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o] DNAE &390t} ©]% cytochrome ¢ oxidase subunit
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Polymerase chain reaction (PCR) ¥-&-2 & 3] 20 ul

2 Fyoiglon, vhg 74 2 2% gDNA 2 pl, 1x

H 1. COI, ace-2 Z&}o|H HH

o2t0|H HI|IME(5-3) PCR &= 37| BHFHEAL
LCO1490_F GGT CAA CAA ATC ATA AAG ATATTG G 658 bp cor
HCO2198 TAA ACT TCA GGG TGA CCA AAA AAT CA
Ace-quin CCT TCT TGA ATG GCT GTG GCA 610 bp (Culex pipiens complex) Ace-2
Ace-pip GGA AAC AAC GAC GTA TGT ACT 274 bp (Cx. quinquefasciatus)
B1246s TGG AGC CTC CTC TTC ACG GC Both band hybrid mosquito species
COI=cytochrome c oxidase subunit I; ace-2=acetylcholinesterase-2; PCR=polymerase chain reaction; bp=base pair.
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PCR buffer, 1 mM dNTPs, 1.5 mM MgCl,, Tag DNA poly-
merase 1 unit (AccuPower® PCR PreMix; Bioneer), Z X2}
ol 2 e HAAT

COI 73479l S5 272 ¥A 27] ¥4 A (initial
denaturation)& 94CollA 187k 13] =33 &, Au] F= o
Al(pre-amplification)2 94T 1&, 45C 1& 30%, 72T 1&

25 53] HHESHRin. o
Z3}(annealing) 57C 1& 30%, 4% (extension) 72T 1&
30%E 353] HHEstloH, npAl9o 2 FF A1 @A (final

extension)S 72TOl|A] 587t 135] =514

1% ¥4 (denaturation) 94C 1+,

9

Ace-2
oA 3
Z, AIF 72T 182 353] vHE

FA*HAce quin)®] FF 2712 27] ©AE 94TC
ZF 13 93 &, §A 94T 30%, Y 56T 30
SHRH. v e & 2F A%
< 72COA 1087t 13] 3513t} Ace-2 A AHAce-pip)
9] & 22 27] WAL 94T A 387t 13] #3935 7,
A 72C 18- 353] vt
HF AE 72C0A 1087t 13] 4

(¢

W/ 94T 30%, A% 50T 30%,
oIt vpAe e g

Fotct. o, ddH
B R 713H(Cx. pipiens complex)<
brids)= 610 bp2} 274 bpollAl HEE Q153 Tt

7)(Cx. quinquefasciatus)= 610 bp,

274 bp, ¥GZE(hy-

3. HRA| 24
B4 & 54o] ¢4uH AFS Z MAERE Precellys®

Evolution homogenizer (Bertin Technologies)E ©]-85}0]
7,500 rpmOA 30%4 23] bead beating Y82 &5l +&
shotieh. #&2kE A&+ 13,000 rpmollA 187 AA4l&

3F1 o, Clear-S™ Total RNA Extraction Kit (Invirustech)
£ AH&ste] RNA FE3H3iT

DENV/ZIKV/CHIKV/JEV/WNV/YFV Multiplex Real-

225 RNAE Clear-MD®
time RT-PCR detection kit (FAM/HEX/ROX) (Invirustech)

£ AHg5to] HUA £4S FPSAG. PCR WSS F B

1 20 pE FYsiAth. ¥ A8 B G- AHreverse
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transcription) §-& 50T oA 158, &4 &/dSHheat activa-
tion) 95T oA 2&, ¥4 95T 15%,

o] 7107 HAAL FEL QuantStudio™ 5 Real-Time

23 3 A% 58T 1+

PCR System “JH](Thermo Fisher Scientific)E A}-8-0F0] 423§

gstent.

o, FERH BAS 55 4L

FHtH oz R o s BERE 14744 A
A3, 570 Ao AR
71 T17RA, Sud 7)ot S 27+ 2 2445 3704,
YR 67HA7E AU, E4E F7IAE T

HOoR GAA BHS 2UY

= 43X EXEAE (National Center for Biotechnology
Information) GenBank®| 5% 7|& uiinr] @ ¥HY

17179 A7|-LQ3} 7+ vl wElg o, BE 99-100%9]

H FAR o AE G BRI B4 £40] Culex & F
57 9 AFgF W] B4 dS FRIsHATHLEH 1). o]
St A= of ] APAoAE B vp lom[],2], X

B R ST
AR E B +E 4 flvks 23 AAE HE
ERF, AUAHEY], HHHEY|E E 2 A Hish
Y ] JHto] 2 A(Japanese encephalitis virus), HAELAH}
ol2{A(West Nile virus), Z|F7-YoFdto] 2] A(Chikungunya
virus), A7HFo]2 A (Zika virus), F71HFo]Z A(Dengue vi-
rus), FGuto]HA(Yellow fever virus) 5 F8 Z7|uf7j vlo]

Ha 749 oRE 2AR A3, BE ARo)H 2402 Tl
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Surveillance Report

|dentification of Culex quinquefasciatus Highlights the Need for
Strengthened Vector Mosquito Surveillance in
the Republic of Korea

Ji-Young Kwon' @3, Bo~Ram Yun' @, Gi-hun Kim' @, Hyeon-Seok Oh' @, Jung-Won Ju' @, Jin-Suk Im?

)
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'Division of Vectors and Parasitic Diseases, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention
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Korea Diseases Control and Prevention Agency, Gwangju, Korea, “College of Veterinary Medicine and Veterinary Medical Resarch Institute,
Jeju National University, Jeju, Korea, *Department of Clinical Laboratory Science, Cheju Halla University, Jeju, Korea

ABSTRACT

Objectives: We investigated the presence of subtropical mosquito vectors that may become established in the Republic of Korea
(ROK) owing to climate change. Comprehensive surveillance was conducted on Jeju Island, a region with a subtropical climate
with active external entry routes, where the risk of subtropical mosquito introduction and establishment is increasing.
Methods: In July 2025, adult mosquitoes were collected from 47 sites across Jeju Island using BG-Sentinel traps baited
with carbon dioxide, in collaboration with Honam Regional Center for Disease Control, the Jeju Institute of Health and
Environment, Jeju National University, and Cheju Halla University. A total of 147 mosquitoes, morphologically classified as
belonging to the Culex pipiens complex, were subjected to genetic analyses for species identification. The collected specimens
were screened for major mosquito-borne viruses, including the Japanese encephalitis, West Nile, Zika, Dengue, Chikungunya,
and Yellow fever viruses.

Results: Cx. quinquefasciatus is morphologically very similar to the Cx. pipiens complex, making it difficult to distinguish
based on external characteristics. In addition, the cytochrome ¢ oxidase subunit I marker alone was insufficient for clear
species differentiation. Therefore, through multiplex molecular analyses incorporating nuclear gene markers such as
acetylcholinesterase-2, a total of 11 Cx. quinquefasciatus individuals were identified from five collection sites. Furthermore, all
specimens tested negative for six major mosquito-borne viruses.

Conclusions: This study provides the first official report confirming the presence of subtropical mosquitoes on Jeju Island,
ROK. These findings highlight the need to strengthen vector surveillance systems and refine public health strategies to address
the potential establishment and northward expansion of subtropical mosquito species due to ongoing climate change and reveal

an increased risk of exotic species introduction.

Key words: Culex quinquefasciatus; Surveillance; Climate; Public health
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Key messages
(D What is known previously?

Culex quinquefasciatus is a major mosquito species dis-
tributed throughout tropical and subtropical regions
worldwide, well adapted to urban environments, and ca-
pable of transmitting various pathogens.

@ What new information is presented?

Molecular analysis of mosquito samples collected from
Jeju Island confirmed the presence of Cx. quinquefascia-
tus. Screening for pathogens yielded negative results.

(® What are implications?

Subtropical mosquitoes detected in Jeju Island indicate
shifts in mosquito distribution and potential vector-
borne disease risks in Republic of Korea. Although no
major viruses were found, the growing presence of com-
petent species suggests increased outbreak potential.
Strengthening surveillance, expanding monitoring, and
adopting gene-based systems are key to prevention.

Introduction

Mosquito-borne infectious diseases represent a major
global public health concern. In the Republic of Korea (ROK),
approximately 20 cases of Japanese encephalitis and around
600 cases of malaria are reported annually. Recent climate
change and increased international exchange have markedly
increased the likelihood of the introduction and establishment
of subtropical mosquito species in the ROK, where they have
not previously been recorded. This phenomenon may serve as
a driving force, altering the distribution patterns of domestic
mosquito populations.

Jeju Island, located in the transition zone between subtropi-
cal and temperate climates, provides favorable environmental

conditions for the survival of invasive mosquito species due to
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its relatively high average temperatures and mild winters. In
addition, active exchanges through its ports and airports make
the island particularly susceptible to the introduction of new
mosquito species from abroad. Given these factors, Jeju Island
can be considered a region of significant strategic importance
for monitoring the introduction and subsequent dispersal of
subtropical mosquitoes within ROK. This study aims to con-
duct genetic analyses on mosquitoes collected from the Jeju is-
land to confirm the presence of subtropical mosquito species
and to provide foundational data for assessing future changes
of distribution of domestic mosquito species and the associated

risk of vector-borne infectious disease outbreaks.

Methods

1. Mosquito Collection and Target Mosquito

Selection

In July 2025, mosquitoes were collected in collabora-
tion with the Honam Regional Disease Response Center; the
Institute of Health and Environmental Research, Jeju Special
Self-Governing Province; Jeju National University; and Cheju
Halla University. Mosquito collections were conducted using
BG-Sentinel traps, with carbon dioxide as an attractant, at 47
locations across the Jeju island. Genetic analysis was performed
on a total of 147 specimens that were morphologically identi-

fied as belonging to the Culex pipiens complex (Table 1).

2. Molecular Species ldentification

After individual wings or legs were collected from the se-
lected Cx. pipiens complex specimens, genomic DNA was
extracted using automated nucleic acid extraction devices

QIAcube HT (Qiagen). The amplification process was then
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Table 1. Primer sets used for amplification of COI and ace-2 genes

Primer Sequence (5'-3") Size of PCR product Target gene
LCO1490_F GGT CAA CAA ATC ATA AAG ATA TTG G 658 bp CoI
HCO2198 TAA ACT TCA GGG TGA CCA AAA AAT CA
Ace-quin CCT TCT TGA ATG GCT GTG GCA 610 bp (Culex pipiens complex) Ace-2
Ace-pip GGA AAC AAC GAC GTA TGT ACT 274 bp (Cx. quinquefasciatus)
B1246s TGG AGC CTC CTC TTC ACG GC Both band hybrid mosquito species
COI=cytochrome c oxidase subunit I; ace-2=acetylcholinesterase-2; PCR=polymerase chain reaction; bp=base pair.

executed using specific primers to the cytochrome ¢ oxidase
subunit I (COI) gene and the acetylcholinesterase-2 (ace-
2) gene. The resulting sequences were compared with those
previously reported in the scientific literature for molecular
identification.

The polymerase chain reaction (PCR) was performed in
a total reaction volume of 20 ul. Each reaction mixture con-
tained 2 pl of extracted genomic DNA, 1x PCR bulffer, 1
mM dNTPs, 1.5 mM MgCl,, 1 unit of Tag DNA polymerase
(AccuPower® PCR PreMix; Bioneer), and 2 ul of each primer.

For amplification of the COI gene, the PCR conditions in-
cluded initial denaturation at 94°C for 1 minute (one cycle),
followed by pre-amplification for five cycles, consisting of de-
naturation at 94°C for 1 minute, annealing at 45°C for 1 min-
ute 30 seconds, and extension at 72°C for 1 minute 30 sec-
onds. This was followed by 35 cycles of denaturation at 94°C
for 1 minute, annealing at 57°C for 1 minute 30 seconds, and
extension at 72°C for 1 minute 30 seconds. A final extension
was performed at 72°C for 5 minutes (one cycle).

