eISSN 3092-491X
(=] [m]
=

= |.7t|l:|:|
T L -0 =

H

Public Health Weekly Re

port ’\
Vol. 19, No. 26, July 9, 2026

TAHZAI H
1037 2021-20254 =LY 2h2t2|of RIct
1052 2023-20254 =L{f O]= 11 OH7HF|

s

I} HEO[ A ZA|

2o

.I

r

2|eet MY
1069 2026'4 SFXM QHH|A SHEMHIO[2A HHEHN SSHA

=
S

1092 Rita MANEs A3 0], 2015-2024H

KDCA

Korea Disease Control and
Prevention Agency



|4 W eISSN 3092-491X
Vol. 19, No. 26, July 9, 2026
P port

ublic Health Weekly Re

Aims and Scope

Public Health Weekly Report (Abbreviation: Public Health Wkly Rep, PHWR)= R3] 9] F-4] sh&A]olt}.

PHWRZ =7} 355 B 2AF - FA] - A7 Aol digh 27 715He] A-8#olw df3le HEE EAR]l, 35D S, A3t
=1 SoA Al&skal s Algshs H4 o AaE.

K}

PHWR A1&3E AE7F AAME AX 99 vidd 28, 47 35, 470357 53 A" AYTA Ba, Aoy 23, J4 By
AT =5, R A, i Bt A B 59 Y E AAS}. PHWRS 2 9] 35EA T ARE AlS5HAEE A AA Ad7A=
o) £ 18 oot
About the Journal

PHWR (eISSN: 3092-491X)- &3] ol A Y3kshe shax|ole.

PHWR-2 47t 505.9] 71 7k sh&A| &2 w3 HQ ol WP =|m, &3 A7 A 18-S Bof FEE FAlo T73th £, PHWRS
L2E HAA(Open Access) SHER| 2, #2HE o]§ FH(https://creativecommons.org/licenses/by/4.0/)°] el Yol 2H3] QJU-EE&= 25}
Algtglo] ARg-o] 7Hs-sitt.

Submission and Subscription Information
PHWRO|| £116}314} oh= BE =79 Foe 21 FA| A (https://www.phwr.org/submission)& E-olA4] 7HsohH =E5Fi A] Q.
= W82 91 B3 A% By A RS gttt PHWRE 8h&4] &5 o] A (https://phwr.org %= https://eng.phwr.org)E &9l 57+ &
B AAEL lon, FRE F= 7heoith A714 F5& Yot B2 oW Y(phwredc@korea k)2 A1 4= Tt
e o= A8K+82-43-719-7557, 7552, 7561, 7562), T2 (+82-43-719-7569) = ©]H U (phwrcdc@korea.kr)< B3l 7Fs-5ttt.

=

=)

e 20264 78 9Y

Wyl st

WA Ay

AR Ay AuaAdeggdd HEAR: erl=g

(28159) 5 HFA TET 245 254 H2R 187 L& AR P HER (04521) A& S+ 72L& 32, YL 23
s} +82-43-719-7557, 7552, 7561, 7562, W2, +82-43-719-7569 A3} +82-2-325-2093, W2, +82-2-325-2095
ol4 . phwrcdc@korea.kr ol4 <. info@medrang.co.kr

Ed0|A]. () https://phwr.org (¥4 https://eng.phwr.org E5°]A. http://www.medrang.co.kr

Copyright © Korea Disease Control and Prevention Agency
This is an Open Access journal distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted
distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://www.phwr.org/submission
https://phwr.org
https://eng.phwr.org

R

elSSN 3092-491X

Public Health Weekly Report

9—] 20249 79~20279 79

2]

#39]

Tor

=y
o i)
KO o
o o
% O_"E ol
KD o &,
[N

o

—_—

o

B
<
nE

1

I+ 7

Tor
7
o
=

or

o

o

o
T
or
!

N

iy

ol

‘_.NL ol
)

A et ojzhehst

o]dul

A cfsti ojzhfst

QA

oftfaa ojzjrys}

.A.t 1o

H
Tor
=
o

Il

Bl AN

Np
_ﬁo
b T

T

I

B
o !

o

ojAIZt

o

o
=
‘_Iv_”
of ol
Bo® ®
o =™ 0
T Om Bl
T B o 7o
B o R K%
o or
= =
Jou Jou
oo oo
o1 o1
ol = =
T e w
" = =
oF o o
BoE 5
oo N N
LEi RS
[ T T
s ol
or or
ol ol
=) =)
of of
! x° !

ol AEW B o

7 TR 4w

T N N N

)]
%

273
Ay

i
o ol
of =

o

FHAst

<

B4
ol

;L

1

7]k

o

— T 4
O_Lw.o
N ol NRE N

ol
Tor
T
he
s
H

or

No S 1o}

ks

3l

s
[e)

o] 5|3
Ay

%

%

0|3+
AT AT
A3

a5

3l

Z

3l

S
s
S

U=k

A4l
A

o
RS-
g3t

Korea Disease Control and
Prevention Agency

KDCA

@



m

Check for
updates

XAHZLAl B
elSSN 3092-491X
https://doi.org/10.56786/PHWR.2026.19.26.1 Public Health Weekly Report

2021-2025'A3 =L Ercta|Of ZIE

|'0Il
.]

P
Jhu

£5:2021-20259 A¥#AHP o= oE Geteof g @2 FAsto] U Tty

G AgdY e od weheor A AAE Nd@RTH #AEAL 9 7 BY) AAE Yro] 2R3 Lol &<l

A2 Anl7 AAF Be 34 284S S olFofXtt 7S EFT S AAT SHAEL A4 ¥H-S(real-time polymerase chain

reaction, real-time PCR) cycle threshold (C) %< &3 AAHA 0 & FA 590k

2k 2A7IZE ¢ AgBEAolA SR dEtEol I AAlE § 2,50870Ie S AAEAY AAEE ol 96.2%F AHA

oL, o9 #<) TEtejot: Adigeete ot 75.8%, F@E L 2ot 16.8%, HUFEE ot 5.3%, AUE/FF DLt ot A3
A 2.1%2 A=k Ak 97| F2 BAL Hgo] 202349 58.9%F 7HF T Aadh vhd, 23 ¥ v]&-L HA S}sto]

20254 43.8%9] Hl&2 B & HA9 ¥ 202449 26.8%C14 20259 9.9% % 23| A4 Real-time PCR C, #t& &

L3 A0 2 7|PFES S A4S AT 202420259 B9 @A 8,000/pl oA} FHe BRIk

ZE: ol Ad S 3% F TR VIBFES e A9 BEE AT AL ARE AP ol A= weteor AdE

AL Bl =l 43 ol tigt 7|2 FRE AlFoto] B B E AEsH ota, Dol EXo] &8 & IS Ao E AZEr.

o

9 2Mof: Tekelo}; Anl4 A4k SR A AA

kl = A YZ(Plasmodium malariae), Y%°] 4 Y= (Plasmodium
knowlesi)®] & A QUrH2]. =2 EH A whFoaL

wetelobt Plasmodium % 9959 498 9A 9% %E A7) AW, Y 5 U AL gALLelopt &
wmsle] oa) A 34 QYABoR AA BEE  AskElo] U, of 99 £ T o9 §Uo 2T WA

o] 2 9= WA AHolIntl]. AgoA AaHe ¥ (3]. TS, =u AdfEetEors 1+ Wi FH4A (hypnozo-

ghejot= I YS(Plasmodium falciparum), YL E LS ite) & FAsto] o 29744 FHEo] 7hsstth= 4] Aot
(Plasmodium vivax), ‘&3 D YUZ(Plasmodium ovale), A+ [4].
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A Aol wet |4 A4 52 S84 A5
W 494 A B2 AR et Aagstel wepelo} 7
B2 GAFTHG,7). Al A4 3
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A

AA et s olesTRAIAH TS (nested polymerase
B-AAH(18S ribosomal RNA)
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sto] Ak F=FZ whefstar, o7 EE A2 AEskolh

20249 ol dnE HAZ B3 7135 E S (parasitemia) A
A

2 g 2retefo} 2

ARTAS St 71E A0l A U FHE

Tegol=g Aot FA4847] 7S (EAA, 949,
A 7120 R 7S ESS XA g2k, Log gt
AAHE 718585 C, 3= ol&sto] IAEAZ S5 4
(y=—0.2785x+11.689, R’=0.8)& At&3Itt. C & 72
Madamet 5[8]& QI-&5t5 & ol H3E A4 225
aEs) 7HE AlEstele] AE B 7|Hre] £48 HEE
A5

2 i

2021-20259 HiZ/RA A RE o=E Tt ol FHAt
AEd = 1Y 9284, T 1,1137102 &7 AA A1
A} =9 73.5%0] SFete= gel=|let. wekejof
X7 AW die] F53 202390 7HE B2 86749 At
o] A Fh(IE 1). 57t ¥ - TS gsto] 2,041719] A
o] AP, Lot FA 81671(40.0%), =4 1,225
A(60.0%) 0.2 A7E ot A ATt A g7

H|&2 ¥

o

H1.2021-2025¢ Hheor A =7 @
& 20214 20224 20234 20244 20254 A
HAA 126 (50.2) 184 (51.4) 511 (58.9) 66 (17.7) 41 (21.4) 928
= e 38 (15.1) 65 (18.2) 203 (23.4) 100 (26.8) 19 (9.9) 425
12 B4 4(1.6) 1(0.3) 0 (0.0 12(3.2) 6(3.1) 23
22 BY 47 (18.7) 31 (8.7) 80(9.2) 130 (34.9) 84 (43.8) 372
32 Y 25 (10.0) 46 (12.8) 44 (5.1) 28 (7.5) 24 (12.5) 167
71ek 11 (4.4) 31(8.7) 29 (3.3) 37 (9.9) 18 (9.4) 126
Al 251 (100.0) 358 (100.0) 867 (100.0) 373 (100.0) 192 (100.0) 2,041
o9 A%).
H 2.2021-202549 getEof AA AH43 A
e 20214 20224 20234 20244 20254 A
] F3 /4 86/30 101/47 174/154 196/21 107/12 664/264
Sugel ¥R/ 10/125 12/198 32/507 68/88 30/43 152/961
24 ¥4 169 187 504 404 428 1,692
Al FR/E4 265/155 300/245 710/661 668/109 565/55 2,508/1,225
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3t 4 816713 U0l A ghxlo] o] Foj AHel HA| 1,692
g gHHsto] 2,508 9 EekE|or 4 AAE Aedstst
ACHE 2). ol 5717 =l 24 Lk or &4 2,775 9
0.4%°] g sh= 2ol
v 3 Aelstz gHE 2,5087 9 TEkE|oF A
A 5 96.2% (2,4137)= =4 T4 AdILteorglal
U] 3.8% (953)= sief 9 EEhEotz gelE A
9 TEelobs EdidEEelor 75.8% (727), HHET
gk2lot 16.8% (163), AL LE=o} 5.3% (57), S/
dgddateiol Y 2.1% 27) £08 $¥E AA 5t
ATHILE 1).
T Ad qFriEd

