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2022 Quarantine Relaxation Period Foreign Students Entering
Honam COVID-19 Epidemiological Survey Results and Response

Eunyoung Kim, Seung-Jin Kim, Aejung Lee, Jeonghee Yu*

Honam Regional Center for Disease Control and Prevention, Korea Disease Control and Prevention Agency, Gwanju, Korea

ABSTRACT

This report is an investigation of the outbreak of coronavirus disease 2019 (COVID-19) among participants in a foreign
students’ class program at a local Korean university in December 2022, during the relaxation period of COVID-19 prevention.
It also describes the measures and analyses of 143 confirmed cases among 256 international students of Chinese nationality
who entered the country during the period and four confirmed cases among 41 existing residents. The incidence was higher
in men (53.8%) than in women, with 100%, 57.3%, 42.3%, and 26.3% incidences among individuals in their 50s, 30s, 40s,
and 20s, respectively. Regarding vaccination, 59.1% of the participants had received the second dose and 48.7% had received
the third dose or more. The incidence rate of COVID-19 for international arrivals among the investigated confirmed cases was
97.2%, and mutation analysis of these samples showed the presence of subvariants such as BA.5 61.5%, BQ.1 14.7%, and BN.1
2.3% among the Omicron subsystems; subvariant BA.2.75 or new variants were not identified. Regarding the period from
the date of entry to the date of confirmation, 109 (42.6%) cases were confirmed within 10 days of passive surveillance after
entering the country, of which 82 (32.0%) were confirmed within 2-3 days and were presumed to be infected before entering
the country. Thirty cases were confirmed after 10 days. Furthermore, four existing arrivals had contact with confirmed
positive individuals; therefore, further transmission was considered possible. Preemptive tests and thorough management were
found to minimize further COVID-19 influx into the community, and the continuous monitoring of overseas outbreaks and

adjustment of the strength of quarantine policies have an important impact on case management.

Key words: COVID-19; Overseas inflow; Epidemiological investigation
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Introduction (ROK), after the first outbreak from February 2021 to April
2021 and after the 6th outbreak in July 2022, the weekly av-

After the outbreak of coronavirus disease 2019 erage number of confirmed COVID-19 cases has been main-
(COVID-19), quarantine measures were adjusted according to tained at fewer than 70,000 cases, indicating a stable trend of
factors such as the occurrence of confirmed COVID-19 cases confirmed cases [1]. After the emergence of the delta variant of
and the appearance of new variants. In the Republic of Korea severe acute respiratory syndrome coronavirus 2 in July 2021
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Key messages
(D What is known previously?

COVID-19 was relaxed from October 1, 2022 to self-
test within 3 days when entering the country without
symptoms, by submitting a negative PCR test for arrivals
when managing overseas arrivals, and testing on day 1-6
after entering the country without symptoms.

(@ What new information is presented?

While maintaining relaxed quarantine management,
foreign arrivals were confirmed after hospital tests with
symptoms on the fourth day from the date of entry into
the country. Through contact investigation, confirmed
cases and additional transmission were confirmed in ar-
rivals from the same country who participated in the
class program for foreigners.

® What are implications?

Continuous monitoring and management of the out-
break of overseas cases can minimize the influx into the

community in the event of an influx from overseas.

[2] and the omicron variant, which was characterized by rapid
spread and immune evasion, in November 2021 [3], the sub-
variants of the omicron variant that have been responsible for
most of the recent domestic outbreaks include BA.5, BE.7,
BA.1,BA.1.1,BA.2.75,and BN.1 [4,5].

The requirement for submitting a negative COVID-19 test
result for entry into The ROK has been lifted as of September
2022, when the number of new COVID-19 cases had stabi-
lized after the outbreak of the omicron variant (March to April
2022). The quarantine measures were further eased, in that
the mandatory polymerase chain reaction (PCR) test on the 1st
day of arrival was excluded as of October 1, 2022, while the
PCR test on the 3rd day after arrival became a voluntary mea-

sure [6,7].

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

However, control of confirmed cases from overseas was
still necessary, as the quarantine measures varied across neigh-
boring countries, such as China and Japan. In particular, in
the case of China, the number of confirmed cases surged after
COVID-19 lockdown measures were lifted and the traffic in
and out of China was increased considerably. Therefore, con-
trol measures for individuals arriving from China and nearby
countries were necessary.

This study presents the results of an epidemiological in-
vestigation of Chinese students at a Korean university in
December 2022 when the quarantine measures were partly
lifted and suggests measures to control the domestic spread of

SARS-CoV-2 from students arriving from overseas.

Methods and Results

1. Details of the Epidemiological Investigation

1) Surveillance of overseas arrivals

In the ROK, control of overseas arrivals is conducted for
all individuals arriving from abroad, regardless of nationality.
When this investigation was conducted in December 2022,
quarantine measures had already been partly lifted, and sub-
mission of the PCR test result was no longer mandatory af-
ter arrival, although a PCR test on the 1st day of arrival was
recommended. To manage individuals arriving from abroad,
quarantine steps included a temperature check upon arrival,
completion of health condition questionnaires, and COVID-19
PCR test for individuals with symptoms. For individuals with-
out symptoms who had already entered the local community,
passive surveillance was conducted for 10 days at the local

public health center [8]. The local public health center was also
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involved in the management of confirmed COVID-19 cases.

2) Discovery of cases

The index patient of the corresponding cluster outbreak
was a Chinese visa student who had arrived on December 13,
2022. The student entered the country to participate in an
education program for foreigners hosted by a local university
in Honam region during the winter break. As this student ar-
rived after the quarantine measures were lifted, a PCR test was
not performed on the 1st day of arrival. The student was con-
firmed to have COVID-19 after visiting a medical institution
due to symptoms on December 16, 2022, 4 days after arrival.
Further, three Chinese visa students attending the same uni-
versity were also confirmed to be SARS-CoV-2-positive on
that day. This cluster was discovered in an epidemiological in-
vestigation conducted by the local public health center upon
recognizing that the four individually reported cases were all
visa students from the same university program. The Honam
Regional Disease Response Center as well as the Quarantine
Measures Headquarters at the The ROK Disease Control

and Prevention Agency also came to recognize these cases as

representing a cluster outbreak in a local region in The ROK,
due to the arrival of Chinese visa students.

The corresponding region had a stable occurrence, with
a total of seven cases related to overseas entry in November
2022. However, a rapid increase was noted in the number of
confirmed COVID-19 cases, following the confirmed diagno-
sis of COVID-19 in the index case of the Chinese student on
December 16, 2022, as the number increased to 13 confirmed
cases on December 17 and 29 confirmed cases on December

18,2022 (Figure 1).

3) Status of occurrence

From November and December 2022, quarantine mea-
sures were being lifted, such that the requirement of a negative
PCR test result at overseas arrival was excluded, along with the
mandatory test on the 1st day of arrival, while the recommen-
dation for voluntary testing within 3 days of arrival remained.
The index case was discovered when a Chinese visa student en-
tered the country to participate in a course designed for foreign
students, which was being hosted from December 17, 2022, to

February 29, 2023, at a domestic Korean university. In 2022,
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Figure 1. Monitoring the domestic outbreak of COVID-19 and the outbreak of overseas influx in areas where foreign

students occur (2022.11.1-2022.12.31)
COVID-19: coronavirus disease 2019.
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297 students, i.e., 41 existing foreign students were scheduled
to participate in the course and 256 students had recently ar-
rived at the university for the course. The group of recent arriv-
als comprised 184 students who arrived from December 14 to
17, 2022. After the students arrived at the airport, they moved
to local communities via individual transportation methods,
and they stayed in dormitory rooms at the university or in out-
side residences.

A total of 143 cases were confirmed to be coronavirus-
positive by January 14, 2023, after the first case was con-
firmed on December 16, 2022 (Figure 2). Overseas confirmed
COVID-19 cases were defined as those confirmed within 10
days of arrival, suggesting that these individuals were infected
prior to entry. Among the confirmed COVID-19 cases, 42.6%
(109 cases/256 cases) were confirmed within 10 days of ar-
rival, with the majority (32.0%, 82 cases/256 cases) of the
cases being confirmed within 2-3 days after arrival (Figure 3).
In addition, 30 cases were confirmed more than 10 days after
arrival, and four cases were also confirmed among the existing
residents. It is assumed that the residents were infected upon

contact with a Chinese visa student inside a vehicle during

transport or while living in the dormitory.