For amplification of the ace-2 gene, two primer sets were
used: Ace-quin and Ace-pip. For Ace-quin, the PCR condi-
tions consisted of initial denaturation at 94°C for 3 minutes
(one cycle), followed by 35 cycles of denaturation at 94°C
for 30 seconds, annealing at 56°C for 30 seconds, and exten-

sion at 72°C for 1 minute, with a final extension at 72°C for
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10 minutes (one cycle). For Ace-pip, the PCR conditions con-
sisted of initial denaturation at 94°C for 3 minutes (one cycle),
followed by 35 cycles of denaturation at 94°C for 30 seconds,
annealing at 50°C for 30 seconds, and extension at 72°C for 1
minute, with a final extension at 72°C for 10 minutes (one cy-
cle). PCR products were visualized as bands at 610 bp for Cx.
quinquefasciatus, at 274 bp for the Cx. pipiens complex, and at

both 610 bp and 274 bp for hybrids.

3. Pathogen Analysis

Molecularly identified adult mosquitoes of Cx. quin-
quefasciatus and the Cx. pipiens complex were individually
homogenized using a Precellys® Evolution homogenizer
(Bertin Technologies) with two bead-beating cycles at 7,500
rpm for 30 seconds each. The homogenized samples were
then centrifuged at 13,000 rpm for 1 minute, and total RNA
was extracted using the Clear-S™ Total RNA Extraction Kit
(Invirustech). The extracted RNA was analyzed for pathogens
using the Clear-MD® DENV/ZIKV/CHIKV/JEV/WNV/
YEFV Multiplex Real-Time RT-PCR Detection Kit (FAM/HEX/
ROX) (Invirustech). The PCR was performed in a total volume
of 20 pl. The amplification protocol included reverse tran-
scription at 50°C for 15 minutes, heat activation at 95°C for 2
minutes, denaturation at 95°C for 15 seconds, and annealing/

extension at 58°C for 1 minute. Amplification and detection
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were performed using the QuantStudio™ 5 Real-Time PCR
System equipment (Thermo Fisher Scientific), and positivity

was determined based on amplification curve analysis.

Results

Genetic analysis of 147 specimens morphologically classi-
fied as belonging to the Cx. pipiens complex identified 11 Cx.
quinquefasciatus individuals in 5 sites, three hybrids between
Cx. quinquefasciatus and the Cx. pipiens complex, and 67 Cx.
pipiens complex individuals. The obtained nucleotide sequenc-
es were compared with those of Cx. quinquefasciatus and the
Cx. pipiens complex available in the GenBank database of the
National Center for Biotechnology Information; all of them
showed high genetic homology (99-100%). This approach en-
abled cross-validation of the molecular species identification
results with the morphological classifications. The three groups
exhibited highly similar morphological characteristics, making
visual differentiation challenging. Additionally, analysis of the
COI gene—a widely used marker for species identification—
was inefficient to clearly distinguish between Cx. quinquefas-
ciatus and the Cx. pipiens complex. Therefore, complementary

molecular analyses employing nuclear gene markers such as
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ace-2Z were considered essential for accurate identification of
Culex species and for differentiating hybrids (Figure 1). Several
previous studies have reported similar findings [1,2], and re-
cent domestic research on the Culex genus has likewise dem-
onstrated the limitations of COI analysis in distinguishing be-
tween the Cx. pipiens complex and Cx. quinquefasciatus [3].
Additionally, pathogen screening for major mosquito-
borne viruses—including Japanese encephalitis, West Nile,
Chikungunya, Zika, Dengue, and Yellow fever virus—in Cx.
quinquefasciatus, the Cx. pipiens complex, and hybrid speci-

mens revealed negative.

Conclusion

This study identified Cx. quinquefasciatus and its hybrids
in the Jeju region, representing a significant finding that indi-
cates ongoing changes in the domestic mosquito distribution.
Cx. quinquefasciatus is primarily distributed in tropical and
subtropical regions; however, due to climatic changes, its pres-
ence has also been documented in temperate zones. It is known
for its high adaptability to urban environments. The World
Health Organization has designated this species as a signifi-

cant vector of diseases such as West Nile fever and lymphatic
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Figure 1. Electrophoresis results of the ace-2 gene for Culex quinquefasciatus, Cx. pipiens complex, and hybrids

(A) Ace-quin primer, (B) Ace-pip primer. Lane M=marker; Lane 1=Cx. quinquefasciatus; Lane 2=Cx. pipiens complex; Lane 3=hybrid; Lane

N=negative control; bp=base pair.
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filariasis [4]. It is commonly reported to inhabit urban envi-
ronments, including polluted puddles and sewers [5,6]. These
ecological characteristics may contribute to an increased likeli-
hood of Cx. quinquefasciatus establishing and spreading with-
in ROK in the future.

Since the initial record of Cx. quinquefasciatus collection
in 1958, no sightings of the species had been reported in the
ROK for several decades [7,8]. However, a report described
the detection of a single specimen in the Goseong area of
Gyeongsangnam-do [9]. Nonetheless, as the study relied solely
on the COI gene for species identification, its findings may be
subject to limitations regarding species confirmation [3]. In
contrast, the present study is of considerable significance, as it
clearly identified the presence of Cx. quinquefasciatus and hy-
brids through concurrent analysis of the ace-2 gene.

Moreover, the identification of hybrids between Cx. quin-
quefasciatus and the Cx. pipiens complex carries ecological
significance. Hybridization has been shown to alter the genetic
diversity and ecological adaptability of mosquito populations,
thereby potentially enhancing their ability to colonize new
habitats, modifying their susceptibility to pathogens, and in-
fluencing the transmission dynamics of mosquito-borne infec-
tious diseases [2]. Therefore, continuous monitoring of hybrid
occurrence—particularly in Jeju Island and other southern re-
gions—is essential.

Jeju Island is characterized by a subtropical climate, influ-
enced by westerly winds and its location along the northward
trajectory of typhoons. In addition, active human and mate-
rial exchanges through ports and airports create an environ-
ment highly conducive to the introduction and establishment
of foreign mosquito species. As climate change continues to

impact the planet, Jeju Island and southern regions of the ROK
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are expected to experience increasingly favorable conditions
for the proliferation of subtropical mosquitoes. Accordingly,
it is crucial to strengthen the existing surveillance system cen-
tered on the Vector Surveillance Center for Climate Change
Response. Furthermore, precision monitoring should be ex-
panded at potential points of international entry, such as ports
and airports. It is also imperative to establish a genetics-based
species identification framework that complements the existing
morphological identification system. Overall, these measures
will play a pivotal role in enabling rapid responses to mosqui-
to-borne disease threats and safeguarding public health in the

ROK.
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B Audeato @39 dxE Bx) 2022-20244
A5 20224 20234 20244 2 2212(%)

Salmonella Enteritidis 169 293 375 837 2971
Salmonella Typhimurium 156 80 91 327 11.61
Salmonella T 4,[5],12:i:- 103 86 106 295 10.47
Salmonella Infantis 62 125 71 258 9.16
Salmonella Thompson 22 139 47 208 7.38
Salmonella Bareilly 42 71 47 160 5.68
Salmonella Schwarzengrund 2 69 1 72 2.56
Salmonella Stanley 16 33 15 64 2.27
Salmonella Bovismorbificans 3 11 26 40 1.42
Salmonella Panama 34 2 36 1.28
Salmonella Agona 11 13 10 34 1.21
Salmonella Othmarschen 2 5 20 27 0.96
Salmonella Livingstone 16 6 4 26 0.92
Salmonella Montevideo 1 6 13 20 0.71
Salmonella Saintpaul 10 9 19 0.67
Salmonella Braenderup 4 10 4 18 0.64
Salmonella Paratyphi B 5 8 2 15 0.53
Salmonella Rissen 3 2 10 15 0.53
Salmonella Schleissheim 11 2 2 15 0.53
Salmonella Typhi 9 3 12 0.43
Salmonella Virchow 9 3 12 0.43
Salmonella Lome 1 3 7 11 0.39
Salmonella Singapore 11 11 0.39
Salmonella Mbandaka 4 2 4 10 0.35
Salmonella Javiana 2 5 2 9 0.32
Salmonella Weltevreden 3 6 9 0.32
Salmonella Give 2 4 2 8 0.28
Salmonella Newport 2 4 2 8 0.28
Salmonella 6,7.d:- 8 8 0.28
Salmonella Derby 3 4 7 0.25
Salmonella Ohio 5 1 6 0.21
Salmonella Hindmarsh 2 2 1 5 0.18
Salmonella Mikawasima 5 5 0.18
Salmonella Sandiego 3 2 5 0.18
Salmonella Uganda 1 4 5 0.18
Salmonella -'r:1,5 4 1 5 0.18
Salmonella Chester 4 4 0.14
Salmonella Durban 3 1 4 0.14
Salmonella Heidelberg 3 1 4 0.14
Salmonella Hvittingfoss 1 3 4 0.14
Salmonella Kottbus 2 2 4 0.14
Salmonella Litchfield 1 1 2 4 0.14
Salmonella Paratyphi A 1 3 4 0.14
Salmonella 4,5,12:d:- 1 3 4 0.14
Salmonella Brandenburg 2 1 3 0.11
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SHXE 20224 20234 2024 2 2218(%)
Salmonella Corvallis 1 2 3 0.11
Salmonella Dessau 3 3 0.11
Salmonella Eppendorf 3 3 0.11
Salmonella Hato 2 1 3 0.11
Salmonella Hillingdon 2 1 3 0.11
Salmonella Menston 3 3 0.11
Salmonella Narashino 2 1 3 0.11
Salmonella Senftenberg 1 1 1 3 0.11
Salmonella Treguier 1 1 1 3 0.11
Salmonella Worthington 1 2 3 0.11
Salmonella Anatum 1 1 2 0.07
Salmonella Augustenborg 1 1 2 0.07
Salmonella Bradford 1 2 0.07
Salmonella Chile 2 2 0.07
Salmonella Escanaba 2 2 0.07
Salmonella Gaminara 2 2 0.07
Salmonella Goldcoast 1 1 2 0.07
Salmonella Hartford 2 2 0.07
Salmonella Isangi 1 1 2 0.07
Salmonella Joal 2 2 0.07
Salmonella Kedougou 2 2 0.07
Salmonella Lagos 1 1 2 0.07
Salmonella Manhattan 2 2 0.07
Salmonella Mississippi 2 2 0.07
Salmonella Newmexico 2 2 0.07
Salmonella Orion 2 2 0.07
Salmonella Pomona 1 1 2 0.07
Salmonella Poona 2 2 0.07
Salmonella Soumbedioune 2 2 0.07
Salmonella Tanzania 2 2 0.07
Salmonella Tilene 2 2 0.07
Salmonella Urbana 2 2 0.07
Salmonella 6,7y~ 1 1 2 0.07
Salmonella Aberdeen 1 1 0.04
Salmonella Agama 1 1 0.04
Salmonella Amoutive 1 1 0.04
Salmonella Bardo 1 1 0.04
Salmonella Blancmesnil 1 1 0.04
Salmonella Bristol 1 1 0.04
Salmonella Budapest 1 1 0.04
Salmonella Chichiri 1 1 0.04
Salmonella Denver 1 1 0.04
Salmonella Dieuppeul 1 1 0.04
Salmonella Dublin 1 1 0.04
Salmonella Eastbourne 1 1 0.04
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E1.A%2
&%) 20224 20234 20244 A 22128(%)

