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2. COVID-19 Agent-based SimulatorE 0|2t
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Covasim=coronavirus disease 2019 Agent-based Simulator.

www.phwr.org Vol 17, No 30, 2024

1271


http://www.phwr.org

ublic Health Weekly Report

PHWR

% w %o ofp ]
= L = W
M o B X g T - N SR
LA mﬁgwi@m7ﬂ$mwiz
oo E A wo®oE o (I
o = H of ~d N I o o o R < ok R X° _ E
= W oy i T o p H OB X Mo & X "o E_,Ho =™ o ) o
° = % @ o N X S L ok o H ol 3
oo B TR R ow R l o i 5 : i
o o< X I 2T W T W@ < N 8 o e e B g g
iy .~ < = 2 = o R T __wm* T lof BB B2 M = o B o T o
EE 5w T om o ® % oo < ow o iy » I g
=X %o wmm ooy N i S I o) Ho X T oo N Mwﬂ 4 Ry
ol o P = L| NI om0 = _ N = T g N G
w B oo M R O S B S| M MR
F X % oo R R o w o mW % rop sleirs o X X
» @ gl Bl o o ow TR CAC i S RIT IR e W N )
N = = K o < /]oNE N . = o oo | &y X om B e
Eoop BT oo T g B g o Ty g &
B E o [ ICIC N Ko W o X oo o o E o | & B AR "R
" EE S z T 5, ey T LT DR TE==P o B o 2
it : X 7 ﬂx0_zTﬂ7EWﬂH$ﬂﬂmo off B E@%@@ o m = @
N TS ow oz BT CEE Rz He2¥s T g TP
M o wl X G+ 3T S % = ﬂm = AR @ﬂmﬁ_ﬂ 2 o 2
= 11—~ fsl - _“__.._ I sl ol ~al Mu ny - B o% 5 w % oju .WA.HO 1o W H ol ~ oy =l
Mo i Al Fo b P A P pETE S ®E
+N ER Kl o O ol K <+ 7o = o = T 2
o R oo K xrom-om 2 o N o~ T BB oK TR T N No = ™ T
2 F oo WErezz 24 o TEFTAN sdzd
Y N z,meurmla‘é,aw TR or B o D e T W
o W B Ik = g - M moT o w Hn Ar Mg E g i
R EREREER PETESEeEEIEs
o W o T A ~ _ X N RO °
do ~— A T
mmmmTﬂLgmH%_zfﬂmﬂﬂnVa] z| [T
ﬂmﬂ%ﬂﬂﬁ R W{N%E oo I T Ho
I (N E% o R o T G Il Ry TR L T
; — ~ ~ U o -
o L_L%W%E_E i SN i O S = P S I i ww e
LG = e o R~ A LICCE op - V{C
Mﬁgﬂ&ogm_ﬁ%%mﬁwwiWWT7_EIT M"_Aoih i
Xoxo o ol X ~— oW o) © 5
mw 2 = & < K mm i om O N Mw & Mﬁ oy Mm 3 mw
ﬂeﬁﬂo%md%@ﬁﬂwmﬂm%Jﬁ » =
G oMoy XK R S (Y B <
wmmm;fqEiﬁqo_;:_u%@ﬂoww_i o T
T s i B I A o %oz W s =S L
N G w o H_A_u m.n_u il Bo M NH _,_Aﬂ ~ B _._W_- <> E = W R K NE BT
L R L AVEECEE - ] cf N ER o T
ar 7o m o~ o No= N~ " H _ﬂ R E %o | R0 | B° 5 o
o A X Fow e mM > & Mﬁ ﬁm o =& X i = @.mﬂ T o=
T i | T ! o- o- K G
Am B . Y ERE ) A wlElm T ° C
s oy Rom el L EE R G mowmy__qmag o - R R A
= X SN . i N, ) ol | &
- _mﬁ ”| = _Mo o} H_._u T T iod E@ g W_IM o o T ___M.___H we ._Wﬁ o olo of ol Mw "
X am.-O el LJ — — _.mM ~ ,mxr ‘z_l (val o _.c._ nﬂ—u ﬂ.b . —_ O_E ﬂ.Tﬂ T mﬂ o
H Bl ® g © R O T o N B X NG o B g z W o "
. - i o BT SR - T R I @m| |T X woE e
i e e = oo o om o H i) (8 [ S S S A
O % WX @ o g T o (N i)
KR of w B L % B
T R B | % or B o
S L A o o o N N
il =5 o BV oM <7 T HMM ﬂAl]L o
o ol

ww
w.phwr.org Vol 17, No 30, 2024

1272



http://www.phwr.org

I Public Health Weekly Re.:uu’\

S 59 &4 Aol Awgctar skgleh10]. ) AA L A
g 7 Lol gAg - gt g24 187t Fas)
o1 59ict. ol ek AFHS BEF 15t gS o AR 2
o tigt AFE vgoz gAY HE2H 48 Y &3t
Eobd Zott.