2. Results

1) General characteristics in the epidemiological
investigation of Chinese visa students

Overall, 143 COVID-19 cases [48.1%; 56 males (39.2%),
and 87 females (60.8%)] were confirmed. In terms of age
groups, 15 patients (10.5%) were in their 20s, 90 (62.9%)
were in their 30s, 33 (23.1%) were in their 40s, and five (3.5%)
were in their 50s. Thus, the majority of patients belonged to the
30s age group. The prevalence by sex and age group showed
53.8% for males and 45.1% for females, with 100% preva-
lence in patients in their 50s, 57.3% prevalence in patients in
their 30s, 42.3% prevalence in patients in their 40s, and 26.3%
prevalence in patients in in their 20s.

History of vaccination was confirmed based on self-report-
ing, as it was difficult to verify this history using the vaccina-
tion registration system. Among 297 respondents, exclud-
ing 22 who did not provide a response, the majority (n=2206)

of respondents said that they had received the booster shot
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Figure 2. Status of cumulative arrivals by date and patterns of COVID-19 outbreaks among preogram participants (arrivals and

residents)
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(completed the 3rd vaccination). Among the confirmed participants (Table 1).

COVID-19 cases, history of vaccination could not be verified
in seven patients (4.9%), 26 patients (18.2%) had received a
2nd vaccination dose, and 110 patients (76.9%) had received
a 3rd vaccination dose. No patient had received the 4th vac-
cination dose. The prevalence of COVID-19 by history of vac-
cination showed that 59.1% among those who had received
the 2nd vaccination dose and 48.7% among those who had re-
ceived the 3rd vaccination dose.

No regional characteristics were found among the patients.
Individuals had entered from different regions of China, in-
cluding 32 individuals (22.4%) from Northeast China, seven
(4.9%) from Southwest China, 14 (9.8%) from Northwest
China, 22 (15.4%) from South China, 11 (7.7%) from East
China, 10 (7.0%) from North China, 38 (26.6%) from Central
China, and nine (6.3%) from unconfirmed areas.

Among the 256 people who arrived from November to
December 2022, confirmed COVID-19 cases accounted for
97.2% (139 individuals), and among 41 participants in the
2022 semester, confirmed cases accounted for 2.8% (4 peo-
ple). The prevalence was 54.3% among those who arrived

from November to December and 9.8% among 2nd semester
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2) Virus variant analysis

Among the 143 confirmed COVID-19 cases in the clus-
ter outbreak, variant analysis was conducted for 88 patients
(61.5%) whose PCR test results could be analyzed. Full-length
genome analysis was conducted using the positive sample from
the index confirmed Chinese visa student in the region. The re-
sults showed that the omicron sub-variant BA.5 was the most
common with 86 patients (97.7%) infected, followed by BQ.1
with 13 patients (14.7%) infected and BN.1 with two patients
(2.3%) infected. BA.2.75 was not detected, and BA.5 was
found in all regions, regardless of the origin of the people (Table
2).

Public Health Response

Epidemiological investigation was conducted for confirmed
cases reported by the local public health center. All individu-
als of the first four confirmed cases arrived on a different date
between December 12 and 15, 2022, and 10 additional con-

firmed COVID-19 cases were discovered after testing of the
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Table 1. Gender, age, vaccination history and entry history of confirmed cases (n=297)
Category Nsuurgjl::;rt;)f % Confirmed cases % Attack rate
Total 297 100.0 143 100.0 48.1
Gender
Male 104 35.0 56 39.2 53.8
Female 193 65.0 87 60.8 45.1
Age
21-30 57 19.2 15 10.5 26.3
31-40 157 52.9 90 62.9 57.3
41-50 78 26.3 33 23.1 42.3
51-60 5 1.7 5 3.5 100.0
Vaccinations
Unverifiable 22 7.4 7 4.9 31.8
Unvaccinated 1 0.3 0 0.0 0.0
1st completed 0 0.0 0 0.0 0.0
2nd completed 44 14.8 26 18.2 59.1
3rd completed 226 76.1 110 76.9 48.7
4th completed 4 1.3 0 0.0 0.0
Entry area
Dongbuk-gu 53 17.8 32 22.4 60.4
Southwest District 13 4.4 7 4.9 53.8
Seobuk-gu 29 9.8 14 9.8 48.3
South China District 61 20.5 22 15.4 36.1
East China District 30 10.1 11 7.7 36.7
North China District 27 9.1 10 7.0 37.0
Huazhong District 59 19.9 38 26.6 64.4
Unverifiable 25 8.4 9 6.4 36.0
Criteria of residence
Overseas entry 256 86.2 139 97.2 54.3
Domestic residency 41 13.8 4 2.8 9.8

identified close contacts, given that none of them underwent
PCR testing by 1 day after arrival. Therefore, comprehensive
testing was conducted for all students who participated in the
program, and those who arrived subsequently to participate in
the same program were required to undergo the PCR test im-
mediately after arriving at the university and to isolate them-
selves at the dormitory until test results were obtained. Those
who were confirmed to have COVID-19 after a PCR test were

quarantined in a separate space within the dormitory, while the

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

rest were placed under passive surveillance, as they lived in the
dormitory, and were required to undergo the PCR test imme-
diately upon appearance of symptoms.

Since the epidemiological investigation was conducted af-
ter confirmation of COVID-19 in the Chinese visa student,
cooperation was requested from the municipal government to
strengthen management of overseas arrivals by conducting a
comprehensive investigation of winter degree programs and

worker exchange programs throughout the Honam region.
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Table 2. Analysis of variants of confirmed cases by entry region
Variant (Omicrone Surb Lineage)
Entry area Confirmed  Variant analysis BA.5 Surb Lineage etc Surb Lineage
cases completed
BA.5 BQ.1 BA.2.75 BN.1

Total 143 88 (61.5) 86 (100.0) 13 (100.0) - 2 (100)
Dongbuk-gu 32 26 (18.2) 22 (25.6) 3(23.1) - 1(50.0)
Southwest District 7 5(3.5) 5(5.8) - - -
Seobuk-gu 14 10 (7.0) 7 8.1 3(23.1) - -
South China District 22 9 (6.3) 8(9.3) - - 1 (50.0)
East China District 11 4(2.8) 4 (4.7) - - -
North China District 10 5(3.5) 3(3.5) 2(15.4) - -
Huazhong District 38 23 (16.1) 21 (24.4) 2 (15.4) - -
Unverifiable 9 6(4.2) 3(3.5) 3(23.1D) - -
Values are presented as number (%).

Details of the corresponding case was shared with the Regional
Disease Response Centers as well as with local governments to
prepare for the occurrence of similar cases.

This case study provides an opportunity to strengthen
quarantine measures, such as lowering the temperature cri-
terion for fever to 37.3°C for those arriving from China and
requiring PCR tests for those with symptoms and moni-

toring measures for those arriving from overseas in local

of reasonable measures should consider changes in the pub-
lic health crisis situation, as announced by the World Health
Organization; the protection of citizens and cooperation from
other countries should also be considered accordingly.