Salmonella Fulda 1 1 0.04
Salmonella Gatow 1 1 0.04
Salmonella Hadar 1 1 0.04
Salmonella Harburg 1 1 0.04
Salmonella Havana 1 1 0.04
Salmonella Jamaica 1 1 0.04
Salmonella Jangwani 1 1 0.04
Salmonella Kentucky 1 1 0.04
Salmonella Larochelle 1 1 0.04
Salmonella Lawndale 1 1 0.04
Salmonella London 1 1 0.04
Salmonella Minnesota 1 1 0.04
Salmonella Mokola 1 1 0.04
Salmonella Muenster var. 15+ 1 1 0.04
Salmonella Nessziona 1 1 0.04
Salmonella Nima 1 1 0.04
Salmonella Ordonez 1 1 0.04
Salmonella Oritamerin 1 1 0.04
Salmonella Potsdam 1 1 0.04
Salmonella Ruzizi 1 1 0.04
Salmonella Saphra 1 1 0.04
Salmonella Tananarive 1 1 0.04
Salmonella Tennessee 1 1 0.04
Salmonella Tsevie 1 1 0.04
Salmonella Victoria 1 1 0.04
Salmonella Virginia 1 1 0.04
Salmonella Wil 1 1 0.04
Salmonella 11 6,7 : 1,228 : 1,5 1 1 0.04
Salmonella 11 3,10:1,228:1,5 1 1 0.04
Salmonella 11 [1],13,23:229:1,5 1 1 0.04
Salmonella 1V 43:236,2z38:- 1 1 0.04
Salmonella 11Ib 47:rz 1 1 0.04
Salmonella I1Ib 50:k:z 1 1 0.04
Salmonella 11Ib 53:210:235 1 1 0.04
Salmonella 11Ib 61:iz 1 1 0.04
Salmonella 11Ib 61:1,v:z35 1 1 0.04
Salmonella -k:1,5 1 1 0.04
Salmonella 15:y:1,6 1 1 0.04
Salmonella 16, 1,v,- 1 1 0.04
Salmonella 61:252:250 1 1 0.04
Salmonella spp. 7 13 12 32 1.14
A 733 1,108 976 2,817 100.00
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Surveillance Report

Trends in the Serotype Distribution of Salmonella enterica |Isolated
from Patients with Diarrhea in the Republic of Korea from
2022 to 2024

Hyun Ju Jeong @, Eunkyung Shin @, Junyoung Kim @, Jaeil Yoo*

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

ABSTRACT

Objectives: This study aimed to analyze and provide information on the distribution of Salmonella serotypes identified
through the Enteric Pathogens Active Surveillance Network (Enter-Net) and outbreak investigations in the Republic of Korea
(ROK) from 2022 to 2024.

Methods: The isolates from domestic residents and outbreaks were collected using the Enter-Net, and serotyping was
performed.

Results: In total, 2,817 Salmonella isolates were identified, including 2,786 domestic cases and 31 imported cases,
encompassing 131 distinct serotypes. The predominant serotypes were Salmonella Enteritidis (837 isolates, 29.7%), S.
Typhimurium (327, 11.6%), S. 1 4,[5],12:i:- (S. Typhimurium variant) (295, 10.5%), S. Infantis (258, 9.2%), S. Thompson
(208, 7.4%), and S. Bareilly (160, 5.7%). The primary serotypes associated with the outbreaks were found to be S. Enteritidis,
S. Typhimurium, and S. Thompson, whereas the leading serotypes among imported cases were S. Enteritidis, S. Rissen, and
S. Weltevreden. Monthly isolation rates increased from May, coinciding with higher temperatures, and remained elevated
throughout November, regardless of the serotype.

Conclusions: Analysis of Salmonella isolates from domestic waterborne and foodborne infections between 2022 to 2024

showed an increased proportion of S. Enteritidis, decline of S. Typhimurium and S. I 4,[5],12:i:-.

Key words: Salmonella; Salmonella serotypes; Salmonella infections; Enteric Pathogens Active Surveillance Network

*Corresponding author: Jaeil Yoo, Tel: +82-43-719-8110, E-mail: knihyoo@korea.kr

Introduction and animals [1]. Following an incubation period of 6-72

hours, Salmonella spp. typically cause gastrointestinal symp-

Salmonella infection is one of the most common food- toms, including fever, abdominal pain, vomiting, diarrhea,
borne illnesses worldwide, caused by bacteria of the Salmonella and headache. Most cases resolve spontaneously within
genus. It primarily affects the gastrointestinal tract of humans four to seven days. However, in older adults, infants, and
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Key messages
(D What is known previously?

Salmonella, a major pathogen causing water- and
food-borne infections, has been commonly associated
with human cases caused by Salmonella Enteritidis, S.
Typhimurium, and S. I 4,[5],12:i:-.

@ What new information is presented?

Over the past three years, S. Enteritidis has increasingly
caused outbreaks, whereas S. 1 4,[5],12:i:~ has rarely
been detected in outbreaks but has been consistent-
ly isolated from sporadic acute diarrhea cases through
surveillance.

® What are implications?

These trends highlight the need to improve surveillance
systems using genome-based methods, because growing
serotype diversity and atypical strains limit convention-
al serotyping. Continuous monitoring of domestic and
imported strains is essential for the effective control of
Salmonella.

immunocompromised individuals, the infection can lead to se-
vere complications, such as sepsis or meningitis, requiring anti-
microbial therapy [2]. Transmission primarily occurs through
ingestion of contaminated water or food, or through contact
with infected animals. Common sources include contaminated
eggs, poultry, meat, and dairy products [3].

Salmonella is a motile, Gram-negative bacillus belonging
to the family Enterobacteriaceae. It comprises two species, S.
enterica and S. bongori. Among these, S. enterica is further di-
vided into six subspecies, with most human infections attribut-
ed to one of them [4]. The Kauffmann-White scheme classifies
Salmonella serotypes based on the O antigen, two types of H
antigens, and the Vi antigen. To date, more than 2,500 sero-

types have been identified [5]. Each serotype exhibits distinct

1802

host specificity and antibiotic resistance patterns, emphasizing
the importance of accurate serotype identification. Globally, S.
Enteritidis and S. Typhimurium are among the most prevalent
serotypes in human infectious [6].

Recent evidence indicates a steady annual increase in
Salmonella infections, which are classified as Class 4 notifi-
able infectious diseases [7]. According to the Ministry of Food
and Drug Safety, analyses of food poisoning cases from 2015
to 2024 revealed that S. spp. had the second-highest isolation
rate, following pathogenic Escherichia coli [8]. Since 1972,
the Korea Disease Control and Prevention Agency (KDCA)
has investigated the causative pathogens of waterborne and
foodborne infectious diseases. In 2003, the Enteric Pathogens
Active Surveillance Network (Enter-Net) program was estab-
lished to monitor pathogens responsible for such infections [9].
This study aims to identify the predominant Salmonella sero-
types responsible for infections between 2022 and 2024 and
to provide data that may aid in the prediction and prevention

of future outbreaks.

Methods

1. Pathogen Collection

This study utilized data collected between January 2022
and December 2024 through the Enter-Net, a system designed
to monitor and record enteric pathogen activity nationwide.
S. spp. were isolated from sporadic cases of acute diarrhea
and group foodborne outbreaks reported by 18 metropolitan
and provincial health and environmental research institutes
nationwide. Additional isolates were obtained from patients
with acute diarrhea returning from overseas and from sewage

samples collected from ship and aircraft toilets, as part of the
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surveillance efforts conducted by participating disease response
centers. All Salmonella isolates were forwarded to the KDCA

for further analysis.

2. ldentification of Salmonella Serotypes

S. spp. were identified through biochemical and serological
analyses. Biochemical identification was performed using se-
lective media (MacConkey agar, Salmonella-Shigella agar, and
Xylose Lysine Deoxycholate agar), biochemical media (Kligler’s
Iron agar), and commercial identification kits (API 20E Kit®,
VITEK; Biomerieux). Serotyping was conducted according to
the Kauffmann-White scheme, based on the determination of
O and H antigens, to establish the definitive serotype of each

isolate.

Results

From 2022 to 2024, a total of 2,817 Salmonella strains
were identified from domestic outbreaks and imported cases,
representing 131 distinct serotypes. Of these, 2,786 strains
were of domestic origin, and 31 were imported. The annual av-
erage number of cases was 939, with 733 cases in 2022, 1,108
cases in 2023, and 976 cases in 2024 (Table 1).

Over the three-year period, the major serotypes of Salmo-
nella isolated domestically were S. Enteritidis (837 strains,
29.7%) and S. Typhimurium (327 strains, 11.6%), together
accounting for 41.3% of all Salmonella strains. Other preva-
lent serotypes included S. I 4,[5],12:i:- (S. Typhimurium vari-
ant; 295 strains, 10.5%), S. Infantis (258 strains, 9.2%), S.
Thompson (208 strains, 7.4%), and S. Bareilly (160 strains,
5.7%). The isolation rate of S. Enteritidis showed a steady in-

crease over the years, while S. Typhimurium declined in 2023

www.phwr.org Vol 18, No 45, 2025

and 2024, falling below 10%. Serotypes, such as S. Infantis, S.
Bareilly, S. Stanley, and S. Agona maintained relatively stable
annual isolation rates (Figure 1A).

Among outbreak-associated cases, 962 Salmonella strains
were identified, representing 13 serotypes and accounting for
34.1% of all isolates. S. Enteritidis predominated with 477
strains (49.6%), followed by S. Typhimurium (118 strains,
12.3%) and S. Thompson (114 strains, 11.9%). Other se-
rotypes included S. Schwarzengrund (66 strains, 6.9%), S.
Infantis (45 strains, 4.7%), S. Bareilly (43 strains, 4.5%), S.
Panama (32 strains, 3.3%), S. Bovismorbificans (24 strains,
2.5%), S. Stanley (17 strains, 1.8%), S. Montevideo (12 strains,
1.2%), S. Othmarschen (4 strains, 0.4%), S. Newport (3
strains, 0.3%), and S. 6,7:d:- (7 strains, 0.7%). The primary
serotypes responsible for major outbreaks were S. Enteritidis,
S. Typhimurium, and S. Thompson, together accounting for
73.7% of cases (Figure 1B).

For sporadic acute diarrhea cases excluding outbreaks,
the most frequently isolated serotypes were S. Enteritidis
(360 strains, 19.4%), S. I 4,[5],12:i:- (295 strains, 15.9%), S.
Infantis (213 strains, 11.5%), S. Typhimurium (209 strains,
11.3%), S. Bareilly (117 strains, 6.3%), and S. Thompson (94
strains, 5.1%). Notably, S. I 4,[5],12:i:- was not identified from
outbreak cases but was isolated from acute diarrhea cases in
surveillance programs, accounting for 295 strains (15.9%),
making it the second most frequently isolated serotype after S.
Enteritidis (19.4%) (Figure 1C).

A total of 31 imported Salmonella strains were identified
from specimens originating in the Philippines, Thailand, and
Japan, comprising 17 serotypes. The most frequent were S.
Enteritidis (4 strains, 12.9%), S. Rissen (3 strains, 9.7%), and

S. Weltevreden (3 strains, 9.7%). Two strains each (6.5%) of
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Table 1. The serotype distribution of Salmonella isolated from diarrheal patients in the Republic of Korea, 2022-2024
Serotype 2022 2023 2024 Total Isolation (%)

Salmonella Enteritidis 169 293 375 837 29.71
Salmonella Typhimurium 156 80 91 327 11.61
Salmonella 1 4,[5],12:i:- 103 86 106 295 10.47
Salmonella Infantis 62 125 71 258 9.16
Salmonella Thompson 22 139 47 208 7.38
Salmonella Bareilly 42 71 47 160 5.68
Salmonella Schwarzengrund 2 69 1 72 2.56
Salmonella Stanley 16 33 15 64 2.27
Salmonella Bovismorbificans 3 11 26 40 1.42
Salmonella Panama 34 2 36 1.28
Salmonella Agona 11 13 10 34 1.21
Salmonella Othmarschen 2 5 20 27 0.96
Salmonella Livingstone 16 6 4 26 0.92
Salmonella Montevideo 1 6 13 20 0.71
Salmonella Saintpaul 10 9 19 0.67
Salmonella Braenderup 4 10 4 18 0.64
Salmonella Paratyphi B 5 8 2 15 0.53
Salmonella Rissen 3 2 10 15 0.53
Salmonella Schleissheim 11 2 2 15 0.53
Salmonella Typhi 9 3 12 0.43
Salmonella Virchow 9 3 12 0.43
Salmonella Lome 1 3 7 11 0.39
Salmonella Singapore 11 11 0.39
Salmonella Mbandaka 4 2 4 10 0.35
Salmonella Javiana 2 5 2 9 0.32
Salmonella Weltevreden 3 6 9 0.32
Salmonella Give 2 4 2 8 0.28
Salmonella Newport 2 4 2 8 0.28
Salmonella 6,7:d:- 8 8 0.28
Salmonella Derby 3 4 7 0.25
Salmonella Ohio 5 1 6 0.21
Salmonella Hindmarsh 2 2 1 5 0.18
Salmonella Mikawasima 5 5 0.18
Salmonella Sandiego 3 2 5 0.18
Salmonella Uganda 1 4 5 0.18
Salmonella -:r:1,5 4 1 5 0.18
Salmonella Chester 4 4 0.14
Salmonella Durban 3 1 4 0.14
Salmonella Heidelberg 3 1 4 0.14
Salmonella Hvittingfoss 1 3 4 0.14
Salmonella Kottbus 2 2 4 0.14
Salmonella Litchfield 1 1 2 4 0.14
Salmonella Paratyphi A 1 3 4 0.14
Salmonella 4,5,12:d:- 1 3 4 0.14
Salmonella Brandenburg 2 1 3 0.11
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Table 1. Continued 1

