB AR BREO], AAREA
7]5-(World Health Organization, WHO)2] 20224d 7€+
B 20239 59704 oF 1071 €3t = A4155 H 23443 (Public
Health Emergency of International Concern)< ©|+ glo]
71% Step2]. AEEd AR w2d 20229 649
FE 20239 119714 155710] LA AIL[3], AFgE L
€ flon, FedEs grled 142 AlYsta 587
o] BH H=Fol o7t Ao r HIuHTH4] MPXVE oF
197,000 bp2] ©|% 7} DNAZ 1917]9] |AAE o]Fof
A FAA ME FE gol] JAgeiE(inverted termi-
nal repeat) F-97} 2AgH5]. AP FFotZ 7t
Aotz e]7}g 0 2 et 2022 89 WHOO| oaf M=

o= [, FA= o= I (MEZHIE a, bE AP
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Helaol, FAF] IE AHES 1= 19 FF 1-10%
olsf, Zdo|= 119 F9- 1% "o E HIH7]. 22 3
o] upolgAte Zlo] o whet Q1A B AP HolnR
AEA A o] F FAAEAS Bl oA ol Hiol
Ztakek 4= gl 20234
11¥ 35 44 dlol& o] A(Genbank)oll 5% Hio] 2]
2 §A-AE ok 6,9007101H, o] F 20229 5¥ o|F 55H
FHA7E 6,354 AATHHS]. AAT F71AE £ (next
generation sequencing, NGS)9| 7|& LA} Hg0= A A
A =7F7h AFA G AA A w2 A vhol# A A
AE EAsto] HlolgA B4 {KPFFS &2 4 FRot
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HA A48 02 [FHAA 7HAl(genomic surveillance)©ll &
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9T, 2 ATONAE ol BT ABA FY B
Az e Qol HlolE AR NGS 7148 olgalo] 4342
A BAE 2Wsks Pa AnE A1esn, FHIA §9

SHe Hlolels HRo} Hlo] 52 A44 02 BUEY ¢

)

3 R 24 PEe 2
(=] I:é"l

= HiolH A A FAA 242 HERA Y] AJEA
(metagenomic sequencing)’ ¥ ‘A4 &/ SH(hybridization
capture)E ©]-&3t A|EA F 7HA] W o

=z
HH 0 2L NGS $98E 919 TheTt 2 wAS AN 4

FEIRI 2hojE 2= A&k, o] ©]-8-5te] NGS 717104
FAA HEE YikstA ok o, golBeE] A2 gt
A Holl 9= 2= DNAS AAtshs HERA ke d] Al 43}
E7 vlolg| A FAANS BRE AP A EASE
ol-&3t Al ol wel EHsHI e, MiSeq NGS 717
(Mumina, Inc.)olA AJAFstAct. 2022900 A4be 77419
355 SR AACIA w2 A ZE- Y F HEA| kY]
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TAO] AA Em AlE Hi S Bl & gEt ol A
Z5}7] 9lste] A
blood minikit (Qiagen)E AH&-5H% 0™, &3t AR Qubit
4 BF=47](Invitrogen) S o]-&3to] g U EZ3}31t.
HER] g AJEAS YA Mumina Inc.2] Miseq NGS 7|
71& o853t o 100-500 ngol &
Miseq NGS 7]7]0] A3t etojBej2]E A|Ztolgict. 2o
B AZL 93] WA bead-linked transposomesS ©]&
2Zhdst FA0) AlEA 7171014 & 5 9l
£ oldE AFAE TYste 8 19 o] M(tagmentation) T
AZE A1, o]ojA E1E DNATS EEsts A4 &
£ AHch olg7 H1E DNAZS B-&5to] QlElA ofE]
(lumina, 20091654)2} A
Z 9AE AX AFEA 71718 93 golB s ARt
ot AZE o] B gl v E(bead)E 0]-83 HA dAE A

2], Qubit 4 FFZ747|(Invitrogen)2t AALEHEE 7+

E2RE AZ F 141 9] QlAamp DNA

DNAE ©]|-g3}o]

5lo] DNAS

i
T
o*o
flo

fo
ol

N

sTHELY

A 71€& Z-83t TapeStation (Agilent Technologies) FH]E

oto] P4 golBee 9 s=ot 2715 AYstA S5t
2 AZHE Sol B E ] F4E HIIsH 2F °F 10 pM

o] golB T E o]gsto] A|AYSHTt. FolBHF A2

< 93t 2E 42 Tllumina DNA prep (M) Tagmentation

stPon, AxAlA AlFote T
stdrt.