N

2 2021-2023 974 =
HALTE F 50%2 7MY &2 H|&S XA PA|RE o] 5 oF
19% FE9] v &2 THAshs FAS HATHE 1). ¥, 23¢

B o= AL 8.7%0NA 43.8%7H A&H o FThehe

ZAE BT o+ HE9 F9 2021-202449 15.1-26.8%
ulgw 94 o9 vlgo] SISIRA, 20254 9.9%%
4519

715 ES Mo S B4 fl8 2024-20259

1-12¢% 28T Addddetelor &AL YO R real-time

C #g B 4zd N8FE
J|ZoR 67 1FoR BRHe}
. 2AHE 202493 20259 AAY] 95% o]t
2,000/ul o139 718EES A2 Uerlch W A g
ghelob gAte] W C, g 202449 25.800141 20254 25.6
o= Zaglon Tof wet B 78S ESL 72,870/l
A 80.433/ulE S7Fskgth

Sgstel Aw A% 59 By W AYY FRE BEE o

#2L gAduetot S| B T B
erelob L dlo] §9) Yetelolz BHT 4 ek o
23] 9] 99 walelolr}t whAysta glo

800 -
700 -
600 -
500 -
<+
&% 400
w
300 -
200
100
0
20211 20224 20231 202414 20254
sl SHE/HHE E5HLE 0 0 2 0 0
Hl 5{QRe HEELtz|ot 4 1 6 3 2
siele rigwatz|ot 6 10 19 23 14
N sielRe) Addwatz|ot 0 0 4 1 0
SLHEA ArigEetatz|of 255 289 679 641 549
—o— | BEnsiat 294 420 747 713 601

T3 1. 2021-20259 Eeheof gl A %
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E 3.2024-20259 S ALEE et or &9 C, grof W 7S BT 7=

T Class | Class |l Class ll Class IV Class V Class VI oy
Real time PCR 32.9<C<37 32.2=C<329 30=C<32.2 28=C<30 25<C, <28 C<25 25.8
C @k 25.6
71BEES P<300 300<P<500 500=< 2,000< 8,000<P< 50,000<P 72,870
(parasites/ul; P) P<2,000 P<8,000 50,000 80.433
a4 20244 3 3 23 60 273 247 -

20254 1 1 13 36 257 225

Ad 289 20249 15.6%£18.0 1.0+1.4 671125  5.4+4.4 7.0£6.8 72469 6.947.0
(FgL-Agd) 20254 0 0.3£0.5 5.4%5.3 5.147.6 5.1+7.9 39+4.4 45462
PCR=polymerase chain reaction; C,=cycle threshold.

A AR FRIFNA.

e fY gekelore] A9 1 Hlgo] F7keHs FAIE Hol
7] g2 95 71U Bo7t Aot E3, 9 RULS 5
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gt
2021-202349 HAz0A 7HF g2 g 2FsiAx
=4 Hlgo] &9 Zo& RIFIt. ol Fyf TetEo}
7 oRE ERlohs 4] A 52 A
o WAsty] Sl A= 715 AAL
S kot #EE AT AAH 22 Fdto] 9J=|F Y]
woloth. a2 3g &X] 2AF Aato A §HEHQl 344 A
7t FAEAT, F7HEQ A FE S| A 9] 70wt
Ao wrhgo wat 20249 ¥ A} 9757}
AT 4% A4 Hlgo] FastA HAL oF AdE
Faotoich @A &X] 2AHs Bt 34 Te MFE 5
Hog AP 2HRA FHZE 29
1A 23 ¥ ) A 9= A5}
S8k o= wetejor AE A Ay Aol whet chefst
2

S8 olxelsls WE olo]

497} 9ll 2
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AR
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2108 SIE YA 3). Z2U C, %ol 32.2 o[ 37152
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HEH 0% |5 EF0] S7He 202590] e £a o] 7
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Malaria Diagnosis Status in Republic of Korea, 2021-2025

Haneul Jung @, Bora Ku @, lI-Hwan Kim @, Hee-lIl Lee*

Division of Vectors and Parasitic Diseases, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

Objectives: This study aims to identify the characteristics of domestic malaria by examining the status of malaria diagnoses referred
to the Korea Disease Control and Prevention Agency (KDCA) between 2021 and 2025.

Methods: Malaria diagnostic samples referred to the KDCA were classified into private sector submissions from medical institutions
and public sector submissions from public health centers and military hospitals. Malaria infection was confirmed by microscopic
examination or molecular detection. Patient characteristics, such as parasitemia levels, were estimated using a formula based on real-
time polymerase chain reaction (PCR) cycle threshold (C,) values.

Results: The KDCA collected a total of 2,508 malaria-positive samples between 2021 and 2025. Domestic Plasmodium vivax
accounted for 96.2% of malaria cases, whereas imported malaria cases were caused by Plasmodium falciparum (75.8%), Plasmodium
ovale (16.8%), P. vivax (5.3%), and P. falciparum-P. ovale coinfection (2.1%). The proportion of diagnostic referrals from public
health centers was peaked at 58.9% in 2023 and subsequently decreased, whereas the proportion from secondary hospitals gradually
increased, reaching 43.8% in 2025. In contrast, the proportion from military hospitals markedly declined from 26.8% in 2024 to 9.9%
in 2025. Based on parasitemia estimates calculated from real-time PCR C, values, most patients in 2024-2025 showed parasitemia
levels of 8,000/ul or higher.

Conclusions: Accurate malaria diagnosis is essential for effective disease prevention and control. This study is expected to facilitate
patient management and contribute to national malaria elimination by providing basic information through an analysis of the status

of malaria diagnosis over five years.

Key words: Malaria; Microscopy; Molecular diagnosis

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak@korea.kr

Introduction

Malaria is an acute febrile illness transmitted by female
Anopheles mosquitoes infected with Plasmodium para-
sites and has a significant impact on global public health [1].

The Plasmodium species known to infect humans include

1044

Plasmodium falciparum, Plasmodium vivax, Plasmodium ova-
le, Plasmodium malariae, and Plasmodium knowlesi [2]. In
the Republic of Korea (ROK), P. vivax malaria is endemic only
in certain regions bordering North Korea, such as Gyeonggi,
Incheon, and Gangwon provinces, and all other Plasmodium

species occur only as imported cases [3]. Additionally,
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Key messages
(D What is known previously?

In the Republic of Korea, Plasmodium vivax is endemic.
All other malaria species are imported and account for
approximately 3-4% of reported cases.

(@ What new information is presented?

The Korea Disease Control and Prevention Agency
(KDCA) collected 90.4% of malaria samples between
2021 and 2025. Among diagnostic referrals, the propor-
tion from public health centers decreased from 58.9% to
17.7%, and that from military hospitals decreased from
26.8% to 9.9%. However, the proportion from second-
ary hospitals increased from 8.7% to 43.8%. The aver-
age cycle threshold (C) value decreased from 25.8 to
25.6 in 2024-2025, whereas parasitemia increased from

72,870/ul to 80,433/pl.

(® What are implications?

KDCA produces basic data by analyzing the current sta-
tus and characteristics of malaria diagnoses. Continuous
surveillance is important for establishing public health
policies that support malaria elimination.

domestically acquired P. vivax malaria is characterized by the
formation of hypnozoites in the liver, allowing a dormant pe-
riod of up to 2 years [4].

A total of 559, 385, 294, 420, 747, 713, and 601 domes-
tic malaria cases were reported in the ROK in 2019, 2020,
2021, 2022, 2023, 2024, and 2025, respectively, show-
ing a decrease in malaria incidence during the coronavirus
disease 2019 pandemic followed by repeated fluctuations.
Confirmatory diagnosis of malaria includes microscopy, which
directly identifies malaria parasites through blood smear ex-
amination, and molecular diagnostic tests, which detect ma-

laria-related genes. As of 2025, microscopic examinations
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were conducted by the Korea Disease Control and Prevention
Agency (KDCA), seven Institutes of Health and Environment
(Seoul, Incheon, Gwangju, Gyeonggi, Northern Gyeonggi,
Gangwon, and Chungnam), and 20 public health centers
(Gapyeong-gun, Deogyang-gu, Ilsandong-gu, Ilsanseo-gu,
Gimpo-si, Namyangju-si, Pocheon-si, Yangju-si, Yeoncheon-
gun, Uijeongbu-si, Paju-si, Ganghwa-gun, Gyeyang-gu,
Michuhol-gu, Bupyeong-gu, Seo-gu, Jung-gu, Goseong-gun,
Cheorwon-gun, and Inje-gun). Moreover, molecular diagnos-
tic testing was conducted by the KDCA, Regional Centers for
Disease Control and Prevention, and 17 Institutes of Health
and Environment (Seoul, Busan, Daegu, Incheon, Gwangju,
Daejeon, Ulsan, Sejong, Gyeonggi Main and Northern Branch,
Gangwon, Chungbuk, Chungnam, Jeonbuk, Jeonnam Main
and Eastern Branch, Gyeongbuk, Gyeongnam, and Jeju) [5].

The Division of Vectors and Parasitic Diseases, KDCA,
operates the National Reference Laboratory for Malaria to
support effective national infectious disease management. It
strengthens the diagnostic capacity of participating institutions
through laboratory diagnostic training and proficiency testing,
including private and public sector diagnostics, and enhances
its own diagnostic capabilities and ensures the reliability of
results through participation in external proficiency testing.
Additionally, by biobanking and managing specimens from
domestically acquired malaria cases, it serves as a control tower
for diagnostic management.

This study aimed to identify the characteristics of domes-
tic malaria incidence by summarizing the diagnostic status of
private and public sector diagnostics referred to the Division
of Vectors and Parasitic Diseases, KDCA, and specimens se-
cured as resources during the recent five-year period (2021~

2025), and thereby providing foundational data for a malaria
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elimination strategy.

Methods

1. Diagnostic Request

The Division of Vectors and Parasitic Diseases of the
KDCA, in accordance with the “Notification on Testing and
Examination of the KDCA,” accepts all test requests for speci-
mens related to infectious diseases cases and manages diagnos-
tic specimens by dividing them into private (healthcare institu-
tions) and public (public health centers and military hospitals)

sector.

2. Specimen Collection for Biobanking

Blood specimens submitted for diagnostic testing were
transported via the KDCA Specimen Secure Transport System.
For positive specimens not referred to the KDCA, residual
specimens were collected and biobanked in cooperation with

healthcare institutions and local public health centers.

3. Malaria Diagnosis

Malaria infection was confirmed for transported blood
specimens by conducting microscopy or molecular diagnos-
tic tests in accordance with the confirmatory test method re-
quested by the referring institution and the standard operating
procedures for infectious disease laboratory testing [6,7]. For
microscopy, infection was confirmed by examining the thick
smear slide, and species were identified by observing at least
100 microscopic fields on the thin smear slide. The molecu-
lar diagnostic test involved detecting a specific gene (18S ri-
bosomal RNA) using nested polymerase chain reaction (PCR)

and reading the results by electrophoresis. Diagnostic results
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were reported back through the Integrated Disease and Health

Control System.