Serotype 2022 2023 2024 Total Isolation (%)
Salmonella Corvallis 1 2 3 0.11
Salmonella Dessau 3 3 0.11
Salmonella Eppendorf 3 3 0.11
Salmonella Hato 2 1 3 0.11
Salmonella Hillingdon 2 1 3 0.11
Salmonella Menston 3 3 0.11
Salmonella Narashino 2 1 3 0.11
Salmonella Senftenberg 1 1 1 3 0.11
Salmonella Treguier 1 1 1 3 0.11
Salmonella Worthington 1 2 3 0.11
Salmonella Anatum 1 1 2 0.07
Salmonella Augustenborg 1 1 2 0.07
Salmonella Bradford 1 2 0.07
Salmonella Chile 2 2 0.07
Salmonella Escanaba 2 2 0.07
Salmonella Gaminara 2 2 0.07
Salmonella Goldcoast 1 1 2 0.07
Salmonella Hartford 2 2 0.07
Salmonella Isangi 1 1 2 0.07
Salmonella Joal 2 2 0.07
Salmonella Kedougou 2 2 0.07
Salmonella Lagos 1 1 2 0.07
Salmonella Manhattan 2 2 0.07
Salmonella Mississippi 2 2 0.07
Salmonella Newmexico 2 2 0.07
Salmonella Orion 2 2 0.07
Salmonella Pomona 1 1 2 0.07
Salmonella Poona 2 2 0.07
Salmonella Soumbedioune 2 2 0.07
Salmonella Tanzania 2 2 0.07
Salmonella Tilene 2 2 0.07
Salmonella Urbana 2 2 0.07
Salmonella 6,7y~ 1 1 2 0.07
Salmonella Aberdeen 1 1 0.04
Salmonella Agama 1 1 0.04
Salmonella Amoutive 1 1 0.04
Salmonella Bardo 1 1 0.04
Salmonella Blancmesnil 1 1 0.04
Salmonella Bristol 1 1 0.04
Salmonella Budapest 1 1 0.04
Salmonella Chichiri 1 1 0.04
Salmonella Denver 1 1 0.04
Salmonella Dieuppeul 1 1 0.04
Salmonella Dublin 1 1 0.04
Salmonella Eastbourne 1 1 0.04
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1805



http://www.phwr.org

I Public Health Weekly Repo: ’\

Table 1. Continued 2
Serotype 2022 2023 2024 Total Isolation (%)

Salmonella Fulda 1 1 0.04
Salmonella Gatow 1 1 0.04
Salmonella Hadar 1 1 0.04
Salmonella Harburg 1 1 0.04
Salmonella Havana 1 1 0.04
Salmonella Jamaica 1 1 0.04
Salmonella Jangwani 1 1 0.04
Salmonella Kentucky 1 1 0.04
Salmonella Larochelle 1 1 0.04
Salmonella Lawndale 1 1 0.04
Salmonella London 1 1 0.04
Salmonella Minnesota 1 1 0.04
Salmonella Mokola 1 1 0.04
Salmonella Muenster var. 15+ 1 1 0.04
Salmonella Nessziona 1 1 0.04
Salmonella Nima 1 1 0.04
Salmonella Ordonez 1 1 0.04
Salmonella Oritamerin 1 1 0.04
Salmonella Potsdam 1 1 0.04
Salmonella Ruzizi 1 1 0.04
Salmonella Saphra 1 1 0.04
Salmonella Tananarive 1 1 0.04
Salmonella Tennessee 1 1 0.04
Salmonella Tsevie 1 1 0.04
Salmonella Victoria 1 1 0.04
Salmonella Virginia 1 1 0.04
Salmonella Wil 1 1 0.04
Salmonella 11 6,7 : 1, 228 : 1,5 1 1 0.04
Salmonella 11 3,10:1,228:1,5 1 1 0.04
Salmonella 11 [1],13,23:229:1,5 1 1 0.04
Salmonella 1V 43:236,238:- 1 1 0.04
Salmonella 11Ib 47:rz 1 1 0.04
Salmonella 11Ib 50:k:z 1 1 0.04
Salmonella TIIb 53:210:z35 1 1 0.04
Salmonella 1IIb 61:iz 1 1 0.04
Salmonella IIIb 61:1,v:z35 1 1 0.04
Salmonella -k:1,5 1 1 0.04
Salmonella 15:y:1,6 1 1 0.04
Salmonella 16, 1,v,- 1 1 0.04
Salmonella 61:252:250 1 1 0.04
Salmonella spp. 7 13 12 32 1.14
Total 733 1,108 976 2,817 100.00
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Figure 1. The distribution of major Salmonella serotype in the Republic of Korea, 2022-2024

S. Tanzania, S. Eppendorf, S. Agona, and S. Infantis were also Stanley, S. Uganda, and S. 15:y:1,6 was identified, while S.

detected. Single strain each (3.2%) of S. Anatum, S. Bradford, spp. accounted for four strains (12.9%). No imported strains

S. Fulda, S. Kottbus, S. Muenster var 15+, S. Nessziona, S. were detected from December 2019 through 2022 due to the
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coronavirus disease 2019 (COVID-19) pandemic, while im-
ported cases were observed in 4 strains of 2023 and 27 strains
of 2024 (Figure 2).

Regional analysis revealed the highest number of

S. Enteritidis, 12.9%

S. spp., 41.9%
(S. Anatum,
S. Bradford,
S. Fulda, ...)

S. Rissen, 9.7%

S. Weltevreden, 9.7%

S. Tanzania, 6.5%

S. Eppendorf, 6.5%

S. Infantis, 6.5% S. Agona, 6.5%

Figure 2. The serotype distribution of Salmonella isolated
from diarrheal patients in returning traveles, airport and port
waste-water, 2022-2024

Salmonella strains in Incheon (393 strains, 14.1%), followed
by Gwangju (339 strains, 12.2%), Jeonnam (296 strains,
10.6%), Busan (289 strains, 10.4%), and Gyeongbuk (281
strains, 10.1%). S. Enteritidis showed particularly high isola-
tion rates in Chungnam (64 strains, 98.5%), Ulsan (36 strains,
72.0%), Seoul (54 strains, 56.3%), Sejong (28 strains, 56.0%),
and Gyeonggi (73 strains, 50.7%). High regional prevalence
was also observed for S. Typhimurium in Chungbuk (14
strains, 63.6%), S. Infantis in Jeonbuk (24 strains, 29.6%), and
S. Thompson in Jeju (43 strains, 27.7%) (Table 2).

The monthly isolation rate of S. spp. varied across the three
years but consistently remained below 5% from February to
April. Rates gradually increased from May to August and de-
clined from October onward (Figure 3A). Among the six

major serotypes, S. Enteritidis reached its annual peak in

Table 2. Regional serotype distribution of Salmonella in the Republic of Korea, 2022-2024
. L L . . . Other
Region S. Enteritidis S. Typhimurium S. | 4,[5],12:i:= S. Infantis S. Thompson S. Bareilly SerotyDs Total
Incheon 98 (24.9) 18 (4.6) 80(20.4) 47 (12.0) 6(15  35(.9 109 (27.7) 393 (14.1)
Gwanguju 66 (19.5) 26 (7.7) 53 (15.6) 39 (11.5) 26 (7.7) 31 (9.1) 98 (28.9) 339(12.2)
Jeonnam 27 (9.1 14 (4.7) 65 (22.0) 45 (15.2) 24 (8.1) 21 (7.1) 100 (33.8) 296 (10.6)
Busan 119 (41.2) 51 (17.6) 1(0.3) 9(3.1 44 (15.2) 13 (4.5 52 (18.0) 289 (10.4)
Gyeongbuk 96 (34.2) 52 (18.5) 17 (6.0) 32 (11.4) 16 (5.7) 21 (7.5) 47 (16.7) 281 (10.1)
Gyeongnam 61 (37.2) 14 (8.5) 12 (7.3) 13 (7.9) 12 (7.3) 2(1.2) 50 (30.5) 164 (5.9)
Jeju 14 (9.0) 39 (25.2) 11 (7.1) 4(2.6) 43 (27.7) 6(3.9) 38(24.5) 155 (5.6)
Gyeonggi 73 (50.7) 24 (16.7) 0(0.0) 12 (8.3) 6 (4.2) 1(0.7) 28 (19.4) 144 (5.2)
Daegu 11 (7.9) 22 (15.7) 23 (16.4) 10 (7.1) 25 (17.9) 6(4.3) 43 (30.7) 140 (5.0)
Daejeon 54 (48.6) 14 (12.6) 11 (9.9) 32.7) 0(0.0) 32.7) 26(23.4) 111 4.0)
Seoul 54 (56.3) 12 (12.5) 5(5.2) 4 (4.2) 0 (0.0) 3(3.1) 18(18.8) 96(3.4)
Gangwon 12 (12.9) 12 (12.9) 12 (12.9) 12 (12.9) 1(1.1) 6 (6.5) 38 (40.9) 93 (3.3)
Jeonbuk 14 (17.3) 5(6.2) 1(1.2) 24 (29.6) 1(1.1) 10 (12.3)  26(32.1) 8129
Chungnam 64 (98.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(1.5) 65(2.3)
Ulsan 36 (72.0) 3(6.0) 1(2.0) 1(2.0) 0(0.0) 0(0.0) 9(18.0) 50(1.8)
Sejeong 28 (56.0) 7 (14.0) 3 (6.0) 1.0 12.0) 1(2.0) 9(18.0) 50(1.8)
Chungbuk 4(18.2) 14 (63.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 4(18.2) 22(0.8
Gyeonggi 2 (11.8) 0 (0.0) 0(0.0) 0(0.0) 3(17.6) 1(5.9) 11 (64.7) 17 (0.6)
Bukbu
Unit: number (%).
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A Monthly isolation rate of major Salmonella serotype in Republic of Korea, 2022-2024
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Figure 3. Monthly distribution of Salmonella serotype in the Republic of Korea, 2022-2024
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November 2022 (37 strains, 21.9%), December 2023 (76
strains, 25.9%), and May 2024 (84 strains, 22.7%) (Figure
3B). Peaks for S. Typhimurium occurred in September 2022
and 2023 (36 strains, 23.1% and 24 strains, 30.0%), respec-
tively and in August 2024 (29 strains, 31.9%) (Figure 3C).
S.14,[5],12:i:- showed highest rates in July-August 2022
(21 strains, 20.4%), August 2023 (20 strains, 23.3%), and
September 2024 (38 strains, 35.8%) (Figure 3D). S. Infantis
peaked from August to November 2022 (12.9-29.0%), July
to September 2023 (10.4-24.8%), and in June 2024 (21.1%)
(Figure 3E). S. Thompson was not isolated from February to
April for three consecutive years. In 2022, the highest isolation
rate occurred in January with eight strains (36.4%). In 2023
and 2024, the highest isolation rates occurred in August with
77 strains (55.4%) and 16 strains (34.0%), respectively. (Figure
3F). S. Bareilly exhibited elevated isolation rates from August
to October over the three-year period, with unusually high
rates recorded in January and February 2024 at 25.5% (Figure
3G).