In the above presented context, the spread of COVID-19 to
local communities was effectively controlled using preemptive
testing and isolation measures for confirmed cases by check-

ing the occurrences among overseas arrivals at the university

communities. and by monitoring individuals arriving from overseas. Based
on these results, risk assessment and occurrence management
Conclusion among overseas arrivals may affect the repeated outbreaks of

As the COVID-19 pandemic is ongoing, quarantine mea-
sures are being strengthened and eased depending on the oc-
currence of confirmed cases and economic interests of each
country. Although the number of confirmed cases has stabi-
lized in The ROK, domestic quarantine measures also under-
went many changes due to the surge in the number of con-
firmed cases from China and the increase in international ex-
change. Under these circumstances, understanding and coop-

eration between countries is important. However, adjustment

494

COVID-19 in local communities and the influx of new vari-
ants into the country; thereby needing continuous surveillance
and assessment. Amid changing situations and quarantine
measures across different countries, implementation of effec-
tive and preemptive quarantine measures was a critical factor
in protecting national health and actively responding to the
pandemic, to minimize domestic as well as local outbreaks.
Individual and cluster cases should be managed appropriate-
ly, and monitoring of confirmed cases from overseas arrivals

should be continued in order to establish standards for flexible
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quarantine policy to stabilize the COVID-19 situation in The

ROK.
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ARIEY AoF FA7TEL 20219 10Y o]F Aol T}
stlon, A dAl oA EHAA FUAAL, ot

wefo]2] 2, of] i Qighutolel22sh 4BAol Yt AOE
#73h3 ek,

@ M=Z0| €A & Eg2?

A2 Sob FHVY AL 20229 59 1938 12
8 2971 3 82200] AT o, o erholel A
14.6%, oFdt=autol el A2 4.9%014 A& gtk

@ AAE2?

9o]4 BuE F30) 6o
A S QA ke Ao
o zusdt

sk BrE A ghgrom, Aol thsk A} gol ojso]
A7) gpot Wzt PeAE Ful Askael Aol B
o 3, 7]50] QelET Aot FAHHe0] gt A A
o 20] %] gk %L WA} R} AsHAolo] A A W
g 7i54o] glow, o] et A
27} BeSA gk, Al 7k A5kE wjAE] ojw] wh],

DR BN

(A-E¥), HAEFRI-H} HFo] 2 A(Epstein-Barr virus, EBV), 7
o Al ZHle] 8 A (Cytomegalovirus, CMV) 5°] ¢loH, 7H
HoR AYP=E= Aot G479 30-49%0 4+ ¥l &

A A eH4).
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okt & HiAs ddET aoF S4%d AAAAE
20229 5¢ 1958 129 29704 °F 77097 29 23
of Higt Hilol, g AAIE FHoE Iy e &
of #4979 TAAZ| & Bt =l AA=E BT

sha4t gt

ELCE
BAT-EAAY ] FHE AJAET 2t AAAA
£ gotsich. FW FAIAAE 20229 59 o]Fof Tyt
2 7HA9F 20214 1€ o] 32 E 20224 5
G7HA] AR Aleol] diet $FA AR gt B,
9] o7 7| ¢S AR 2017WEE 2022@71A] EF7E
A A ARE At AuAtF ool Bitote A 2067
& AESte] 34 51Uz Aol FAHA AL 9 WAy
o] XAFSIAIH:. AW A Aof 7HY A AE s3]}
A 2ot 2t TAE A wmots JrHETINA AR
of 7Y A4AHE Aot E A&H 07 FHEFY
a7|HS YUUEY Lot F47TE A T Al AL
AHgste] Alaretn 2z A2

T T EHY Al HF AEIAS A0 UUE
Aok FAZEA gt AAFLAE At el AA
BA7|H A Aalete HAGEC gt 235 2ARIAC
HATERA S (Ho] 2 A%

A3}, AZFAAEL T, NFESTNA F 4F AAHE,
A, A, SF7DE 178 LA AAE APSIATHE 1).
At ol thet AHAES] 9= F 73] st o, AF
A A AE gl ot A 28 A EEd A
AETE v o R ATAHY Bt oF, 24 7hed 1t

2ol 74

ol
B

=)
=

A
(=
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E 1 AJAETY 2oF SAHTAY A FF R BATE
o|Z 7|2 AP AT HA
axl EF U L HAL =2 B2 5| =ik L rjufzs_e
ke oM S® he aAr SR
ERLYASE EBV PCR Adenovirus PCR/Genotype
VCA IgM/IgG
EA IgG
CMV PCR/IgM/IgG
SARS-CoV-2 Serology
Enterovirus PCR SARS-CoV-2 Serology
HHV-6
HHV-7
Parvovirus B19 Enterovirus PCR
HSV-1
HSV-2
vZV PCR, IgM AAV2 PCR/Serology
Leptospira” Ab
ASO
Anti HIV
Blood culture
Toxicology
ksl Adenovirus PCR, Ag Adenovirus PCR/Genotype
Enterovirus PCR
Salmonella PCR, Enterovirus PCR
Shigella Culture
Campylobacter Salmonella Culture, PCR
E.coli 0157 Shigella
Norovirus PCR, Ag Campylobactor
Sapovirus E.coli (EHEC)
Rotavirus Norovirus PCR
Sapovirus PCR
3571 Influneza PCR Influenza PCR/Genotype
RSV RSV
Rhinovirus Adenovirus PCR
Parainfluenza
SARS-CoV-2 PCR, Ag SARS-CoV-2
Throat swab (Group A Streptococcus) VZV
EL] Leptosporira” PCR
HAF Toxicology
T 7t ExgT
At BRCT
7t ZAHA Adenovirus immunohistochemical staining

EBV=Epstein-Barr virus; CMV=cytomegalovirus; SARS-CoV-2=severe acute respiratory syndrome coronavirus-2; HHV=human

herpes virus; HSV=herpes simplex virus; VZV=varicella zoster virus; ASO=anti streptolysin O, HIV=human immunodeficiency virus;

E.coli=Escherichia coli; EHEC=Enterohemorrhagic Escherichia coli; RSV= respiratory syncytial virus; AAV2=adeno-associated virus type 2;

CT=computed tomography: PCR=polymerase chain reaction; VCA=viral capsid antigen; Ab=antibody test; Ag=antigen. *AFZ| 1A 7]Z2

2 2ABHE 82 AN, Vol e Teistel A 4 U,
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Qo) Ul A1EH
Qg UA 2l ob]i=vtole 2] o

Bt 1).

g A7t

SR S A

ok FHQ A 154 L +3

FEREE LR

AW L AARAZ T, FHEYATSANE, I=

HZgk

flo

4%

FA % ARH] T

pRLE

g 9 AR ATk HEAE
o)A BB, Lokl A 99l
B4 9 A BAo] WA

A%, v SR AE S 2elel 2uf SAAT}
vlmstgom, FA ARt et v delEy zof
9 A AE AT AAEA7|T AHE

Stsirh. Ae1E dot ST WA

£ 5ol 2 dEstE 2t

21 ho} 471 B

She 5 RO it
2. el

BT Aot FYAFY AL FhaR 23 g2
A Aolstn o, AARATIFAAE SR, 24IA
9, getgenad s FEslg o, A9e HEsH walA|
A] gkot eLARe] ThalA IshA ersker. S BeET
aob FH7HY ATARE AARAZ T A 5

of ATt 164 ol5tY] Aof - FAW TR} F 7F G409 ofA

e

AL om0 HEI}EE T2 g|o] Eopu| - e & A(aspartate aminotransferase, AST)
A < 164
Atz Ee| AST or ALT > 500 IU/L
A% - BY - CH - EY7I 84
| | | 231 | | oj=g |

OtE| e HfO[2{ A

OfL| .- HO]2{A PCR**

727t

JE 1. ARJAET 20t &

www.phwr.org Vol 1

*AHEO| Be HA

st HIH= Al

“OfH| :=HIO|2{ A= N,

6, No 16, 2023

F@0| 7]
EYZIY %W DALA|2 Afeij2o] 2ol

| 7}5(possible) @ |

HlsiE @

oo o
=g e

x) E&7H

£E HUS| 0242 20| = felE2F 20t 547t

th, 357| 205 ZEH L2 Folste] Gt

A AHEAE daEE

AST=aspartate aminotransferase; ALT=alanine aminotransferase
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T gEbdobu] e g d A(alanine aminotransferase, ALT)
7} 500 IU/LE 275k, A¥ - BY - C3 - EF HiolgA 7F
o] ofd Atz Aolsttt. DI HolEAe BYTE
o S0l FEEHAY BRI AAACIA SEAEY FH
Z Muted, BE7ol wiAlHEE 45 DI A4V 87
w2 kot At e 9 FARGEIA ALHATS,0]. F=
J Ao E 271 A AHlolA F2 9lE AgHi 10

Al ol5te] oF5-2 AR HosIgon, mFe 104 o

gHo] &otE RARSAM R  25HATHB, 7, 81(R 2).
U ALAR] di/d2 vhol# A ZHAE A9l 54974
OS2 Ajtatil glont, sotol A EFZHA AARE AAISHA] ¢

2

=
of ATARAHSl] et R oIRE Wk S Qe A
B7het ARlE BRsion, 34 199 23 15t o

213} ofdiutolel A0t w4l B FAow 413

o,

EotgiH.