4. Results and Analysis of Characteristics of

Positive Specimens

For the analysis, private and public sector requests and re-
source specimen acquisition cases handled by the Division of
Vectors and Parasitic Diseases, KDCA, over the five-year peri-
od (2021-2025) were compiled to assess the diagnostic status
and summarize the status by requesting institution. Beginning
in 2024, to address the inefficiency of parasitemia calculation
through microscopic examination, a formula was introduced
to estimate parasitemia from real-time PCR cycle threshold
(C)) values using confirmed domestic P. vivax malaria speci-
mens. As in conventional microscopy, a thick blood smears
were examined to directly determine parasitemia based on
parasites in asexual stages (ring forms, trophozoites, and schiz-
onts), and the equation (y=-0.2785x+11.689, R*=0.8) was
derived through regression analysis using parasitemia calcu-
lated as a Log value and the C, value. C, values ranges reported
by Madamet et al. [8] were adopted. However, considering that
the specimen distribution was concentrated at lower C, values,
the ranges were subdivided to define analytical categories based

on data distribution.

Results

During 2021-2025, malaria molecular diagnostic tests
referred to the Division of Vectors and Parasitic Diseases con-
sisted of 928 private sector requests and 1,113 public sec-
tor requests (total: 2,041), accounting for 73.5% of the total

number of reported patients during the same period. During
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this period, the highest number of diagnostic requests were re-
corded in 2023 (n=867) (Table 1). Among the 2,041 diagno-
ses, 816 malaria-positive (40.0%) and 1,225 malaria-negative
cases (00.0%) were detected. A total of 2,508 malaria-positive
specimens were biobanked, consisting of 816 positive cases
confirmed by the Division of Vectors and Parasitic Diseases
and 1,692 resource specimens confirmed at hospitals (Table 2).
These specimens accounted for 90.4% of the 2,775 domesti-
cally acquired malaria cases during the same period.

Of the 2,508 malaria-positive specimens secured from pri-
vate and public sector through resource banking, 96.2% (2,413
cases) were domestically acquired P. vivax malaria, and the re-
maining 3.8% (95 cases) were identified as imported malaria.
Imported malaria cases were predominantly P. falciparum ma-
laria (75.8%, 72 cases), followed by P. ovale malaria (16.8%,
16 cases), imported P. vivax malaria (5.3%, 5 cases), and

mixed P. falciparum/P. ovale malaria infections (2.1%, 2 cases)

The status of institutions submitting private and public sec-
tor diagnostic requests showed that public health centers ac-
counted for the highest proportion of requests (~50%) from
2021 to 2023; but thereafter, this proportion showed a declin-
ing trend, reaching approximately 19% (Table 1). In contrast,
the rate of referrals to secondary hospitals showed a continu-
ously increasing trend from 8.7% to 43.8%. For military hospi-
tals, the referral rate gradually increased from 15.1% to 26.8%
during 2021-2024, but decreased to 9.9% in 2025.

To analyze patterns of change in parasitemia, real-time
PCR was performed on P. vivax malaria cases that occurred
during January-December, 2024, and January-December,
2025. Parasitemia calculated from the measured C, values
was classified into six groups based on the parasitemia in the
blood (Table 3). More than 95% of specimens investigat-
ed in 2024 and 2025 showed parasitemia values of 2,000/

ul or greater. The mean C, value for domestic P. vivax ma-

(Figure 1). laria patients decreased from 25.8 in 2024 to 25.6 in 2025,
Table 1. Status of diagnostic referral institutions (2021-2025)
Category 2021 2022 2023 2024 2025 Total
Public health centers 126 (50.2) 184 (51.4) 511 (58.9) 66 (17.7) 41 (21.4) 928
Military hospitals 38 (15.1) 65 (18.2) 203 (23.4) 100 (26.8) 19 (9.9) 425
Primary clinics 4(1.6) 1(0.3) 0 (0.0) 12 (3.2) 6(3.1) 23
Secondary hospitals 47 (18.7) 31 8.7) 80(9.2) 130 (34.9) 84 (43.8) 372
Tertiary hospitals 25(10.0)  46(12.8)  44(5.0) 28 (7.5) 24 (12.5) 167
Others 11 4.4) 318.7) 29 (3.3) 37 (9.9 18 (9.4) 126
Total 251(100.0)0  358(100.0) 867 (100.0) 373 (100.0) 192 (100.0) 2,041
Unit: case (%).
Table 2. Malaria sample collection status (2021-2025)
Category 2021 2022 2023 2024 2025 Total
Medical institution ~ Positive/negative 86/30 101/47 174/154 196/21 107/12 664/264
Public institution Positive/negative 10/125 12/198 32/507 68/88 30/43 152/961
Biobanking Positive 169 187 504 404 428 1,692
Total Positive/negative 265/155  300/245 710/661  668/109  565/55  2,508/1,225

www.phwr.org Vol 19, No 26, 2026
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Imported Plasmodium falciparum/ 0 0 2 0 0
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B Imported Plasmodium vivax 0 4 1 0
Domestic Plasmodium vivax 255 289 679 641 549
—o— Total Malaria patients 294 420 747 713 601

Figure 1. Malaria diagnosis in the Republic of Korea (2021-2025)

Table 3. Classification of parasitemia according to C, values of Plasmodium vivax malaria patients in the Republic of Korea

(2024-2025)

Category Class | Class Class Class IV Class V Class VI Mean
Real-time PCR 329<C<37 32.2<C<32.9 30<C<32.2 28<C<30 25<C<28 C<25 25.8
C, value 25.6
Parasitemia P<300 300=<P<500 500< 2,000< 8,000<P=< 50,000<P 72,870
(parasites/ul; P) P<2,000 P<8,000 50,000 80,433
Sample number 2024 3 3 23 60 273 247 -

2025 1 1 13 36 257 225
Interval 2024 15.6x18.0 1.0+1.4 6.7£12.5 5.4+4.4 7.0£6.8 72469 6.9%7.0
(days; date of onset= 2025 0 0.3£0.5 5.4+5.3 5.1£7.6 5.1£79  39+44 45+6.2

date of diagnosis)

PCR=polymerase chain reaction; C,=cycle threshold.

and correspondingly, the mean parasitemia increased from

72,870/ul to 80,433/pl.

Conclusion

The Division of Vectors and Parasitic Diseases, KDCA, op-

erates the National Reference Laboratory for Malaria with the

aim of enhancing diagnostic capacity and ensuring reliability.
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It has also aided in effective specimen management by securing
90.4% of specimens from domestically acquired malaria cases
over the past five years (2021-2025).

Because only P. vivax malaria is endemic in the ROK, all
other malaria species can be classified as imported malaria.
Imported malaria cases have been consistently reported each
year, and epidemiological investigations have confirmed that

most patients have a history of travel to Africa. Caution is
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warranted because the proportion of imported malaria cases
has shown an increasing trend. Additionally, because differ-
ent genotypes of P. vivax may be introduced through imported
cases, continuous molecular epidemiologic surveillance in ad-
dition to diagnosis is important.

During 2021-2023, public health centers submitted the
most diagnostic requests and showed a high rate of malaria-
negative specimens. This finding might be attributed to their
practice of requesting diagnostic testing as a proactive malaria
control measure, such as post-treatment test-of-cure to con-
firm infection clearance in domestic malaria patients, or family
testing conducted to enable early detection of recurrence and
cluster cases. However, because repeated negative results were
confirmed through the post-treatment test-of-cure and its con-
tribution to additional patient management was assessed to be
limited, the mandatory post-treatment test-of-cure require-
ment was lifted in 2024, and as the rate of family testing de-
creased, the number of referrals from public health centers also
decreased. Currently, post-treatment test-of-cure is integrated
into the patient follow-up management category and is operat-
ed in the form of a follow-up investigation conducted selective-
ly as needed. The gradual increase in the number of diagnostic
test requests from private healthcare institutions (primary and
secondary hospitals) might be attributed to the enhancement
of the capabilities of local public sector and laboratory person-
nel through various training programs in accordance with the
Malaria Re-elimination Action Plan, leading to active recom-
mendations for testing by local public health centers. The high
number of diagnostic requests at military hospitals in 2023
might be attributed to the screening conducted on soldiers re-
turning from deployment. Testing was conducted as a preemp-

tive measure even in individuals without malaria symptoms,

www.phwr.org Vol 19, No 26, 2026

and most tested negative. The referrals from military hospi-
tals decreased to 9.9% in 2025 because the requests for test-
ing were consolidated to the Armed Forces Medical Research
Institute in order to reduce the burden on military hospitals of
having to submit specimens twice, to both the Armed Forces
Medical Research Institute and the KDCA. To ensure conti-
nuity of epidemiologic analysis for discharged soldiers diag-
nosed at private healthcare institutions, the two institutions are
strengthening cooperation regarding the sharing of diagnostic
results and malaria genetic information.

Parasitemia is a key indicator of the level of malaria in-
fection, providing important information for assessing dis-
ease severity, monitoring treatment response, and predicting
prognosis. Additionally, changes in parasitemia are also use-
ful for evaluating the associations with diagnostic test results.
Calculating a malaria patient’s parasitemia requires micro-
scopic examination of a thick smear slide, which is time-con-
suming. In addition, the examiner’s proficiency can greatly af-
fect the results. As real-time PCR has become more common,
a study has been conducted in the ROK to derive a correlation
equation between parasitemia confirmed by microscopic ex-
amination and real-time PCR C, values in malaria patients [9].
The Division of Vectors and Parasitic Diseases also used speci-
mens from 2024 and 2025 to derive a correlation equation
(y=—0.2785x+11.689, R*>=0.8) through regression analysis
using parasitemia calculated as a Log value and real-time PCR
C, values. This approach has made it possible to estimate para-
sitemia from the C, values of positive specimens, and it will be
used for future malaria epidemic analysis. Most P. vivax malar-
ia patients in the ROK in 2024-2025 were confirmed to have
C, values of <25 or 25-28 (Table 3). However, cases of low-

level infection with a C, value of 232.2 (parasitemia<2,000/
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ul) were also often identified. A 2011 study that confirmed
parasitemia in domestic malaria patients (mean, 8,396/pl) also
reported a low-level infection case with a parasitemia of 12/ul
[10]. Cases of low-level infection may be difficult to detect dur-
ing the diagnostic process due to relatively low parasite density.
Therefore, it is necessary to monitor the distribution of para-
sitemia and changes in diagnostic patterns through continuous
surveillance and to supplement diagnostic strategies according-
ly. Regarding the relationship between parasitemia and time to
diagnosis, in 2025, the time to diagnosis showed a decreasing
trend as parasitemia increased, whereas in 2024, no consistent
pattern in time to diagnosis was observed. This discrepancy
might be influenced by various factors, such as the severity of
clinical symptoms and the timing of testing. Additionally, the
average time to diagnosis decreased in 2025, when parasitemia
increased, but these results are difficult to generalize because of
the large Class V and VI populations (Table 3). Additionally,
because the time to diagnosis can be influenced by various fac-
tors beyond the testing process, such as the timing of a patient’s
visit to a healthcare institution and the specimen submission
process, these results should be interpreted as exploratory
analysis. Therefore, further analysis of specimens from various
classes is necessary to determine the correlation.

