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COVID-19 Waves and Their Characteristics in the Seoul
Metropolitan Area (Jan 20, 2020-Aug 31, 2022)

Jin Ho Ha, Ji Yeon Lee, So Young Choi, Sook Kyung Park*

Capital Regional Center for Disease Control and Prevention, Korea Disease Control and Prevention Agency, Seoul, Korea

ABSTRACT

The SARS-CoV-2 virus, first identified in China in December 2019, spread rapidly. In January 2020, the World Health
Organization officially declared a Public Health Emergency of International Concern. Due to the highly transmittable
coronavirus disease 19 (COVID-19), each country has implemented various policy such as testing, quarantine contacts and
social distancing. In the Republic of Korea, there have also been a large number of cases and deaths due to COVID-19. From
January 20, 2020 to August 31, 2022, a total of 12,122,122 cases occurred in the capital region (52.3% of the national
outbreak). The largest number of cases occurred during the 5th wave when the omicron variant spread, and the severity rate
and mortality rate were the highest during 2nd wave. Until the 4th wave, the social distancing stage was applied differently
depending on the situation in cities, but from the 5th wave, when the number of cases surged nationwide, it was converted to
a critical patient-centered response system. Vaccines and therapeutics have been developed and has lifted recommendations
for non-drug quarantine measures, but the COVID-19 pandemic is not ended yet. Efforts to overcome COVID-19 should
be continued by looking back on the outbreak and response of COVID-19 and finding what has been done well and what to

complement.

Key words: COVID-19; Seoul metropolitan area; Social distancing
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Introduction

By the end of August 2022, approximately 600 million
confirmed cases of coronavirus disease 2019 (COVID-19) and
6.5 million deaths from COVID-19 have been recorded [1].
Multiple COVID-19 waves have occurred in the Republic of
Korea (ROK), resulting in approximately 23 million confirmed
cases and 27,000 deaths [2]. In particular, approximately 50%

of these cases and deaths occurred in the Seoul metropolitan

www.phwr.org Vol 16, No 5, 2023

area (SMA; Seoul, Incheon, Gyeonggi), a densely populated
area with more than 50% of the total population and com-
prises well-developed transportation systems and active inter-
regional exchanges.

A system to halt the import, transmission, and spread of
the virus and the establishment of health care measures to
treat patients are the most fundamental and critical factors
in COVID-19 response. In particular, stricter infection con-

trol measures have been enforced, and numerous health care
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Key messages
(D What is known previously?

Since the report of the index case of coronavirus disease
2019 (COVID-19) in Wuhan, Hubei Province, China
on December 31, 2019, a total of 598,017,739 con-
firmed cases and 6,464,619 deaths due to COVID-19
have been recorded worldwide (fatality rate: 1.08%) as of
August 2022. In the Republic of Korea (ROK), the first
case of COVID-19 was confirmed on January 20, 2020,
with a total of 23,246,051 confirmed cases and 27,209
deaths recorded during the same period (fatality rate:
0.12%).

@ What new information is presented?

In the Seoul metropolitan area (SMA), a total of
12,122,122 confirmed cases (46,581.8 per 100,000
population, in the ROK) were recorded at the end of
August 2022, which accounts for 52.3% of all confirmed
cases in the ROK. The fatality rate in the SMA is 0.11%,
which is similar to that of the entire country (0.12%).
By region, there have been 6,237,424 cases in Gyeonggi
(45,980 per 100,000 population), 4,554,462 cases in
Seoul (47,894 per 100,000 population), and 1,330,236
cases (45,118 per 100,000 population). The present re-
port highlights the trends of the COVID-19 waves and
subsequent infection control measures in the SMA.

(® What are implications?

Collating data on the characteristics of the COVID-19
waves in the SMA compared with the rest of the coun-
try—particularly the infection control measures imple-
mented in response to these waves—will provide use-
ful data for the development of more effective response
measures for future COVID-19 waves or outbreaks of
other infectious diseases.

resources have been directed to the SMA compared to other
non-metropolitan areas following a rapid spike in newly di-
agnosed patients due to concerns of a nationwide outbreak of
the virus. Therefore, in this report, we sought to analyze the

COVID-19 situations and characteristics of each wave in the

124

SMA and describe the infection control measures implement-
ed during each period.

As COVID-19 has had a significant impact on the health
care systems and economies of many countries worldwide, the
major characteristics of each wave must be identified and any
emerging issue must be resolved to proactively respond to fu-
ture public health crises. The details of trends (by region and
age), changes across waves, types of infection control measures
implemented depending on the type of wave, timing of these
measures, and any associated factors were examined to com-
prehensively review the situations and responses related to

COVID-109.

Methods

In this report, the characteristics of the domestic outbreak
and spread of COVID-19 in the SMA during each nation-
wide COVID-19 wave from January 20, 2020 (index case)
to August 31, 2022, were described based on the data in the
COVID-19 information management system.

Six waves were identified: Wave 1 - first imported case of
COVID-19 and occurrence of the wave in Daegu, Gyeongbuk,
and the SMA (January 20, 2020 to August 11, 2020); Wave 2
- rapid spread throughout the SMA, including mass outbreaks
in mass gatherings in central Seoul on August 15, 2020, and
mass outbreaks in religious organizations (August 12, 2020
to November 12, 2020); Wave 3 - nationwide spread of a new
variant of the virus (November 13, 2020 to July 6, 2021);
Wave 4 - spread of the Delta variant (July 7, 2021 to January
29, 2022); Wave 5 - explosive spike in confirmed cases nation-
wide due to the Omicron variant (January 30, 2022 to June

25,2022); and Wave 6 - continued emergence of new variants,
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including Omicron sub-variants (June 26, 2022 to August 31,

outbreaks. As a result, the local governments have promptly

2022). and flexibly adjusted and enforced infection control mea-
sures, such as social distancing, in response to the waves and
Results increased the available infection control resources. Below, the

From the detection of the first COVID-19 case in January
2020 to the end of August 2022, a total of 12,122,122 con-
firmed cases (46,581.8 per 100,000 population in the SMA)
have been recorded in the SMA, which accounts for 52.3%
of the total cases in the country. By wave, the confirmed cas-
es in the SMA accounted for 23.5% of the nationwide cases
during the first wave, which mainly occurred in Daegu and
Gyeongbuk. Since then, approximately 70% of the cases were
identified in the SMA until the fourth wave. Since the fifth
wave, in which the Omicron variant became the dominant
variant, the incidence of COVID-19 skyrocketed throughout
the country, with 50% of cases recorded in the SMA (Figure
1). As depicted, the SMA is vulnerable to infectious disease

outbreaks in the country and is heavily influenced by such

trends of each wave in the SMA and the subsequent imple-

mented measures are discussed.