202199 AIARAZ = FEA 54
AAts)9] z1dsty dohE Folg Fxorch HAAZ
2, Ag dA0lA Y 4= & A

Y
1o
oX,
ot
o
(e}
o
N

H7HE (kA5
3 A S)2 wop AARA
717-9] Akt o] XA Al ALl 1 AR A

stol 7] A A RS T

A ALY
Folg ZAPHE ). IFE I=
A 39,

ALSEH 243 5 A 494 AAL AT,

www.phwr.org Vol 17, No 30, 2024

< Zgsto] &
A AO|LHE 1). 3= E3t A187t=9) Frj s} 7|12, w4 3]
8] (closed-circuit television, CCTV) Hlo|E & &-&

342 Besle] ArkE AR Aoz Yook

REF S st A 84S w9l Hol &

f

w

. 2l2jet oHA|
F8 =719 Z2Y19 Aol tiet J55+

4% o] dat =A) L 2 245 o] e Sl

B e

ol=E AFgtt. WMoY wf th49] H7tEo] EYAAY
=tz 3 e JEFH A HHY A, 97 4
At 2 AE Al folsfoF & HES =9otlth HAEFH4
2 A9 57tE A2 AT 5 Y £33 2EdHL2 7
Zof EAstA] gkekot Covasim & B
7he 4= Qlth= 998 At 7]£9] g mEY A o
7H3e] A4S AFERA, £ A9 Covasim 2§ Z
£ A7) glol8E 2Fstal ik
H, &5447 JAof glo] FoTI¢ 7S HRE =
ot out =7t AR Ao o Hwrbs/do] Holxict
£ A7 Qlet Zh=e) 219 W||] F4)(20204, 2021
v)o] A7 £ Al IA A7) tig FEAo] tha Wkt
T7}71% E 0] ofzto| Holl AAE o] QJA] e AtEE T
A 4 At EF B EHCIUE AREC] BAIY RS
AeolA grgsted 45T Yool Atk 3 AT A
g =7t AAA B AE7RL] AER-E Boto]
e o] JHE Bgsfof gttt A #7HE9] HA H| A
Z3tElo] gl vl Wo] BAjste] JEFH A, #A
AAE B4 9 029 7]49] 28, A AEH ol 59 Al
goto]l AFE oAt /E =7F AL A
FaPd F AmE g =7t F71HY ReAw 9 dR
2 JA 9] EAH o] mAE £¥o] Wo] AEEGO

o, JE55442] A9 Faves A= 12ohA] XA

E

A

ZAFsH

l.
r

it H

rJ

B FAEE A%

1273


http://www.phwr.org

I Public Health Weekly Repo: ’\

t},
Covasim 23 7= FAE &3 AEE A2
AGAE] Jfdo 2 HE Y EYIE A7) o7 Y

o] ol WAs= A AAS HIL =+ ke A

)

ot} tEol A Ho] WHH SHe] B4 o]F wrgsh

AL 595t} E Covasim L9 9 ZAItHSE 4 A

A A% 5 FEAEIE. 38 ARoIH FRF BAH v]
82 1T 5 ek AA] ek vluld ole o] g
9 g4 2L g A 2% P9 Shs1e] BT Folt 2

2
ek
r
)
i)
i)

oh o 232 A2 23] 9ol Fasty
neshor gk,

-
5 49Y 9% A S5 4% ABHoI AL 48 U ¥

gal7] SISl W7k AEES vhstol

SEELE
& Aol
1274

Declarations

Ethics Statement: Not applicable.

Funding Source: This research was funded by Korea
Centers for Disease Control and Prevention Agency (No.
2022-08-007).

Acknowledgments: None.

Conflict of Interest: The authors have no conflicts of inter-
est to declare.

Author Contributions: Conceptualization: WJL, JHO,
SSH. Data curation: CJL, YSK, GJL, KRN, BDT, SP]J,
WIJL, JHO, SSH. Formal analysis: CJL, YSK, GJL, KRN,
BDT, SPJ, WJL, JHO, SSH. Funding acquisition: SSH.
Investigation: CJL, YSK, GJL, KRN, BDT, SPJ, WJL, JHO,
SSH. Methodology: WJL, JHO, SSH. Project administration:
DSK. Resources: CJL, YSK, GJL, KRN, BDT, SPJ, WJL,
JHO, SSH. Software: SPJ, WJL. Supervision: WJL, JHO,
SSH. Visualization: SPJ, WJL. Writing — original draft: CJL.

Writing — review & editing: WJL, JHO, SSH.

References

1. Fetzer T, Graeber T. Measuring the scientific effectiveness
of contact tracing: evidence from a natural experiment.
Proc Natl Acad Sci U S A 2021;118:¢2100814118.

2. Vogt F, Kurup KK, Mussleman P, et al. Contact tracing
indicators for COVID-19: rapid scoping review and con-
ceptual framework. PLoS One 2022;17:e0264433.

3. Hossain AD, Jarolimova J, Elnaiem A, Huang CX, Rich-
terman A, Ivers LC. Effectiveness of contact tracing in the
control of infectious diseases: a systematic review. Lancet
Public Health 2022;7:€259-73.

4. Simmons-Duffin S. Why contact tracing couldn’t keep
up with the U.S. COVID outbreak [Internet]. NPR; 2021
[cited 2024 Jan 10]. Available from: https://www.npr.org/
sections/health-shots/2021/06/03/1002878557/why~-

contact-tracing-couldnt-keep-up-with-the-u-s-covid-

www.phwr.org Vol 17, No 30, 2024


http://www.phwr.org
https://www.npr.org/sections/health-shots/2021/06/03/1002878557/why-contact-tracing-couldnt-keep-up-with-the-u-s-covid-outbreak
https://www.npr.org/sections/health-shots/2021/06/03/1002878557/why-contact-tracing-couldnt-keep-up-with-the-u-s-covid-outbreak
https://www.npr.org/sections/health-shots/2021/06/03/1002878557/why-contact-tracing-couldnt-keep-up-with-the-u-s-covid-outbreak

I Public Health Weekly Re.:uu’\

outbreak

. Kretzschmar ME, Rozhnova G, Bootsma MC]J, van
Boven M, van de Wijgert JHHM, Bonten MJM. Impact
of delays on effectiveness of contact tracing strategies
for COVID-19: a modelling study. Lancet Public Health
2020;5:e452-9.

. Nakamoto I, Jiang M, Zhang ], et al. Evaluation of the
design and implementation of a peer-to-peer COVID-19
contact tracing mobile app (COCOA) in Japan. JMIR
Mhealth Uhealth 2020;8:e22098.