2 EIaAMoMs Sl FAIAA S A2 831 F Al

2. 37b8 99189 Aot FHA9 AHIF)

YRS A

=7t Abe L2 Aol
AAEZAZIF3] SHAR o=
A 20219 104 1€ °1%F 4 T9(AY - BY - CF DI -EJZSA Al9)) A, ofAvt2Eo|E

olu] - L‘;E"_&_:_(aspartate aminotransferase, AST) = &edolu| o] & A (alanine
aminotransferase, ALT)7} 500 IU/L 2%}
AHHATA 20219 10¥ 1Y o] F F4709(AY -BF - CH DI EFUA A9 £

20229 149 19 o]F S47t49(A% - BY - C3 - DI - EFZEA)0] Xk=H AST E+= ALT7}
500 IU/L 23} 21 104 o3} ot

20224 19 1% o3 2E F47A4(A¥ -BE - CH - DY -EFT S

%3} 8ol 11-154] o5

20224 1€ 1% o] F474(AY - BY - CE - DF - EFZHY vijA)o] A= 2

O] 7FE-S Qa1 Qle AST T+ ALT7F 500 IU/L 23 &Q1e

F=4] ZHRIALE
AL
= ALT7} 500 IU/L
A A ATAH
UHYSES 2}
u]=H[5] XA 202149 10¥ o]%F Y&
10A] w]REe] ot 5
Ele OJAALH

20224 59 o|F FHZIFOZ U 164] 0l5te] Lot JAd T F AST E ALTVH
500 1U/LE Z7tshw, Brolels 2(A% - BY - C¥ - E@ZH)o] ok 49

8915 164] oJ3} ok
Ak ShRteh

iAol Xg= ™ AST

s17 9

87 mm o0-54
74 0 6-16A|
— LA

6_

_ 5-

T

T 41

<

r 90
- 80
3 L 70
-60 _|r
A
-50 >
i
L 40 N

1234567 8 91011121314151617 181920212223 24 25 26 27 28 29
Z2H2022)

J8 2. 3 AAEY LoF S AS] AFA A 2R
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S}

RS

AR Ol SFEHA] k= 1741 o4l Al 1S AR
& 82710l s 245t

7THOZ 71 wokow, 30374}, 3954, 407 67 HAY
FAHIE 2). YIEY Lof F47F iAo digh A
5E7H2017¢ 19-20224 49) =4 & 9=m7|#%o] A

2 I, 3019} 2021 195E 20224 4¥7HA] A& HES 53
A ZARE B3 A Fols AFCE FTskE Al7I7E QL
= YAETE Lot A FAAAE 20224 5¢ 1 9lo} AHg &7F Aglon], malsh AdA i Al7| ol vt
ARH 12¥€ 29714 o 7HLEA eFaien, F 824 A 542 HEoA UehA Gt 3).
Z A oo Bitet= A= 6671(80.5%), EBLHY YUJAEE Lof FATEY] 41 Q57| HE A= BE
AAF BIAAIR Isf AL S| Fot offof tigt Bt E7F Aol Y123t 20719 HeF =m7]To|th AXAFER=
gt A= 1674(19.5%)01 et FAPE AN dEG2 41720 FEHANA 41.5%340)E 7T €okom, FEH(23.2%,
—— EUTREAL
HEAZAS
E8azA
\ . , i REZEN
25 i buzhcry |§.7|ﬂ_7.4_)k}(20171r20224) ' FUHTAN2021.1- 20;*25 5 (202254-122)
20 i i i i 18 181 20
g 15 | | | eV
FLT 1 1 1 1 1
< 107 ; 8 i , 8 . i .t
1 6 1 1 1 1
N M\/\/\/W\ A,
i i ! LA !
1357 911357 9113579141357 911357911357 91N
2017 ! 2018 ! 2019 ! 2020 ! 2021 ! 2022
2 (month)
T2 3, 2 Yo1EY Ao} FA7HEO] Ard dhy o]
@A =TT 2AF AHE= 20179 195E 20229 497H4] OF 5T A E SFACE HE, SFHXAL A= 20219 1€5H 20224 597t
A AR AR, AFARA AL 20224 5URH 128 20710 A E AgHoE B

B 0-5A
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197), =EA(15.9%,
e 6-164] ARl A=(127)3 Z=(107)0]
BE 37 ofstE Ueth(1Y
4.0M(AHER15 91 0.8-8.3)% ERs
o}, g2 o4do] 457(54.8%) 0.2 F(374, 45.1%)E T} 7.

7P g, 1 9] A9

4). AIAE 9 S

134), 4

Ago

1 O+

5H(13.4%, 117) €2 &

worT AlaARE o] 4174
kg2 Ukt maipuboe s
gee

47(4.
3%)°ll A 2

O 201gk0] 104.7 cm, A=

2(46.3%)°14 gRl=den, 2119 ogH

9%)°lA A=A Tt =
A=led, ARG 473(4.9%)2 =2, T

4 ok 283 6

3. 31 4% dot FHUEY SHAFH Ad)

ag 27 0-5A| 6-164A|
= (n=82) (n=46, 56.1%) (n=36, 43.9%)

!

o 45 (54.8) 27 (58.7) 18 (50.0)

=3 37 (45.1) 19 (41.3) 18 (50.0)
A, FIHAES =) 4.0 (0.8-8.3) 0.9 (0.3-2.2) 9.13 (6.7-10.5)
7] (cm) 104.7 (71.0-151.2) 72.9 (62.2-94.0) 135.7 (122.0-144.5)
A% (kg) 18.4 (8.8-30.7) 9.2 (7.8-13.6) 30.9 (24.4-43.0)
F2H19 4 4E 38 (46.3) 16 (34.8) 22 (61.1)
:7§1+19 Oﬂ‘f‘*’\ﬂ}—a 4 (4.9) 1(2.2) 3(8.3)
e

—EF%*J 1(1.2) 0(0.0) 1(2.8

54 81 (98.8) 46 (100.0) 35(97.2)
TS

g 13 (15.9) 4(8.7) 9 (25.0)

g 56 (68.3) 33 (71.7) 23 (63.9)

BHEZ 24 (29.3) 10 (21.7) 14 (38.9)

TE 28(34.2) 14 (30.4) 14 (38.9)

AAL 24 (29.3) 15 (32.6) 9(25.0)

714 18 (22.0) 12 (26.1) 6 (16.7)

25 19 (23.2) 14 (30.4) 5(13.9)
7t a4 AAE SAEEHES E ) - TU/L

AST 852.5(579.0-1,419.0)  910.5 (596.0-1,251.0)  838.5 (555.5-1,512.5)

ALT 918.5 (598.0-1,409.0)  824.5 (598.0-1,269.0) 1,026.5 (601.0-1,523.5)
YA AL

Adenovirus 12 (14.6) 9 (19.6) 3(8.3)

SARS-CoV-2 12 (14.6) 8 (17.4) 4(11.1)

EBV 11 (13.4) 4(8.7) 7 (19.4)

CMV 9(11.0) 7 (15.2) 2 (5.6)

Rhinovirus 7 (8.5) 4(8.7) 3(8.3)

RSV 6(7.3) 6 (13.0) 0(0.0)

Parainfluenza 56.1) 1.2 4(11.1)

AAV2 4 (4.9 2 (4.3) 2 (5.6)
A7 T

7ol 4] 4(4.9) 2 (4.4) 2(5.6)

AST=aspartate aminotransferase; ALT=alanine aminotransferase; SARS-CoV-2=severe acute respiratory syndrome coronavirus-2;

EBV=Epstein-Barr virus; CMV=cytomegalovirus; RSV= respiratory syncytial virus; AAV2=adeno-associated virus type 2.
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137(15.9%)°19 2.1, o] oF 50% o4& AA|ote
=, "= 5 =9 Algeks o2 RS Uelth4 7). 94
T2 o] 68.3%= 7MY ol UEhgon, FE(28%,
34.2%), B5(2474, 29.3%)F T2
SO, 71, 25 197, 23.2%) £O02 YEPGTHIY
5).