This study analyzed the status of malaria diagnosis in the
ROK from 2021 to 2025. The causes of changes in malaria in-
cidence were estimated by analyzing the diagnostic request pat-
terns by institutions based on malaria specimens collected and
preserved over the five-year period. Additionally, the charac-
teristics of domestic malaria were identified by estimating pa-
tient parasitemia. These results may provide evidence to sup-
port the development of malaria elimination policies, includ-

ing strengthening the domestic malaria surveillance system,
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establishing strategies for early diagnosis and prompt treat-
ment, and improving diagnostic accessibility across healthcare

institutions.
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Surveillance Report

Surveillance for Unreported Vector—borne Viruses in the Republic
of Korea, 2023-2025

Mi-Lang Kyun @, Eun Ji Kim @, BooMi La @, Ye-Ji Lee @, Seung-Rye Cho @2, Sun—-Whan Park @, Eunseo Park
Deog-Yong Lee @, Hyuk Chu*

Division of Viral Diseases, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: This study aims to detect unreported vector-borne pathogens with the potential for introduction into the Republic of
Korea (ROK) owing to climate change and increasing international travel and to evaluate the need for proactive surveillance strategies
that address gaps in existing surveillance systems.

Methods: A retrospective analysis was conducted using 5,674 clinical samples collected between 2023 and 2025 from patients with
suspected vector-borne infections who tested negative for nationally notifiable vector-borne diseases. Ten candidate pathogens were
selected based on their occurrence in neighboring countries and their potential for transmission by vectors present in the ROK. A
stepwise analytical workflow was applied, encompassing quantitative reverse transcription polymerase chain reaction (QRT-PCR)-
based screening, followed by Sanger sequencing and phylogenetic analysis.

Results: Among the 5,674 samples, two cases of tick-borne Oz virus infection were identified, while the remaining nine target
pathogens were not detected. One case was classified as an imported infection based on documented travel to Japan and a confirmed
history of tick exposure. The second case occurred in a patient without international travel history, suggesting the potential presence
of Oz virus within the domestic environment.

Conclusions: This study identified evidence of potential importation and possible domestic transmission of previously unrecognized
pathogens that had not been detected through existing surveillance system. The findings highlight the need to strengthen vector
and wildlife surveillance, expand molecular diagnostic capacity, and establish an integrated One Health surveillance framework to

improve early detection and response to emerging infectious diseases not currently included in routine surveillance programs.

Key words: Climate change; Vector-borne diseases; Thogotovirus; Emerging infectious diseases; Population surveillance

*Corresponding author: Hyuk Chu, Tel: +82-43-719-8190, E-mail: chuhyuk@korea.kr

Introduction in particular, are considered an important group of infectious
diseases that is most sensitive to these changes. Rising tem-
Climate change is a key factor altering the occurrence pat- peratures and changes in precipitation patterns due to global

terns of infectious diseases globally, and vector-borne diseases, warming are affecting the extension of activity periods and
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Key messages
(D What is known previously?

Climate change and increasing international travel have
accelerated the geographic spread of vector-borne infec-
tious diseases. In the Republic of Korea (ROK), several
tick-borne diseases, including severe fever with throm-
bocytopenia syndrome, are endemic. Human infections
with emerging tick-borne viruses, such as Yezo, Oz, and
Bourbon viruses, have recently been reported in Japan
and the United States.

(@ What new information is presented?

This study documents the first identified cases of Oz vi-
rus infection in the ROK. Notably, one patient had no
history of overseas exposure, suggesting the possibility of
local exposure.

® What are implications?

These findings support the need for enhanced molecular
surveillance and the development of an integrated One
Health surveillance system linking vector health sectors,
animals, and humans.

survival environments of major vectors and directly influenc-
ing ecological changes such as bird migration, causing the ex-
pansion of vector habitats. An increase in the introduction of
vectors from abroad raises concerns over the heightened po-
tential for the transmission of unreported viruses not yet estab-
lished in the Republic of Korea (ROK) (Figure 1). Since indus-
trialization, the global average temperature has been reported
to have increased by more than approximately 1.0°C. These
changes are acting as a factor driving structural changes in the
seasonality, geographic characteristics, and intensity of infec-
tious disease occurrence [1]. Rising temperatures are known to
increase the survival rate and fecundity of vectors, enhance the
potential for pathogen transmission, and improve transmis-

sion efficiency within the same period by increasing the viral

www.phwr.org Vol 19, No 26, 2026

replication rate and shortening the extrinsic incubation period
within the vector [1,2]. These ecological changes can lead to an
increase in the incidence of infectious diseases and acceleration
of transmission, and can act as a factor increasing the risk of
emergence of novel infectious diseases by enabling the expan-
sion of vector distribution into areas where they did not occur
previously [2].

Meanwhile, importation from abroad is another key factor
that accelerates the spread of vector-borne diseases. Advances
in air travel, increased international travel, and the expansion
of global trade and logistics increase the potential for the move-
ment of not only pathogens but also the vectors themselves,
accelerating the cross-border spread of infectious diseases [3].

In fact, community outbreaks of chikungunya fever in Europe

Mechanisms of domestic introduction of vector-borne viruses

-

Climate change RS A Ecosystem change

/ \7
Importation
pathways 1
1
+ '
. '
T 4 >..

Vector-borne virus increase

Figure 1. Mechanisms of introduction and transmission of
vector-borne viruses in the Republic of Korea

Climate change may facilitate pathogen circulation by altering the
distribution, abundance, and ecological interactions of vectors and
reservoir hosts, including mosquitoes, ticks, and rodents. Pathogens
may also be introduced into the Republic of Korea through
international travel and transportation via air and maritime routes.
In addition, migratory birds and wild animals may also contribute to
pathogen dissemination. Following introduction, pathogens may be
amplified in vectors or reservoir hosts and subsequently transmitted

to humans.
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and the spread of dengue fever to non-endemic areas demon-
strate that imported infectious diseases can lead to community
transmission [3]. Furthermore, changes in precipitation pat-
terns act to expand mosquito breeding habitats and increase
tick survival rates, and the risk of occurrence and spread of vec-
tor-borne diseases is further increased through interactions be-
tween climatic factors and factors related to importation from
overseas [1,2].

In the ROK, endemic vector-borne viral infectious diseases
and infections transmitted by ticks (severe fever with thrombo-
cytopenia syndrome, SFTS), rodents (hemorrhagic fever with
renal syndrome, HFRS), and mosquitoes (Japanese encepha-
litis) continue to occur [4-6]. Cases of human infection with
the non-notifiable infectious diseases Yezo virus and Oz virus
have been reported in Japan [7], and cases of Bourbon virus
infection have also been confirmed in the United States [8].
Additionally, in another case in 2026 [9], the Andes virus, a
pathogen endemic to South America, was transmitted to pas-
sengers from multiple countries through a cruise ship-associ-
ated outbreak. Moreover, the expansion of vector distribution
driven by increased international travel and climate change
is increasing the risk of cross-border movement of pathogens
originating overseas. Additionally, in the ROK, against the
backdrop of climate change and importation from overseas,
imported cases of mosquito-borne infectious diseases, such as
dengue fever, chikungunya fever, and Zika virus infection, con-
tinue to be reported. This trend suggests that, in the ROK as
well, the possibility cannot be ruled out that pathogens causing
non-notifiable infectious diseases have already been introduced
into the country or are being detected, and that there is a po-
tential risk that they may be present but remain unrecognized

under the current surveillance system.

1062

The current vector-borne disease surveillance system pri-
marily relies on confirmatory diagnostic testing focused on
notifiable infectious diseases. This approach shows high diag-
nostic accuracy for specific pathogens, but has limitations in
detecting pathogens not included in the testing panel. Some
patient specimens determined to be negative in existing con-
firmatory diagnostic tests may still have the possibility of in-
fection with pathogens not covered by existing tests, and this
diagnostic gap can act as a significant vulnerability in the early
detection of and response to infectious diseases. In particular,
in a situation where the potential for the introduction of new
pathogens is increasing due to climate change and increased
international exchange, the limitations of such a surveillance
system may become more pronounced.

Infectious diseases caused by pathogens that are not recog-
nized or officially reported in the existing surveillance system
are defined as unreported infectious diseases and include not
only pathogens that have been reported overseas but have not
yet been recognized domestically, but also variant forms of ex-
isting pathogens. If these pathogens are not detected during
the early stages of their introduction into the country, identi-
fication of the infection source and response may be delayed,
potentially leading to community transmission. In particular,
vector-borne diseases present with non-specific symptoms,
such as fever and myalgia, making early clinical differentia-
tion difficult and leading to delays in pathogen identification,
which may delay patient management and epidemiological
containment.

In the existing diagnostic testing system centered on notifi-
able infectious diseases, diagnostic blind spots arise, and there
are limitations in recognizing infections caused by unreported

pathogens. Therefore, to overcome these limitations, the Korea
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Disease Control and Prevention Agency has been gradually
introducing, since 2023, a surveillance system targeting non-
notifiable infectious diseases that includes precision analy-
ses based on molecular diagnostics and nucleotide sequence
analysis. This approach enables early detection of unreported
pathogens and assessment of the risk of pathogen introduc-
tion, and can ultimately contribute to strengthening public
health response capacity for novel and variant pathogens. This
report presents the results of a surveillance program for previ-
ously unreported vector-borne viruses in the ROK from 2023

to 2025.

Methods

1. Study Design

This study was conducted retrospectively on specimens
submitted by domestic healthcare institutions for confirmatory
diagnostic testing of suspected vector-borne diseases. Among
cases determined to be negative on existing confirmatory diag-
nostic testing for notifiable infectious diseases, we assessed the
possibility of infection with pathogens whose occurrence has
been reported abroad but not yet reported domestically.

The specimens used in the analysis included the clini-
cal samples submitted by healthcare institutions and public
health agencies nationwide from 2023 to 2025 for confirma-
tory testing of vector-borne diseases. Specimens consisted of
whole blood (serum and plasma) collected from patients with
suspected vector-borne diseases presenting with fever, throm-
bocytopenia, and hemorrhagic symptoms. Epidemiological
information for each specimen (e.g., collection date, region,
and clinically suspected disease) was collected in a de-identi-

fied manner, and the study was conducted within the scope of

www.phwr.org Vol 19, No 26, 2026

public health surveillance activities.