1. First Wave (January 20, 2020 to August 11,
2020): Situations and Characteristics of the
Wave and Major Infection Control Measures in
the Seoul Metropolitan Area
During the first wave, a total of 2,844 cases (10.9 per

100,000 population) were confirmed in the SMA, accounting

for 23.5% of the total cases in the country (Table 1). By region,

the highest number of cases were recorded in Seoul (n=1,335;

14.0 per 100,000 population), followed by Gyeonggi

(n=1,201; 8.9 per 100,000 population) and Incheon (n=308;

10.4 per 100,000 population). The rate of severe infection

was highest in Seoul (n=67; 5.02%), while the fatality rate was

[ Nation [l Metropolitan area

First wave Second wave Third wave Fourth wave Fifth wave Sixth wave
(January 20, 2020— (August 12, 2020- (November 13, 2020- (July 7, 2021~ (January 30, 2022-  (June 26, 2022~
August 11, 2020) November 12, 2020) July 6, 2021) January 29, 2022) June 25, 2022) August 31, 2022)
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Figure 1. Daily confirmed cases of COVID-19 in Seoul metropolitan area by wave

www.phwr.org Vol 16, No 5, 2023

125


http://www.phwr.org

I Public Health Weekly Repo: ’\

Table 1. Epidemiological characteristics COVID-19 confirmed cases in Seoul metropolitan area by wave
Category 1st wave 2nd wave 3rd wave 4th wave 5th wave 6th wave
Confirmed cases 2,844(100.0) 9,166 (100.0) 88,698 (100.0) 455,137 (100.0) 9,144,856 (100.0) ~ 2,421,421 (100.0)
Daily average 139 99.6 3774 2,2094 62,636.0 36,688.2
confirmed cases (n)
Incidence rate 109 35.2 340.8 1,749.0 35,141.1 9304.8
(per 100,000)
Severe/critical case” (n) 124 432 2,405 6,786 5716 1,655
Case severe rate (%) 436 471 271 1.49 0.06 0.07
Death cases (n) 50 172 1,047 3,729 7.658 1,007
Case fatality rate (%) 1.76 1.88 1.18 0.82 0.08 0.04
Sex
Male 1,361 (479) 4,175 455) 447771 (505) 236,004 (51.9) 4,276,881 (46.8) 1,106,698 45.7)
Female 1483 (52.1) 4,991 (54.5) 43,927 (495) 219,133 (48.1) 4,867,975 (53.2) 1,314,723 (54.3)
Age group (yr)
0-18 1726.0) 763 8.3) 9,898 (11.2) 91,134 (20.0) 2,086,612 (22.8) 455,959 (18.8)
Incidence rate 43 19.1 2474 2,277.6 52,147.6 11,395.1
(per 100,000)
19-59 1,784 (62.7) 5,089 (55.5) 57,425 (647) 273,445 (60.1) 5,589,176 (61.1) 1,533,913 (63.3)
Incidence rate 11.0 315 3555 1,6929 34,6029 94965
(per 100,000)
60< 888(31.2) 3,314 (36.2) 21,375 (24.1) 90,558 (19.9) 1,469,068 (16.1) 431,549 (17.8)
Incidence rate 151 56.5 364.2 1,542.8 25,028.5 7352.3
(per 100,000)
Nationality
Korean 2,734(96.1) 8,956 (97.7) 83,474 (94.1) 415,662 (91.3) 8,906,908 (97.4) 2,359,368 (97.4)
Foreigner 110(3.9) 2102.3) 5,224 (59) 39475 8.7) 237,948 (2.6) 62,053 (2.6)
Unit: person (%). “Severe/critical case: patient receiving isolated treatment through high flow therapy, respirator, ECMO (extracorporeal
membrane oxygenation), and CRRT (continuous renal replacement therapy).

highest in Gyeonggi (n=32; 2.66%) (Supplementary Table 1).
The incidence rate per 100,000 population was the highest for
adults 60 years and older, with an incidence of 15.1 persons,
followed by ages 19-59 years (11.0 persons) and <18 years (4.3
persons) (Table 1).

During this period, mass outbreaks occurred in Daegu
and Gyeongbuk primarily via a specific religious organiza-
tion (Shincheonji Daegu Church). Most cases in the SMA
were due to mass outbreaks in a call center in Guro, Seoul, in
March 2020, an adult entertainment facilities in the SMA in

April 2020, and a logistic center in Gyeonggi in May. Multiple

126

sporadic occurrences of cases related to these mass outbreaks
were reported throughout the SMA.

In response to the surge of confirmed cases, the delivery
of messages stressing social distancing, including minimizing
contact with others, began on February 29, 2020. As the in-
fection spread, each city and province implemented additional
measures, such as administrative orders to ban mass gathering
in different facilities, mandatory screening, and stronger infec-
tion control measures [4,5]. On May 29, 2020, stricter infec-
tion control measures were implemented in the SMA, includ-

ing temporary closure of public facilities and recommendations
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Figure 2. Daily confirmed cases of COVID-19 and mainly control measure in Seoul metropolitan area, first wave

to temporary close publicly used facilities. Furthermore, start-
ing on June 28, 2020, the “social distancing” measures were
divided into stages 1-3 and implemented according to the
severity of the COVID-19 wave and level of infection control

measures nationwide (Figure 2, Table 2).

. Second Wave (August 12, 2020 to November
12, 2020): Situations and Characteristics of the
Wave and Major Infection Control Measures in
the Seoul Metropolitan Area
During the second wave, a total of 9,166 cases (35.2 per

100,000 population) were confirmed in the SMA, which was

3.2 times more than that in the first wave and accounted for

77.5% of the total cases in the country (Table 1). By region,

the highest number of cases was confirmed in Seoul (n=4,679;

49.2 per 100,000 population), followed by Gyeonggi

(n=3,839; 28.3 per 100,000 population) and Incheon (n=648;

22.0 per 100,000 population). The rate of severe infection was

highest in Incheon (6.33%), and the fatality rate was highest

in Gyeonggi (2.24%) (Supplementary Table 2). The incidence

www.phwr.org Vol 16, No 5, 2023

rate per 100,000 population was the highest for adults aged
60 years and older (50.5 persons), followed by that for adults
aged 19-59 years (31.5 persons) and individuals <18 years
(19.1 persons). The percentage of adult patients aged 60 years
and older increased from 31.2% in the first wave to 36.2% in
the second wave. Owing to the increased number of older adult
patients, the severe infection rate (4.36%—4.71%) and fatality
rate (1.76%—1.88%) increased compared to those recorded in
the first wave (Table 1).

During this period, most cases of COVID-19 in the ROK
occurred in the SMA. Mass outbreaks occurred throughout the
area owing to a mass gathering in August 2020, smaller-scale
outbreaks through churches, door-to-door sales, traditional
markets, and schools.

In response to the continued spread primarily through-
out the SMA, stricter infection control measures were imple-
mented in this area. The level of social distancing was increased
to level 2 in Seoul and Gyeonggi from August 16, 2020, and
Incheon from August 19, 2020, and the emergency response

team was activated in the SMA (from August 17, 2020). From
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Table 2. Key contents of social distancing in Seoul metropolitan area by wave

Period Step Date Main contents
Ist wave Social distancing  February 29, 2020— * Recommendations such as refraining from going out, minimizing
March 21, 2020 contact with others, etc.

* Close daycare center (Feb 27, 2020) and social welfare facilities (Feb
28, 2020), etc.

Enhanced social ~ March 22, 2020~ * Postponing or canceling non-essential outings or gatherings, returning
distancing (Ist) ~ April 5, 2020 home immediately after work, etc.
* Suspend operating religious, sports, and entertainment facilities for 15
days, etc.
Enhanced social  April 6, 2020~ * Additional measures
distancing (2nd)  April 19, 2020 - Strengthening infectious disease prevention and control of nursing/

psychiatric hospitals and church (self-inspection by designation of a
person in charge of quarantine, etc.)