(20060060) A|2F2 o]
FEZ gt LA 4
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2. MY =3 AIEYE SISt 2lolE 2] HiE S
A 9] BE DNAS JAtshe HEHA Y] A4S |
FHA F2 AHE AT £ Atk Aol Aoy #
7b @12} Sh= MPXV ZE A F9] HEo] 4] ko AlH
Hekstr] ffs A4 &4ds A
N =43t A TS 9
gt gtoj B @] A2H2 453 (enrichment) BAE F712 0
2 A golBe Y AZE fls) Yag WA FLH
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olB22 & A&t o 27| GA= 919t SUstTt Bead-
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& EAS A% " SAE AALL, FASH] B1E DNA
gk ol A of HE (Illumina, 20091654)9F 7 SE519
ot SEZE FolBYE FAetL g 4 REI
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Inc.9] Viral Surveillance Panel (VSP)& &-83t%=d], ]
27} @At sh= MPXVE Z33E 609 7]9] vol& A
2 oH= Zg2H X302 1Qky mgo|th. VSP
4 &8s5to] MPXVE Z35}7] §joto] SEZH golH e
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(Applied Biosystems)oll 1L H=3t 2= A|ojE Foto] o
4 BAstet9itt. o] 32 58T ollA 2 A 16A17F H A5t
of StEE HEA| LY A[EAS %t ol A& 7
Hot 5l Jo] AJ7to] o AR FQIH. ofZA xZelH o]
Bejg|e nfavg HEE &8sto] AR & A 2435}
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$3to] HU Utk A5 % 0 pMe] A golng S eIk

215 ol&sto] A4S tolEeie] Al&e fjt e olg7 dE FHAE Nextstrain £4] 3Ho]Le}Ql[12]
7+ Tllumina RNA Prep with Enrichment Tagmentation & %3 A A4 35 344 dlolg o] A0 528 G4
(20040536) Aok ol-&stlom, AxANA Algstes & £ ddor FABAS sk Nextstrain®] 14 1}o]
EEZO| w2t JDotA P53l malol 93 =@ wa 739l Spakemake [13]2 AFE5}H0]

Augur [14] 5] BA =0t S gt 2] of uhe} 24
3. KM =M 2 "It < Yo, HF ZAIE auspices Bl Al4SIsict 713

MiSeq NGS 7]7|° 4] A48 paired-end F4]19] 2 EA 02 Apobec3] 25 HO|(TC—TT, GA—~AA)S HA4517]
F2 Kraken2 [9]E ©]&dto] SAE A(hgl9o)S AATH 915l mutation profile [15] AR-8-5Fo] EHIsH3 .
t}. CLC Genomics Workbench 20 (CGW) =F+& A5}

of A 245 AdsitH, J= m2ngE YASHA = e | i

e 71egor 3. AAE HEALELS trimming

threshold 0.001 =20 E]E ARE-5to] o fiE] A D3} Q30 ©] WAL E] Al B, A S AEA e s A
ot9] @& 49| ZtE HEHIYTTE. CGWY resequencing  AHE NGS 2|E9] A/ G2 3 13} Zo] TE&H I} HEA =
7152 Bl FERAHANC_063383.1)F °l&sto] F=& o A4 WS ol8Rt B9, MPXV HEAD2 10% 1w
383}, de novo assembly 7|5 o]-&5to] HAEI1E XY o= AitEe v A TS AR 8ol e, MPXV
T =g E A Iy AEIE vl BASte] HFHoE 2= Aol 90% o AitES gelsktt. A S48t Al
A9 Fx HPY {575 BAstL HSHLS S YA AP B85 U= AHol e HErA kg Al
4" MES

° QUAST [1012 581 2444 SH=s B4 Pz Ly o coluele] A% AT 53 94
7510, NextClade [1118 AH§3te] 45 Ze0|=g} ¥lo 2 A} v)gol 27HHoR Aasgr 4