2. Selection of Study Specimens and Pathogen

Classification

A total of 5,674 specimens that were submitted for diag-
nostic testing between 2023 and 2025 for suspected vector-
borne diseases (dengue fever, chikungunya fever, Zika virus
infection, SFTS, and HFRS) and were ultimately determined to
be negative based on the test results were selected for the study.
Specimens with the potential for human infection by an unre-
ported pathogen were selected because causative pathogens of
notifiable infectious diseases were not identified under the ex-
isting diagnostic system.

Ten target pathogens with a high likelihood of introduction

Ten pathogens causing unreported infectious
diseases in Republic of Korea

l l |
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Figure 2. Ten pathogens causing unreported infectious
diseases in the Republic of Korea

Ten pathogens with the potential to cause unreported infectious
diseases in the Republic of Korea were selected and investigated
using specimens submitted for testing of severe fever with
thrombocytopenia syndrome (SFTS), hemorrhagic fever with
renal syndrome (HFRS), Zika virus disease, dengue fever, and
chikungunya fever, based on transmission vectors (ticks, rodents,

and mosquitoes).
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into the ROK were selected as priorities because cases of hu-
man infection had been reported overseas and because rel-
evant vectors and natural hosts were present domestically or in
neighboring regions, or comparable ecological environments
existed. This protocol was a strategic approach intended to
maximize surveillance efficiency under limited resources and
to focus the analysis on pathogens with a high likelihood of ac-
tual introduction. In particular, because cases of human infec-
tion with certain tick-borne viruses have recently been report-
ed in East Asia, it was determined that proactive surveillance is
needed for the possibility of their introduction into the coun-
try. Additionally, each specimen was categorized according to
the vector corresponding to the notifiable infectious disease for
which testing was requested. Specifically, specimens submitted
for testing for tick-, rodent-, and mosquito-borne infectious
diseases were tested for six tick-borne, two rodent-borne, and

two mosquito-borne pathogens, respectively (Figure 2). This

classification was intended to reflect the vector characteristics
and infection routes of pathogens, thereby increasing detect-
ability and minimizing the potential for false-negative results.

The selected pathogens were divided into tick, mosquito,
and rodent categories according to vector type and were clas-
sified based on the primary vector and natural host of each
pathogen (Table 1).

Information on the primary vectors and natural hosts of
each pathogen was used as foundational data for establishing

vector surveillance strategies and specimen collection design.

3. Analysis Algorithm: Multi-stage Precision
Analysis System
In this study, the following three-step precision analysis al-
gorithm was applied to ensure analytical accuracy and repro-

ducibility (Figure 3).

Table 1. Major vectors by virus

Bourbon virus
Yezo virus
Oz virus

Wetland virus

Mosquito Tahyna virus
Oropouche virus
Rodent Lymphocytic choriomeningitis virus

Hantaan virus

Seoul virus

Imjin virus

Amur virus/Soochong virus
Puumala virus

Dobrava virus

Muju virus

Jeju virus

Vector Virus Primary vector (scientific name)
Tick Thogoto virus Rhipicephalus appendiculatus, Hyalomma marginatum
Dhori viru Hyalomma spp.

Amblyomma americanum
Ixodes persulcatus
Amblyomma testudinarium
Haemaphysalis longicornis
Aedes vexans, Culex pipiens
Culicoides paraensis, Culex quinquefasciatus
Mus musculus

Apodemus agrarius

Rattus norvegicus
Crocidura lasiura
Apodemus peninsulae
Myodes glareolus
Apodemus flavicollis
Craseomys regulus

Crocidura shantungensis
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Figure 3. Analytical workflow for unreported pathogens

A stepwise analytical workflow, encompassing pathogen screening, sequence confirmation, and phylogenetic analysis was performed to identify

unreported pathogens in submitted clinical specimens.

1) Specimen preparation and pathogen screening

To extract viral nucleic acid from specimens, RNA was
extracted using a commercially available nucleic acid extrac-
tion kit (e.g., QlAamp Viral RNA Mini Kit, Cat. No. 52906
[Qiagen]) according to the manufacturer’s recommended pro-
tocol, and the extracted RNA was immediately analyzed or
stored at —70°C. Subsequently, a probe-based quantitative re-
verse transcription polymerase chain reaction (QRT-PCR) tar-
geting the specific gene region of each pathogen was performed
to initially confirm the presence or absence of the gene. The
reliability of the test results was ensured by including positive

and negative controls in all analytical procedures.

2) Nucleotide sequence analysis
For specimens with positive or suspected positive pathogen
screening results, the corresponding gene region was amplified,
and nucleotide sequences were obtained through nucleotide

sequence analysis (Sanger sequencing).

3) Final confirmation and phylogenetic analysis
Pathogen species were finally identified using the acquired
nucleotide sequences through BLAST analysis against inter-
national genetic databases such as GenBank, and when un-

reported pathogens or variants were suspected, additional
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phylogenetic analysis was performed to determine their genetic

characteristics and taxonomic position.

Results

1. Annual Survey and Final Confirmation Status

A total of 5,674 study specimens were classified into 4,654
tick-borne specimens, 698 mosquito-borne specimens, and
322 rodent-borne specimens. By year, 1,017, 2,168, and 2,489
specimens were obtained in 2023, 2024, and 2025, respec-
tively. In 2023, no mosquito-borne or rodent-borne speci-
mens were obtained. Furthermore, Oz virus was detected in a
total of two tick-borne specimens among the target pathogens,
with one detected in 2023 (one specimen) and the other in
2025 (one specimen). Oz virus was finally identified through
nucleotide sequence analysis. None of the target pathogens in-
vestigated were identified in mosquito-borne or rodent-borne

specimens (Table 2).

2. Characteristics of Oz Virus—positive Specimens

A total of two patients in whom Oz virus was detected were
identified through this surveillance project in the ROK (Table 3).
The first case was identified in July 2023, and the epidemio-

logical investigation revealed that the patient reported having
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Table 2. Summary of unreported pathogen surveillance results by year, 2023-2025

Vector Result 2023 2024 2025 Total
Tick Positive 1 0 1 2
Negative 1,016 1,784 1,852 4,652

Mosquito Positive 0 0 0 0
Negative 0 211 487 698

Rodent Positive 0 0 0 0
Negative 0 173 149 322

Total 1,017 2,168 2,489 5,674

Table 3. Epidemiological characteristics of confirmed Oz virus infection cases identified in the Republic of Korea, 2023-2025

Case Travel history Tick bite Epidemiological investigation Strain
Case #1  Travel to Japan (July 2023) Confirmed  Tick bite and tick observed in a grassy area in Japan EHS8
Case #2  None Unknown Gardening activity (at a home garden) EHS8

been bitten by a tick (bite wound present) while in a grassy area
during travel to Japan. After returning to the ROK, the patient
developed clinical symptoms and was confirmed to be infected
following confirmatory testing performed because of symp-
toms suggestive of SFTS, representing the first imported case
identified in the ROK. Genetic analysis confirmed that the nu-
cleotide sequence was identical to that of the virus strain (EH8)
that was first reported after being isolated from a tick in Japan.
The testing for the second case was requested in November
2025, and the epidemiological investigation revealed no recent
history of overseas travel, with only a history of working in a
vegetable garden. Genetic analysis confirmed that the nucleo-
tide sequence was identical to that of the first reported virus
strain (EH8) (Table 3). This case represents the first case of hu-
man infection with Oz virus detected in a patient in the ROK
with no history of overseas travel, suggesting that infection
can also occur in the ROK. Furthermore, the identification of
the virus during the investigation of SFTS-negative specimens
is significant in that it confirmed a tick-borne viral infection

that is difficult to identify under the existing infectious disease
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testing system.

Discussion

Oz virus is a 6-segmented ssRNA virus belonging to the
family Orthomyxoviridae and the genus Thogotovirus. Its vec-
tor is Amblyomma testudinarium, which is primarily distribut-
ed across East Asia and Southeast Asia. After Oz virus was first
isolated from ticks in Japan in 2018, antibodies were identified
in various wild animals, such as Japanese macaques, wild boars,
and deer, as well as in humans, and its risk as a zoonotic infec-
tious disease was highlighted following the report of a fatal case
of human infection in Japan in 2022. In particular, consider-
ing the geographical proximity between Japan and the ROK,
frequent human exchange between the two countries, and the
presence of the same tick vector in the ROK, the introduction
and local occurrence of Oz virus in the ROK are plausible.

The report of high seroprevalence in wildlife inhabiting
Japan supports the possibility that an ecological wildlife-tick—

human transmission cycle has been established and suggests
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that a similar ecological cycle may also exist in the ROK. In this
context, this study was significant in that it confirmed cases of
human infection by unreported pathogens that went undetect-
ed by the existing surveillance system. After performing gene
detection and nucleotide sequence analysis on a total of 5,674
specimens that tested negative in existing diagnostic tests, two
cases of Oz virus infection were identified, demonstrating the
existence of diagnostic blind spots in the existing surveillance
system centered on notifiable infectious diseases.

In particular, considering that the confirmed cases occurred
in the absence of a history of overseas exposure, the possibil-
ity of virus circulation within the domestic ecosystem, beyond
simple importation, cannot be ruled out. This finding suggests
that Oz virus may have already entered an early establishment
phase, and there is also a possibility that some existing cases of
febrile illness of unknown origin are associated with the virus.
Therefore, future infectious disease surveillance strategies re-
quire a transition from the existing pathogen-centric approach
to a comprehensive detection system that includes unreported
pathogens. In addition, it is necessary to enhance early detec-
tion capabilities for vector-borne diseases by strengthening the
precision surveillance system using molecular diagnostics and
nucleotide sequence-based analysis technologies and by con-
currently conducting ecological surveillance of wildlife and
vectors. Furthermore, this response can be conducted more ef-
fectively through a One Health approach based on collabora-
tion among the public health, environmental, and veterinary
sectors.

In this study, two cases of Oz virus infection were con-
firmed in the ROK through proactive surveillance of unre-
ported pathogens conducted from 2023 to 2025. In particular,

this finding has significant implications as it includes cases that

www.phwr.org Vol 19, No 26, 2026

occurred in the absence of a history of overseas exposure, sug-
gesting the possibility of not only the domestic introduction of
the virus but also its circulation within the ecosystem.

Due to environmental factors such as climate change, vec-
tor habitat expansion, and an increase in wildlife populations,
the risk of the emergence of new vector-borne diseases is ex-
pected to further increase in the future. At this point, these re-
sults show that cases of infection that are not identified by the
existing testing system centered on notifiable infectious diseas-
es may actually exist, supporting the need for proactive surveil-
lance of unreported pathogens more than ever.