From private to public sector with Tim Groleau, lead soft-
ware engineer [Internet]. Medium; 2022 [cited 2024 Jan
10]. Available from: https://medium.com/open-govern-
ment-products/from-private-to-public-sector-with-tim-
groleau-lead-software-engineer-3e5b3adad5b7

. Lee PC, Chen SC, Chiu TY, Chen CM, Chi C. What we

can learn from Taiwan's response to the COVID-19 epi-
demic [Internet]. BMJ Opinion; 2020 [cited 2024 Jun 21].
Available from: https://blogs.bmj.com/bmj/2020/07/21/

www.phwr.org Vol 17, No 30, 2024

10.

11

what-we-can-learn-from-taiwans-response-to-the-cov-
id-19-epidemic/

World Health Organization (WHO). Ethical considerations
to guide the use of digital proximity tracking technologies
for COVID-19 contact tracing [Internet]. WHO; 2020
[cited 2024 Feb 7]. Available from: https://www.who.int/
publications/i/item/WHO-2019-nCoV-Ethics_Contact_
tracing_apps-2020.1

Park H. Ethical challenges of COVID-19 contact trac-
ing system and challenges of AT ethics education. J Ethics
20215133:27-52.

. Organisation for Economic Co-operation and Devel-

opment (OECD). Paid sick leave to protect income,
health and jobs through the COVID-19 crisis [Inter-
net]l. OECD; 2020 [cited 2024 Jan 11]. Available from:
https://read.oecd-ilibrary.org/view/?ref=134_134797-
9ig8wlfnju&title=Paid-sick-leave-to-protect-income-
health-and-jobs-through-the-COVID-19-crisis

1275


http://www.phwr.org
https://www.npr.org/sections/health-shots/2021/06/03/1002878557/why-contact-tracing-couldnt-keep-up-with-the-u-s-covid-outbreak
https://medium.com/open-government-products/from-private-to-public-sector-with-tim-groleau-lead-software-engineer-3e5b3adad5b7
https://medium.com/open-government-products/from-private-to-public-sector-with-tim-groleau-lead-software-engineer-3e5b3adad5b7
https://medium.com/open-government-products/from-private-to-public-sector-with-tim-groleau-lead-software-engineer-3e5b3adad5b7
https://www.who.int/publications/i/item/WHO-2019-nCoV-Ethics_Contact_tracing_apps-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Ethics_Contact_tracing_apps-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Ethics_Contact_tracing_apps-2020.1
https://read.oecd-ilibrary.org/view/?ref=134_134797-9iq8w1fnju&title=Paid-sick-leave-to-protect-income-health-and-jobs-through-the-COVID-19-crisis
https://read.oecd-ilibrary.org/view/?ref=134_134797-9iq8w1fnju&title=Paid-sick-leave-to-protect-income-health-and-jobs-through-the-COVID-19-crisis
https://read.oecd-ilibrary.org/view/?ref=134_134797-9iq8w1fnju&title=Paid-sick-leave-to-protect-income-health-and-jobs-through-the-COVID-19-crisis

Comparative Analysis of International Coronavirus Disease 2019
Contact-Tracing, Isolation, and Quarantine (TIQ) Policies and
Simulation of Policy Effects

Chloe Jeongijin Lee', Yeonsu Kim', Gangju Lee', Kiryong Nam', Benimana Dieudonne Theos', Seungpil Jung', Woojoo Lee',

Juhwan Oh?, Seung-sik Hwang'*, Dasol Kim®

'Department of Public Health Science, Graduate School of Public Health, Seoul National University, Seoul, Korea, 2Department of Medicine,
Seoul National University College of Medicine, Seoul, Korea, *Division of Emergency Preparedness and Response, Department of Infectious
Disease Emergency Preparedness and Response, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Contact-tracing and isolation policies implemented by many countries during the novel coronavirus disease 2019 (COVID-19)
pandemic have demonstrated significant effectiveness in disease containment. However, there are no standardized guidelines or
indicators for contact-tracing policies in the face of new infectious diseases or variants of concern. The present study reviewed
contact-tracing and isolation processes, economic incentives, and policy evaluation models for COVID-19 in major countries.
In addition, a policy-effect simulation was conducted using a COVID-19 Agent-based Simulator (Covasim) model applied to
domestic data. The present study introduces cases from 13 countries including Japan, Singapore, and Australia. The Covasim
model analysis suggests that maintaining a certain level of contact-tracing is crucial, because the savings in COVID-19 tests
when increasing the contact-tracing rate to >60% are not substantial. When supplemented by the issues raised in this study,
contact-tracing, isolation, and quarantine (TIQ) policy can be an effective strategy for infectious disease prevention. Moreover,
standardized evaluation metrics for TIQ policies should be developed to prepare for emerging infectious diseases. During the
COVID-19 pandemic, many countries have implemented TIQ policies to control spread of the disease. Based on a review of
the countries” policies and their respective evaluations, we determined the elements to be considered when implementing such
policies. The Covasim model adopted from domestic data can be used to evaluate policy effectiveness. TIQ policy that increases
participation and acceptance could be an effective strategy for controlling infectious diseases. Standardized TIQ policy

evaluation indicators must be developed for efficient policy simulations of future novel infectious disease outbreaks.

Key words: Coronavirus disease 2019; Contact tracing; National Health Policy; Computational modeling
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Introduction the process that occurs after testing in the Test, Trace, Isolate,
and Quarantine (TTIQ) strategy, a public health approach to

Contact-tracing, isolation, and quarantine (TIQ) refers to prevent the spread of infectious diseases. Since the onset of the
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Key messages
(D What is known previously?

During the coronavirus disease 2019 pandemic, many
countries implemented contact-tracing, isolation, and
quarantine (TIQ) policies in an effort to control the
spread of the disease.