A A ool iFahe 7k B4 319 M 9E 500 1U/

LE Z3ot= AR, AAFH O] ASTY S442 852.5
IU/L (AF291%= W19 579.0-1,419.0)821, 0-54] A7
oA 910.5 IU/L (AHE914= 91 596.0-1,251.0), 6-16

a3] 34 2 287

WHO (n=100, 2022.7.8)

QM/TE | 60% (60/100) |
Xlo |
of
KF AAI5{rzt [529% (52/100) |
] —
T T T T T T 1
0 10 20 40 50 60
H|Z(%)
Sk (n=82, 2022.12.2)
4t | 68% (56/82) |
—Tli 34% (28/82) |
<0 Srey
r(l;) =5
O
RF %W
7|a,7ran,%% 23%(19/82)

ot
i
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HIE(%)
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T T T
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(H257HE 1) A,

Al A% T2 838.5 TU/L (AHEHs MY 555.5-1,512.5)

ACHEE 3). ALT 29 3432 918.5 TU/L (A9
W] 598.0-1,409.0)2 0-5A] AP wollAl+ 824.5 IU/L
(598.0-1,269.0), 6-16A Ag-ollAl+= 1,026.5 TU/L (AH:
915 9] 601.0-1,523.5) . WA T hEE F3H3A
on, % AlgQl 7tol4jo] R FEE Al 47(4.9%) 0
NABAZ A BIE 4.6%9} |ARE $220]9lch. 4
A A F AP AHEE AATHE 3).
At 3] o] Antoll Al Al oo £
A% F80A9 4 7hed delo] gl Al 274
(42.2%) 02 Aot on, FAUAY 24 7t 9
o] & At 374(57.8%)°13t. &
2 249 "ol A, ofd|iertol A7} 7k 1271(14.6%) 2
2 7P wekeH, EBV 117(13.4%), CMV 97(11.0%) %=

¥ (n=195, 2022.7.4)

£ | 58% (113/195) |

Mo 242! | 48% (93/195) |

CISHA CHEH | 41% (79/195) |

grd | 23% (45/195)

0 10 20 30 40 50 60 70
HIZ(%)

714 Ah. WHO=World Health Organization
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O ettt ARy iolA At ofdl - Aol H A
2(Adeno-associated virus type 2, AAV2) PCR AAt FE2>
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4 £
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Result of the Surveillance System for Acute Hepatitis of Unknown
Etiology in Children in the Republic of Korea

Eunkyung Park, Soonryu Seo, Jin Gwack*

Division of Infectious Disease Control, Bureau of Infectious Disease Policy, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Acute hepatitis of unknown etiology was reported to be increasing in cases under the age of 10 in the UK Health Security
Agency in April 2022, and probable cases have been reported in many countries such as the UK and the United States. The
Korea Disease Control and Prevention Agency established a surveillance system for acute hepatitis of unknown etiology in
children for approximately seven months, from May 1 to December 2, 2022 in cooperation with experts and related societies
to identify the domestic outbreak situation and determine the causes. A case of acute hepatitis of unknown etiology in children
in the Republic of Korea (ROK) was defined as a person presenting with acute hepatitis (non-hepatitis viruses A, B, C, and
E) with serum transaminase levels greater than 500 IU/L (aspartate aminotransferase [AST] or alanine aminotransferase
[ALT]), aged 16 years or older, since May 1, 2022. A total of 82 cases, excluding a case that did not meet the case definition,
were identified as 66 cases met the case definition, and 16 cases could not be evaluated. 12 (14.6%) and 4 (4.9%) cases tested
positive for adenovirus and adeno-associated virus type 2 using polymerase chain reaction testing, respectively. Four cases (4.9%)
underwent liver transplantation, wherein no death occurred. Additionally, no specific trend by time or season was identified

regarding the outbreak in the ROK.

Key words: Hepatitis; Public health surveillance; Communicable diseases
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Introduction

On April 5, 2022, the UK reported that in central Scotland,
the incidence of severe acute hepatitis was unusually high in
children under age 10, with not significant health problems,
and in whom hepatitis viruses (A, B, C, D, and E) were not de-
tected. On April 8, 2022, 74 cases were reported in the UK,
nationwide. These cases manifested clinical characteristics

such as marked liver enzyme elevation and jaundice. Some

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

of the cases manifested gastrointestinal (GI) symptoms, such
as diarrhea, vomiting, and stomachache. The World Health
Organization (WHO) recommended that the status of the oc-
currence of acute hepatitis of unknown etiology in children,
clinical characteristics, and laboratory test results be shared
with member countries and that cases matching the case defi-
nition be reported [1,2].

According to the WHO final official report, as of July 8,

2022, 1,010 cases of suspected acute hepatitis of unknown
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Key messages
(D What is known previously?

The cause of acute hepatitis of unknown etiology in chil-
dren, which has been reported to increase since October
2021, is yet to be identified. These cases had potential
association with adenoviruses and adeno-associated virus
2.

(@ What new information is presented?

A total of 82 cases of acute hepatitis of unknown etiol-
ogy in children were reported for about 7 months, with
adenovirus detected in 14.6% and adeno-associated vi-
rus type 2 in 4.9%.

® What are implications?

Severe acute hepatitis of unknown etiology in children
reported by the World Health Organization was evalu-
ated as not prevalent in the Republic of Korea, and the
operation of the surveillance system was terminated.

etiology in children occurred in 35 countries, and 22 of these
patients died. Most cases occurred in Europe (48%) and
America (43%). By country, the top-two countries with the
highest occurrence rates were the US (33%, n=334) and the
UK (27%, n=272). The WHO assessed that the cause of pedi-
atric acute hepatitis of unknown origin was not yet identified
and available information was limited due to lack of investiga-
tion into the disease. The WHO rated the risk level as “moder-
ate,” on the grounds that the occurrence of acute hepatitis of
unknown etiology in children was likely to have been under-
estimated due to limited information from regions without a
surveillance system for the disease, due to lack of clear identifi-
cation of the transmission routes, and because exclusion of in-
terhuman transmission was difficult [3].

Acute hepatitis is an inflammatory disease in the liver,

508

caused by diverse etiologies, including hepatitis. Causes of
acute hepatitis include hepatitis virus (A to E), Epstein-Barr vi-
rus (EBV), and cytomegalovirus (CMV), although the cause is
unknown in 30-49% of children with acute hepatitis that pro-
gresses to liver failure [4].

The Korea Disease Control and Prevention Agency
(KDCA) determined that it would be necessary to track the oc-
currence of acute hepatitis of unknown etiology in children by
monitoring acute hepatitis in children-like cases throughout
the country and to respond appropriately according to the situ-
ation, and established a surveillance system in collaboration
with relevant academic societies in May 2022. The purposes
of this report were to present the results of the surveillance for
acute hepatitis of unknown etiology in children from May 1,
2022, to December 2, 2022, to examine the characteristics
of the cases occurring in the Republic of Korea (ROK) and to

evaluate the risk level by focusing on prospective surveillance.

Methods

1. Surveillance System

In collaboration with the Korean Society of Pediatric
Gastroenterology, Hepatology and Nutrition (KSPGHAN)
and 20 healthcare institutions, the KDCA operated the surveil-
lance system for acute hepatitis of unknown etiology in chil-
dren from May 1 to December 31, 2022, as a policy research
project. The domestic surveillance system performed prospec-
tive surveillance from May 2022 and retrospective surveillance
performed from January 2021 to May 2022. To investigate
the cases suspected of acute hepatitis of unknown etiology in
children over the approximately 5-year period from 2017 to

2022, 206 cases in a single healthcare institution that fit the
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Table 1. Pathogens and tests for acute hepatitis of unknown etiology in children

Medical institution?