Therefore, future infectious disease response strategies
must strengthen the surveillance of vectors and wildlife, ad-
vance molecular diagnostic and nucleotide sequence-based
pathogen detection technologies, and establish a One Health
surveillance system based on collaboration among the public
health, environmental, and veterinary sectors. This integrated
approach is expected to play a key role in the early detection

and containment of new and variant infectious diseases.
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Review & Perspective

2026 Cruise Ship—associated Andes Hantavirus Outbreak and
Public Health Response

Jin Yong Kim

Division of Infectious Diseases, Department of Internal Medicine, Incheon Medical Center, Incheon, Korea

ABSTRACT

Objectives: Andes virus (ANDV) is an exceptional hantavirus for which human-to-human transmission has been repeatedly
reported, and it causes hantavirus cardiopulmonary syndrome with high lethality in South America. This review aims to summarize
the epidemiological and clinical features of hantavirus infections and their transmission routes, and to examine transmission patterns
within a confined, high-density environment and future public health response strategies, using the 2026 ANDV outbreak on the MV
Hondius cruise ship as a case study.

Methods: Drawing on publicly available reports from the World Health Organization (WHO), the European Centre for Disease
Prevention and Control, the Pan American Health Organization, and the Korea Disease Control and Prevention Agency, as well as
relevant literature, we reviewed the characteristics of hantavirus infections and this outbreak.

Results: The MV Hondius departed from Ushuaia, Argentina, on April 1, 2026. On May 2, the UK International Health Regulations
(IHR) National Focal Point formally alerted the WHO to a cluster of severe acute respiratory illnesses. By May 27, 13 individuals (11
confirmed and 2 probable cases) had been infected, and 3 had died. Genomic analysis revealed no more than one single-nucleotide
polymorphism difference among patients, indicating onboard human-to-human transmission following a single or a very small
number of zoonotic spillover events; the effective reproduction number was estimated to be 0.7 on May 22. Major factors contributing
to transmission included advanced age (mean, approximately 65 years), shared cabins, communal indoor spaces, and close caregiving
or clinical contact.

Conclusions: This outbreak demonstrates that pathogens with limited human-to-human transmissibility can nevertheless be
amplified in a closed, high-density environment. Prompt identification, international coordination under the IHR, and efficient risk
communication were central to controlling the outbreak, and preparedness for potential importation requires routine assessment of

travel history, surveillance for suspected cases, and access to rapid diagnostic testing.
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*Corresponding author: Jin Yong Kim, Tel: +82-32-580-6496, E-mail: kjykey@gmail.com

Introduction illness of unknown cause occurred on a cruise ship sailing in
the South Atlantic. As the patient and contacts traveled to mul-

In the spring of 2020, successive cases of a severe respiratory tiple countries, this incident became an international public
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Key messages
(D What is known previously?

Andes virus is an exceptional hantavirus that frequently
spreads through human-to-human contact and causes
highly fatal hantavirus cardiopulmonary syndrome in
South America.

@ What new information is presented?

In a closed, crowded environment of a cruise ship, an
infection arising from a near-single zoonotic spillover
event expanded through human-to-human transmis-
sion into a multinational outbreak (13 cases, 3 deaths).
Rapid diagnosis and international coordination success-
fully lowered the transmission rate (effective reproduc-
tion number 0.7).

® What are implications?

Early surveillance, international coordination, rapid di-
agnostics, and efficient risk communication should be
strengthened for zoonotic outbreaks in transportation
and other congregate settings.

health issue in a short period of time. The cause was Andes vi-
rus (ANDV), a hantavirus. Hantavirus infection has generally
been understood as a zoonotic infectious disease transmitted
from rodents to humans, but ANDV is an exceptional patho-
gen for which person-to-person transmission has been repeat-
edly reported. The cruise ship environment, where cabins and
common areas are shared for extended periods, provided con-
ditions under which these transmission characteristics could
lead to an outbreak.

As the epidemiological investigation is still ongoing, this
report presents the transmission patterns and future response

directions for this virus based on the data released to date.

1080

Discovery and Clinical Spectrum of
Hantavirus Infection

The Korean War was the impetus for the major emergence
of hantavirus in medical history. From 1951 to 1953, numer-
ous United Nations soldiers in the Hantan River basin suffered
from hemorrhagic renal failure of unknown origin (then called
“Korean hemorrhagic fever”). In 1970, Lee et al. [1] isolated
the causative virus from the striped field mouse (Apodemus
agrarius) and named it Hantaan virus (HINV). Subsequently,
Seoul virus was identified in urban rodents. These viruses cause
hemorrhagic fever with renal syndrome (HFRS) and primar-
ily affect the kidneys and blood vessels. East Asia, including the
Republic of Korea (ROK), remains a major endemic area for
HEFRS.

In the New World, in 1993, a series of previously healthy
young adults died from acute respiratory failure in the Four
Corners region of the southwestern United States. The Sin
Nombre virus (SNV) identified at the time showed a clinical
presentation that primarily involved the lungs rather than the
kidneys, and the disease was subsequently named hantavirus
cardiopulmonary syndrome (HCPS; also known as hantavirus
pulmonary syndrome) [2]. ANDV was isolated from southern
Argentina and Chile in the mid-1990s and has established it-
self as the primary cause of HCPS in South America. Through
this process of discovery, a geographical and clinical distinction
was established. Old World and New World hantaviruses pri-
marily exhibit a renal (HFRS) and a pulmonary clinical presen-

tation (HCPS), respectively.
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Causative Pathogen and Clinical
Characteristics

Hantavirus belongs to the genus Orthohantavirus, family
Hantaviridae, order Bunyavirales, and more than 20 species
are known to date. Representative species that cause disease in
humans include ANDV and SNV in the Americas, Puumala
virus and Dobrava virus in Europe, and HTNV and Seoul virus
in East Asia. The reservoir host differs for each virus species.
The primary reservoir host of ANDV is the long-tailed pygmy
rice rat (Oligoryzomys longicaudatus), which is distributed in
southern Argentina and Chile, and related cases are also re-
ported in Uruguay, southern Brazil, and Paraguay. The classi-
fication, reservoir hosts, clinical features, case fatality, and geo-
graphical distribution of major hantavirus species are summa-
rized in Table 1.

The incubation period for HCPS is typically 1-6 weeks;
however, it can be longer (median approximately 18 days).
Initially, gastrointestinal symptoms such as nausea, vomiting,
and abdominal pain appear along with fever, myalgia, head-

ache, and chills, making it easy to mistake this infection for the

common cold or gastroenteritis. However, within several days,
dyspnea, pulmonary edema, and hypotension progress rapidly,
transitioning to the cardiopulmonary phase. Diagnosis is cen-
tered on reverse transcription polymerase chain reaction (RT-
PCR) and nucleotide sequence analysis, and antibody testing
is used adjunctively. Because there are no approved vaccines
or specific antiviral agents, treatment relies on supportive care,
such as oxygen therapy and mechanical ventilation. Rapid
transport to healthcare institutions capable of providing care
for critically ill patients is important for improving survival.
The case fatality rate for HFRS in Asia and Europe ranges from
less than 1% to approximately 15%, whereas that for HCPS
in the Americas is 20-35% and can reach 40-50% in older

adults or individuals with comorbidities.

1. Cellular Tropism and Virulence

A study published in PLOS Pathogens in 2025 analyzed
the differences in cellular tropism between Old World and
New World hantaviruses and suggested that these differences
may affect pathogenicity and clinical presentation [3]. ANDV

exhibited broad tropism, demonstrating infectivity in multiple

Table 1. Classification, reservoir hosts, clinical features, case fatality, and geographical distribution of major hantavirus species
(abb\r/eI(/LiJ:tion) Reservoir host Principal disease Case(of/f )tallty Major geographical distribution
ANDV Long-tailed pygmy rice rat HCPS 20-50 Southern Argentina and Chile and
(Oligoryzomys longicaudatus) other parts of South America
SNV Deer mouse HCPS 2040 Southwestern United States and
(Peromyscus maniculatus) North America
HTNV Striped field mouse HERS 1-15 East Asia, including Korea and
(Apodemus agrarius) China
SEOV Brown rat (Rattus norvegicus) HFRS <1 Worldwide (urban rodents)
PUUV Bank vole (Myodes glareolus) Nephropathia <0.5 Europe
epidemica
(mild HFRS)
ANDV=Andes virus; SNV=Sin Nombre virus; HTNV=Hantaan virus; SEOV=Seoul virus; PUUV=Puumala virus; HCPS=hantavirus
cardiopulmonary syndrome; HFRS=hemorrhagic fever with renal syndrome.
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cell types evaluated in studies, including human lung epithelial
cells, cardiomyocytes, and brain cells. In contrast, Old World
HTNV primarily replicated in pulmonary endothelial cells,
cardiomyocytes, and brain cells, whereas the replication of
New World SNV was primarily restricted to pulmonary endo-
thelial cells.

The transcriptional response of ANDV-infected cells was
more pronounced than that of SNV- or HTNV-infected cells.
In particular, in lung epithelial cells, ANDV infection promot-
ed cell injury and inflammatory response and downregulated
the lipid metabolic pathway. This cellular injury and inflam-
matory response provide molecular clues that explain the pul-
monary edema and acute cardiopulmonary failure observed in
HCPS. However, because these findings were obtained from
an experimental model, they should be used as evidence to ex-
plain differences in clinical severity and transmissibility, but
should not be overinterpreted as demonstrating a direct causal
relationship.

These differences in cellular tropism and pathogenicity also
provide clues for the development of therapies. In the same
study, urolithin B, evaluated as an antiviral candidate, inhibited
ANDYV infection, restored host cell metabolism, and reduced
transcriptional changes. This finding suggests the possibility of
host-directed therapy that simultaneously targets the inhibi-
tion of viral replication and modulation of the host response.
Considering that there are currently no approved specific ther-
apeutic agents for ANDV infection and that the case fatality
rate is high in older adults and individuals with comorbidities,

this approach is an important topic for future research.
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Transmission Route: Rodent Exposure
and Person—to—person Transmission

The most common route of hantavirus infection is the in-
halation of particles contaminated with the urine, feces, and sa-
liva of infected rodents. Infection can occur when fine particles
(aerosols) generated from the drying of rodent excreta become
airborne and enter the respiratory tract, or when touching the
eyes, nose, or mouth with hands that have touched a contami-
nated surface. The risk of exposure is high when cleaning barns
or warehouses infested with rodents or during outdoor activi-
ties in forests and fields inhabited by rodents. Rarely, infection
can also occur from the bite of an infected rodent. These en-
vironmental infections usually occur sporadically and do not
lead to person-to-person transmission.

Unlike these environmental infections, person-to-per-
son transmission has been repeatedly confirmed for ANDV.
Person-to-person transmission is mainly reported among
household contacts, caregivers, and healthcare personnel who
have had prolonged close contact with patients, and respira-
tory secretions are presumed to be the vehicle of transmis-
sion. During the 2018-2019 outbreak in Epuyén, Argentina,
Martinez et al. [4] used molecular epidemiology to trace a
chain of transmission that originated from a single index case.
This incident began with a single rodent spillover, resulting in a
total of 34 infections and 11 deaths. Transmission was driven
by three symptomatic individuals, i.e., super-spreaders, who at-
tended a crowded social gathering. The likelihood of transmis-
sion was higher in patients with a high viral load and liver in-
jury, and transmissibility was found to be highest immediately
before onset and during the early phase after onset (prodromal

period). Although asymptomatic transmission has not been
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demonstrated, because prodromal symptoms may be nonspe-
cific and mild, a conservative approach of setting the start of
exposure to 2 days before symptom onset is recommended for
contact tracing [5].