Discussion

This study analyzed the serotype distribution of S. spp.
isolated from acute diarrhea patients and outbreaks associ-
ated with waterborne and foodborne infectious diseases in
the Republic of Korea (ROK) from 2022 to 2024. Over this
three-year period, the major domestic serotypes included S.
Enteritidis, S. Typhimurium, S. 1 4,[5],12:i:-, S. Infantis, S.
Thompson, and S. Bareilly. Comparative analysis with previ-
ously reported domestic outbreaks [10] revealed that 1,872 S.
spp. were collected from 2019 to 2021, whereas 2,817 strains

were collected from 20222024, reflecting an increase of over

1810

1,000 strains in the recent three-year period.

Although the overall serotype distribution trend remained
similar, the proportion of S. Enteritidis, S. Typhimurium, and
S.14,[5],12:i:- decreased slightly from over 55% to 51% of
all isolates between 2022 and 2024. Specifically, the isolation
rate of S. Enteritidis increased from 20.2% to 29.7%, while S.
Typhimurium (19.1% to 11.6%) and S. I 4,[5],12:i:- (16.1%
to 10.5%) decreased, indicating a relative reduction in the lat-
ter two serotypes. This shift may be attributed to the fact that
outbreaks caused by S. Enteritidis dominated Salmonella-
associated food poisoning events, driving the increase in both
isolation rate and number of strains.

Globally, the primary Salmonella serotypes causing food-
borne illness vary by region; however, S. Enteritidis, S. Typhi-
murium, and S. I 4,[5],12:i:- are consistently prevalent, reflect-
ing trends similar to those observed in ROK [6]. S. Enteritidis
is a leading cause of food poisoning in Europe, Asia, and parts
of South America, where it is predominantly associated with
eggs and poultry. S. Typhimurium is frequently reported in
the United States, Africa, China, and other regions, with infec-
tion sources including pork, beef, and poultry. The prevalence
of . T 4,[5],12:i:- has recently increased in Europe and Asia,
particularly in large-scale pork-associated outbreaks [11,12].
Other serotypes, including S. Infantis, S. Newport, S. Stanley,
and S. Anatum, are increasingly implicated in mass food poi-
soning outbreaks and have been detected in various animal-de-
rived and imported foods [13,14]. In ROK, S. I 4,[5],12:i:- was
rarely detected in outbreak settings but exhibited high isolation
rates among sporadic acute diarrhea cases captured through
surveillance programs. These observations suggest potential
shifts in serotype distributions in ROK in the future.

Following a decline in import cases due to the COVID-19
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pandemic, both the number and diversity of serotypes in im-
ported strains have gradually increased since 2023. Dome-
stically, a wide range of serotypes, including S. Enteritidis, con-
tinues to dominate, while low-frequency serotypes, such as S.
Fluda and S. Tanzania, as well as regionally common serotypes,
such as S. Rissen and S. Weltevreden, have been detected [13].
This pattern reflects the impact of the resumption of interna-
tional travel and increased global exchange since the end of
20109.

Seasonal trends in bacterial infections are influenced by
temperature, with warmer months favoring bacterial growth
[9]. Consistent with previous reports, Salmonella isolation rates
were highest from June to September. However, in this study,
rates began rising in May, remained elevated through August
and September, and persisted at high levels until November.
Sharp monthly increases in isolation rates, often associated
with outbreaks, were also observed. Although trends varied by
serotype, prolonged summer heat and global warming may be
shifting seasonal patterns of infectious bacteria earlier than in
previous years.

Geographically, metropolitan areas such as Incheon,
Gwangju, and Busan exhibited relatively higher isolation fre-
quencies. The predominant serotypes also varied by region,
likely reflecting differences in outbreak patterns and surveil-
lance data collection across areas.

Overall, the distribution of Salmonella serotypes in ROK
mirrors global patterns, with S. Enteritidis, S. Typhimurium,
and S. T 4,[5],12:i:- remaining the primary pathogens in acute
diarrhea cases. Increased overseas travel, imported foods, and
international border crossings have facilitated the introduc-
tion of previously unreported serotypes. Consequently, strains

not yet classified by the Kauffmann-White scheme, including

www.phwr.org Vol 18, No 45, 2025

newly introduced foreign strains and unconfirmed domestic
serotypes, are increasingly being identified. These findings un-
derscore the importance of continuous surveillance to monitor
serotype dynamics. This study provides foundational data to
enhance pathogen surveillance systems, enabling timely identi-
fication of domestic Salmonella outbreaks and supporting rap-

id responses to infectious disease threats.
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PCR=polymerase chain reaction.
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PCR=polymerase chain reaction; RARp=RNA-dependent RNA polymerase.
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www.phwr.org Vol 18, No 45, 2025

1817


http://www.phwr.org

I Public Health Weekly Repo: ’\

oAM= 2F7] 7 70 Fast Track Diagnostics
Pathogens Assay”} A-8-8}%|0] €851 Qit}, o]
ARt A/B, BRI Z R} Hlo] 2 A o

Respiratory

AAhge ss

Hojels, ZEUpuol2ANLE3, OC43 58 E3He 3 16
%0 53] HolelAs THE RH YA0R AEY & Uk

& AA = ITH22]. "= BioFire DiagnosticsAtoll A 7Hd 9
/}-85}3t FilmArray Respiratory Panel-> Hlolg|A U A&
AEol 7ksstH, o]
= U 9 A2 A4 A 4 AA AACNA EEEH QU

[23]. tiwte] A EA of*FAlE o A= FilmArray Respiratory

AT F 22709 5571 BEA FA

Panel 7|%F2] multiplex PCR AARe} 7]&0] AME=H con-
AT A4 o
=, multiplex PCRO] 7]& AAPHES A 52 FHES B
doH b5 HAA EF F9 ARE anEos st
TE7] HEAS] A F A A &8
SFREH24]. FE2oNM= U7tA] disk Aol 34 287
79 SAE A2 E FilmArray Respiratory Panel:Z ©]-8-2t

SHARE AP o] F E3l AESFAA Hlol2 A X

=

et F 17%9) vro]g A9t 359 A HIAE

ventional PCRE& FA| $35}0] v

=
o] £3}% FilmArray Pneumonia Panel> 5}7| %= F Ao

A Hrol 2 8F, Al 18F, A A R4 752 oF 1

g gold = JAHZA

3t H919] HYA A HES 99 oS RT-PCRI A&
7] 718k 71€<% MassARRAYS 2t Aol 7= 9]
o} o 712 vhol ALt S ZFE F 2789 3571
E

AAE DY oA HET 5 A= ALY, o]

1818

T2 5= W A] B 5 oA 7]E PCR 7| Ae
W ogH] 52 vgEe}l Eojg ofy HYUA9 Betd 7Y
Al o5 A9 Aol 738 27]. sHiollA= 22419
9] o]F severe acute respiratory syndrome coronavirus
A} HiolH A A/BE BAO] A

A% Aol H3H

2 (SARS-CoV-2)2} Q==

&5= multiplex RT-PC oz /g d
&3t vF Ut sig AAPE Q] /5= BioFire Respiratory
B7ReE A A}, 97% oY & AES

S5 452 YFIHATH28]

Panel¥} H] 1
Holm 5

3) Multiplex PCR 7|&29| ZLH2| &S S&
=UlQ] HAEY HFHS JNest7] $1%F multiplex PCR
ol Y W& IS A}t © FEHIL U E9
WHO, CDC 52 ©
= Z=dskal Qieh

o At =W 7FaFoA trl=s Y= 4F(H5N1,
H5NG, H5N8, HIN2)9] 4l

%oz FA9| £9F & U=

Ju
N
m?
filo

ol
Y
—o|—l'
2
4
=

N

N
Rl

ol ozt At 7|& M d AAA FH =82
ol A A 1ol AR A= df-3str] fivt
A2 Ql Aotk WHO= v BHYAl9 A A&5S AT
A WS A= A%k, 59 ©87] Hol# A9 7]
e & FAE 918 AIEFAA; Hho] 2 A0k SARS-CoV-25
54 4% 7158t multiplex RT-PCR T2 EEF

= AlSstL

t}31]. CDC Flu SC2 Multiplex AssayE 7HEsto] A7)

www.phwr.org Vol 18, No 45, 2025


http://www.phwr.org

I Public Health Weekly Renuu’\

o AN B2 JEER JIEF

2,
>
>
~
ws]
B
w
>
z

Cov-2% BA0| AEY & Ut AB¥L AT 9

(321.

sfo] 4-3Hel-E4 BA O olojA HRHY AW 58
2 75 4 9lon, o £ 7)&L Y Add ] g
A&4, W8A, Bol4 875 A B4 A% A
Q) 7144 25} 4L ANTTE. Pan-PCRE THs G4/

=)

=4 A4S "ol TF =S SvtE /A 243 dAIs

L owgro m wsor Gtk BE 9% 9o Fuke] ZE 3

(o)

HE A4 NGS E+= Sanger sequencing?t 9155t @7
ol A ‘Pathogen X' 9] Al-5-& WIEA 17 5h= A&
St 2] 714 ZR7} HojoF k. T A T4 J
of 7 g2 -8 5+= multiplex PCRZ Zz}o]r T2}Q19]
AEE #ole o] Woltt A A A3} deSS

Zgsto] mefolr] 7 BUAT 45 4TS HAWIL, &

nT,
flo
-

www.phwr.org Vol 18, No 45, 2025

o UEe} Solwg SASEAE Abse WA W
2 ) 9 2 99 $AEgo] 22 SAsof T
o]9} o] WHO, CDC 5 819 8% 24 7%l 4 Pan-

R %
9 e okt AL o Jl&o] ux WaAe 27 ¢

(o

2 ZAE A Slo] FFEA AZY FHAHA 9
2 73T ZA0E FAASZE 7IHstL S-S AARRET
of YT AL v FAY AF AA
2 8ot s AAl e 1=3tel7] 1) pan-PCRT
multiplex PCR 7|&S SHAQ At o2 F&H51 9]
o 20239 5E ‘Pathogen X' th& M=ol d&to s =4 &
A & WY AFET = 1371 Hhol 2 A familyE 4 A
7d5to] pan-PCR HAMH 52 2gstal 9lom, 0|9} FA|
ol multiplex PCR HAMHE S o]-§2t T4 7|9 o5 HARE: o
Y-S /fskal itk Pan-PCRE 415 Ei= v]z|9] YA &
Aot W F APl g 12; AE Aol 2EAd
ot, multiplex PCR TH WA FA] 7
H Ay} B3 4Ao) A&S 4 5 5ol 5840l 8

i ARoIAM ARG EY. B2 R AYBT AL o

mo_r‘lt

_{0

ol

o

3l

1o
En
ifiA
N
|o

4

1B
ox
o
:N-a
of4

-
Bl
rr
jsi)

NGS
A Al2id)

Bl Helasg Ze Sajgsi0]
ECE ol

Multiplex-PCR
(S ERY

JE1.AS A9 9 AAEY FAA d A AAE

PCR=polymerase chain reaction; NGS=next-generation sequencing.

1819


http://www.phwr.org

I Public Health Weekly Repo: ’\

Declarations

Ethics Statement: Not applicable.

Funding Source: None.

Acknowledgments: None.

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

Author Contributions: Conceptualization: YJA, CW]J. Data
curation: YJA. Formal analysis: YJA. Investigation: YJA,
CW]J, JER, EJK. Methodology: YJA. Project administration:
JER, EJK. Resources: YJA, CW]J, JER, EJK. Supervision:
JER, EJK. Validation: JER, EJK. Visualization: YJA, CW]J.
Writing — original draft: YJA, CWJ. Writing — review &

editing: JER, EJK.

References

1. Akande OW, Carter LL, Abubakar A, et al. Strengthen-
ing pathogen genomic surveillance for health emergencies:
insights from the World Health Organization’s regional
initiatives. Front Public Health 2023;11:1146730.

2. Al-Mandhari A, Barakat A, Abubakar A, Brennan R. Ge-
nomic sequencing for epidemic and pandemic prepared-
ness and response: EMRO's vision and strategic interven-
tions. East Mediterr Health ] 2022;28:851-2.