it
Y
D
[e)
-
ol
L
d

1. AAE wetA ey A FA Y AA; EASH AJEA B4 5Pl o2 vhog A & HI
HIERR| =2 A A oA S Mot A A
ID AHM(CTZY) oy QEA FHIXP/ gv S TR
MPXV- TOIEETH(34.81) 0.5% 65%/12X 83% (248,504/297732)  100%/166X
ROK-P002-2022 (123,258/21,578,224)
MPXV- oEHH23.11) 5% 100%/225X  98% 100%/8,860X
ROK-P003-2022 (241,032/4,282,341) (13,562,486/13,826,110)
MPXV- 719(26.35) 11% 100%/600X N/A N/A
ROK-P003-2022 (602,146/5,616,046)
MPXV- TOIEEE(27.53) 0.7% 99%/10X N/A N/A
ROK-P003-2022 (34,894/4,919,884)
ICT#=threshold of cycle, CTgH F& ol F42o] i3t DNA EE RNAQ ¥ UEHfE A EE CTEo]l 242 FARU A iAol %
o] o] Z3tE o] 91L. Pulolg A FE H|g=Hlo|ZA SHA ] Fet A7IAL 27 S(ElelF A BE)+F HAHE 0&71*1%3 27 A5 HA
2 E)x100. 9% HA A= EADo] AHst AA Hiolg A FAA O] th3t vg. YA A] AE=8HH ] EA XA FFHOo g Auht
T2 A7IAE 2Zbo] FHEUEA YEH+ A .
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Ao FFoll wheh BATHE HolElA NGS ZlEs FEe H 22 @ o RejollA AFE HAS] volH A F2

A ol mh} frastEzE, A QAR e vl A Bl= Trefsi, ot HE LSS o At A 2

N AT A9 A1, R, FUSEY, Goj o gishe] chopst ReolA ol &

Bidhl g Aolg Erh AAHEE HolHA NGS Bl=s HRSHTHHI6].
A o] vro]& 2 ool whet E2bd 4= Qlet. o4 2ol w=

9o} e Aus oz

2o] AAE A A

A0 Z-85]

B 2. 4 I MPXV A543 8% (GenBank)
D P =30/ 2L x| GenBank SEH3&
MPXV-ROK-P1-2022 2022-06-22 ITb B.1.1 0OP204857
MPXV-ROK-P002-2022 2022-09-02 ITb B.1.1 OR459775
MPXV-ROK-P003-2022 2022-11-15 b A21 OR459776
MPXV-ROK-P004-2022 2022-11-22 IIb A2.1 OR459777
MPXV-ROK-P005-2023 2023-03-13 b C1 OR459778
MPXV-ROK-P006-2023 2023-04-06 IIb C.1 OR459779
MPXV-ROK-P007-2023 2023-04-10 ITb C.1 OR459780
MPXV-ROK-P008-2023 2023-04-11 IIb C.1 OR459781
MPXV-ROK-P009-2023 2023-04-12 b C1 OR459782
MPXV-ROK-P010-2023 2023-04-13 IIb C.1 OR459783
MPXV-ROK-P011-2023 2023-04-14 ) C.1 OR459784
MPXV-ROK-P012-2023 2023-04-15 IIb C.1 OR459785
MPXV-ROK-P013-2023 2023-04-15 IIb C.1 OR459786
MPXV-ROK-P014-2023 2023-04-17 ITb C.1 OR459787
MPXV-ROK-P015-2023 2023-04-18 b C.1 OR459788
MPXV-ROK-P016-2023 2023-04-18 IIb C.1 OR459789
MPXV-ROK-P017-2023 2023-04-18 b C.1 OR459790
MPXV-ROK-P018-2023 2023-04-18 ITb C.1 OR459791
MPXV-ROK-P019-2023 2023-04-19 ITb C.1 OR459792
MPXV-ROK-P020-2023 2023-04-19 IIb C.1 OR459793
MPXV-ROK-P021-2023 2023-04-21 b C.1 OR459794
MPXV-ROK-P022-2023 2023-04-21 ITb C.1 OR459795
MPXV-ROK-P024-2023 2023-04-21 ITb C.1 OR459796
MPXV-ROK-P026-2023 2023-04-22 IIb C1 OR459797
MPXV-ROK-P027-2023 2023-04-22 IIb C.1 OR459798
MPXV-ROK-P028-2023 2023-04-22 IIb C1 OR459799
MPXV-ROK-P029-2023 2023-04-23 IIb C.1 OR459800
MPXV-ROK-P030-2023 2023-04-23 IIb C.1 OR459801
MPXV-ROK-P032-2023 2023-04-25 b C.1 OR459802
MPXV-ROK-P033-2023 2023-04-25 b C.1 OR459803
MPXV-ROK-P034-2023 2023-04-25 b C.1 OR459804
FolE=359] FA oA Aske &S] TF MPXVE B9, 71&9] FYotnart 9] Fa-vAl Hio]gAE FH0]E 102, Aotxert 4]
9] HpolgiAs FHo|t 1R W BUX|(Lineage)=3%9 Z/4JollA AH |42 02 Ugst #a4e 7HAE H}omi a5 ZdolE, AB