@ What new information is presented?

Based on a review of countries policies and their re-
spective evaluations, we determined elements to con-
sider when implementing such policies. The Covasim
model adopted with domestic data can evaluate policy
effectiveness.

® What are implications?

TIQ policy supplmented to increase participation and
acceptance can be an effective strategy for controlling in-
fectious diseases. We need to develop standardized TIQ
policy evaluation indicators for efficient policy simula-
tions of future novel infectious diseases.

novel coronavirus disease 2019 (COVID-19) pandemic in
2020, various countries, including Republic of Korea (ROK),
have implemented isolation and close contact-tracing to con-
trol spread of the disease. Owing to the contagious nature of
COVID-19, even before symptoms arise, strategies such as iso-
lating confirmed cases and tracing the movement of close con-
tacts, have been used to reduce the scale of the outbreak.
However, privacy concerns arose when the collected data
were disclosed to the general public or contacts. There are no
standardized guidelines for contact-tracing and isolation poli-
cies or standardized metrics for policy implementation with
the emergence of new variants of concern or novel infectious
diseases. The present study aimed to examine how contact-
tracing and isolation processes were performed in major coun-

tries in response to COVID-19. It analyzed digital technology

www.phwr.org Vol 17, No 30, 2024

usage and policy evaluations and proposes effective approaches
for contact-tracing and isolation during the initial stages of a
novel infectious disease outbreak.

Research conducted in the United Kingdom by Fetzer and
Graeber [1] suggests that contact-tracing, even with conserva-
tive estimates, can reduce recurrence rates by 63% and the re-
lated mortality rate by 66% over a period of 6 weeks. Currently,
there are no official guidelines for the operation and evaluation
of contact-tracing systems. Vogt et al. [2] conducted a system-
atic literature review of 153 indicators from nine studies and
one study up to December 2020. Approximately two-thirds
were process indicators (investigation of confirmed cases, iden-
tification of contacts, and testing of contacts), and one-third
were outcome indicators (isolation of confirmed cases and
isolation of contacts). None of the studies used the decrease in
the number of confirmed cases as an indicator. Hossain et al.
[3] reviewed the relevant literature published up to November
2021. The reviewed studies addressing COVID-19 contact-
tracing used metrics such as prevented cases, prevented deaths,
time-varying reproduction numbers (Rt), and basic reproduc-
tion number (R;). This highlights the need for agreed-upon

evaluation indicators of contact-tracing and isolation.

Methods

1. Criteria for Selecting Major Countries

Countries were selected based on their suitability for com-
parison with ROK. This included a positive evaluation of
COVID-19 TIQ policy implementation, robust economic size
and international standing, geographical similarities to ROK,
and the representativeness and ease of investigation in coun-

tries on other continents. Thirteen countries were selected:
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Japan, Singapore, Hong Kong (East Asian countries); Australia,
New Zealand, Taiwan (based on geographical characteristics);
and the United States, Canada, Germany, Sweden, Rwanda,
and South Africa (based on other criteria such as economic

power, population, and positive policy evaluations).

2. Data Collection Method

The World Health Organization (WHO) website and the
main websites of governmental health departments in the 13
selected countries were used to review the data and archived
materials. Online news articles from prominent media out-
lets and the related academic literature were also searched.
Quantitative indicators related to COVID-19 were obtained
from worldwide data (https://ourworldindata.org/). The snow-
balling search technique was used with reference materials
from Wikipedia (https://en.wikipedia.org/), which summa-
rizes COVID-19 information according to country. For ex-
ample, government reports or news articles referenced on the
COVID-19 timeline page for Singapore on Wikipedia were
used to investigate trends in confirmed cases and notable poli-
cy changes during specific periods. For countries with language
barriers, such as Japan, Hong Kong, Taiwan, Germany, and
Sweden, Google Translate was used to access and review na-

tional websites.

3. COVID-19 Agent-based Simulator Model
Application Method
The COVID-19 Agent-based Simulator (Covasim) model
was applied to domestic data. This method involves creating
a contact network among individuals based on sex, age, and
population characteristics. The progression of infectious dis-

eases among individual actors due to contact with infected

1278

individuals was then simulated. The data used included dai-
ly COVID-19 status data collected from November 1 to
December 23, 2020 (new test numbers, newly confirmed cas-
es, and new deaths), cumulative infection status data according
to age available on the Korea Disease Control and Prevention
Agency’s website (age, cumulative test numbers, cumulative
confirmed cases, and cumulative deaths), and mobility data
from Google Mobility to represent social distancing (ratio of
mobility to schools, workplaces, local communities, residential
areas, and long-term care facilities compared with baseline on
the reference date). Data from the National Statistical Office
were also used, including age distribution, household size dis-
tribution, distribution according to school type, age-specific
school enrollment rates, age-specific employment rates, num-
ber of workplaces according to employee classification, and
distribution of residents and staff in elderly care facilities.

By specifying contact matrices within schools, workplaces,
and households, Covasim generates individuals according to
the distribution of input data and simulates the progression of
spread of infectious diseases among individuals based on the
defined network and infection transmission processes. The ad-
vantage of Covasim is that it can incorporate various interven-
tion effects into the simulator and reflect them in the results.
This enables the examination of how the infection reproduc-
tion number (i.e., Ry) changes based on daily testing numbers
and the probability of testing and quarantining exposed groups
that have been in contact with confirmed cases according to

the level of mobility.

www.phwr.org Vol 17, No 30, 2024
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Results

1. Review of Contact-tracing and Isolation

Strategies

1) Contact-tracing policy

Japan implemented a cluster strategy in the early stages of
the COVID-19 pandemic, in contrast to the active mass testing
strategy. While controlling indiscriminate testing was consid-
ered to minimize burden on the healthcare system, it was criti-
cized for its inadequate early response. Questions arose regard-
ing the effectiveness of the cluster strategy during the surge in
cases in January 2021, and the strategy could not prevent a
sharp increase in cases during the spread of the Omicron vari-
ant in February 2022.