Mitigated social ~ April 20, 2020- * Some relaxation of existing measures
distancing May 5, 2020 - Recommend to resume operating outdoor facilities, Suspend
operating high-risk facilities — Recommendation to refrain from
operating
Distancing in daily May 6, 2020- * Transition of social distancing in daily life
life - Daily life is permitted in compliance with quarantine guidelines

* Implement enhanced social distancing in metropolitan area (May 29,
2020-June 14, 2020)
- Recommend to refrain from operating entertainment bar, karaoke,
private institute, Suspend operating public facilities, etc.

Social distancing  June 28, 2020— * Unification of names through social distancing, divided into three
level 1 (1/3) levels
- Maintaining the ‘distancing in daily life’ stage for metropolitan area
2nd wave Social distancing ~ August 16, 2020~ * Seoul and Gyeonggi province upgraded to the level 2
level 2 (2/3) - Mandatory infectious disease prevention and control measures

(restrict the number of users, movement within facilities, etc.),
refrain from moving to other cities and provinces
* Apply the “Level 2 to the entire metropolitan area and additional
action
- Prohibit gathering more than 50 people indoors/100 people
outdoors, Only non-face-to-face worship allowed, etc.

Enhanced social ~ August 30, 2020~ * Only take-out and delivery allowed from 21-05:00 at restaurants and
distancing level 2 September 13, 2020  cafes
(2/3) * Indoor sports facilities, reading rooms, and study cafes are prohibited,
etc.
* Only non-face-to-face classes are allowed at private institutes, Ban
visiting to nursing hospitals and facilities, etc.

Social distancing ~ September 14, 2020— + Maintain the “Level 2" (mitigating some control measures)
level 2 (2/3) October 11, 2020 - Restaurants, cafes are allowed to operate after 9 o'clock, etc.
- Lift of the ban on gatherings at indoor sports facilities, etc. (apply
distancing rules between users, etc.)

Social distancing ~ October 12, 2020—  + Adjust the social distancing level 1 (partial maintained)

level 1 (1/3) November 6, 2020
Social distancing  November 7, 2020~  * Apply reformed social distancing level 1 (1/1.5/2/2.5/3, total 5 stages
level 1 (1/5) November 18, 2020  in total)

- Apply mandatory control rules for the events gathering of 500 or
more people and 23 types of intensive and general management
facilities, etc.
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Table 2. Continued

Period Step

Date Main contents

3rd wave Social distancing

level 1.5 (2/5)

Social distancing
level 2 (3/5)

Social distancing

level 2.5 (4/5)

Social distancing

level 2 (3/5)

4th wave Social distancing

level 4 (4/4)

Step-by-step daily
recovery

Enhanced social
distancing

5th wave The lifting of
social distancing
6th wave

November 19, 2020— + Applied to Seoul and Gyeonggi province (Incheon will be applied from
the 23rd)
- Add restriction on the number of users in major facilities and
prohibition of eating and drinking, etc.
November 24, 2020— * Prohibit gatherings entertainment facilities and expand restrictions on
December 7, 2020 the number of users in general facilities, etc.
December 8, 2020—  « Cessation of operating movie theaters and department stores after
February 14, 2021 21:00, application of non-face-to-face principles such as worship
services, etc.
* Strengthen the quarantine measures during the New Year holidays,
prohibit gathering of 5 or more people (Dec 24, 2021)
February 15, 2021-  * Downgraded and maintained on level 2
July 11, 2021 * Announce strengthen control measures in the metropolitan area (Jul 4,
2021) and implementation of additional measures (Jul 7, 2021)
- Reinforcement of diagnostic tests (install additional screening
centers), Strengthen preemptive tests for high-risk groups, etc.
July 12, 2021~ * Apply reformed criteria (level 4)
October 31, 2021 - Allow private gatherings up to four people (until 18, after that, only
2 people are allowed)
- Prohibit events and gatherings, gatherings at entertainment facilities,
operate public facilities until 10 p.m.
November 1, 2021=  « Transition to step-by-step daily recovery
* Strength measures for medical response in the metropolitan area (Nov
5, 2021)
- Secure the number of hospital beds, reinforce control at high risk
facilities, etc.
December 18, 2021— * (Restrictions on private gatherings) 4 people — 6 people (Jan 17,
April 17, 2022 2022) — 8 people (Mar 21, 2022) — 10 people (Apr 4, 2022)
* (Operating time limit) Limited to 9 p.m. or 10 p.m. — 10 p.m. (Feb
19, 2022) — 11 p.m. (Mar 5, 2022) — 0 a.m. (Apr 4, 2022)
April 18, 2022~ * The lifting of social distancing

August 30, 2020, stricter infection control measures were en- 3. Third Wave (November 13, 2020 to July 6,

forced, including a ban on gathering after 21:00 in restaurants 2021): Situations and Characteristics of the
and cafe in the SMA. Further, during the special infection con- Wave and Major Infection Control Measures in
trol period during Chuseok (September 28, 2020 to October the Seoul Metropolitan Area

11, 2020), gathering was prohibited in 11 types of high-risk During the third wave, a total of 88,698 cases (340.8 per
facilities in the SMA (Figure 3, Table 2). 100,000 population) were confirmed in the SMA, which was

www.phwr.org Vol 16, No 5, 2023

9.7 times more than that confirmed in the second wave and

accounted for 69.6% of the total cases in the country (Table 1).

129


http://www.phwr.org

I Public Health Weekly Rsum:'\

Large scale assembly of religious groups

500 - .
at Gwanghwamun square in Seoul [ seoul [ Incheon  [E Gyeonggi
Outbreak of church in Namdong-gu, Incheon
Raise the social distancing to level 2 in Seoul, Gyeonggi province (August 16, 2020) & Incheon city (August 19, 2020)
. 400 (Allow only non-face-to-face worship and prohibit gathering more than 50 people indoors/100 people outdoors, etc.)
c
1] “ ” N
2 Apply “Endanced” social distancing measure level 2 in the Seoul metropolitan area
S (ban gatherings on publicly used facilities after 9 pm, August 30, 2020)
3 300 Apply downgraded social distancing measure from
£ v “Endanced” level 2 to level 2 (September 14, 2020)
=
5 Enhance social distancing during Chuseok period
2 200 - (maintenance of administrative order to van gatherings on high risk facilities
E (11 species), September 28, 2020 - October 11, 2020)
8
£
2
100 H
0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
M L N~ O T M WL N OO T N T © O O N T O 0 O N T W 0O O N T W O O N T O 0O N T O O O MWL~ O T
T T T s g9 d2F5FIFgoeo ST T SN INAOSSSsoT s s f8NILgIdO == ===
VDD DLDDD DRSS S22 P2 III PP I AII T T T TS SS S SS9 S S S S S 5T oo
S 000 2 8 0 90 0 2 VAN 8 8 98 O 9O 8 9 90 S 9o S 98 S o T T T T T T T T Q9 9 9 9.3
NNNNNNNNNNOOOONNNNNNNNNNNNNNNOOOOOOOOOOONNNNNN
ODOOOOOOOONNNNOOOOOOOOOOOOOOONNNNNNNNNNNOOOOOO
N & 0 & N 8 & 8§ N 1SS RS VA VAN S SR SR A S S SN SRR SR N i = B = i = i = i = B = IR = B = B = I = T = TS S UK I S A
§ 8§ 8§ 8 8 8 QN
A

Acting pan-governmental emergency response team
for metropolitan area (August 17, 2020)

Confirmed date (daily,

Mandatory wear of mask nationwide (October 13, 2020)

Figure 3. Daily confirmed cases of COVID-19 and mainly control measure in Seoul metropolitan area, second wave

By region, Seoul had the highest number of cases (n=44,642;
469.4 per 100,000 population), followed by Gyeonggi
(n=38,449; 283.4 per 100,000 population) and Incheon
(n=5,607; 190.2 per 100,000 population) (Supplementary
Table 3). The incidence rate per 100,000 population was the
highest for adults 60 years and older, followed by adults 19-59
years and individuals <18 years; however, the percentage of
adult patients aged 60 years and older declined from 36.2%
in the second wave to 24.1% in the second wave. As a result,
the rate of severe infection (4.71%—2.71%) and fatality rate
(1.88%—1.18%) decreased compared to those recorded in the
second wave. The percentage of foreigners with COVID-19 in-
creased to 6% (Table 1).