olE, YA Lo 2 NESE. MPXVE 4% A1, B.1, C.1 522 AR o2 &7} h; Genbank 5EWS=3F F2A dHlo|el#o] A
(GenBank)ol 4] Foi3t 5EHMS; MPXV=% %% Ho]8 A(monkeypox virus).
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HAA= vpol2| A o] &Rl 7hy], mEHH S 9 Mstar, o
4 A5 A4 e AT o X, AARAA
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Monkeypox Virus Genomic Analysis in the Republic of Korea:
A Comparison of Metagenomic— and Probe Hybridization Capture
Sequencing Methods

Chi-Hwan Choi, Minji Lee, Sang Eun Lee, Hwachul Shin, Myung—Min Choi, Jin-Won Kim, Hwajung Yi, Yoon-Seok Chung*

Division of High—Risk Pathogens, Bureau of Infectious Disease Diagnosis Control, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Monkeypox virus (MPXV) whole-genome from specimens of individuals diagnosed with mpox in the Republic of Korea (ROK)
between May 2022 and November 2023 was analyzed comprehensively. An infectious disease originating in Africa, mpox
gained global significance after the first case was confirmed in the UK in May 2022, subsequently spreading worldwide. In
the ROK, 155 infection cases were recorded, predominantly transmitted through close contact with symptomatic individuals.
MPXYV, consisting of approximately 197,000 base pairs of double-stranded DNA, encompasses approximately 191 genes
consisting of inverted terminal repeats at both ends and a central conserved region. The virus is categorized as Clade I
(Central African type) and Clade II (West African type), with Clade I and II reporting fatality rates of 1-10% and less than 1%,
respectively. Two sequencing methods, metagenomic and hybridization capture sequencing, were used to perform a thorough
whole-genome analysis. Compared to metagenomic sequencing, hybridization capture sequencing demonstrated superior
efficiency in generating MPXV read sequences. The proportion of virus reads varied based on specimen type, informing the
selection of targets for whole-genome analysis. Genomic phylogenetic analysis revealed that the MPXV in the ROK belonged to
lineage C.1, indicating sustained domestic transmission and providing crucial insights for national and international responses
to MPXV variants. This information will contribute to understanding infection pathways and improving strategies for disease

response and prevention.

Key words: Monkeypox virus; Whole genome sequencing; Phylogenetic analysis
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Introduction person was confirmed to have been infected after traveling to
Nigeria on May 6, 2022. This marked the beginning of an un-

Monkeypox (Mpox), caused by the monkeypox virus usual outbreak in non-endemic areas, largely concentrated in
(MPXYV), was first discovered in monkeys in 1958, and the Europe and North America [1]. After the severe acute respira-
first human infection was identified in 1970. While Mpox tory syndrome coronavirus 2 (the causative virus of corona-

was previously endemic in Central and West Africa, a British virus disease) in 2020, MPXV emerged as another potentially
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Key messages
(D What is known previously?

Monkeypox virus, causing the infectious disease known
as Mpox, has been globally prevalent since May 2022.
The first domestic patient was identified as Clade IIb,
lineage B.1.1.

@ What new information is presented?

The monkeypox virus reported in the Republic of Korea
in 2022 has been identified to belong to lineages B.1.1
and A.2.1. In contrast, monkeypox viruses confirmed
from May to November 2023 were classified as Clade
IIb, lineage C.1. This suggests the transmission of a vi-
rus introduced from abroad into the local community.

(® What are implications?

The Korea Disease Control and Prevention Agency
(KDCA) has been consistently collecting and analyzing
monkeypox virus genomic information from June 2022,
the onset of the first case, to November 2023. Through
this ongoing approach, the KDCA monitors new virus
variants and transmission patterns. This scientific meth-
od enables the identification of various high-risk virus
variants and transmission routes. Additionally, the ob-
tained genomic information serves as foundational re-
search material for infectious disease diagnosis, vaccine
and therapeutic development, and supports evidence-
based preventive measures and treatment strategies.

dangerous virus with global pandemic potential. This led the
World Health Organization (WHO) to declare a Public Health
Emergency of International Concern from July 2022 to May
2023, lasting approximately 10 months [2]. A report from
the Korea Disease Control and Prevention Agency (KDCA)
documented 155 cases of Mpox from June 2022 to November
2023 [3], with no fatalities. Transmission was primarily attrib-
uted to close contact with symptomatic individuals, with only

one case linked to healthcare-associated exposure [4].