Abdominal CT scan

Liver biopsy =~ Adenovirus immunohistochemical staining

Type of
sample Pathogen Test Pathogen Test
Blood/serum EBV PCR Adenovirus PCR/Genotype
VCA IgM/1gG
EA IgG
CMV PCR/1gM/IgG
SARS-CoV-2 Serology
Enterovirus PCR SARS-CoV-2 Serology
HHV-6
HHV-7
Parvovirus B19 Enterovirus PCR
HSV-1
HSV-2
VZV PCR, IgM AAV2 PCR/Serology
Leptospira” Ab
ASO
Anti HIV
Blood culture
Toxicology
Stool Adenovirus PCR, Ag Adenovirus PCR/Genotype
Enterovirus PCR
Salmonella PCR, Enterovirus PCR
Shigella Culture
Campylobacter Salmonella Culture, PCR
E.coli O157 Shigella
Norovirus PCR, Ag Campylobactor
Sapovirus E.coli (EHEC)
Rotavirus Norovirus PCR
Sapovirus PCR
Respiratory  Influneza PCR Influenza PCR/Genotype
RSV RSV
Rhinovirus Adenovirus PCR
Parainfluenza
SARS-CoV-2 PCR, Ag SARS-CoV-2
Throat swab (Group A Streptococcus) \AY%
Urine Leptosporira” PCR
Toxicology
Imaging Liver ultrasound

Agency. “These are the investigation items presented in the case report form. "Can be tested considering travel history.

EBV=Epstein-Barr virus; CMV=cytomegalovirus; SARS-CoV-2=severe acute respiratory syndrome coronavirus-2; HHV=human herpes virus;
HSV=herpes simplex virus; VZV=varicella zoster virus; ASO=anti streptolysin O, HIV=human immunodeficiency virus; E.coli=Escherichia coli;
EHEC=Enterohemorrhagic Escherichia coli; RSV= respiratory syncytial virus; AAV2=adeno-associated virus type 2; CT=computed tomography;
PCR=polymerase chain reaction; VCA=viral capsid antigen; Ab=antibody test; Ag=antigen. KDCA=Korea Disease Control and Prevention

www.phwr.org Vol 16, No 16, 2023
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surveillance case definition, except for hepatitis E, were re-
viewed. Healthcare professionals treating pediatric hepatitis
patients were continuously alerted through the KSPGHAN to
report cases of acute hepatitis of unknown etiology in children.
To report these cases, healthcare institutions filled out occur-
rence reports and initial case report forms and submitted the
final report form either 2 weeks after the initial reporting or at
patient discharge. To identify the causative pathogen of acute
hepatitis of unknown etiology in children, results of the tests
recommended by the WHO were examined using the case re-

port form [5]. Bureau of Infectious Disease Diagnosis Control

(Division of Bacterial Diseases, Viral Diseases, and Emerging
Infectious Diseases) tested for 17 pathogens using 4 speci-
men types (whole blood, serum, fecal, and respiratory samples)
(Table 1). In 7 meetings, the Case Review Committee reviewed
cases in depth, based on the information in the case report
form and the KDCA test results, with respect to whether or not
the reported cases fit the surveillance case definition, potential
causes of hepatitis, the likelihood of the cases being acute hepa-
titis of unknown etiology in children, and the association with
adenovirus (which was speculated as the causative pathogen).

The review process was in accordance with the prospective case

Case definition

Age < 16 years
AST or ALT > 500 IU/L
Non hepatitis A, B, C, and E

Unclassifiable*

Possible

Unclassified

Probable cause of hepatitis identified

Possible

Unlikely @

Association with adenovirus

Adenovirus PCR**

Unclassifiable

Possible 3

Unclassified @

*Cases where required tests to the case definition are not performed ex) Hepatitis E
Although it was difficult to evaluate whether it was appropriate for the case definition, it
was evaluated the cause of acute hepatitis of unknown etiology

**Adenovirus PCR include blood, stool, respiratory PCR tests

Figure 1. Algorithms of case review of acute hepatitis of unknown etiology in children

AST=aspartate aminotransferase; ALT=alanine aminotransferase
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review algorithm (Figure 1).

The KDCA compared the case occurrence in the ROK
vs. that in other countries using the data from the WHO,
European Center for Disease Prevention and Control (ECDC),
UK Health Safety Executive, and US Centers for Disease
Control, and shared the case occurrence in the country and
case review results with the WHO Regional Office for the
Western Pacific in accordance with the International Health
Regulations. The KDCA announced the case occurrence and
review results in a press release to healthcare professionals and
the citizens, and recommended prudent actions, such as visit-

ing a healthcare institution when symptoms related to acute

hepatitis of unknown etiology in children or acute hepatitis-

like symptoms were encountered.

2. Surveillance Case Definition

A case of acute hepatitis of unknown etiology in children
was defined slightly differently in different countries. The
WHO classified the cases as confirmed, suspected, and epi-
demiologically related, but did not provide a clear definition
of what constituted a case of confirmed acute hepatitis of un-
known etiology in children. The ROK defined a surveillance
case as a case suspected of acute hepatitis of unknown etiol-

ogy in children, following the definition used by the WHO.

Table 2. Case definitions of acute hepatitis of unknown etiology in children

Country Classification

Case definition

WHO [3] Confirmed

Probable

Epidemiologi-cally linked

UK [4] Confirmed

Possible

Epidemiologi-cally linked

USA [5]

Republic of Korea Probable

Not available at present

A person presenting with an acute hepatitis (non- hepatitis A-E) with
serum trasaminase >500 IU/L (AST or ALT), who is 16 years and
younger, since 1 October 2021

A person presenting with an acute heaptitis (non- hepatitis A-E) of any
age who is a close contact of a probable case, since 1 October 2021

A person presenting since 1 January 2022 with an acute hepatitis which
is not due to hepatitis A-E viruses, or an expected presentation of
metabolic, inherited, or genetic, congenital, or mechanical cause with
serum transaminase greater than 500 IU/L (AST or ALT), who is 10
years old and under

A person presenting with an acute hepatitis since 1 January 2022 with
an acute hepatitis which is not due to hepatitis A-E viruses or an
expected presentation of metabolic, inherited or genetic, congenital
or mechanical cause with serum transaminase greater than 500 IU/L
(AST or ALT), who is 11 to 15 years old

A person presenting since 1 January 2022 with an acute hepatitis (non-
hepatitis A to E) who is a close contact of a confirmed case

Patients under investigation Children <10 years of age with elevated (>500 U/L) AST or ALT who
have an unknown etiology for their hepatitis (with or without any
adenovirus testing results, irrespective of the results), since October 1
2021

A person presenting with an acute hepatitis (non-hepatitis viruses A,
B, C, and E) with serum transaminase greater than 500 IU/L (AST or
ALT), who is 16 years old or younger, since 1 May 2022

AST=aspartate aminotransferase; ALT=alanine aminotransferase.
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Specifically, cases that were to be reported were defined as
those in which children of age 16 years or younger, who were
admitted to a healthcare institution due to acute hepatitis after
May 2022, who had liver enzyme levels (either aspartate ami-
notransferase [AST] or alanine aminotransferase [ALT]) ex-
ceeding 500 IU/L, and in whom the diagnoses of viral hepatitis
A, B, C, and E were excluded. Hepatitis D virus was not con-
sidered in the surveillance case definition and testing, because
hepatitis D co-occurs with hepatitis B or is transmitted to the
carriers of hepatitis B virus in the form of coinfection; hence,
hepatitis D testing was not required if the diagnosis of hepatitis
B was excluded [5,6]. The UK defined confirmed cases as chil-
dren of age 10 years or younger, which was the primary age
group among early cases, while the US defined confirmed cases
as children under 10 years of age during monitoring [3,7,8]
(Table 2).