Hong Kong enforced legal obligations for TIQ policy par-
ticipation, successfully suppressing four outbreaks by the end
of 2021. Germany emphasized preserving jobs and economic
relations from the early stages, maintaining social order, and
having lower per capita incidence rates than other European
countries during multiple waves.

The United States generally performed poorly in TIQ poli-
cies due to public non-cooperation, staffing shortages, and
resistance to epidemiological investigations. Inconsistent re-
source allocation and delayed federal guidance have affected
contact-tracing efforts [4].

Sweden focused on sustainability and strived to maintain
normalcy during the pandemic. However, there has been criti-
cism that, if the government actively intervened early, it could
have reduced the number of COVID-19 cases and related
deaths [5]. The ability to implement such policies appears to be
attributable to a high level of public trust in the government’s

health policies before the pandemic.

www.phwr.org Vol 17, No 30, 2024

Several countries have used smartphone applications for
contact-tracing; however, their effectiveness varied. Japan’s
COVID-19 Contact-Confirming Application (COCOA) app,
introduced in June 2020, faced low usage due to privacy con-
cerns and government distrust [6]. Taiwan initially succeeded
in using QR code scans for public entry; however, post-2021,
privacy concerns and incomplete regulations led to the failure
of the TIQ policy.

Australia’s contact-tracing app demonstrated limited effec-
tiveness due to the need for separate installations by the state,
and New Zealand’s integrated QR code app was underutilized,
providing little help in actual contact-tracing.

> o«

Singapore’s “Trace Together” app, launched in March
2020, achieved 99% citizen adoption by January 2023.
The country has also enhanced tracing efficiency through
Zendemic, a digital platform that enables public health workers
to access an integrated, up-to-date interface [7].

Blending traditional and digital contact-tracing, the UK
shifted its strategy by prioritizing cases over tracing all contacts.
Launched in May 2020, “Test and Trace” delegated high-risk
clusters to Public Health England and general cases to its digital
system. However, the three-month transition encountered crit-
icism for having the highest COVID-19 mortality rate. Despite
enhanced tracing, a surge in cases prompted a lockdown, rais-
ing questions about operational effectiveness.

Canada’s “COVID Alert” app faced challenges due to the
patient’s responsibility to input a one-time code from health

authorities, and lacked a clear vision of its public health impact.
2) Isolation policy

Most countries recommend self-isolation or facility iso-

lation for patients with confirmed COVID-19 and close
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contacts. Based on experience with the 2003 Severe Acute
Respiratory Syndrome (SARS) outbreak, Taiwan implemented
contact-tracing in January 2020, using the Central Epidemic
Command Center (CECC) as the central command [8]. No
domestic lockdown was implemented, allowing individuals to
resume their daily lives after a designated period of isolation
for confirmed cases and contacts. Hong Kong did not enforce
lockdown policies, but enhanced testing for efficient contact-
tracing. One-time economic compensation was provided for
economic losses due to the isolation of confirmed cases, and
the alleviation of financial burdens related to sick leave helped
prevent unjust dismissals.

Singapore used the “Homer” app for isolation policies and
monitored users’ locations to send Stay-home Notices and
Quarantine Order alerts. Compliance was monitored, includ-
ing adherence to isolation rules, and managed for better ad-
herence. The existing paid sick leave system compensated for
economic losses due to isolation, and provided additional sup-
port for employers with low-income households and workers
unable to work due to isolation. Support was limited to those

who adhered to the isolation rules. Germany and Sweden also

expanded their existing sick leave and disease allowance sys-
tems to support COVID-19 isolation policies.

Australia enforced a strict lockdown and contact-tracing
policy until the 2021 spread of the Omicron variant, but en-
countered challenges as cases increased in December 2021.
This led to a transition from contact-tracing to distancing
measures for infection management. Criticism arose regard-
ing the insufficient consideration of vulnerable populations,
keeping schools open, and not minimizing the lockdown pe-
riod through preparation. New Zealand, with similar isolation
policies, demonstrated successful epidemic control due to its
geographical advantages and smaller population, which fos-
tered citizen awareness and trust. Both nations implemented
paid sick leave to address economic losses during isolation, and
compensated for damages from frequent lockdowns with sal-
ary support. They also provided financial incentives for volun-
tary COVID-19 testing during isolation. Similarly, the United
States and Canada introduced paid sick leave to offer economic

compensation during the pandemic.
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Figure 1. Covasim analysis results (changes in infection indicators based on non-pharmaceutical interventions)

Covasim=coronavirus disease 2019 Agent-based Simulator.
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2. COVID—-19 Agent-based Simulator for
Contact—tracing, Isolation, and Quarantine Policy
Assuming 100% mobility with lifted social distancing to

curb the trend in spread of infection (reducing the infection

reproduction index to <1), daily COVID-19 testing of ap-
proximately 700,000, 350,000, and 300,000 cases was re-

quired when varying the contact-tracing rates to 20%, 50%,

and 100%, respectively. When mobility is at 80%, it was found

that to curb the spread of COVID-19, daily testing would need
to be conducted at approximately 250,000, 200,000, and

150,000 tests if the contact-tracing rates are adjusted to 20%,

50%, and 100%, respectively. Regardless of mobility, increas-

ing the contact-tracing rate beyond 60% did not significantly

reduce the number of saved COVID-19 tests (Figure 1).