www.phwr.org Vol 17, No 20, 2024

The MPXV’s double-stranded DNA genome, approxi-
mately 197,000 base pairs long, encodes 191 genes flanked by
inverted terminal repeats at both ends [5]. These repeats con-
tribute to the circulation of the viral genome. The virus can be
categorized into two distinct genotypes: the Central African
(now Clade I) and the West African (now Clade II, with sub-
clades a and b) [6]. Reported case fatality rates vary by geno-
type, with Clade I exhibiting a higher rate (1-10%) compared
to Clade II (below 1%) [7]. Despite being the same virus spe-
cies, these differences highlight the importance of clade iden-
tification through genome analysis after Mpox diagnosis, par-
ticularly for understanding domestic transmission patterns. As
of November 2023, approximately 6,900 viral genomes have
been deposited in the public genome database (Genbank), with
over 6,354 added since May 2022 [8].

Advancements in next-generation sequencing (NGS) tech-
nologies have spurred worldwide efforts in genomic surveil-
lance of Mpox. By rapidly analyzing the viral genome from
Mpox-positive patients, scientists can identify and share crucial
information about the virus’s characteristics and epidemiol-
ogy. This article details the methods and results of NGS-based
whole-genome sequencing of MPXVs from Korean patients,
proposing a novel genomic surveillance approach for continu-
ous monitoring of circulating virus classification and mutation

patterns within the country.

Methods

In the Republic of Korea (ROK), viral whole-genome se-
quencing is performed using two methods: metagenomic se-
quencing and sequencing by hybridization capture. These

sequencings were performed in a MiSeq NGS instrument
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(Mumina, Inc.), and followed the general NGS workflow: DNA
extracted from specimens was first prepared as a library (a col-
lection of DNAs or RNAs) suitable for sequencing; this library
was then processed on an NGS instrument to generate genome
reads.

Metagenomic sequencing, employed in 2022, captures all
DNA present in the patient sample, including both viral and
host DNA. This method was used initially after isolating and
culturing viruses from patient specimens. However, with the
rising number of patients in 2023, a more targeted approach
became necessary. Consequently, from 2023, hybridization
capture which uses a specifically designed probe to target only
the MPXV genome based on a reference sequence was em-
ployed. This probe, a small DNA fragment, binds to comple-
mentary sequences in the viral DNA, enhancing the library for

viral sequences before sequencing.

1. Library Construction for Metagenomic

Sequencing

A column-type QIAamp DNA blood mini kit from Qiagen
was used to extract nucleic acids from patient specimens and
viruses isolated from cultured cells. Extracted nucleic ac-
ids were then quantified and normalized using a Qubit 4
Fluorometer (Invitrogen).

For metagenomic sequencing, a MiSeq NGS instrument
(Illumina, Inc.) was employed, and a library was construct-
ed using approximately 100 to 500 ng of DNA. Bead-linked
transposomes fragmented the DNA, followed by segmenta-
tion that introduced adapter sequences crucial for sequencing.
Subsequent purification enriched the library with tagged DNA
fragments.

Further, the tagged DNAs underwent an amplification
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step with an index adapter (Illumina, 20091654) through
polymerase chain reaction, which generated multiple cop-
ies and introduced unique barcodes for sample identification.
This process facilitated the production of a library suitable
for the sequencing instrument. Beads were used again to pu-
rify the amplified library. Finally, the library was assessed for
concentration and fragment size using a Qubit 4 Fluorometer
(Invitrogen) and a TapeStation (Agilent Technologies), which
applies electrophotometric sensing technology, ensuring opti-
mal quality for sequencing.

Approximately 10 pM of the library was used for sequenc-
ing. Throughout the library construction process, reagents
from the Illumina DNA prep (M) Tagmentation Kit were used

strictly per the manufacturer's protocol.

2. Library Construction for Hybridization Capture

Sequencing

While metagenomic sequencing offers unbiased results by
generating all DNA sequences from a specimen, it suffers from
a low percentage of desired MPXV reads, leading to poor se-
quencing efficiency. To address this, we employed hybridiza-
tion capture sequencing for its target enrichment.

Hybrid capture library construction incorporates an ad-
ditional enrichment step. Similar to metagenomic sequencing,
nucleic acid extraction, quantification, and normalization were
performed using a QIAamp DNA blood mini kit (Qiagen) and
Qubit 4 Fluorometer (Invitrogen), respectively. Compared
to metagenomic sequencing, this method utilized a smaller
quantity of DNA (10-100 ng) for library construction. The
initial steps remained the same: DNAs fragmented by bead-
linked transposomes were subjected to tagging to introduce the

adapter sequence, and only tagged DNAs through purification
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were amplified together with the index adapter (Illumina,
20091654).