One prominent feature of this period was the continued
emergence of major variants (Alpha in December 2020, Beta
and Gamma in January 2021, Delta in April 2021) and their
spread throughout the country. Numerous cases were in-
creased confirmed in environments closely linked to people’s
daily lives, such as long-term care facilities and health care

facilities, sports and leisure facilities, workplace, and social
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gathering events with family and friends. Starting with a case
confirmed on November 26, 2020 in the Seoul Dongbu
Detention Center, the number of newly diagnosed cases sky-
rocketed to approximately 1,200 until the end of January
2021. Moreover, hundreds of cases were reported in areas
with a high concentration of foreign workers in the Gyeonggi
province.

In response to the surging COVID-19 cases in the SMA,
the level of social distancing was first increased to 1.5 (from
November 19, 2020) in Seoul and Gyeonggi and then to
2 throughout the SMA (from November 24, 2020). On
December 8, 2020, the level of social distancing was increased
to 2.5 throughout the entire SMA, and was maintained until
February 2021 (Lowered to level 2 in SMA in February 2021).
The COVID-19 vaccine rollout began on February 26, 2021,
first with high-risk workers and residents of vulnerable facili-
ties. A special infection control period was then established in
the SMA (from March 15, 2020). During this period, admin-
istrative orders to carry out intensive inspections for violation

of infection control measures and mandatory screening test for
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foreign workers were enforced. Foreign workers were not sub-
jected to the infection control measures because many share
work and living spaces. Thus, the Ministry of Employment and
Labor launched a “Special inspection of infection control status
in workplaces hiring foreign workers” (from March 4, 2021).
An administrative order to mandate diagnostic testing of
symptomatic individuals per physician and pharmacist recom-
mendation was implemented in the SMA (Incheon, from April
14, 2021; Seoul and Gyeonggi, from April 15, 2021) (Figure 4,
Table 2).

4. Fourth Wave (July 7, 2021 to January 29,
2022): Situations and Characteristics of the
Wave and Major Infection Control Measures in
the Seoul Metropolitan Area
During the fourth wave, a total of 455,137 cases (1,749.0

per 100,000 population) were confirmed in the SMA, which

was 5 times more than that confirmed in the third wave and
accounted for 71.7% of the total cases in the country (Table

1). By region, the highest number of cases was confirmed in

1,200 Outbreak of dance academy/convalescent hospital in Gangseo-gu, Seoul

Outbreak of Seoul Dong-bu detention center
(November 26, 2020-January 30, 2021)
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o Jongro-gu, Seoul Ban private gatherings (over 5
9 persons) in Seoul metropolitan
S area (December 23, 2020)
- 800
o}
£
=
c
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I}
fe)
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z v
400

Raise the social distancing to level 1.5 in Seoul metropolitan area
(November 19, 2020), raise the social distancing to level 2 in Seoul
metropolitan area (November 24, 2020)

Outbreak of foreign workers in plastic fatory,
Namyangju city, Gyeonggi

Outbreak of foreign workers in Dongducheon sity, Gyeonggi

Outbreak of livestock joint market in Anseong city, Gyeonggi

Confirmed

Seoul (n=213,785; 2,248.1 per 100,000 population), followed
by Gyeonggi (n=199,981; 1,474.2 per 100,000 population)
and Incheon (n=41,371; 1,403.2 per 100,000 population)
(Supplementary Table 4). The incidence rate per 100,000 pop-
ulation was the highest for individuals <18 years, followed by
adults 19-59 years and adults 60 years and older. As the per-
centage of patients aged 59 years or younger increased to ap-
proximately 80%, the rate of severe infection (2.71%—1.49%)
and fatality rate (1.18%—0.82%) decreased compared to those
in the third wave (Table 1). The percentage of foreigners with
COVID-19, which first arose as a problem in the second wave,
increased to 8.7%. In fact, the incidence of COVID-19 among
foreign workers was high (11.5%) in Gyeonggi, which has
many small-sized manufacturers that employ a high percent-
age of foreign workers (Supplementary Table 4).

During this period, the transmission of the Delta variant
was extensive, and smaller outbreaks or infection transmissions
via individual contact increased in addition to mass outbreaks
in the SMA. Infections primarily occurred in facilities mainly

used by school-aged children, such as private institutes, study

[ Seoul [ Incheon [ Gyeonggi
Outbreak of traditional market in Songpa-gu, Seoul
Outbreak of resarurant in Mapo-gu,

Seoul and English academy in
Seongnam city, Gyeonggi

Enhance infection disease prevention and control
in metropolitan area (with foreign workers” work facilities,
March 15, 2021)

2021/7/4

date (daily)

—

Mandatory administrative order for diagnostic tests when recommended by
doctor or pharmacists for symptomatic patients in the metropolitan area
(April 14, 2021)

Figure 4. Daily confirmed cases of COVID-19 and mainly control measure in Seoul metropolitan area, third wave
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facilities, and schools; publicly used facilities, such as karaoke
rooms; and facilities enabling frequent contact, such as tradi-
tional markets in Seoul and Gyeonggi. A mass outbreak also
occurred on the US military base in Pyeongtaek, Gyeonggi.
At the end of January 2022, the Omicron variant became the
dominant variant (detection rate: 72%), and the infection
spread further, with the reproduction number exceeding 1.

In response to the increased spread among the younger
generations, stricter infection control measures were imple-
mented in the SMA, including more diagnostic testing for peo-
ple in their 20s and 30s and screening test for high-risk groups
(from July 7, 2021). Some local governments launched a cam-
paign promoting at least one testing per household. From
July 12, 2021, the level of social distancing was increased to
4, with private gatherings limited to four people until 18:00
and two people after 18:00, and a ban on public events, mass
gatherings, and gatherings in adult entertainment facilities. In
response to the increased number of cases, including among
foreign workers, joint measures for infection control for for-

eign workers (August 29, 2021) were devised. On November

Administrative order for preemptive diagnostic test of

1, 2021, a transition to normalcy was attempted; however, be-
cause of another surge in COVID-19 cases, an administrative
order was issued on November 5, 2021, to secure COVID-19
beds in health care facilities in the SMA. Thereafter, at-home
treatment was established as the basic treatment plan for
COVID-19 (from November 26, 2021). Stricter social distanc-
ing measures were then enforced, including limits on private
gatherings and operations of publicly used facilities (December
18, 2021) (Table 2). As the Omicron variant began to spread
more extensively, the testing system was restructured (PCR
test prioritized for high-risk groups, self-test kits for all other
groups) in preparation for a surge of patients in areas with the
Omicron variant as the dominant variant, namely Pyeongtaek,
Anseong, Gwangju, and Jeonnam (from January 26, 2022).
Furthermore, the mandatory quarantine for patients treated
at home was shortened from 10 days to 7 days (3 days of vol-
untary quarantine added for unvaccinated individuals) (from

January 26, 2022) (Figure 5).