3. World Health Organization (WHO), Coalition for Epi-
demic Preparedness Innovations (CEPI). CEPI and WHO

1820

urge broader research strategy for countries to prepare for
the next pandemic [Internet]. WHO; 2024 [cited 2025 Sep
10]. Available from: https://www.who.int/news/item/01-
08-2024-cepi-and-who-urge-broader-research-strate-
gy-for-countries-to-prepare-for-the-next-pandemic

4. World Health Organization (WHO). Prioritizing diseases
for research and development in emergency contexts [In-
ternet]. WHO; n.d. [cited 2025 Sep 10]. Available from:
https://www.who.int/activities/prioritizing-diseases-for-
research-and-development-in-emergency-contexts

5. Goodwin S, McPherson JD, McCombie WR. Coming of
age: ten years of next-generation sequencing technologies.
Nat Rev Genet 2016;17:333-51.

6. Mackay IM, Arden KE, Nitsche A. Real-time PCR in vi-
rology. Nucleic Acids Res 2002;30:1292-305.

7. Elnifro EM, Ashshi AM, Cooper R], Klapper PE. Multi-
plex PCR: optimization and application in diagnostic vi-
rology. Clin Microbiol Rev 2000;13:559-70.

8. Millar D, Melki J. Diagnosis of viral families using a
nucleic acid simplification technique. In: Speranga MA,
editor. Dengue fever in a one health perspective - latest
research and recent advances. IntechOpen; 2023. p. 111-
138.

9. Kim D, Quinn J, Pinsky B, Shah NH, Brown I. Rates of
co-infection between SARS-CoV-2 and other respiratory
pathogens. JAMA 2020;323:2085-6.

10. Fuchs J, Kleine J, Schemmerer M, et al. varVAMP: degen-
erate primer design for tiled full genome sequencing and
gPCR. Nat Commun 2025;16:5067.

11. Vijgen L, Moés E, Keyaerts E, Li S, Van Ranst M. A pan-
coronavirus RT-PCR assay for detection of all known
coronaviruses. Methods Mol Biol 2008;454:3-12.

12.van Boheemen S, Bestebroer TM, Verhagen JH, et al. A
family-wide RT-PCR assay for detection of paramyxovi-
ruses and application to a large-scale surveillance study.
PLoS One 2012;7:¢34961.

13. Coertse J, Mortlock M, Grobbelaar A, Moolla N, Markot-
ter W, Weyer J. Development of a pan-Filoviridae SYBR
Green qPCR assay for biosurveillance studies in bats. Vi-
ruses 2023;15:987.

14. Cui N, Perez YL, Hume A], et al. A high-throughput,
polymerase-targeted RT-PCR for broad detection of mam-
malian filoviruses. Microbiol Spectr 2024;12:e0101024.

15. Stene-Johansen K, Grinde B. Sensitive detection of human
Caliciviridae by RT-PCR. ] Med Virol 1996;50:207-13.

16. Patel P, Landt O, Kaiser M, et al. Development of one-step

www.phwr.org Vol 18, No 45, 2025


http://www.phwr.org
https://www.who.int/news/item/01-08-2024-cepi-and-who-urge-broader-research-strategy-for-countries-to-prepare-for-the-next-pandemic
https://www.who.int/news/item/01-08-2024-cepi-and-who-urge-broader-research-strategy-for-countries-to-prepare-for-the-next-pandemic
https://www.who.int/news/item/01-08-2024-cepi-and-who-urge-broader-research-strategy-for-countries-to-prepare-for-the-next-pandemic
https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts
https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts
https://doi.org/10.5772/intechopen.109632
https://doi.org/10.5772/intechopen.109632
https://doi.org/10.5772/intechopen.109632
https://doi.org/10.5772/intechopen.109632
https://doi.org/10.5772/intechopen.109632

Im) ic

Health Weekly Re.:uu’\

17.

18.

19.

20.

21.

22.

23.

24.

quantitative reverse transcription PCR for the rapid detec-
tion of flaviviruses. Virol ] 2013:;10:58.

World Health Organization (WHO). Disease outbreak
news: 2014 - Guinea [Internet]. WHO; 2014 [cited 2025
Sep 10]. Available from: https://www.who.int/emergen-
cies/disease-outbreak-news/item/2014_04_05_ebola-en
World Health Organization (WHO). WHO information for
molecular diagnosis of influenza virus [Internet]. WHO;
2024 [cited 2025 Sep 10]. Available from: https://cdn.
who.int/media/docs/default-source/influenza/molecular-
detention-of-influenza-viruses/protocols_influenza_virus_
detection_2024.pdf?sfvrsn=df7d268a_8

Centers for Disease Control and Prevention (CDC). Labo-
ratory testing for non-polio enterovirus [Internet]. CDC;
2024 [cited 2025 Sep 10]. Available from: https://www.
cdc.gov/non-polio-enterovirus/php/laboratories/index.
html

Xie NG, Wang MX, Song P, et al. Designing highly mul-
tiplex PCR primer sets with Simulated Annealing Design
using Dimer Likelihood Estimation (SADDLE). Nat Com-
mun 2022;13:1881.

Beck AS, Lopareva EN, Hwang H, et al. Evaluation of the
sensitivity of a measles diagnostic real-time RT-PCR assay
incorporating recently observed priming mismatch vari-
ants, 2024. Euro Surveill 2024;29:2400410.

Bierbaum S, Forster J, Berner R, et al.; CAPNETZ study
group. Detection of respiratory viruses using a multiplex
real-time PCR assay in Germany, 2009/10. Arch Virol
2014:159:669-76.

Leber AL, Everhart K, Daly JA, et al. Multicenter evalua-
tion of BioFire FilmArray Respiratory Panel 2 for detection
of viruses and bacteria in nasopharyngeal swab samples. ]
Clin Microbiol 2018;56:e01945-17.

Chiu SC, Lin YC, Wang HC, et al. Surveillance of upper
respiratory infections using a new multiplex PCR assay
compared to conventional methods during the influenza
season in Taiwan. Int J Infect Dis 2017;61:97-102.

www.phwr.org Vol 18, No 45, 2025

25.

26.

27.

28.

29.

30.

3L

32.

Kaku N, Hashiguchi K, Iwanaga Y, et al. Evaluation of Fil-
mArray Respiratory Panel multiplex polymerase chain re-
action assay for detection of pathogens in adult outpatients
with acute respiratory tract infection. J Infect Chemother
2018;24:734-8.

Murphy CN, Fowler R, Balada-Llasat JM, et al. Multi-
center evaluation of the BioFire FilmArray Pneumonia/
Pneumonia Plus Panel for detection and quantification of
agents of lower respiratory tract infection. J Clin Microbiol
2020;58:e00128-20.

Zhao H, Yang Y, Lyu ], Ren X, Cheng W. Development and
application of a method to detect 27 respiratory pathogens
using multiplex RT-PCR combined with MassARRAY tech-
nology. BMC Infect Dis 2021;21:870.

Kim TY, Kim JY, Shim H]J, et al. Performance evaluation
of the PowerChek SARS-CoV-2, influenza A & B mul-
tiplex real-time PCR kit in comparison with the BioFire
Respiratory Panel. Ann Lab Med 2022;42:473-7.

Korea Disease Control and Prevention Agency (KDCA).
2024 KDCA white paper. KDCA; 2025.

Kang C, Lee JY, Choi JH, Kim MS, inventor; Korea Disease
Control and Prevention Agency, assignee. The method for
detecting pandemic and seasonal influenza virus using mul-
tiplex real-time RT-PCR. Korea Patent KR1012239440000.
Jan 14, 2013.

World Health Organization. Information for the molecu-
lar diagnosis of influenza viruses [Internet]. World Health
Organization; 2021 [cited 2025 Sep 10]. Available from:
https://www.who.int/teams/global-influenza-programme/
laboratory-network/quality-assurance/eqa-project/infor-
mation-for-molecular-diagnosis-of-influenza-virus
Centers for Disease Control and Prevention (CDC). CDC's
influenza SARS-CoV-2 multiplex assay [Internet]. CDC;
2025 [cited 2025 Sep 10]. Available from: https://www.
cdc.gov/flu/php/laboratories/influenza-sars-cov-2-multi-
plex-assay.html

1821


http://www.phwr.org
https://www.who.int/emergencies/disease-outbreak-news/item/2014_04_05_ebola-en
https://www.who.int/emergencies/disease-outbreak-news/item/2014_04_05_ebola-en
https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_2024.pdf?sfvrsn=df7d268a_8
https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_2024.pdf?sfvrsn=df7d268a_8
https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_2024.pdf?sfvrsn=df7d268a_8
https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_influenza_virus_detection_2024.pdf?sfvrsn=df7d268a_8
https://www.cdc.gov/non-polio-enterovirus/php/laboratories/index.html
https://www.cdc.gov/non-polio-enterovirus/php/laboratories/index.html
https://www.cdc.gov/non-polio-enterovirus/php/laboratories/index.html
https://www.kdca.go.kr/filepath/boardDownload.es?bid=ATT&list_no=721585&seq=8
https://www.kdca.go.kr/filepath/boardDownload.es?bid=ATT&list_no=721585&seq=8
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0050&act=view&list_no=140992&tag=&nPage=37
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0050&act=view&list_no=140992&tag=&nPage=37
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0050&act=view&list_no=140992&tag=&nPage=37
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0050&act=view&list_no=140992&tag=&nPage=37
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0050&act=view&list_no=140992&tag=&nPage=37
https://www.who.int/teams/global-influenza-programme/laboratory-network/quality-assurance/eqa-project/information-for-molecular-diagnosis-of-influenza-virus
https://www.who.int/teams/global-influenza-programme/laboratory-network/quality-assurance/eqa-project/information-for-molecular-diagnosis-of-influenza-virus
https://www.who.int/teams/global-influenza-programme/laboratory-network/quality-assurance/eqa-project/information-for-molecular-diagnosis-of-influenza-virus
https://www.cdc.gov/flu/php/laboratories/influenza-sars-cov-2-multiplex-assay.html
https://www.cdc.gov/flu/php/laboratories/influenza-sars-cov-2-multiplex-assay.html
https://www.cdc.gov/flu/php/laboratories/influenza-sars-cov-2-multiplex-assay.html

I Public Health Weekly Repo: ’\

Review & Perspective

Overview of PCR—-based Diagnostic Assays for
Emerging Infectious Disease Pathogens

Yu Jeong Ahn @, Chaewon Jung @, Jee Eun Rhee @, Eun—Jin Kim*

Division of Emerging Infectious Diseases, Department of Laboratory Diagnosis and analysis,
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ABSTRACT

Objectives: Continuous genetic variation in pathogens enhances their infectious potential and promotes the emergence of
infectious disease outbreaks, highlighting the need for diagnostic technologies capable of broad-range detection. Herein, we
introduce pan-polymerase chain reaction (pan-PCR) and multiplex PCR assays to identify the causative agents of emerging or
unknown infectious diseases.

Methods: To introduce the research, development, and practical applications of pan-PCR and multiplex PCR assays for
pathogen diagnosis, a comprehensive review was conducted. The review focused on recent domestic and international
institutional reports and academic literature on public health and PCR-based diagnostic methods. Literature published since
the coronavirus disease 2019 pandemic was included.

Results: Both technologies have been recognized as core diagnostic approaches to effectively respond to emerging and
unknown infectious diseases. Pan-PCR uses conserved gene regions for the initial screening of unknown pathogens, whereas
multiplex PCR is used to simultaneously identify specific pathogens, including co-infection cases. These two technologies could
be utilized complementarily to identify the causative agents of emerging infectious diseases.

Conclusions: Pan-PCR and multiplex PCR show promise as key diagnostic platforms to facilitate proactive responses in the
face of infectious disease threats in the future. The simultaneous use of both technologies, capitalizing on their respective
strengths in versatility and specificity, is likely to improve diagnostic capabilities for emerging or unknown infectious diseases

and strengthen public health surveillance.

Key words: Emerging infectious diseases; Pathogens; Diagnostic techniques and procedures; Polymerase chain reaction
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Introduction agents and the need to advance genetic diagnostic technologies
[1,2]. Major international public health organizations, includ-

The coronavirus disease 2019 (COVID-19) pandemic ing the World Health Organization (WHO) and the Coalition
has underscored the importance of pathogen surveillance sys- for Epidemic Preparedness Innovations, have emphasized

tems that are capable of early detection of emerging infectious the development and implementation of universal diagnostic
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Key messages
(D What is known previously?