The amplified library underwent purification, quantifi-
cation, and normalization, followed by enrichment for hy-
bridization capture sequencing. This step utilized the Viral
Surveillance Panel (VSP) (Illumina Inc.), a pre-designed panel
targeting probes for 60 viruses, including MPXV.

To capture MPXV using VSP, the amplified library was
subjected to hybridization capture in a Thermo Cycler (Applied
Biosystems) using a reaction mixture containing VSP, requir-
ing precise temperature control at 58°C for 16 hours, adding
one extra day to the library construction compared to metage-
nomic sequencing. Finally, the captured library was purified
using magnetic beads, selectively extracting the hybridization-
enriched portion.

The MPXV-enriched library underwent further am-
plification, purification, and quality assessment using a
Qubit 4 Fluorometer (Invitrogen) and TapeStation (Agilent
Technologies) that uses electrophotometric sensing technol-
ogy. Approximately 9 pM of the final library was used for se-
quencing. All procedures followed the manufacturer’s proto-
col for Illumina RNA Prep with Enrichment Tagmentation

(200405306) reagents.

3. Whole-genome Sequencing and Assessments

The initial step in analyzing the whole-genome sequences
involved removing host (hg19) sequences from the paired-end
read sequences generated by the MiSeq NGS instrument, using
Kraken2 [9]. CLC Genomics Workbench 20 (CGW) served
as the primary platform for subsequent genome analysis, in
which default values were used if there were no input parame-

ter values. To ensure high-quality data, adapter sequences, and

www.phwr.org Vol 17, No 20, 2024

low-quality reads with a Phred score (Q) below 30 were filtered
out using a threshold of 0.001.

Next, CGW’s resequencing function mapped the remain-
ing reads to the reference genome (NC_063383.1), and the de
novo assembly function was used to assemble the sequences
into contigs. A subsequent comparative analysis between the
mapped reads and assembled contigs revealed any potential
structural changes in the viral sequence, resulting in the final
high-quality genome.

QUAST [10] was then employed to assess the complete-
ness and accuracy of the assembled whole-genome sequenc-
es. Finally, NextClade [11] software assigned the final clades
and identified specific mutations within the viral genome
sequenced.

To understand the relationship of the newly sequenced vi-
rus with other global MPXV strains, we utilized the Nextstrain
[12] analysis pipeline. This powerful platform integrates vari-
ous tools, such as Snakemake [13] and Augur [14], into a
streamlined workflow for phylogenetic analysis. The analysis
results were then visualized using auspice. In addition, a spe-
cific mutation profile tool was employed [15] to investigate
potential mutations (TC>TT, or GA->AA), particularly those

induced by the enzyme Apobec3.

Results

The metagenomic sequencing and hybridization capture
sequencing methods, as summarized in Table 1, produced dif-
ferent amounts of NGS read sequences. Metagenomic sequenc-
ing yielded less than 10% of MPXV read sequences, whereas
hybridization capture sequencing achieved over 90%. While

this approach significantly increases the representation of
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methods by samples

Table 1. Comparison of viral genomic reads depend on metagenomic sequencing and hybridization capture sequencing

Metagenomic sequencing

Hybridization capture—based sequencing

ROK-P003-2022 swab (27.53)  (34,894/4,919,884)

D Sample Viral . Genom%/ Genomec)/
(CT value®) r';‘; dg;err;%?bl)c C%\é%r;gif Viral genomic reads ratio” c%\é%rfhggf
coverage? coverage?
MPXV- Oropharyngeal 0.5% 65%/12X 83% (248,504/297,732) 100%/166X
ROK-P002-2022 swab (34.81)  (123,258/21,578,224)
MPXV- Skin leison 5% 100%/225X  98% 100%/8,860X
ROK-P003-2022 (23.11) (241,032/4,282,341) (13,562,486/13,826,110)
MPXV- Crust (26.35)  11% 100%/600X N/A N/A
ROK-P003-2022 (602,146/5,616,046)
MPXV- Oropharyngeal 0.7% 99%/10X N/A N/A

sequences, on average, overlap at specific locations in the genome.