16,000 4 construction site workers in Seoul (September 30, 2021) [ seoul [ Incheon [ Gyeonggi
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Figure 5. Daily confirmed cases of COVID-19 and mainly control measure in Seoul metropolitan area, fourth wave
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5. Fifth Wave (January 30, 2022 to June 25,
2022): Situations and Characteristics of the
Wave and Major Infection Control Measures in
the Seoul Metropolitan Area
During the fifth wave, a total of 9,144,856 cases (35,141.1

per 100,000 population) were confirmed in the SMA, which

was the highest of all the waves and accounted for 52.3% of the
total cases in the country. The total case number was 20 times
higher than that of the fourth wave and 3,200 times higher
than that of the first wave (Table 1). By region, the highest
number of cases was confirmed in Gyeonggi (n=4,727,109;

34,846.7 per 100,000 population), followed by Seoul

(n=3,386,678; 35,613.8 per 100,000 population) and

Incheon (n=1,031,069; 34,970.8 per 100,000 population)

(Supplementary Table 5). The incidence rate per 100,000 pop-

ulation was the highest for individuals <18 years, followed by

adults 19-59 years and adults aged 60 years and older. Similar
to the fourth wave, the highest incidence was among school-
aged individuals. In fact, the percentage of patients younger
than 60 years gradually increased, accounting for 84% of the
total cases. Owing to the characteristics of the virus, vaccine,
and therapeutic agents, the rate of severe infection and fatality
rate were markedly low compared to those of previous waves

(severe infection rate 0.06%, fatality rate 0.08%). The percent-

age of foreigners with COVID-19 decreased to 2.6% compared

to that recorded in the fourth wave (Table 1).

During this period, the Omicron variant spread quickly
and resulted in a substantial increase in the number of infected
patients nationwide. However, as the severe infection rate and
fatality rate were lower than those associated with the previous
dominant variant, Delta, response measures for the Omicron

wave were focused on the prescription of drugs to prevent

www.phwr.org Vol 16, No 5, 2023

severe infections and death in high-risk groups and enhance-
ment of medical response capacities.

To more efficiently respond to the rapidly increasing num-
ber of COVID-19 cases, patients with COVID-19 were sub-
jected to a mandatory quarantine of 7 days, regardless of their
vaccination status. Mandatory quarantine for contacts was ap-
plied only to unvaccinated individuals who live with the patient
or close contacts in vulnerable facilities. Anti-COVID-19 pass
was suspended for all facilities (from March 1, 2022), and pos-
itive results on approved rapid antigen tests began to be accept-
ed as the basis of COVID-19 diagnosis (March 14, 2022). Any
remaining social distancing measures were lifted as the wave
subsided at the end of March (from April 18, 2022). Dining in
publicly used facilities has been allowed since April 25, 2022,
and mandatory use of face mask outdoors was lifted on May 2,
2022 (mandatory mask for gatherings of 50 people or more)
(Figure 6).

6. Sixth Wave (June 26, 2022 to August 31,
2022): Statistics and Characteristics of the
Wave and Major Infection Control Measures in
the Seoul Metropolitan Area
During the sixth wave, a total of 2,421,421 cases (9,304.8

per 100,000 population) were confirmed in the SMA, which

was the second highest of all the waves and accounted for

49.4% of the total cases in the country (Table 1). Although

the number of confirmed cases increased continuously from

the first to the fifth wave, the number of patients in the sixth
wave was 3.7 times lower than that during the fifth wave, and
the cases in SMA accounted for less than 50% of the total cas-
es in the country. By region, Gyeonggi had the highest num-
ber of cases (n=1,266,845; 9,338.8 per 100,000 population),
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Figure 6. Daily confirmed cases of COVID-19 and mainly control measure in Seoul metropolitan area, fifth wave

followed by Seoul (n=903,343; 9,499.4 per 100,000 popula-
tion) and Incheon (n=251,233; 8,521.1 per 100,000 popula-
tion). The incidence rate per 100,000 population was still the
highest in Seoul, similar to during the fifth wave. The rate of se-
vere infection and fatality rate were similar across the cities and
provinces (Supplementary Table 6). By age, the incidence per
100,000 population was the highest for individuals <18 years,
followed by adults 19-59 years and adults 60 years and older,
with a high incidence still observed among school-aged indi-
viduals. The rate of severe infection slightly increased from that
in the fifth wave (0.06%—0.07%); however, the fatality rate
decreased (0.08% in fifth—0.04% in sixth, Table 1).

By the end of June, the reproduction number reached 1,
and the number of confirmed cases began to increase again.
The infection control authorities restructured the medical re-
sponse system by establishing an estimated 10,000 one-stop
examination facility that can perform tests, provide in-person
care, and prescribe medications (July 1, 2022). In particular,
the authorities announced the enforcement of voluntary, as
opposed to mandatory, social distancing measures (July 13,

2022). Measures were also taken in anticipation for an increase
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in confirmed cases, including the implementation of intensive
infection control measures at businesses hiring foreign workers
and construction sites (Establishment of an on-site inspection
team and intensive infection control inspection by the Ministry
of Employment and Labor from July 6 to 29, 2022) and ex-
pansion of testing centers in the SMA, in which COVID-19
cases are concentrated (July 20, 2022). The at-home treatment
system was also restructured by discontinuing the separation
of intensive/general management for patients under home care
and instructing patients who develop symptoms to immedi-
ately seek in-person medical care (August 1, 2022) (Figure 7).
PCR testing for military conscripts was resumed to prevent
mass outbreaks within training camps (from August 12, 2022)
[6].

Conclusion

During the COVID-19 waves, measures, such as social dis-
tancing and restrictions on the size of gatherings, were imple-
mented to reduce opportunities for the potential spread of in-

fections. Population density can serve as an indicator of these
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interactions [7]. The SMA is a densely populated region with
more than half of the total Korean population. Accordingly,
this area features more frequent interactions among people
than other regions and may be more heavily affected by an out-
break of a highly transmissible infectious disease.

As revealed in this report, the six COVID-19 waves in
the ROK mainly occurred in the SMA, except for the first

wave (Figure 1, Figure 8). Since the first wave in Daegu and

www.phwr.org Vol 16, No 5, 2023

Gyeongbuk, more than 70% of all COVID-19 cases in the
country were concentrated in the SMA from the second to
fourth waves. Although mass outbreaks were the triggers for
the spread of the infection in the early stages, infections spread
from facilities closely linked to people’s daily lives, and through
smaller outbreaks and person-to-person contact. In response,
the infection control authorities prohibited gatherings in dif-

ferent facilities, mandated screening tests, and implemented
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stricter infection control measures. In response to the spread
of the infection throughout the SMA, stricter social distancing
measures were implemented, along with special infection con-
trol periods designated for the SMA. From the fifth wave and
onward, the Omicron variant served as the dominant variant,
and the COVID-19 cases surged again nationwide regardless
of region and route of infection. In response to this wave, more
proactive and aggressive measures were implemented, such as
concentrating the health care resources to high-risk groups in
the SMA and encouraging people to participate in voluntary
infection control measures.