Among the case reports of acute hepatitis of unknown eti-
ology in children, 16 were unclassifiable. The surveillance case
definition used in the ROK limited case reports to acute hepa-
titis, excluding viral hepatitis. In general, however, children are
not tested for hepatitis E, and thus, when it was impossible to

assess whether cases fit the surveillance case definition, cases

] =@ 0-5 year
74 0 6-16 year
— Cumulative cases

Cases
N
1

were categorized as unclassifiable. The unclassifiable cases that
met the criteria other than hepatitis E test results were further
examined with respect to potential causes of acute hepatitis and
the presence or absence of adenovirus.

In this report, of a total of 83 case reports to the surveil-
lance system for pediatric acute hepatitis of unknown etiology,
82 cases were analyzed. The remaining case was excluded be-
cause it did not meet the age criterion of the surveillance case

definition.

Results

The surveillance system was in effect from May 1 to
December 2, 2022. Of the total of 82 case reports, 66 (80.5%)
fit the surveillance case definition, and 16 (19.5%) were un-
classifiable because it was not possible to assess whether or not
they fit the surveillance case definition, due to the absence of
the hepatitis E test. The weekly volume of case reports was the
highest in week 41 (n=7), followed by weeks 30, 39, and 40
(n=06 each) (Figure 2). In the trend analysis of the occurrence
of cases suspected of pediatric acute hepatitis of unknown eti-

ology in a single healthcare institution over 5 years (January

- 90
L 80
L 70

] o

60 3

=

150 &

<

L40 O

QO

L30 8

(2]

17234567 8 91011121314151617 181920212223 24 2526 27 28 29
Week (2022)

Figure 2. Reported prospective cases of acute hepatitis of unknown etiology in children in the Republic of Korea by week
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2017 to April 2022) and the retrospective surveillance in
which cases between January 2021 and April 2022 were re-
viewed, the occurrence temporarily increased in some weeks,
but the number of cases was small and no clear seasonality or
any other temporal trend was found (Figure 3).

Twenty hospitals in all regions nationwide were responsi-
ble for reporting the cases acute hepatitis of unknown etiology
in children. The regional number of case reports was the high-

est in the Seoul metropolitan area (41.5%; n=34), followed

by Gyeongnam (23.2%, n=19), Honam (15.9%, n=13), and
Gyeongbuk (13.4%, n=11). For the age group of 6-16 years,
the number of case reports was markedly elevated in Seoul
(n=12) and Gyeongnam (n=10), while 3 or fewer were report-
ed in all other regions (Figure 4). The median age was 4.0 years
(interquartile range: 0.8-8.3 years). More girls (n=45, 54.8%)
than boys (n=37, 45.1%) were affected. The median height
was 104.7 cm, and the median weight was 18.4 kg. Regarding
the history of COVID-19, 38 (46.3%) cases were confirmed as

—— Single institution survey
Prospective surveillance
Retrospective surveillance

Prospective
1 | | | Retrospective surveillance surveillance
— 1
P i Single medical institution survey (2017.1-2022.4) | (20211 2022'5): 5 (20225.1-122)
S i | : ! P
! 20
20 A i i i i 18 18 !
1
i ' ! 114 i
8 154 i i i | ! 14
o i | ! ! N 12
1
O 104 8 i i i !
7 1
I ! 6 ! ! l | o
5 4 1 1 1 !
1 { 1
: : | N\M

1357 911357 911357911357 9 11

2017 ' 2018 ' 2019

1
13579115
2021

1 3 5§ 7 9 M1
2022

' 2020

Month

Figure 3. Cases of acute hepatitis of unknown etiology in children in the Republic of Korea by year

A single medical institution survey was investigated by a case review of about 5 years (January 2017 to April 2022) in a single medical

institution. A case of retrospective surveillance is reviewed retrospectively from January 2021 to May 2022. A case of prospective surveillance is

reported from May to December 2, 2022.

Capital —

Gyeongnam _

Honam

Region

Gyeongbuk
Gangwon

Chungcheong

B 0-5years
[ 6-16 years

oo

T T T
10 12 14 16 18 20
Cases

Figure 4. Reported prospective cases of acute hepatitis of unknown etiology in children in the Republic of Korea by region
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having had the infection, and 4 (4.9%) cases had been vacci-
nated against this disease. Six (7.3%) cases were found to have
a history of taking drugs with liver toxicity. Four (4.9%) cases

were found to have underlying disease, with 2 cases having

disease (Table 3).

chronic neurological disorders and 1 case each having con-

genital heart disease, blood disorder, or nonalcoholic fatty liver

The majority of the cases were symptomatic (98.8%;

Table 3. Characteristics of reported prospective cases of acute hepatitis of unknown etiology in children in the Republic of

AST
ALT
Test result
Adenovirus
SARS-CoV-2
EBV
CMV
Rhinovirus
RSV
Parainfluenza
AAV?2
Outcomes

Liever transplantation

Liver enzymes, median (interquartile range) - [U/L

852.5 (579.0-1,419.0)

918.5 (598.0-1,409.0) 824.5 (598.0-1,269.0) 1,026.5 (601.0-1,523.5)

12 (14.6)
12 (14.6)
11 (13.4)
9(11.0)
7 (8.5)
6(7.3)
5(6.1)
4 (4.9

4(4.9)

Korea
Characteristics Total (n=82) (ngl_lg,ygg.qs% ) (ni;.166 Xgé;/o )
Sex
Female 45 (54.8) 27 (58.7) 18 (50.0)
Male 37 (45.1) 19 (41.3) 18 (50.0)
Age, median (interquartile range) 4.0 (0.8-8.3) 0.9 (0.3-2.2) 9.13 (6.7-10.5)
Height (cm) 104.7 (71.0-151.2) 72.9 (62.2-94.0) 135.7 (122.0-144.5)
Weight (kg) 18.4 (8.8-30.7) 9.2 (7.8-13.6) 30.9 (24.4-43.0)
History of COVID-19 infection 38 (46.3) 16 (34.8) 22 (61.1)
Vaccination of COVID-19 4 (4.9) 1(2.2) 3(8.3)
Symptom
Asymptomatic 1(1.2) 0(0.0) 1(2.8)
Symptomatic 81 (98.8) 46 (100.0) 35(97.2)
Type of symptom
Jaundice 13 (15.9) 4(8.7) 9 (25.0)
Fever 56 (68.3) 33 (71.7) 23 (63.9)
Abdomen pain 24 (29.3) 10 (21.7) 14 (38.9)
Vomiting 28(34.2) 14 (30.4) 14 (38.9)
Diarrhea 24 (29.3) 15 (32.6) 9 (25.0)
Cough 18 (22.0) 12 (26.1) 6 (16.7)
Runny nose 19 (23.2) 14 (30.4) 5(13.9)

910.5 (596.0-1,251.0)

9 (19.6)
8 (17.4)
4(8.7)
7 (15.2)
48.7)
6 (13.0)
1(2.2)
2 (4.3)

2 (4.4)

838.5 (555.5-1,512.5)

3(8.3)
4(11.1)
7 (19.4)
2(5.6)
3(8.3)
0 (0.0)
4(11.1)
2(5.6)

2(5.60)

AST=aspartate aminotransferase; ALT=alanine aminotransferase; SARS-CoV-2=severe acute respiratory syndrome coronavirus-2;

EBV=Epstein-Barr virus; CMV=cytomegalovirus; RSV= respiratory syncytial virus; AAV2=adeno-associated virus type 2.
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n=81), while only 1 (1.2%) was asymptomatic. Thirteen
(15.9%) cases had jaundice (an indicator of severe cases),
showing a different pattern than seen in other countries, such
as the UK and the US, where more than 50% of cases had jaun-
dice [4,7]. Regarding clinical symptoms, fever was the most
common (68.3%), followed by GI symptoms, such as vomiting
(n=28, 34.2%) and stomachache (n=24, 29.3%), and respira-
tory symptoms (coughing, mucus production, and runny nose;
n=19, 23.2%) (Figure 5).