Conventional pathogen diagnosis shows a high accuracy
for known pathogens; however, it is limited in its ability
to diagnose variants or emerging pathogens. There is a
growing need to develop diagnostic methods with rapid
and broad-range detection capabilities.

(@ What new information is presented?

Pan-polymerase chain reaction (pan-PCR) specializ-
es in the rapid early screening of unknown pathogens,
whereas multiplex PCR enables the simultaneous differ-
ential diagnosis of co-infections. Both can serve as es-
sential platforms at the forefront of diagnosing emerging
pathogens.

® What are implications?

The development of pan-PCR and multiplex PCR can be
used to strengthen diagnostic capabilities in public health
settings, significantly improving their ability to respond
proactively to emerging infectious diseases.

methods for pathogens as the key components of strategies
to prepare for potential future emerging infectious agents, re-
ferred to as “Pathogen X” [3]. The WHO has also established
research and development priorities and released a list of

pathogens based on factors such as pandemic potential and the

feasibility of developing treatments. The organization recom-
mends surveillance and pathogen testing technologies to detect
the emergence of these listed pathogens, as well as the proactive
development of vaccines and therapeutics [4]. In the Republic
of Korea (ROK), the Korea Disease Control and Prevention
Agency (KDCA) has designated and managed novel infectious
disease syndromes as Class 1 infectious diseases, further em-
phasizing the need to develop and validate diagnostic methods
for new pathogens that cannot be detected using existing diag-
nostic reagents.

Against this background, the development of diagnostic
methods that can achieve both rapidity and broad applicabil-
ity has emerged as an important task among various diagnostic
technologies. Next-generation sequencing (NGS) enables the
comprehensive identification of pathogen genomic informa-
tion and plays a major role in diagnosis and research; however,
its high cost, long analysis time, and equipment requirements
limit its use for on-site testing or large-scale screening [5]. In
contrast, polymerase chain reaction (PCR)-based assays (Table
1) remain key diagnostic tools in clinical and field settings
thanks to their rapid turnaround time, high sensitivity and
specificity, accessibility of equipment, and cost-effectiveness. In

particular, pan-PCR and multiplex PCR, characterized by their

Table 1. Comparative analysis of PCR-based assays

Criterion Conventional PCR

Pan-PCR Multiplex PCR

Target pathogen range  Detection of single

pathogen
Primer design criterion  Single pathogen-specific
primers

the same family

Amplification method  Single target amplification

Application purpose Diagnosis of single

pathogen infection

Simultaneous detection of diverse
pathogens within the same family

Primers targeting conserved
common gene regions within

Common region amplification
Early discovery and screening of
unknown pathogens

Simultaneous detection of specific
genes from multiple individual
pathogens

Specific primers for each
pathogen

Multiple target amplification
Simultaneous diagnosis of
multiple pathogen infections

PCR=polymerase chain reaction.
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universality and multiplexing capability, respectively, have
drawn attention as suitable technologies for early infectious
disease response and large-scale surveillance systems [6,7].

Pan-PCR targets conserved sequences within a specific
family or genus, providing broad applicability that enabled the
detection of multiple subtypes, variants, recombinants, and
even previously unknown or emerging pathogens [8]. This ap-
proach is particularly advantageous for the early identification
of novel or variant pathogens, including “Pathogen X,” where
high genetic diversity, recombination, or mutation may occur.
Therefore, pan-PCR can serve as an effective diagnostic tool for
the early detection of new and variant infectious diseases aris-
ing from such genetic changes. During the COVID-19 pan-
demic, the use of pan-PCR helped overcome the limitations of
single-pathogen diagnostic methods, further underscoring the
importance and utility of universal diagnostic technologies.

Multiplex PCR uses multiple sets of specific primers to
simultaneously detect and differentiate various pathogens,
making it effective for precise and rapid differential diagno-
sis. Along with infections caused by a single pathogen, the
number of co-infection cases has recently been increasing [9].
Importantly, respiratory infectious diseases present limitations
for conventional single-pathogen diagnostic methods because
of the interactions among pathogens and their high muta-
tion rates. Under these circumstances, multiplex PCR con-
tributes to the simultaneous diagnosis of co-infections and the
strengthening of surveillance systems and has become the most
widely used platform among PCR-based multiplex diagnostic
methods.

This study focuses on analyzing the strategic value and cur-
rent status of pan-PCR and multiplex PCR technologies as

molecular diagnostic platforms for responding to emerging

1824

infectious diseases. Although these technologies can be applied
to a wide range of pathogens, this review primarily discusses
viral pathogens that exhibit frequent mutations and a higher
likelihood of emerging as new infectious agents rather than
bacteria or fungi, which tend to be more genetically stable. The
cases of application of multiplex PCR are examined mainly
through widely known commercial panels whose clinical util-
ity has been demonstrated. In the changing landscape of in-
fectious diseases characterized by the emergence of new and
variant pathogens and an increase in co-infections, these PCR
technologies are becoming increasingly important as the key
platforms that complement the limitations of single-pathogen
diagnostic methods and enable early detection and response.
By reviewing the global and domestic trends in the develop-
ment of diagnostic technologies focused on pan-PCR and mul-
tiplex PCR, this study aims to present the roles, limitations, and
future directions of these methods, thereby contributing to the
establishment of effective and proactive response systems for

emerging infectious diseases such as COVID-19.

Methods

To examine the domestic and international research trends
and implementation status of pan-PCR and multiplex PCR
assays, this study referred to pathogen-specific diagnostic
methods utilizing pan-PCR and multiplex PCR as described
in academic literature on PCR-based diagnostics. In addition,
pandemic response reports and diagnostic case studies pub-
lished by national and international public health organiza-
tions, including the KDCA, WHO, and United States Centers
for Disease Control and Prevention (CDC), were reviewed.

Based on these cases, this study presents insights into the future

www.phwr.org Vol 18, No 45, 2025
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directions and prospects for the development of these diagnos-

tic technologies.

Results

1. Introduction to the Pan—-PCR Assay

1) Technical principles and limitations of the pan—-PCR
assay

Pan-PCR is a technique that designs diagnostic primers
based on the conserved gene sequences shared among patho-
gens within the same taxonomic lineage. The process begins by
collecting genomic data from the target pathogen group and
performing multiple sequence alignment to identify the gene
regions with a high degree of conservation. Primers are then
designed within these conserved regions, considering both
specificity and amplification efficiency. The designed primers
enable amplification even in pathogens that differ at the variant
or subtype level. Although pan-PCR is useful for the early de-
tection and phylogenetic identification of unknown pathogens,
further analyses such as sequencing of the amplified products
are required for precise species-level identification. This addi-
tional step increases the total diagnostic turnaround time and
may incur costs associated with NGS linkage, which can be
a limiting factor for clinical application [10]. In bacterial di-
agnostics, conserved genes such as 16S ribosomal RNA have
been widely used as targets, allowing broad detection capabil-
ity. However, in the case of viruses, universal detection is more
challenging because of high genomic diversity, rapid mutation
rates, and absence of common genes. Therefore, Pan-PCR has
been developed as a detection strategy focused on pathogens
within the same family, and major public health organiza-

tions worldwide are actively incorporating this technology into

www.phwr.org Vol 18, No 45, 2025

infectious disease surveillance and response systems.

2) Application of the pan-PCR assay
(1) Coronaviruses
The pan-coronavirus PCR assay developed by the Rega
Institute for Medical Research at KU Leuven in Belgium targets
a highly conserved region within the RNA-dependent RNA
polymerase (RdRp) gene, enabling the comprehensive detec-
tion of various coronavirus lineages, including multiple genetic
variants. In fact, this technique has demonstrated high detec-
tion rates for viruses of SARS, MERS, and diseases caused by
other coronaviruses and has been reported to be minimally af-

fected by genetic variations in the pathogen [11].

(2) Paramyxoviridae and pneumoviridae

The pan-paramyxoviridae PCR assay developed at the
Erasmus Medical Center in Rotterdam, the Netherlands, uses
a single primer set that targets a conserved region within the
RdRp gene of viruses belonging to the paramyxoviridae and
pneumoviridae families, allowing simultaneous detection with
high universality. This method has also been successfully ap-
plied to wild bird samples, enabling the detection of various

pathogens, including avian metapneumovirus [12].

(3) Filoviridae
The pan-Filoviridae PCR assay enables the broad detec-
tion of mammalian filoviruses, primarily Ebola virus and
Marburg virus. SYBR green-based quantitative real-time PCR
(qPCR) developed by the National Institute for Communicable
Diseases in South Africa and the high-throughput real-
time PCR (RT-PCR) system developed by the University of

Washington School of Medicine in the United States have both
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been applied, offering advantages in real-time surveillance and
efficient processing of large-scale or low-concentration sam-
ples. In previous studies of wild bats, this assay has been used
for the early detection of potential pathogens and has demon-
strated reliable performance. Moreover, its value has been em-
phasized as a proactive public health tool for preventing com-
munity transmission of high-risk viruses such as Ebola and

Marburg [13,14].

(4) Other families and genera
The Norwegian Institute of Public Health developed a di-
agnostic assay capable of comprehensively detecting major hu-
man-infecting Caliciviruses, including norovirus and sapovi-
rus, which cause outbreaks through gastrointestinal infection.
The study reported that the assay demonstrated superior speed
and accuracy compared with existing diagnostic techniques

[15].

At the Center for Biological Safety in Berlin, Germany, a
pan-Flaviviridae PCR assay was developed targeting a highly
conserved region of the NS5 gene, enabling the broad detec-
tion of multiple Flavivirus pathogens such as yellow fever virus,
Dengue virus, and Zika virus. This assay is effective as a sur-

veillance tool in regions where two or more of these viruses are

co-circulating (Table 2) [11-16].

3) Global and domestic trends in the application of
pan—PCR technology
Pan-PCR is an advanced molecular diagnostic technol-
ogy capable of simultaneously detecting a wide range of viral
pathogens. It has recently emerged as a key strategy to enhance
the early detection and response capacity for infections of un-
known origin.
The KDCA is promoting the standardization and pilot im-

plementation of pan-PCR assays focusing on 13 viral families

Table 2. Application of pan-PCR assays by pathogen family

Biological Safety, protein

Germany

Pathogen family ~ Country or institution Target gene Features Reference
Coronaviridae University of Leuven, RdRp Broad detection of various coronavirus [11]
Belgium lineages including genetic variants; less
affected by pathogen gene mutations
Paramyxoviridae &  Erasmus Medical RdRp Simultaneous detection of paramyxoviridae (12]
pneumoviridae Center, Netherlands and pneumoviridae; high versatility in
wildlife surveillance (e.g., wild birds)
Filoviridae NICD, South Africa; Nucleoprotein Broad detection of high-risk filoviruses [13,14]
University of (Ebola, Marburg); efficient for large-scale,
Washington, USA low-concentration sample processing and
real-time surveillance
Caliciviridae Norwegian Institute ~ RdRp Comprehensive detection of major human [15]
of Public Health caliciviruses, including norovirus and
sapovirus, responsible for outbreaks
Flaviviridae Berlin Centre for Non-structural Comprehensive detection of multiple [16]

flaviviruses (Yellow fever, Dengue, Zika);
useful for surveillance in co-circulating
regions

PCR=Polymerase chain reaction; RARp=RNA-dependent RNA polymerase; NICD=National Institute for Communicable Diseases.
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considered highly likely to be introduced into the country as
part of its strategic preparedness for “Pathogen X.” The selec-
tion criteria were based on four factors: the level of attention
from major international public health organizations, potential
public health impact due to respiratory transmissibility, zoo-
notic risk, and the likelihood of domestic introduction and oc-
currence. Through this initiative, the KDCA aims to contribute
to the advancement of the national infectious disease response
system. The WHO is also promoting the development of a
pan-Filovirus PCR assay that can simultaneously detect mul-
tiple hemorrhagic fever pathogens of unknown origin. In addi-
tion to establishing laboratory-based surveillance systems, the
WHO is expanding its support for strengthening the capacity
of healthcare personnel, setting up isolation facilities, and de-
veloping comprehensive and sustainable epidemic response
frameworks [17].