Although the contents of this report do not suffice as evi-
dence of the effectiveness of infection control measures, the
measures were demonstrated to effectively prevent mass spread
of the virus [8,9]. In-depth studies on the effects of pharma-
cological and non-pharmacological interventions will be nec-
essary to facilitate COVID-19 responses, prepare for other
pandemics, and determine the direction of the government's

policies.
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Source Case Investigation Results for Children Under the Age of
5 Years with Tuberculosis in the Republic of Korea, 2016-2021

Jieun Kim, Yunhyung Kwon*
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Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Children with tuberculosis (TB) are highly likely to be infected by recent contact with a contagious patient with TB. When
a patient with TB under the age of 5 is reported, an investigation is conducted to find the TB source. From 2016 to 2021,
reports of patients with TB under the age of 5 reported according to the notice of diagnostic criteria for infectious diseases,
case reports, and source case investigation results were retrospectively analyzed. A total of 88 patients with TB under the age of
5 were reported between 2016 and 2021. Of these, 25 (28.4%) were infected through household contacts. Twenty-six (29.5%)
cases were infected with Mycobacterium bovis Bacillus Calmette-Guérin (BCG), a vaccine strain with BCG, after vaccination,
and the source of the infection was not identified in 37 (42.0%) cases. Chest X-rays were performed on 107 household contacts
of children with TB and 492 contacts in congregate settings such as daycare centers and kindergartens to find the source of
infection of 37 pediatric patients with TB of unknown source; however, the source cases were not found. If a young child is
diagnosed with TB, the possibility of recent exposure should be suspected, and finding the source is crucial to prevent further
transmission in the community. M. bovis BCG infection is an adverse reaction caused by BCG vaccination; therefore, it is
necessary to confirm these cases through genotype testing and exclude these from TB reporting to accurately understand the

status of patients with TB under the age of 5.

Key words: Children; Tuberculosis; Source case investigation; Mycobacterium bovis Bacille Calmette Guerin (BCG)
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Introduction

Tuberculosis is an airborne, infectious disease of the re-
spiratory tract caused by the Mycobacterium tuberculosis (M.
tuberculosis) complex released by contagious tuberculosis pa-
tients through coughing or sneezing. Only a small percent-

age of individuals infected with the M. tuberculosis complex

144

develop tuberculosis. The bacterium continues to proliferate in
some infected individuals and may eventually cause primary
tuberculosis. In most cases, the bacterium is suppressed by the
immune system, resulting in latent tuberculosis infection, while
the suppressed bacterium proliferates and causes tuberculosis
when the immune system of the host is weakened [1]. In 2021,

there were 18,335 new tuberculosis patients in the Republic
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Key messages
(D What is known previously?

Children with tuberculosis (TB) are highly likely to be
infected by recent contact with a contagious patient with
TB. If a young child is diagnosed with TB, it is essential
to find the source case to prevent further transmission in
the community.

(@ What new information is presented?

A total of 88 patients with TB under the age of 5 were
reported between 2016 and 2021. Of these, 25 (28.4%)
were infected through household contacts. Twenty-six
(29.5%) cases were infected with Mycobacterium bovis
Bacillus Calmette-Guérin (BCG), a vaccine strain with
BCG, after vaccination, and the source of the infection
was not found in 37 (42.0%) cases.

® What are implications?

It is vital to strengthen the investigation for identifying
source cases of patients under the age of 5. M. bovis BCG
infection is an adverse reaction caused by BCG vacci-
nation; therefore, it is necessary to confirm these cases
through genotype testing and exclude these from TB re-
porting to accurately understand the status of patients
with TB under the age of 5.

of Korea (ROK) (35.7 per 100,000). From 2011 to 2021,
the number of new tuberculosis patients decreased by 53.6%,
and those under the age of 5 also decreased by 93.2% (from
59 in 2011 to 4 in 2021, or 0.3 per 100,000) [2]. Unlike tu-
berculosis in adults, which is caused by reinfection or reactiva-
tion of latent tuberculosis infection, tuberculosis in children
is mostly caused by primary infection. Most children are in-
fected through recent contact with contagious tuberculosis
patients. In particular, tuberculosis patients under the age of 5
must undergo a source case investigation to identify the source

of transmission and minimize additional exposure [1,3,4].

www.phwr.org Vol 16, No 5, 2023

Source case investigation is an important means to prevent ad-
ditional transmission of tuberculosis within local communities.
In 2016, the Korea Disease Control and Prevention Agency
established a tuberculosis patient management system for chil-
dren under the age of 5 years, and since then, public health
centers have been conducting source case investigations. This
study reports the results of source case investigations to iden-
tify sources of tuberculosis infection in patients under the age
of 5 years. The findings of this study are intended to serve as a
basis for establishing strategies to reduce the number of tuber-
culosis cases under the age of 5 and suggesting policy improve-

ments for patient monitoring.

Methods

Reporting forms and case reports of patients under the age
of 5 years (60 months) who were diagnosed with tuberculo-
sis by a physician and whose cases were reported to the Korea
National Tuberculosis Surveillance System in accordance with
Case Definitions for National Notifiable Infectious Diseases
between January 2016 and December 31, 2021, were collect-
ed. Secondly, the data of the patients were retrospectively ana-
lyzed. The age of patients at the time of reporting was used and
analyzed in months. The results of source case investigations
in tuberculosis patients under the age of 5 years and house-
hold contact investigations, which were entered into the Korea
National Tuberculosis Surveillance System, were analyzed. In
accordance with the national tuberculosis contact investiga-
tion guidelines, tuberculosis patients under the age of 5 years
whose cases were reported underwent chest X-rays to confirm
tuberculosis infection. The subjects of household contact in-

vestigation were family members and cohabitants who lived in
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the same residence or were in regular contact from 3 months
before the start of treatment to 2 weeks after the start of treat-
ment, including postpartum caretakers and babysitters. If no
tuberculosis patient was observed among household contacts,
any adults who were likely to have had close contacts in con-
gregate settings, such as daycare centers and kindergartens,
including daycare teachers, school bus drivers, and school caf-
eteria staff, underwent chest X-rays to identify potential tuber-
culosis patients. Microsoft Office Excel 2013 (Microsoft) was
used to conduct descriptive statistical analysis of clinical and

epidemiological information about patients.

Results

1. Status of Tuberculosis Patients Under the Age

of 6 Years

A total of 91 tuberculosis patients under the age of 5
were reported between 2016 and 2021. Of the 91 patients,
three were confirmed as non-tuberculosis cases and exclud-
ed. Therefore, a total of 88 patients were included in the fi-
nal analysis. The median age of the patients was 24.5 months.
Approximately half of the patients, at 48.9%, were <24 months
old, and similarly, 51.1% of the patients (n=45) were boys. Of
the 88 patients, 31 (35.2%) and 57 (64.8%) had pulmonary
tuberculosis and extrapulmonary tuberculosis, respectively.
The most common extrapulmonary tuberculosis sites were
the spine, joint, and bone joint in 22 patients (25.0%), and
15 (17.0%) had lymph node tuberculosis. Of the 76 patients
(86.4%) who received the BCG" (Bacillus Calmette-Guérin)
vaccine, 39 (51.3%) were percutaneously vaccinated. Of the

eight patients who did not receive the BCG vaccine, four were

diagnosed with congenital tuberculosis, and three were born
in other countries that do not administer the BCG vaccine. All
four patients who were not vaccinated with BCG were foreign-
ers, and of these, two patients were vaccinated without knowl-
edge of the vaccine type, while the other two patients had un-

known vaccination histories (Table 1).