Discussion

1. Summary of Research Results

Among the contact-tracing policies, Japan’s cluster strategy
demonstrated a less proactive early response but was consid-
ered to be effective until mid-pandemic. Hong Kong success-
fully suppressed some outbreaks by legally enforcing tracing
policies, whereas Sweden opted for a passive approach, con-
sidering the prolonged pandemic. Countries such as Japan,
Taiwan, Australia, and New Zealand, have had low utilization
and effectiveness of contact-tracing applications due to privacy
concerns. In contrast, Singapore increased tracing efficiency
using digital platforms. The UK combined traditional and digi-
tal methods, prioritizing contact-tracing based on effectiveness.
Singapore and Germany, unlike Canada, quickly addressed
workforce shortages through government-led recruitment.

Most countries enforced isolation policies for confirmed cases

www.phwr.org Vol 17, No 30, 2024

and contacts. ROK, Taiwan, Hong Kong, and Japan refrained
from regional or national lockdowns despite a surge in cases.
Compensation for economic losses due to isolation varied, with
Singapore offering incentives for compliance. The Covasim
policy simulation revealed that increasing the contact-tracing

rate to above 60% is not efficient.

2. Comparison with the Existing Literature and
Cross—country Comparison with Republic of
Korea
Fetzer and Graeber [1] reported that contact-tracing re-

duced recurrence and mortality by >60%. Among the surveyed

countries (Japan, Hong Kong, Germany, Singapore, Australia,
and New Zealand), TIQ policies successfully suppressed large
outbreaks. In 2020, the WHO suggested digital contact-trac-
ing in countries with technological infrastructure, privacy
laws, and trust [9]. Cases in Japan, Taiwan, Australia, and New

Zealand have highlighted the limitations of contact-tracing ap-

plications with unclear regulations or low trust. Singapore’s

well-regulated environment supports successful digital TIQ.

However, ethical challenges, such as public trust and personal

data protection, were noted in 2021 regarding the ethical as-

pects of contact-tracing systems [10]. Considering ethical con-

siderations in app design, development, and implementation, a

higher compliance rate for digital TIQ policies can be achieved

based on trust in the government and regulations.

In 2021, the WHO emphasized community participa-
tion for successful contact-tracing. Factors such as consider-
ing vulnerable populations and building trust during planning
were highlighted. Evaluations of Australia’s extended lock-
down, considering vulnerable populations and keeping schools

open, indicate that applying WHO recommendations at the
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of Korea

Table 1. Characteristics of contact tracing and isolation policies by country and differences in response compared to Republic

Policy characteristic

Country

Comparison with Republic of Korea

strong lockdown policies

Isolation support for close contacts and

system for contact tracing and
isolation

Policy preparedness based on previous

and control of infectious disease
transmission

Inadequate implementation of TIQ
policy

Preparedness for the epidemic through Australia, New Zealand, Taiwan Disease control through strong lockdown policies

Australia, New Zealand,

confirmed cases Germany
Contact tracing through cluster Japan
strategy
Supplementing workforce via swift Singapore
digital response
Swift legal enforcement of quarantine Hong Kong
Short-term staffing and management Germany

Rwanda, Republic of South

experience in responding to infectious Africa
diseases
Balancing between daily restrictions Sweden

United States

considering border closure

Promoted isolation through the introduction of paid
leave and financial support systems

Comparison of tracking through proactive testing
and the social-economic costs and benefits

Introduced digital technology in the investigation
process to supplement insufficient workforce and
enhance efficiency

Quickly mandated legal isolation during the early
stages of the pandemic to suppress transmission

Training and dispatch system for contact tracers
through collaboration between local and central
government

Proactive response to novel infectious diseases based

on experience in handling infectious diseases

Minimized compulsion and encouraging voluntary
citizen participation in infectious disease response

Significant variations in response approaches among
states without compulsory policies at the federal
level

TIQ=contact-tracing, isolation, and quarantine.

community level can mitigate TIQ policy side effects.

Differences in ROK’s responses to TIQ policies compared
with other countries are summarized in Table 1. Australia,
New Zealand, and Taiwan controlled its spread through ro-
bust lockdowns facilitated by border closures. Although ROK
is also considered a closed-border nation (due to sharing bor-
ders with North Korea) and thus shares geographical similari-
ties with the aforementioned countries, applying such policies
requires careful consideration of urban density and transporta-
tion development.

Australia, New Zealand, and Germany increased their par-
ticipation in contact-tracing and isolation through paid leave

and financial support (Table 1). Similarly, ROK aided patients
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with COVID-19 in isolation and supported low-income in-
dividuals and small businesses. However, ROK, similar to the
United States, lacked a nationwide paid leave system before the
pandemic [11]. Singapore employed digital technology in con-
tact-tracing to address manpower shortages (Table 1). ROK
also effectively used credit cards, mobile phone records, and

closed-circuit television (CCTV) data for tracing.

3. Significance and Limitations

This study provides an international comparison and com-
prehensive evaluation of TIQ policies for COVID-19 across
major countries, thereby offering guidance for TIQ policy

development and implementation. While previous Korean

www.phwr.org Vol 17, No 30, 2024
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modeling studies mostly used virtual data, Covasim, which was
applied in this study, incorporated real-world data.

However, the selection of countries for TIQ policy com-
parison lacks standardization, which impacts comparability.
Data accessibility for the pandemic period (2020-2021) was
limited during collection, and the accuracy of publicly avail-
able information requires verification. Future research should
supplement this information through interviews with current
or former officials from the surveyed countries. In comparing
policies across the surveyed nations, the absence of standard-
ized methods necessitated a focus on specific topics such as
contact-tracing and isolation, related economic compensation,
and use of digital technology. Individual country investigations
relied on primary sources from national agencies, predomi-
nantly press releases and official announcements, potentially
leading to a bias favoring policy strength. The externalities of
TIQ policies were generally overlooked in this study.