Evidence of person-to-person transmission of ANDV
has been gradually accumulating since the 1990s. Person-to-
person transmission was first suggested by a 1996 outbreak in
southern Argentina (El Bolson, Bariloche, etc.), in which illness
occurred in succession among people who had contact with
patients, including healthcare personnel who cared for them,
in a setting with low rodent density [6]. Subsequently, Padula
et al. [7] provided the first direct molecular evidence for per-
son-to-person transmission of hantavirus by identifying the
same viral nucleotide sequence (Epilink/96) in patient speci-
mens from the same outbreak. In 2002, a case of person-to-
person transmission involving another lineage (ANDV Cent
BsAs) was reported in Argentina; transmission occurred pri-
marily through close, prolonged contact during the prodromal
period or immediately thereafter, and the incubation period
was estimated to be approximately 15-24 days [8]. In 2014 in
Argentina, nearly identical nucleotide sequences between pa-
tients (including 100% identity between a nurse and a patient)
were identified through whole-genome analysis, supporting
a person-to-person transmission chain at the molecular level
[9]. In southern Chile, intrafamilial and hospital-associated
(healthcare personnel) transmission was described in 2011
through epidemiologic and molecular analyses; it was also not-
ed that, because the time of last exposure is often difficult to de-
termine in person-to-person transmission, the exposure win-
dow should be defined conservatively during contact tracing.
The reported incubation period in person-to-person transmis-

sion (approximately 15-24 days) is calculated from the time

www.phwr.org Vol 19, No 26, 2026

of person-to-person exposure. It means that the incubation pe-
riod can be estimated more accurately in such cases than in en-
vironmental infections, where the exact time of environmental
(rodent) exposure is often difficult to determine. However, it
does not imply that the incubation period is shorter. Because
the incubation period of ANDV can be as long as 6 weeks or
more, a recommendation has been made to monitor contacts
of confirmed cases for 42 days (6 weeks) after the last exposure
[10]. This 42-day standard led to recent recommendations for
contact management, including the cruise ship case.

This biological plausibility of person-to-person transmis-
sion is also supported by studies on viral shedding in body flu-
ids. In a prospective cohort in Chile (131 confirmed cases),
ANDV RNA was detected in the blood (buffy-coat) of almost
all patients during the acute phase and was also detected in sa-
liva, gingival crevicular fluid, and nasopharyngeal specimens;
the infectivity of some of these oral and respiratory fluids was
confirmed via cell cultures [11]. This finding suggests that
close contact with a patient during the early stage of illness (such
as saliva exposure and sharing a bedroom) may serve as a route
of transmission. In the past, a cautious view was also raised that
it was difficult to establish the causality of person-to-person
transmission and distinguish it from shared rodent exposure
[12,13]. However, with nearly identical genomes repeatedly
confirmed between patients in several outbreaks, person-to-
person transmission of ANDV is considered a molecularly and
epidemiologically supported route of transmission. However,
the frequency is low, and transmission occurs primarily under
the specific conditions of close and prolonged contact and ex-
posure during the prodromal period.

Therefore, hantavirus infection routes can be broadly clas-

sified into two categories. The first is environmental infection
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from rodents, and most hantavirus infections fall into this cat-
egory. The second is person-to-person transmission observed
with ANDV; its frequency is low, but it can occur during pro-
longed contact with a patient in an enclosed space. Cruise ships
constitute an environment conducive to such person-to-per-

son transmission.

Occurrence of Hantavirus Infections

Hantavirus infection is not a common disease worldwide.
In the Americas, till week 47 of 2025, 229 cases of HCPS were
reported from 8 countries, with 59 deaths, leading to a case fa-
tality rate of 25.7% [14]. In the United States, 20 cases were
confirmed, and 8 deaths occurred in 2024 (case fatality rate
40%). Cases were concentrated in arid southwestern states,
such as Arizona and Colorado. In the European region, 1,885
cases of HFRS (0.4 cases per 100,000 population) were report-
ed in 2023, which was the lowest level during 2019-2023 [15].

In the East Asian countries of China and the ROK, thousands

of cases of HFRS have been reported annually, but the inci-
dence has been on a decreasing trend in recent decades. The
magnitude of outbreaks depends on the rodent population and
opportunities for human exposure, and therefore, exhibits dis-
tinct seasonality and regionality. Recent regional and annual
occurrence patterns of hantavirus infection are shown in Table 2.

These statistics show that HCPS is a rare disease that occurs
sporadically after exposure to rodents, primarily in rural areas
of South and North America. This cruise ship case was differ-
ent from the typical pattern. The outbreak occurred on a ship
on the open ocean rather than in a rural area; transmission oc-
curred from person to person rather than through rodents; and
patients and contacts traveled to multiple countries within a

short period.

2026 MV Hondius Cruise Ship Outbreak

The MV Hondius departed from Ushuaia, Argentina, on

April 1, 2026, with 147 passengers and crew members on

Table 2. Current regional and annual patterns of hantavirus infection

Principal disease

Case fatality

Region Year (causative virus) Reported burden %)
Americas: South America 2025 HCPS (ANDV and others) 229 cases and 59 deaths across 25.7
(region-wide) 8 countries (highest in Argentina)
Americas: North America 2024 HCPS (SNV and others) 20 confirmed cases and 8 deaths 40
(United States) (concentrated in southwestern
states)
Europe 2023  HFRS (PUUV, DOBV, and 1,885 cases (0.4 per 100,000 <1
others) population); several thousand
cases per year
Asia (East Asia, including Recent ~ HFRS (HTNV, SEOV, and  Several thousand cases per year 1-15
China and Korea) (annual) others) (declining over recent decades)

SEOV=Seoul virus.

Data for the Americas reflect epidemiological week 47, 2025, while European figures are from 2023. Because regional surveillance and
reporting criteria differ, direct comparisons require caution [14,15]. HCPS=hantavirus cardiopulmonary syndrome; HFRS=hemorrhagic fever
with renal syndrome; ANDV=Andes virus; SNV=Sin Nombre virus; PUUV=Puumala virus; DOBV=Dobrava virus; HTNV=Hantaan virus;
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board (88 passengers and 59 crew, as of the initial report on
May 4), representing 23 nationalities [16]. The presumed in-
dex case (Case 1) was an adult male who had traveled across
Argentina, Chile, and Uruguay for more than 3 months prior
to embarkation. He developed symptoms on April 6 and died
on board on April 11. He was classified as a probable case be-
cause microbiological testing was not performed; however,
the possibility of exposure to rodents during outdoor activi-
ties, such as birdwatching, in Argentina before boarding was
raised. Subsequently, in late April, cases of severe respiratory
illness occurred in succession in his spouse (Case 2, who died
in Johannesburg on April 26), a passenger in an adjacent cabin
(Case 3), the ship’s physician, and a tour guide who cared for
the patient. Some cases were diagnosed in countries such as
South Africa, the Netherlands, and Switzerland after disem-
barking or being medically evacuated at the ports of call of St
Helena (April 24) and Ascension (April 27).

The diagnosis required several steps in the differential diag-
nosis. The medically evacuated patient (Patient 3) was initial-

ly suspected of atypical pneumonia, and bacterial and fungal

sepsis, as well as vector-borne infections such as malaria and
dengue fever, were included in the differential diagnosis [17].
HCPS was included in the differential diagnosis after the re-
spiratory pathogen panel, malaria test, fungal markers, blood
culture, and Legionella antigen test were all confirmed to be
negative. The key clues were the patient’s travel history (a
3-month stay in Argentina, Chile, and Uruguay before board-
ing), repeated negative test results, and rapid clinical deteriora-
tion. Following a virtual consultation with experts from South
Africa, the United Kingdom, and the Netherlands, the speci-
men was transferred to the South African National Institute for
Communicable Diseases (NICD), where hantavirus was con-
firmed by pan-hantavirus RT-PCR. ANDV was then identified
by L-segment nucleotide sequence analysis [17]. Other speci-
mens collected on board were also transferred to laboratories,
including the Institut Pasteur de Dakar in Senegal, where addi-
tional confirmation was obtained. The international response
was scaled up on May 2, 2026, when the United Kingdom’s
International Health Regulations (IHR) National Focal Point

notified World Health Organization (WHO) of an outbreak

14 .
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Figure 1. Cumulative case curve of the 2026 MV Hondius outbreak (n=13) before and after the coordinated public health

response

Dashed line indicates the IHR on May 2, while the shaded area denotes the subsequent containment phase (Rt=0.7). IHR=International Health

Regulations; Rt=effective reproduction number.

www.phwr.org Vol 19, No 26, 2026

1085


http://www.phwr.org

I Public Health Weekly Repo: ’\

of severe acute respiratory illness that included two deaths and
one critically ill patient [106].

As of May 27, 20206, a total of 13 people had been infect-
ed (11 confirmed, 2 probable), and 3 had died (2 confirmed,
1 probable) [18]. The case fatality rate based on the initial 8
cases was reported as 38%, and the case fatality rate based on
13 cases was approximately 23%. In the cumulative epidemic
curve, after an increase in cases following the index case on
April 6, a slowing in the rate of increase is observed follow-
ing multinational cooperation around the IHR notification on
May 2 (Figure 1). The time of occurrence is consistent with the
known incubation period of ANDV and supports the possibil-
ity of shipboard person-to-person transmission. Preliminary
genomic analysis also showed nearly identical genomes with
one or fewer single-nucleotide polymorphism (SNP) differ-
ences between patients. Therefore, it was assessed as highly
likely that the outbreak originated from a single or a very small
number of zoonotic spillover events [18]. As of May 22, the es-
timated effective reproduction number (Rt) was 0.7, less than
1.0, which means that the epidemic has entered a decreasing
phase [18].

Advanced age, crowded living spaces, exposure to shared
indoor spaces, and close contact during caregiving and medical
treatment are suggested as factors contributing to transmission.
The mean age of the passengers was approximately 65 years,
and the proportion of individuals with comorbidities was also
substantial. Passengers shared cramped cabins and had pro-
longed contact in indoor common areas, such as dining halls
and lounges. Cases involving infection of the ship’s physician
and a guide who cared for the patient suggest that close contact
during caregiving and medical treatment may have served as

a route of further transmission [5,18]. Particularly early in the
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illness, because the causative pathogen had not been identified
and ANDV infection was not suspected, it is presumed that the
ship’s physician and the guide who cared for the patient had
close contact without wearing appropriate personal protective
equipment (PPE), such as respiratory protection. This finding
shows that healthcare personnel and accompanying persons
may be exposed to the risk of transmission when treating or
caring for patients with nonspecific severe respiratory illness
at a stage before the cause is identified, and suggests the im-
portance of early recognition and preemptive infection control

based on Standard and Droplet Precautions.