2. Source Case and Presumed Infection Source
in Tuberculosis Patients Under the Age of 5
Years
Of the 88 tuberculosis patients under the age of 5 years re-

ported between 2016 and 2021, 25 patients had confirmed

source cases, all of which were family members, and 26 pa-
tients (29.5%) were infected after vaccination with the vac-

cine strain Mycobacterium bovis BCG. In 37 patients (42.0%),

the infection source could not be identified. Of the 25 patients

whose source cases were family members, 10 (40.0%) had tu-
berculosis onset at <12 months of age. Of the 26 patients in-
fected with M. bovis BCG, 20 (76.9%) were diagnosed at <24

months of age (Table 2).

1) Family members

Of the 25 patients with family members as the source cases,
21 (84.0%) were diagnosed with pulmonary tuberculosis. Of
these, four patients, who were diagnosed with pulmonary tu-
berculosis with their mothers during the neonatal period, had
congenital pulmonary tuberculosis. Of the 19 patients who
underwent a sputum or gastric lavage fluid culture test, nine
(47.4%) tested positive, and the drug sensitivity test showed no
cases of multidrug-resistant tuberculosis. A total of 22 patients

(88.0%) were diagnosed with tuberculosis through household

1) BCG was originally developed from Mycobacterium bovis, which isolated in cattle. While toxicity has been weakened, it is still live. In the Republic
of Korea, it is vaccinated within 4 weeks of birth. The vaccine strain, M. bovis BCG, is resistant to pyrazinamide and cycloserine.
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Table 1. Tuberculosis (TB) cases under the age of 5 years, 2016-2021
Classification Total 2016 2017 2018 2019 2020 2021
Total 88 (100.0)  15(100.0) 16 (100.0) 26 (100.0) 18 (100.0) 9 (100.0) 4 (100.0)
Age
0-11 month of age 23 (26.1) 5(33.3) 4(25.0) 3 (11.5) 5(27.8) 5 (55.6) 1(25.0)
12-23 month of age 20 (22.7) 2(13.3) 3 (18.8) 6(23.1) 6(33.3) 1(11.D) 2 (50.0)
24-35 month of age 13 (14.8) 3 (20.0) 4(25.0) 2(7.7) 4(22.2) - -
36-47 month of age 17 (19.3) 3 (20.0) 3(18.8) 7 (26.9) 1(5.6) 2(22.2) 1(25.0)
48-59 month of age 15 (17.0) 2(13.3) 2(12.5) 8 (30.8) 2(11.1) 1(11.1) -
Sex
Male 45 (51.1) 8 (53.3) 8(50.0) 12 (46.2) 10 (55.6) 4 (44.4) 3 (75.0)
Female 43 (48.9) 7 (46.7) 8(50.0) 14 (53.8) 8 (44.4) 5 (55.6) 1(25.0)
Ethnicity
Korean 80(90.9)  14(93.3)  15(93.8) 23(885)  18(100.0)  6(66.7) 4 (100.0)
Non-Korean®’ 8(9.1) 1(6.7) 1(6.2) 3(11.5) - 3(33.3) -
Type of TB
PTB 31(35.2) 10 (66.7) 6 (37.5) 6(23.1) 3(16.7) 6 (66.7) -
EPTB 57 (64.8) 5(333) 10625  20(76.9  15(83.3) 3(33.3) 4 (100.0)
BCG vaccination
Unvaccinated 8(9.1) 16.7) 3(18.8) 1(3.9) 1(5.6) 2(22.2) -
Vaccinated
Percutaneous 39 (44.3) 5(33.3) 5(31.3) 13 (50.0) 10 (55.6) 3(33.3) 3 (75.0)
Intradermal 37 (42.0) 8(53.3) 7 (43.8) 11 (42.3) 7 (38.9) 3(33.3) 1(25.0)
Unclear 2(2.3) 16.7) - - - 1(11.1) -
Unknown 2(2.3) - 16.3) 1(3.8 - - -
Unit: person (%). PTB=pulmonary tuberculosis; EPTB=extra-pulmonary tuberculosis. “Uganda 2, United Arab Emirates 1, Kazakhstan 1,
Uzbekistan 1, China 1, Mongolia 1, Russia 1.

contact investigation after a family member had been diag-
nosed with the disease, including eight patients with no tu-
berculosis-related symptoms. Similarly, there were two cases
in which the child was first diagnosed with tuberculosis after
showing symptoms, and the source family member was iden-
tified through household contact investigation. Additionally,
in one case, a family member was diagnosed with tuberculosis,
and the child, who was not screened for potential infection at
that time, developed symptoms and was diagnosed with tuber-
culosis. The most common family source was the mother in 15
cases (60.0%), followed by the father in six cases (24.0%), the

grandparents in three cases (12.0%), and siblings in one case

www.phwr.org Vol 16, No 5, 2023

(4.0%). Of the 25 patients with family members as the source,
19 (76.0%) were vaccinated with BCG. Of the six unvacci-
nated patients, four had congenital tuberculosis, and hence
they were not eligible for vaccination, while the two remain-
ing cases resided abroad during their neonatal period and were

unvaccinated.

2) BCG vaccine strain (M. bovis BCG) infection
A total of 26 patients were infected with M. bovis BCG, a
vaccine strain, after vaccination. Molecular typing showed four
patients (15.4%) with confirmed M. bovis BCG infection, 11

(42.3%) with resistance to pyrazinamide and cycloserine on
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Table 2. Tuberculosis (TB) cases under the age of 5 years by source of infection

Source of infection

Classification Total Household  Mycobacterium Unknown
contacts bovis BCG
Total 88 (100.0) 25 (28.4) 26 (29.5) 37 (42.0)
Age group
the age of 0—11 months 23 (26.1) 10 (40.0) 9 (34.6) 4(10.8)
the age of 12-23 months 20 (22.7) 3 (12.0) 11 (42.3) 6(16.2)
the age of 24-35 months 13 (14.8) 5 (20.0) 3 (11.5) 5(13.5)
the age of 36-47 months 17 (19.3) 3(12.0) 3(11.5) 11 (29.7)
the age of 48-59 months 15 (17.0) 4 (16.0) - 11 (29.7)
Sex
Male 45 (51.1) 13 (52.0) 14 (53.8) 18 (48.6)
Female 43 (48.9) 12 (48.0) 12 (46.2) 19 (51.4)
Ethnicity
Korean 80 (90.9) 22 (88.0) 25 (96.2) 33 (89.2)
Non-Korean 8 (9.1 3(12.0) 1(3.8) 4(10.8)
Type of TB
PTB 31(35.2) 21 (84.0) 1 (3.8) 9 (24.3)
EPTB
Bone and joint TB 22(25.0) - 15 (57.7) 7 (18.9)
Lymph node TB 15 (17.0) 2 (8.0) 3(11.5) 10 (27.0)
Other organ TB 6(6.9) 1 (4.0) 2(7.7) 3(8.1)
Skin and cutaneous TB 6 (6.8) - 4 (15.4) 2 (5.4)
TB meningitis 3(3.4) - - 3(8.1)
TB pleurisy 3(3.4) 1 (4.0) - 2 (5.4)
Lymph node, bone and joint TB 1.1 - 1.8 -
TB of the nervous system and other organ TB 1(1.1) - - 12.7)
Culture result
Positive
sputum or gastric juice 12 (13.6) 9 (36.0) - 3(8.1)
Specimens other than sputum or gastric juice 15 (19.3) - 13 (50.0) 2(5.4)
Negative 34 (38.6) 10 (40.0) 5(19.2) 19 (51.4)
None 25 (28.4) 6 (24.0) 8 (30.8) 13 (35.1)
BCG vaccination
Unvaccinated 8(9.1) 6 (24.0) - 2 (5.4)
Vaccinated
Percutaneous 39 (44.3) 5(20.0) 17 (65.4) 17 (45.9)
Intradermal 37 (42.0) 13 (52.0) 8 (30.8) 16 (43.2)
Unclear 2(2.3) 1(4.0) 1(3.89 -
Unknown 2(2.3) - - 2 (5.4)