The primary limitation of the Covasim model is its inabil-
ity to reflect group infections in densely populated areas, such
as ROK, owing to the random sampling of individuals in the
contact network. The model’s key output variables, such as
the infection reproduction index, do not consider important
economic costs in policy decisions. Additionally, the model’s
reliance on assumed data may lead to disparities in reality, ne-
cessitating the consideration of the societal context in policy

decisions.

4. Implications

Results of this study suggest that, with enhanced consid-
eration, contact-tracing and isolation policies can be effec-
tive strategies for preventing the spread of infectious diseases.

Recommendations include systematic and extensive disease

www.phwr.org Vol 17, No 30, 2024

surveillance, incentives to improve policy compliance, special
considerations for vulnerable populations and communities
during lockdown(s), ethical considerations in developing digi-
tal tools, and standardized evaluation metrics for future infec-
tious disease outbreaks.

To prepare for future outbreaks of infectious diseases, it is
essential to develop standardized evaluation metrics for con-
tact-tracing and isolation policies. The Covasim model, which
leverages various data for mobility and contact-tracing, can
compute the parameters desired by policymakers based on the
levels of these factors. Establishing evaluation metrics is crucial
for the swift application and reference of various simulations
during the outbreak of a novel infectious disease, aiding in the

selection and implementation of appropriate policies.
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ABSTRACT

Vaccination is an effective public health tool to reduce the incidence, severity, and mortality of infectious diseases and

protect the health of individuals. In 2023, the Republic of Korea (ROK) has introduced the rotavirus vaccine as a mandatory

vaccination, providing 19 types of vaccines for children, adolescents, pregnant women, and the elderly. ROK achieves a higher

vaccination rate annually than other countries; therefore, it has effectively fought infectious diseases, such as measles. Recently,

there have been discussions on expanding the scope of essential vaccination support.

Key words: Immunization; Immunization program; Vaccination; Vaccine-preventable disease
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Introduction

Vaccination is the most effective and vital means of pre-
venting infectious diseases, as evidenced by our response to
coronavirus disease 2019 (COVID-19) over the past 3 years.
Through vaccination, several diseases have been managed, and
timely vaccination has prevented severe illness, long-term af-
tereffects, and death. Therefore, it is crucial to consider the life
cycle when planning vaccination schedules.

As vaccine development technology has advanced, the
range of vaccine-preventable diseases (VPD) has expanded,
and improved vaccines have been created for more effec-
tive disease prevention. In November 2023, the world’s first

Chikungunya vaccine was approved by the U.S. Food and

www.phwr.org Vol 17, No 30, 2024

Drug Administration. In addition, vaccines that address the
ongoing mutations of the coronavirus (SARS-CoV-2) have
been developed annually for COVID-19.

In response to social demands, such as the development of
effective and safe new vaccines and the expansion of mandato-
ry vaccinations for high-risk groups, the Korea Disease Control
and Prevention Agency (KDCA) has continuously broadened
the scope of support for mandatory vaccinations through care-

ful review.

Results

In the Republic of Korea (ROK), state-led vaccination be-

gan with the smallpox vaccination in 1882. The foundation
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Key messages
(D What is known previously?

Vaccination is the most effective public health mea-
sure, and the Korea Disease Control and Prevention
Agency (KDCA) have domestically eradicate various in-
fectious diseases, such as measles and rubella, through
vaccination.

(@ What new information is presented?

Eventually, a system for evaluating the effectiveness of
vaccinations based on target diseases and vaccine charac-
teristics should be established and regularly reviewed.

® What are implications?

Besides responding to new infectious diseases, such as
coronavirus disease 2019 (COVID-19) vaccinations,
the KDCA is minimizing health damage and protect-
ing lives through vaccination throughout the life cycle,
aside from responding to new infectious diseases, such
as COVID-19.

for the current vaccination program was laid with the enact-
ment of the Infectious Disease Prevention Act in 1954, origi-
nally known as the Infectious Disease Control and Prevention
Act. This established the legal framework for vaccination in
the ROK. Since the designation of seven infectious diseases, in-

cluding smallpox and diphtheria, as mandatory vaccinations in

1954, the scope of mandatory vaccinations has expanded over
the past 70 years to include diseases with a high and urgent
need for immunization. As of 2023, with the introduction of
mandatory vaccination against rotavirus, a total of 19 types of
vaccines are supported (Table 1).

With the support of mandatory vaccinations, infectious
diseases such as smallpox, polio, and diphtheria have been
eradicated, and the incidence of diseases such as Japanese en-
cephalitis and whooping cough has decreased significantly
compared to the past (Table 2) [1]. For instance, following the
implementation of the National Measles Eradication 5-Year
Project, which included a vaccination verification project for
school-aged children, measles cases dropped from approxi-
mately 56,000 in 2000-2001, leading to the declaration of
measles eradication in the ROK by 20006 [2]. Similarly, rubella
incidence has steadily decreased since mandatory vaccina-
tion began in 1979, and ROK received eradication certifica-
tion from the World Health Organization (WHO) in 2017.
The hepatitis B perinatal prevention project, initiated in 2002,
achieved WHO certification within 6 years. In 2023 alone, the
introduction of mandatory vaccination against rotavirus infec-
tion reduced household costs by approximately KRW 48.8 bil-

lions, protecting the health of infants and young children and

Table 1. Mandatory vaccination

Target

Vaccine type

Children

Teenager
Pregnant women  Influenza (ITV)

The eldery

Tuberculosis (BCG, intradermal use), Hepatitis B (HepB), Diphtheria/Tetanus/Pertussis (DTaP), Tetanus/
Diphteria (Td), Tetanus/Diphtheria/Pertussis (Tdap), Polio (IPV), Diphteria/Tetanus/Pertussis/Polio
(DTaP-1PV), Diphtheria/Tetanus/Pertussis/Polio/ Type B haemophilus influenza (DTaP-1PV/Hib),