9CT value (cycle threshold)=The CT value primarily indicates the quantity of DNA or RNA for a specific gene, with lower CT values
indicating a higher quantity of the gene or target in the test sample. "Virus read ratio=The ratio is calculated as the number of read sequences
corresponding to the virus genome (viral genomic reads) divided by the total produced read sequences (total genomic reads), multiplied by

100. “Genome coverage=The ratio of read sequences covering the entire virus genome. “Depth of Coverage=An indicator of how many read

MPXYV reads, it involves a longer library construction time and
higher cost due to the additional enrichment step compared to
metagenomic sequencing.

The data also revealed that the number of viral NGS reads
produced for each type of specimen decreases as the number
of input specimens increases. Consequently, the relative pro-
portion of viral reads among the total reads follows a specific
order, with scab specimens having the highest proportion,
followed by, skin lesions, oropharyngeal smears, and blood.
Notably, variations in the number of viral NGS reads can also
be influenced by the viral load present in each specimen. This
aligns with previous reports suggesting that the amount of vi-
rus detected in specimens sampled from different body areas
of patients varies considerably [16]. These findings underscore
the importance of collecting multiple specimens from differ-
ent body sites to ensure accurate diagnosis and comprehensive
analysis of viral infections.

Based on the previous results, whole-genome sequencing
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initially focused on scab and skin lesion specimens, where high
virus levels were identified. For these, the hybridization cap-
ture sequencing method was chosen for its enhanced efficiency
in targeting MPXV. Between June and November 2022, 105
specimens from positive patients underwent whole-genome se-
quencing. Of these, 30 complete genomes were released to the
public database (Table 2).

A genome lineage analysis using NextClade revealed that all
reported whole genomes in the ROK belonged to lineages B.1.1,
A.2.1, and C.1 of Clade Iib, which were dominant worldwide.
Notably, all viruses collected in 2023 belonged to lineage C.1.
A genome taxonomic analysis using Nextstrain also confirmed
the above results.

Additionally, CGW software was used to compare the
whole genomes to the reference sequence (NC_063383.1)
for mutation analysis. This analysis identified mutations in
74-86 nucleotides and 28-41 amino acids. Interestingly, 80%

of these mutations were attributed to the APOBEC3 enzyme.
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Table 2. List of MPXV Genomes in GenBank
ID Collection Date Clade Lineage el ezl
number
MPXV-ROK-P1-2022 2022-06-22 IIb B.1.1 0P204857
MPXV-ROK-P002-2022 2022-09-02 IIb B.1.1 OR459775
MPXV-ROK-P003-2022 2022-11-15 IIb A2.1 OR459776
MPXV-ROK-P004-2022 2022-11-22 IIb A2.1 OR459777
MPXV-ROK-P005-2023 2023-03-13 IIb C.1 OR459778
MPXV-ROK-P006-2023 2023-04-06 IIb C1 OR459779
MPXV-ROK-P007-2023 2023-04-10 IIb C.1 OR459780
MPXV-ROK-P008-2023 2023-04-11 1Ib C1 OR459781
MPXV-ROK-P009-2023 2023-04-12 1Ib C.1 OR459782
MPXV-ROK-P010-2023 2023-04-13 Ib C.1 OR459783
MPXV-ROK-P011-2023 2023-04-14 IIb C.1 OR459784
MPXV-ROK-P012-2023 2023-04-15 IIb C.1 OR459785
MPXV-ROK-P013-2023 2023-04-15 1Ib C.1 OR459786
MPXV-ROK-P014-2023 2023-04-17 IIb C.1 OR459787
MPXV-ROK-P015-2023 2023-04-18 IIb C.1 OR459788
MPXV-ROK-P016-2023 2023-04-18 Ib C1 OR459789
MPXV-ROK-P017-2023 2023-04-18 IIb C.1 OR459790
MPXV-ROK-P018-2023 2023-04-18 IIb C.1 OR459791
MPXV-ROK-P019-2023 2023-04-19 IIb C.1 OR459792
MPXV-ROK-P020-2023 2023-04-19 IIb C.1 OR459793
MPXV-ROK-P021-2023 2023-04-21 IIb C.1 OR459794
MPXV-ROK-P022-2023 2023-04-21 1Ib C.1 OR459795
MPXV-ROK-P024-2023 2023-04-21 ITb C1 OR459796
MPXV-ROK-P026-2023 2023-04-22 Ib C1 OR459797
MPXV-ROK-P027-2023 2023-04-22 IIb C1 OR459798
MPXV-ROK-P028-2023 2023-04-22 IIb C.1 OR459799
MPXV-ROK-P029-2023 2023-04-23 IIb C.1 OR459800
MPXV-ROK-P030-2023 2023-04-23 1Ib C.1 OR459801
MPXV-ROK-P032-2023 2023-04-25 IIb C.1 OR459802
MPXV-ROK-P033-2023 2023-04-25 ITb C.1 OR459803
MPXV-ROK-P034-2023 2023-04-25 IIb C.1 OR459804
Clade=A group of organisms that evolved from a common ancestor. In the case of MPXV, the Congo-Basin virus from Central Africa region
is classified as Clade I, and viruses from the South Africa region form Clade II. Lineage=A group of viruses with genetically close relations
derived from a common ancestor. Further categorized into Clades, Subclades, and Lineages. In the case of MPXYV, identified as A.1, B.1, C.1, and
so forth; GenBank Accession Number=The accession number assigned by the public genomic database (GenBank); MPXV=monkeypox virus.