International Response Framework and
Patient and Contact Management

Immediately following the report, WHO activated its three-
level coordination mechanism and led multinational coopera-
tion in accordance with the IHR (2005). The ship’s healthcare
personnel; the flag state, the Netherlands; the country of de-
parture, Argentina, and the neighboring country, Chile; and
the British territories (St Helena and Ascension), Cabo Verde,
South Africa, Switzerland, and Spain, which were involved in
the port calls and medical evacuations, participated in the re-
sponse [16,18]. The core of the response was patient isolation,
rapid medical evacuation of symptomatic individuals, and sys-
tematic tracing and monitoring of contacts. Because ANDV is
unlikely to be transmitted through short-term contact alone,
such as sharing a flight, contacts were managed by classify-
ing them as high-risk or low-risk according to the intensity of
exposure.

For high-risk contacts, quarantine and daily symptom

monitoring for 42 days (6 weeks) after the last exposure were
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recommended [5,19]. This conservative criterion reflects the
fact that the incubation period of ANDV can be as long as
6 weeks or more. As of May 14, 2026, more than 440 con-
tacts in more than 30 countries were subject to quarantine or
health monitoring [18]. Specimens were analyzed by RT-PCR,
nucleotide sequence analysis, and metagenomics, and WHO
also pursued the development of natural history study proto-
cols and scientific consultation on medical countermeasures.
Meanwhile, repeated PCR testing of asymptomatic high-risk
contacts can lead to a false sense of security due to false-nega-
tive results, as well as resource consumption; therefore, it was
recommended that caution be exercised in the interpretation
of test results and in providing psychological support [19].
Infection control within healthcare institutions was also an
important pillar of the response. Because ANDV can be trans-
mitted from person to person via respiratory secretions, it was
recommended to apply Droplet and Contact Precautions in
addition to Standard Precautions when caring for confirmed
or suspected patients, and to wear an N95 (or equivalent) res-
pirator, eye and face protection, a gown, and gloves in accor-
dance with Airborne Precautions during aerosol-generating
procedures (such as endotracheal intubation, bronchoscopy,
non-invasive positive-pressure ventilation, and suctioning)
[19]. Patients should, whenever possible, be placed in a pri-
vate room or a negative-pressure isolation room, contact with
healthcare personnel and visitors should be minimized, and
medical waste and environmental surfaces should be appropri-
ately disinfected. In this case, the infection of the ship’s physi-
cian who cared for the patient demonstrates that enhanced in-
fection control should be implemented proactively for patients
with nonspecific severe respiratory illness even before the caus-

ative pathogen has been identified. Healthcare institutions in

www.phwr.org Vol 19, No 26, 2026

the ROK that treat suspected cases should also routinely verify
their healthcare-associated infection control systems, including
the operation of negative-pressure isolation rooms, stockpiling
of PPE, and procedures for monitoring healthcare personnel
following exposure.

Although media attention focused on the evacuation of the
cruise ship passengers, the impact borne by the small South
Atlantic island communities where the vessel made port calls
is also important [20]. The UK Overseas Territories along the
route of the MV Hondius, including Tristan da Cunha, Saint
Helena, and Ascension, were remote islands located more than
1,000 miles away and had limited medical facilities and diag-
nostic capacity. In Tristan da Cunha, a resident who worked
as a ship guide developed illness after disembarkation, but the
case was recorded as a probable case because confirmatory
testing could not readily be performed locally. Therefore, even
for the same pathogen, diagnostic capability and clinical out-
comes may vary according to regional public health capacity,
which also has implications for global health equity. However,
in this case, after the Ascension Island medical director recog-
nized the outbreak early on May 1 and established contact with
South Africa’s NICD through the UK Health Security Agency
Overseas Territories Support Programme, specimens that were
about to be discarded were recovered and ultimately led to the
diagnosis [20]. Basic diagnostic capacity in remote areas and
a teleconsultation system can contribute to limiting further

spread.

International Public Health Risk and
Domestic Relevance

WHO assessed the risk associated with this event as
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“moderate” for cruise ships and “low” at the global level [16,18].
ANDV is capable of person-to-person transmission, but its
transmission efficiency is lower than that of viruses easily
spread by respiratory droplets, and transmission requires pro-
longed close contact. In addition, control is possible through
early detection, isolation, and contact management. The esti-
mated Rt of 0.7 also supports this assessment. Factors that in-
crease the risk include the crowded and enclosed environment
of cruise ships, the high proportion of older adults and individ-
uals with comorbidities, the movement of multinational pas-
sengers to multiple countries during the incubation period af-
ter disembarkation, and the difficulty of tracing resulting from
the long incubation period. Conversely, limited transmission
efficiency, the absence of efficient droplet or airborne transmis-
sion, rapid recognition and multinational cooperation, and the
fact that the rodent vectors are confined to South America are
factors that reduce the risk.

Regarding the situation in the ROK, the Korea Disease
Control and Prevention Agency (KDCA) assessed the risk to
the general public as “low” on the basis that the rodent vectors
for HCPS are not present in the country and no imported cases
have been reported [21]. However, as the possibility remains
that travelers who have visited endemic areas in South America
may develop the disease after entry, it is necessary to obtain
a travel history and conduct surveillance of suspected cases.
HERS, which occurs annually in the ROK, is a disease caused
by HTNV and Seoul virus and differs from ANDV-associated
HCPS in terms of causative pathogen and clinical presentation.
In the context, this distinction should be clearly explained.

In relation to this incident, the KDCA conducted a risk as-
sessment and issued prevention guidelines for healthcare per-

sonnel and the public, and designated ANDV infection as a
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disease subject to reporting and management so that report-
ing, testing, and contact management would be linked upon
the occurrence of a suspected case [21]. From a diagnostic
perspective, a key consideration is the difference in test targets
and methods. Since the diagnosis of HFRS conventionally per-
formed in the ROK targets Old World hantaviruses such as
HTNV and Seoul virus, infections with New World hantavi-
ruses such as ANDV and SNV can be missed if the test targets
do not match. Therefore, in suspected patients with a travel his-
tory to South America, infection should not be ruled out solely
by tests limited to specific species; pan-hantavirus RT-PCR
capable of broad detection across the Hantavirus genus and
species identification through nucleotide sequence analysis are
required. In fact, in the cruise ship case, a hantavirus was first
confirmed by pan-hantavirus RT-PCR, and ANDV was subse-
quently identified by L-segment nucleotide sequence analysis
[17]. It is appropriate to follow guidance from the KDCA re-
garding specific diagnostic algorithms and test referral path-
ways, including the potential cross-reactivity of species-specific
primers and the introduction and operation of pan-hantavirus
testing. In preparation for possible introduction into the coun-
try, capacity for pan-hantavirus detection and sequence-based
species identification should be secured and routinely reviewed

during non-outbreak periods.

Lessons Learned and Directions for
Future Response

First, even pathogens with rare person-to-person trans-
mission can be amplified into cluster outbreaks in closed
and crowded environments, such as cruise ships and long-

term care facilities. To prepare for public health incidents on
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conveyances such as ships, guidelines on ventilation, isolation,
and separation of movement pathways, as well as an early de-
tection and reporting system for onboard healthcare personnel,
must be established in advance.

Second, considering the long incubation period, HCPS
should be included in the differential diagnosis of patients with
fever and respiratory symptoms who have a history of travel to
South America. Instructing patients to disclose their travel his-
tory to healthcare personnel is also a prerequisite for early rec-
ognition. To this end, it is necessary to raise awareness among
frontline healthcare personnel and public health centers.

Third, in this incident, IHR-based information sharing
among the flag state, countries of ports of call, the country of
departure, and WHO contributed to initial control. This ap-
proach can be regarded as a model for international coopera-
tion in responding to cluster outbreaks occurring aboard cross-
border conveyances. To prepare for possible introduction into
the country, the rapid diagnostic system based on RT-PCR and
nucleotide sequence analysis, procedures for reporting and
managing suspected cases, and the specimen transport system
should be reviewed and verified during non-outbreak periods.

Fourth, risk communication should be treated as part of the
control strategy. In situations where there is high public sensi-
tivity to a new respiratory infectious disease, the message that
“the domestic risk is low, but caution is needed when traveling
to areas with ongoing transmission” must be communicated
consistently [21]. When healthcare personnel, public health
centers, and the media share the same key information, they
can reduce excessive anxiety and encourage necessary preven-
tive actions.

Fifth, the fact that person-to-person transmission of ANDV

can be driven by a small number of superspreaders has direct

www.phwr.org Vol 19, No 26, 2026

implications for control strategies. Just as the effective repro-
duction number decreased from 2.12 to 0.96 following isola-
tion measures during the 2018-2019 outbreak in Argentina
[4], risk-stratified surveillance, which involves the early iden-
tification and isolation of patients at high risk of transmission,
such as those with a high viral load or severe disease, may be
efficient in settings with limited resources. The estimated Rt of
0.7 in this cruise ship case also supports the importance of ear-
ly recognition and isolation.

Sixth, hantavirus remains a persistent public health threat,
with sporadic infections and deaths reported even during the
coronavirus disease 2019 pandemic [22]. Since developing
vaccines and antiviral agents takes time, long-term prepared-
ness investments—including genomic and proteomic data-
sharing platforms during non-emergency periods, internation-
al research collaboration, and computational identification of
new drug and vaccine candidates—must be pursued in parallel [22].

In conclusion, the 2026 ANDV cluster outbreak on a
cruise ship demonstrated that a hantavirus capable of person-
to-person transmission can progress to a cluster outbreak in a
closed, crowded environment. Once the epidemiological inves-
tigation is complete, the transmission patterns and contribut-
ing factors will be more precisely elucidated, and the results can
be used as evidence to support future preparedness for zoo-
notic infections in conveyances and congregate settings. The
necessary response at this stage is clear. Travel history to South
America and close-contact history should be actively assessed,
suspected cases should be recognized early, and domestic and
international coordination and risk communication systems
should be routinely reviewed and verified during non-outbreak

periods.
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QuickStats

Trends in the Prevalence of Aerobic Physical Activity, 2015-2024

The age-standardized prevalence of Korean adults aged 19 years and over who performed aerobic physical activity was

52.1% in 2024, showing no significant change over the past 3 years (Figure 1). As of 2024, the prevalence of aerobic physical

activity was higher in men (54.7%) than in women (49.3%), and the highest in their 20s (Figure 2).

Survey year

Figure 1. Trends in the prevalence of aerobic physical activity,

2015-2024
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Figure 2. Prevalence of aerobic physical activity by sex-age

group, 2024

*Prevalence of aerobic physical activity: percentage of people who spent time corresponding to each activity; more than 2 1/2 hours of

moderate-intensive physical activity a week or more than 1 hour and 15 minutes of high-intensity physical activity a week or mixing moderate

and high-intensive physical activity (1 minute of high-intensity is equivalent for 2 minutes of moderate-intensity).

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

Source: Korea Health Statistics 2024, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/
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