Type B haemophilus influenza (Hib), Pneumococcal infection (Pneumococcal Conjugate Vaccine,

PCV), Measles/ Mumps/Rubella (MMR), Varicella (VAR), Japanese encephalitis inactivated vaccine
(IJEV), Japanese encephalitis live attenuated vaccine (LJEV), Hepatitis A (HepA), Human papillomavirus
infection (HPV), Influenza (IIV), Rotavirus infection (RV)

Influenza (IIV), Human papillomavirus infection (HPV)

Influenza (IIV), Pneumococcal infection (pneuococcal polysaccharides vaccine, PPSV23)
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Table 2. Rate of decrease since the most outbreak by infectious disease
Infectious disease Fliglzst i loer off seelim iz No. of patients in 2023 Reduction rate (%)
(year of occurrence)
Diphtheria 1,281 (1966) 0 100.0
Pertussis 16,887 (1961) 293 98.2
Polio 2,003 (1961) 0 100.0
Measles 32,647 (2000) 8 99.9
Rubella 128 (2001) 0 100.0
Japanese encephalitis 3,563 (1966) 17 99.5
Reused from https://dportal.kdca.go.kr/pot/is/summary.do [1].
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Figure 1. Vaccination rates by country and vaccine (based on children aged 2 years)

alleviating household financial burdens.

The high vaccination rate in the ROK has been cru-
cial in the prevention and eradication of infectious diseases.
According to the results of comparing the vaccination rate of
children vaccinated in the same age group (36 months old) by
country as of 2022, the vaccination rate of children in the ROK
is 97.0%, which is about 2 to 10 percentage points higher on
average than other countries (Figure 1) [3-6].

In the ROK, the special self-governing city mayor, special
self-governing province governor, or head of Si, Gun, or Gu

has provided vaccinations for diseases subject to vaccination

www.phwr.org Vol 17, No 30, 2024

to the public by dividing them into mandatory vaccination
and temporary vaccination based on Articles 24 and 25 of the
Infectious Disease Prevention Act (Table 3).

To ensure the safe and effective use of vaccines, vaccination
guidelines must be established based on the characteristics of
infectious diseases in each country. After review by the Korea
Expert Committee on Immunization Practices, the KDCA pe-
riodically revises and publishes standard vaccination guidelines
on implementation standards and methods for infectious dis-
eases (Supplementary Figure 1; available online).

The government determines the scope of infectious
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Table 3. Infectious diseases subject to vaccination under the Korean Infectious Disease Prevention Act

Vaccination

Infectious disease

Mandatory vaccination
(Article 24)

Temporary vaccination
(Article 25)
Gun/Gu

Diphtheria, Polio, Pertussis, Measles, Tetanus, Tuberculosis, hepatitis B, Mumps, Rubella,
Varicella, Japanese encephalitis, Type B haemophilus influenza, Pneumococcal infection,
Influenza, Hepatitis A, Human papillomavirus infection, Rotavirus infection, Typhoid,
Hemorrhagic fever with renal syndrome

In addition to coronavirus disease 2019 and MPOX, infectious diseases, etc. deemed necessary for
vaccination by the mayor, the governor of a special self-governing province, or the head of a Si/

diseases subject to mandatory vaccination by considering the
characteristics of the diseases, the scale of the disease burden,
vaccine effectiveness and safety, cost-effectiveness analysis, vac-
cine introduction priorities, and vaccination demand.

Among the 20 infectious diseases for which the WHO
counts and publishes the inclusion of mandatory vaccinations,
ROK has introduced mandatory vaccination for all except ma-
laria, meningococci, and yellow fever, due to the low incidence
or rarity of these diseases in the ROK.

Even after the introduction of mandatory vaccinations, it is
crucial to continuously monitor the incidence of infectious dis-
eases and the reduction in severity and mortality rates to evalu-
ate the performance of vaccination programs and guide future
projects.

An effectiveness evaluation system appropriate for the
target disease and vaccine characteristics should be regularly
implemented. The KDCA aims to establish evaluation meth-
ods for each disease and vaccine, set standards and procedures
for feedback and policy reflection, and prepare an evaluation
manual for effectiveness. Using evaluation results, vaccination
policies can be adjusted to improve safety and effectiveness, in-
cluding changes in the number of vaccinations, recipients, and

types of vaccines used.

1292

Conclusion

The rotavirus vaccine, recently introduced as a manda-
tory vaccination, aims to prevent rotavirus infection, which
causes severe diarrhea, dehydration, and electrolyte imbalance
in infants and young children. Vaccines selected as manda-
tory vaccinations have significant health and financial impacts,
as many people are vaccinated annually and large budgets are
continuously invested. Therefore, careful review is required
before and after expanding support. Accordingly, the KDCA
regularly evaluates the priorities and effectiveness of vaccines
requiring support, establishes an evidence-based national vac-
cination policy, and expands the number of vaccines eligible

for support.
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QuickStats

Trends in the Perceived Health Status among Adolescents,
2014-2023

In 2023, 69.5% and 58.9% of boys and girls, respectively, perceived themselves to be in good or very good health, an in-
crease of 1.3%p and 1.1%p, respectively, compared to 2022. The perceived health status of boys was higher than that of girls,

and that of middle school students was higher than that of high school students (Figures 1 and 2).
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Figure 1. Trends in the perceived health status among Figure 2. Trends in the perceived health status among
adolescents by sex, 2014-2023 adolescents by school levels, 2014-2023

*Perceived health status: perception of oneself to be in good or very good health, among adolescents.

Source: The 19th Korea Youth Risk Behavior Survey 2023 (KYRBS), https://www.kdca.go.kr/yhs/

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