The criterion for liver enzyme levels was 500 IU/L or high-
er. The median AST level was 852.5 TU/L (interquartile range:
579.0-1,419.0 TU/L) in all cases, 910.5 IU/L (interquartile
range: 5960.0-1,251.0 IU/L) in the age group of 0-5 years, and

WHO (n=100, July 8, 2022)

Nausea/vomiting | 60% (60/100) |
g | i
IS
g i
]
-% General weakness | 52% (52/100) |
=
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838.5 IU/L (interquartile range: 555.5-1,512.5 TU/L) in the
age group of 6-16 years (Table 3). The median ALT level was
918.5 IU/L (interquartile range: 598.0~1,409.0 TU/L) in all
cases, 824.5 TU/L (598.0-1,269.0 TU/L) in the age group 0-5
years, and 1,026.5 TU/L (interquartile range: 601.0-1,523.5
IU/L) in the age group of 6-16 years. The clinical course was
uneventful in most cases. Four (4.9%) cases were severe and
required liver transplantation, which was at a similar level as
reported by the WHO (4.6%). No deaths occurred (Table 3).
In the case classification conference, of 64 cases that fit
the surveillance case definition, 27 (42.2%) were classified as
acute hepatitis of no potential cause, and in 37 (57.8%) cases,

potential causes were deduced. The most common causes of

UK (n=195, July 4, 2022)

£ Vomiting |88% (113/195) |
‘g_ .

> Lethargy | 48% (93/195) |
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Figure 5. Main symptoms of acute hepatitis of unknown etiology in children
The main symptoms of WHO, UK, and ROK are presented as a ratio (by country, total number, and reference date). WHO=World Health

Organization; UK=United Kingdom; ROK=the Repobilc of Korea.
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acute hepatitis were COVID-19, and adenovirus, with n=12
(14.6%) each, followed by EBV (n=11, 13.4%) and CMV (n=9,
11.0%). In the adeno-associated virus type 2 (AAVZ2) poly-
merase chain reaction test conducted at the KDCA, the posi-
tive rate was 4.9% (4/67). The positive rate for adenovirus was
15.4% (12/78). The genotype was confirmed to be 41F in 1
case (Table 3).

Discussion

In a study involving 34 institutions across 22 countries in
Europe to investigate cases of severe acute hepatitis and liver
failure in children that occurred between January and April
2022, there was no clear evidence for an increase in the occur-
rence of severe acute hepatitis in comparison to the previous
period [4]. In Europe, the occurrence of acute hepatitis of un-
known etiology in children slowly decreased at week 17 and
afterward, and the occurrence per day was 10 cases or less after
week 40 [8]. In contrast, the occurrence in the ROK was the
highest in weeks 30, 39, and 40, showing a different pattern
from the trend in Europe. It is speculated that since the surveil-

lance system was operated in earnest, healthcare professionals

45 -
40 -
35 -
30
25
20
15 1
10 -
5 4
0

Cases

39 41 43 45 47 49 51
2021

were encouraged to report cases suspected of acute hepatitis of
unknown etiology in children, and thus, their interest in such
cases rose, consequently increasing the number of reported
cases. Neither in the trend analysis of the occurrence of pedi-
atric acute hepatitis of unknown etiology in the ROK in the
recent 5 years, nor in the prospective and retrospective surveil-
lances, a clear seasonality or trend of any other temporal pat-
tern was found. In Europe, 76.2% of cases of acute hepatitis of
unknown etiology occurred in children of age 5 or lower, and
in the US, the median age was 2 years. The median age in the
ROK was 4 years, which was higher than that of other major
countries [7,8].

The cause of acute hepatitis of unknown etiology in chil-
dren has not yet been clearly identified, and adenovirus and
AAV?2 were considered as highly likely pathogens. In the UK,
adenovirus was confirmed in 65.9% of cases suspected of the
disease, in most of which the 41F genotype was found. In a
case-control study conducted in the UK, cases of acute hepa-
titis of unknown etiology in children were found to be more
likely to carry AAV2 [7,9,10]. AAV2 may not have caused
hepatocyte damage alone. Rather, additional viruses may have

facilitated aberrant AAV2 reproduction, which in turn led to

17 19 21 23 25 27 29 31 33 35 37 39 41 43 45
2022

Year

Figure 6. Reported probable cases of acute hepatitis of unknown etiology in children in Europe (22 countries) by week

The cases are based on the week of symptom onset; if unavailable, based on first week of hospitalization report to the national level.
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liver damage [9]. A study conducted in the US reported that
compared to 2017-2020 (that is, prior to COVID-19), the
positive rates of adenovirus types 40 and 41 did not increase in
the age groups of 0-4 years and 5-9 years [8]. In the surveil-
lance performed in the ROK, the positive rate of adenovirus (a
likely pathogen involved in acute hepatitis of unknown etiol-
ogy in children) was very low, that is, approximately a fourth of
the positive rates reported by the WHO and in the UK (67.7%)
[5,8,11]. There were few domestic cases in which jaundice (a
symptom reflecting severe cases) occurred, and many cases
manifested mostly nonspecific symptoms. In addition, few se-
vere cases requiring liver transplantation were noted, and no
deaths occurred. Compared to Europe and the US, the ROK
has better health care access in the presence of mild symptoms
or fever due to COVID-19. Hence, the number of severe cas-
es or deaths may have been low in the ROK, because patients
were detected and treated early, before their conditions became
severe.

In Europe, the occurrence of acute hepatitis of unknown
etiology in children was reduced and stabilized after week 40 of
2022, and in week 49 the ECDC temporarily discontinued the
surveillance for the disease (Figure 6) [12]. Based on the results
of domestic surveillance, the KDCA reviewed the trends and
characteristics of pediatric acute hepatitis of unknown etiology
in the ROK and foreign countries and discussed this with ex-
perts. Consequently, the KDCA discontinued the surveillance
in 2022, but will continue to maintain cooperative relations
with healthcare professionals by monitoring the occurrence of
the disease outside of the ROK in 2023 and thereafter. It will
thus consider performing a follow-up surveillance depend-
ing on the future situation (such as the detection of abnormal

signs).

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

The domestic surveillance system for acute hepatitis of un-
known etiology in children was implemented to understand
the status of the disease occurrence within and outside of the
ROK, to prepare for and respond to an outbreak. This surveil-
lance system represents a case in which government institu-
tions and non-government expert groups collaborated to per-
form surveillance and research to identify the cause of an ill-
ness. Thus, it is essential to operate and evaluate a surveillance
system continuously to monitor notable trends of diseases like-
ly to have a significant impact on public health and to progress
to severe cases, to monitor the occurrence of emerging infec-
tious diseases, to manage high-quality data effectively and effi-

ciently, and to prepare for and respond to an outbreak.
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QuickStats

Trends in the Prevalence of Secondhand Smoke Exposure,
20122021

In 2021, the prevalence of indoor secondhand smoke exposure among adults aged =19 years was reported to be 3.6% at
home, 9.2% in working areas, and 7.5% in public areas, showing an ongoing decrease since the last decade. In particular, the
prevalence of indoor secondhand smoke exposure in public areas was significantly decreased and it was lower than indoor sec-

ondhand smoke exposure at working areas (Figure 1).
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Figure 1. Trends in the prevalence of secondhand smoke exposure, 2012-2021

*Prevalence of indoor secondhand smoke exposure at home for current non-smokers: percentage of current non-smokers (including former
smokers) being exposed to tobacco smoke caused by others at home (surveyed from 2013, exposure period ‘in the last 7 days’ was added)
"Prevalence of indoor secondhand smoke exposure at working areas for current non-smokers: percentage of current non-smokers with
occupations (including former smokers) being exposed to tobacco smoke caused by others at working areas (surveyed from 2013, exposure
period ‘in the last 7 days’ was added)

$Prevalence of indoor secondhand smoke exposure in public areas for current non-smokers: percentage of current non-smokers (including
former smokers) being exposed to tobacco smoke caused by others in public areas in the last 7 days.

¥The mean value of Figure 1 was calculated using the direct standardization method based on population projections in 2005 by Statistics

Korea.

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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