Furthermore, the WHO provides a universal RT-PCR pro-
tocol targeting the matrix gene common to influenza A viruses,
facilitating the early detection and surveillance of influenza A,
including highly pathogenic avian influenza subtypes such as
H5 and H7 [18]. This represents one of the essential diagnos-
tic strategies for proactively addressing the potential risks of
zoonotic infectious diseases. Similarly, the CDC has enhanced
its infectious disease response capabilities through the detec-
tion of pathogens using pan-enterovirus and pan-parechovirus

PCR assays combined with a sequencing analysis [19].

2. Introduction to the Multiplex PCR Assay
1) Technical principles and limitations of multiplex
PCR
Recently, studies have been conducted on primer design

using an in silico analysis, evaluation of dimers (undesired

www.phwr.org Vol 18, No 45, 2025

primer—primer binding), and optimization methods for multi-
gene diagnostics. A 2022 article in Nature Communications
introduced the Simulated Annealing Design using Dimer
Likelihood Estimation (SADDLE) method—an algorithmic
approach for designing multiplex PCR primer sets that mini-
mizes primer dimer formation while optimizing target ampli-
fication efficiency and uniformity. This method was also re-
ported to be applicable to qPCR panel design and applications
combined with Sanger sequencing [20]. However, the detec-
tion sensitivity of multiplex PCR assays may decline because
of continuous viral mutations. This reduction is attributed not
only to the decreased amplification efficiency caused by inter-
actions among multiple primer sets but also to single-nucleo-
tide variations occurring in primer-binding regions, which can

substantially impair assay performance [21].

2) Application of the multiplex PCR assay

Multiplex PCR technology has attracted global attention as
a key tool for the early diagnosis of infectious diseases and si-
multaneous detection of multiple pathogens. Research, devel-
opment, and commercialization efforts are actively underway
in several countries. Countries are applying this technology in
public surveillance systems and clinical settings to improve the
speed and accuracy of infectious disease response (Table 3).

In Germany, the Fast Track Diagnostics Respiratory
Pathogens Assay has been commercialized and is being used
for respiratory infectious disease surveillance. This assay is
designed to detect a total of 16 respiratory viruses, including
influenza A and B, parainfluenza virus, adenovirus, and coro-
navirus (e.g., NL63, OC43), using a multi-tube format [22].
The FilmArray Respiratory Panel, developed and commercial-

ized by BioFire Diagnostics in the United States, enables the
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Table 3. Global application of multiplex PCR assays
Country Application Target pathogens Features
Germany FTD Respiratory Pathogens Total of 16 types including Simultaneous detection of 16 respiratory
Assay Influenza A/B, parainfluenza, viruses using a multi-tube format
adenovirus, coronavirus (etc.)
USA FilmArray Respiratory Total of 22 respiratory pathogens/  BioFire Diagnostics FilmArray multiplex
8 viruses, 18 bacteria, panel utilized globally (e.g., Taiwan,
7 antimicrobial resistance genes Japan)
China Multiplex RT- Total of 27 types including viruses ~ Quantitative analysis of amplification
PCR+MassARRAY and bacteria products via MassARRAY after RT-PCR;
capable of co-infection diagnosis
Republicof ~ PowerChek SARS-CoV-2, = SARS-CoV-2 and Influenza A & B Strengthens domestic diagnostic capacity
Korea Influenza A & B multiplex with performance comparable to
real-time PCR Kit international standards (over 97%
agreement)
PCR=polymerase chain reaction; FTD=fast track diagnostics; RT-PCR=real-time PCR; SARS-CoV-2=severe acute respiratory syndrome
coronavirus 2.

simultaneous detection of 22 respiratory pathogens, including
both viruses and bacteria. This panel is currently used in clini-
cal settings and surveillance systems in Taiwan and Japan [23].
The Taiwan Centers for Disease Control conducted a com-
parative analysis by simultaneously performing multiplex PCR
assays using the FilmArray Respiratory Panel and the con-
ventional PCR assays previously in use. The study concluded
that multiplex PCR assays demonstrated a significantly higher
positive detection rate than conventional assays and effectively
identified cases of multiple co-infections. These results con-
firmed the utility of multiplex PCR for both respiratory patho-
gen surveillance and clinical diagnosis [24]. In Japan, Nagasaki
University Hospital conducted diagnostic testing using the
FilmArray Respiratory Panel in patients with acute respiratory
infections. The study confirmed that this method could detect
a total of 17 viral and 3 bacterial respiratory pathogens with
high specificity and sensitivity [25]. In addition, the FilmArray
Pneumonia Panel, a system specialized for pneumonia diag-

nosis, can simultaneously detect 8 viral species, 18 bacterial
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species, and 7 antibiotic resistance genes from lower respiratory
tract specimens within approximately 1 hour. Notably, it pro-
vides quantitative results for 15 clinically significant bacterial
pathogens associated with pneumonia, enabling the rapid diag-
nosis of bacterial-viral co-infections and serving as a key refer-
ence for guiding treatment decisions [26]. In China, a diagnos-
tic method combining multiplex RT-PCR with MassARRAY,
a mass spectrometry-based technology, has been developed to
enable the simultaneous detection of a broader range of patho-
gens. This assay is designed to detect a total of 27 respiratory
pathogens, including both viruses and bacteria, within a single
panel. Compared with conventional PCR-based diagnostic
methods, the assay demonstrates higher sensitivity and speci-
ficity and allows for the accurate identification of multiple in-
fections, even in cases of complex co-infection, in local health
centers and hospitals across China [27]. In the ROK, following
the COVID-19 pandemic, multiplex RT-PCR diagnostic re-
agents capable of simultaneously detecting severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) and influenza
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A/B viruses have been successfully developed and commercial-
ized. A comparative study evaluating the performance of this
assay against the BioFire Respiratory Panel demonstrated a
concordance rate exceeding 97%, confirming equivalent diag-

nostic performance [28].

3) Global and domestic trends in the application of
multiplex PCR

Multiplex PCR is utilized both domestically and interna-
tionally to strengthen infectious disease response capabilities
through the diagnosis of infections with unknown etiologies.
In particular, the WHO and CDC are actively incorporating
this technology into public health surveillance and diagnostic
systems.

The KDCA is currently developing panels for syndrome-
based multiplex testing across five categories—respiratory,
hemorrhagic, exanthematous, neurologic, and diarrheal—to
strengthen proactive laboratory response capabilities for infec-
tions of unknown origin. To enhance national surveillance and
early outbreak response, the agency has designed a system that
enables the rapid screening and subtype differentiation of four
avian influenza viruses frequently detected in domestic poul-
try (HSN1, H5NG, H5N8, and HON2) within a single reaction
[29]. In addition, a diagnostic assay has been developed that
can simultaneously detect the pandemic influenza A (HIN1)
pdmO9 virus and five seasonal influenza subtypes within a sin-
gle reaction using specific primers and probes [30].

Such multidimensional efforts to develop and preemptive-
ly secure diagnostic technologies represent a key strategy for
proactively addressing the potential risks of future infectious
diseases. The WHO strongly encourages the development of

diagnostic methods capable of the simultaneous detection of
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multiple pathogens and provides a multiplex RT-PCR proto-
col for the concurrent detection of influenza viruses and SARS-
CoV-2, particularly for the early diagnosis and surveillance of
respiratory viruses [31]. The CDC has also developed the Flu
SC2 Multiplex Assay, which enables the simultaneous detec-
tion of influenza A/B and SARS-CoV-2 with high accuracy

from both upper and lower respiratory specimens [32].

Conclusion

This study analyzed the strategic value and current sta-
tus of pan-PCR and multiplex PCR technologies as molecu-
lar diagnostic platforms for responding to emerging infec-
tious diseases. Focusing on viral pathogens with high muta-
tion rates and potential for novel emergence, this review ex-
amined the research, development, and practical applications
of widely known commercial panels whose utility has been
demonstrated.

Pan-PCR serves as a universal detection tool targeting
conserved genetic regions, thereby enabling the identification
of unknown and emerging pathogens; however, it requires
additional analyses for precise species-level identification.
Meanwhile, multiplex PCR has demonstrated excellent effi-
ciency in the simultaneous differentiation of multiple patho-
gens and the diagnosis of co-infections through technical ad-
vancements such as in silico optimization. In the ROK, the
clinical utility of multiplex PCR has been successfully validated
through applications involving the simultaneous detection of
SARS-CoV-2 and other pathogens. These technologies can ul-
timately be integrated with NGS-based genomic analysis to es-
tablish an efficient diagnostic workflow encompassing screen-

ing, confirmation, and characterization. Together, pan-PCR
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and multiplex PCR represent specific directions for techno-
logical advancement aimed at simultaneously meeting the de-
mands for rapidity, universality, and specificity in response to
future infectious disease threats. Moving forward, pan-PCR
should evolve beyond simple positive/negative detection to-
ward the direct integration of amplified products with genomic
analysis. The technological goal should be to establish a system
that rapidly determines the phylogeny of “Pathogen X” in the
field by quickly linking the amplification data from conserved
gene regions to NGS or Sanger sequencing. For multiplex PCR,
which remains the most widely used method for the simultane-
ous detection of multiple pathogens, enhancing the reliability
of primer design is critical. By applying in silico optimization
algorithms to minimize unnecessary primer—primer interac-
tions, diagnostic panels can be expanded according to the pri-
ority of domestic prevalence and potential introduction, while
maintaining high sensitivity and specificity.

As such, the efforts by international public health organi-
zations such as the WHO and CDC to strengthen infectious
disease response capabilities based on pan-PCR and multiplex
PCR assays indicate the global recognition of these technolo-
gies as key public health tools for the early detection and sur-
veillance of unknown pathogens. In addition, the KDCA is fo-
cusing on pan-PCR and multiplex PCR as key diagnostic tools
to proactively respond to future infectious disease threats and
enhance domestic surveillance capacity. Since 2023, as part of
the Pathogen X response strategy, the agency has been devel-
oping pan-PCR assays for 13 viral families prioritized based on
their high risk of domestic introduction and pandemic poten-
tial, while simultaneously developing syndrome-based multi-
plex test panels utilizing multiplex PCR technology. Pan-PCR

provides breadth and rapidity for the detection of novel or
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Figure 1. Diagnostic system for emerging and unknown
pathogens

PCR=polymerase chain reaction: NGS=next-generation sequencing.
unknown pathogens and for the primary screening of high-risk
groups with potential for domestic introduction. In contrast,
multiplex PCR is used in clinical settings that require specific-
ity and efficiency, such as the simultaneous differential diag-
nosis of multiple pathogens and the rapid identification of co-
infections. Ultimately, the KDCA aims to maximize diagnostic
efficiency through the flexible integration and complementary
use of these two technologies (Figure 1), thereby establishing a
diagnostic system that enables rapid patient management and
effective public health response. The advancement of molecu-
lar diagnostic technologies based on pan-PCR and multiplex
PCR is expected to play a pivotal role in public health diagnos-

tics in case of future pandemics.
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QuickStats

Trends in the Proportion of Adolescents Engaged in
Physical Activities, 2015-2024

The proportions of adolescent boys and girls engaged in physical activities in 2024 were 25.1% and 8.9%, respectively. The
proportion among boys has shown a continuous increase since 2020. In 2024, the proportion of boys engaged in physical ac-
tivities was three times higher than that of girls, and the gap between middle and high school students widened compared to the

previous year (Figures 1, 2).
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Figure 1. Trends in the proportion of adolescents engaged in Figure 2. Trends in the proportion of adolescents engaged in
physical activities by sex, 20152024 physical activities by school levels, 2015-2024

*Proportion of engaged in physical activities: percentage of adolescents who engaged in physical activities that made their heart rate higher than

usual or out of breath for a total of 60 minutes or more on 5 or more days in the last 7 days, regardless of the type of exercise.

Source: The 20th Korea Youth Risk Behavior Survey (KYRBS), https://www.kdca.go.kr/yhs

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