Unit: person (%). PTB=pulmonary tuberculosis; EPTB=extra-pulmonary tuberculosis. “PTB+Lymph node TB.
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the tuberculosis susceptibility test, and 11 (42.3%) with no
test results but presumed M. bovis BCG infection based on the
opinion of the attending physician. Of the 26 patients, 25 had
extrapulmonary tuberculosis, and one patient was simultane-
ously diagnosed with pulmonary tuberculosis and lymph node
tuberculosis. The sites of extrapulmonary tuberculosis were the
spine, joints, and bones in 15 patients (57.7%), the skin and
subcutaneous tissue in four patients (15.4%), and the lymph
nodes in three patients (11.5%), with one patient having a si-
multaneous diagnosis of lymph node, spine, joint, and bone
tuberculosis. BCG vaccination type was as follows: 17 patients
(65.4%) with percutaneous vaccination, eight patients (30.8%)
with intradermal vaccination, and one patient (3.8%) with an

unknown vaccination type.

3) An unknown infection source

To find the source of infection in 37 patients with un-
known infection sources, chest X-rays were performed on
492 contacts in congregate settings, such as daycare centers
and kindergartens, and 107 household contacts. However, the
source case could still not be identified. Of the patients with an
unknown infection source, 28 (75.7%) had extrapulmonary
tuberculosis, including 10 (27.0%) and 7 (18.9%) patients
with spine, joint, and bone tuberculosis and tuberculous men-
ingitis, respectively. Three patients tested positive for sputum
or gastric lavage fluid culture tests, and two patients tested pos-
itive for abscess and other excretion culture tests. The results of
the drug sensitivity test showed susceptible tuberculosis in all
the cases. Of the 37 patients with unknown infection sources,
33 patients (89.2%) were vaccinated with BCG, and two pa-
tients (5.4%) were unvaccinated. The vaccination history was

unknown for the two remaining patients (5.4%), who were

www.phwr.org Vol 16, No 5, 2023

foreigners.

Discussion

A chest X-ray is performed to find the source of infection
in tuberculosis patients under the age of 5 years. In general,
source case investigation is difficult and ineffective in adults
who develop tuberculosis after latent tuberculosis infection [4].
Therefore, source case investigation is limited to young chil-
dren under the age of 5 who develop tuberculosis. The identifi-
cation of source cases was achieved in <50% of the cases in this
study [4].

Of the 88 patients with tuberculosis under the age of
5 years reported between 2016 and 2021 in the ROK, 25
(28.4%) had a family source case, 37 (42.0%) had an unknown
infection source, and 26 (29.5%) were infected with M. bovis
BCG after BCG vaccination.

In cases where the infection is from a family member, the
most common source is the parent, who has the closest contact
with the child. When the source case was identified in the fam-
ily, no further investigation was implemented. When a tuber-
culosis patient is identified, the infants in the contacts’ families
must be tested for potential infection. If latent tuberculosis in-
fection is diagnosed, proper completion of treatment can pre-
vent the development of tuberculosis.

For patients with an unknown infection source, chest
X-rays were performed for household contacts and other
close contacts in congregate settings, such as daycare centers
and kindergartens; however, the source case could still not
be identified. Although the number of tuberculosis patients
is decreasing in the ROK, >20,000 patients are currently un-

dergoing treatment, and there are risks of potential exposure
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to tuberculosis patients without knowledge of daily life [2]. In
addition, among cases with an unknown source, some cases
of extrapulmonary tuberculosis were suspected to be through
M. bovis BCG infection, and bacterial tests may not have been
carried out for confirmation. In other cases, the opinion of the
attending physician was not recorded in the case reports, and
hence, the infection source may not have been identified.

The BCG vaccine is a live vaccine against tuberculosis de-
veloped by attenuating M. bovis [1]. In the ROK, BCG vacci-
nation must be provided within 4 weeks of birth, and in 2021,
98.5% of children were vaccinated [5]. M. bovis BCG infection
is a rare adverse event of vaccination. Lymphadenitis, a local
adverse reaction, is observed in <1% of vaccinated individuals
with a normal immune system, and osteitis, which is a severe
adverse reaction, occurs in only five per 100,000 vaccinated
individuals [1]. Tuberculosis caused by M. bovis BCG infec-
tion is different from that caused by respiratory tract infec-
tion through contact with a contagious patient. In the U.S. and
Canada, those infected with M. bovis BCG are not subject to
respective tuberculosis reporting systems [6,7]. Currently, the
Case Definitions for National Notifiable Infectious Diseases in
the ROK do not state any standards for excluding tuberculosis
cases caused by M. bovis BCG infection from cases reported to
the tuberculosis management system. In some cases, physicians
consider M. bovis BCG infection as an adverse event caused by
BCG vaccination and do not report such cases. Therefore, the
Case Definitions for National Notifiable Infectious Diseases
should be amended to consider M. bovis BCG infection as
an adverse reaction of vaccination and exclude related cases
from reports made to the tuberculosis management system.
Furthermore, systems must be prepared to perform molecu-

lar typing of sputum and non-sputum samples of pediatric

150

patients with suspected M. bovis BCG infection.

Unlike normal adult tuberculosis infections, primary tuber-
culosis infection is common in children, and hence, young chil-
dren diagnosed with tuberculosis must be suspected of possible
recent exposure to the bacterium. Therefore, source case inves-
tigation is fundamental for the prevention of further transmis-
sion within local communities and must be strengthened for
all reported children with tuberculosis under the age of 5 years.
Additionally, M. bovis BCG infection caused by BCG vaccina-
tion must be excluded from cases reported to the tuberculosis
management system to accurately assess the current status of

tuberculosis cases in children under the age of 5 years.
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QuickStats

Trends in the Prevalence of Perceived Stress, 2012-2021

The number of adults who perceived “extreme” or “high” stress decreased slightly from 31.5% in 2020 to 28.7% in 2021

(Figure 1). The percentage of individuals in their 30s followed by 40s was relatively the highest than those of other age groups

(Figure 2).
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Figure 1. Trends in the prevalence of perceived stress, 2012~ Figure 2. Prevalence of perceived stress by age group in 2021
2021

*Prevalence of perceived stress: percentage of those aged 19 years and over who feel extremely or very stressed in their daily lives.

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

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

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