Importantly, no mutations were detected in the A38R and F3L Discussion
gene regions used for Mpox diagnosis by the KDCA, indicat-
ing no adverse effect on its diagnosis. This study successfully employed NGS and bioinformatic

analysis to unravel the whole-genome information of MPXV

in patient specimens collected from May 2022 to November
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2023 in the ROK. Hybridization capture sequencing signifi-
cantly enhanced the yield of MPXV reads.

Whole-genome sequencing revealed that MPXV intro-
duced from other countries in 2022 belonged to lineages B.1.1
and A.2.1, while those isolated within the ROK from May to
November 2023 belonged exclusively to lineage C.1. This sug-
gests the potential for lineage C.1 transmission from exter-
nal sources into local communities in the ROK. Furthermore,
the dominance of lineage C.1 not only in the ROK but also in
neighboring countries like Japan, China, and Taiwan, implies a
high likelihood of this lineage becoming the prevalent strain in
the ROK in the future.

These findings contribute significantly to genomic surveil-
lance efforts for MPXV in the ROK, and are expected to serve
as crucial data for future disease prevention and response strat-
egies. Notably, the implementation of hybridization capture
sequencing demonstrates an efficient approach for MPXV
analysis, with potential application for developing response
measures against a broader range of infectious diseases in the
future.

Furthermore, whole-genome sequencing offers a unique
ability to fill in missing pieces of epidemiological data. By ana-
lyzing genome similarities and mutation patterns, we can in-
directly identify potential missing links in transmission chains.
For example, comparing genomes from infected cases within
a specific region can help us to identify the likely origin of the
pathogens and trace potential routes of community transmis-
sion through shared genetic signatures.

However, this study has certain limitations. This study was
conducted with a relatively small number of patients and with-
in a limited timeframe. Additionally, it did not address several

potentially crucial aspects of MPXV mutations, including those
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related to vaccine or drug resistance in the ROK and abroad,
or those responsible for increased pathogenicity or infectivity
through recombination or mutation. Future research efforts
should prioritize these areas, including tracking drug-resistant
mutations, conducting local transmission cluster analysis with
a larger patient pool, and investigating pathogenicity and in-
fectivity changes linked to gene recombinations and muta-
tions. Moreover, broader international collaboration is vital for
a more comprehensive understanding of MPXV genomic di-
versity and mutation patterns. With the potential for renewed
global Mpox outbreaks in mind, such studies can have far-
reaching implications for rapid pathogen identification, vac-
cine and drug development, emergency response and preven-
tion strategies for new mutations, and ultimately, the formula-

tion of more effective control measures.
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QuickStats

Trends in the Prevalence Gap of Current Smoking between Cities
or Provinces, During 2014-2023

In 2023, the age-standardized prevalence of current smoking among individuals aged =19 years was the lowest in Sejong-
si (13.2%) and the highest in Gangwon-do (22.3%). The prevalence gap of current smoking between the highest and lowest
was 9.1%p, which increased from 6.8%p in 2022 to 9.1%p in 2023 (Figure 1).
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Figure 1. Trends in current smoking rate between cities or provinces, 2014—-2023
*Current smoking rate: Defined as the percentage of individuals (aged =19 years) who have smoked =5 packages (100 cigarettes) during their

lifetime and currently smokes “everyday” or “sometimes”.

Prevalence rates in Figure 1 were age-standardized using the 2005 projected population.

Source: Korea Community Health at a Glance 2023: Korea Community Health Survey (KCHS), https://chs.kdca.go.kr/

Reported by: Division of Chronic Disease Coordination, Bureau of Chronic Disease Prevention and Control, Korea Disease Control
and Prevention Agency
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