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Surveillance Report

Influenza Sentinel Surveillance in the Post—coronavirus
Disease 2019 Period

Jia Kim @, Yun Kyoung Kim @, Jeongsuk Song @, Dongkeun Kim @, Hyungmin Lee*

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

ABSTRACT
Objectives: To describe influenza activity in the Republic of Korea during the 2023-2024 and 2024-2025 seasons following

the coronavirus disease 2019 (COVID-19) pandemic, using sentinel surveillance data, and to compare season-specific
epidemiological patterns.

Methods: Sentinel surveillance data on patients with influenza-like illness (ILD), those hospitalized for influenza, and influenza
virological findings reported to the Korea Disease Control and Prevention Agency from week 36 of 2023 to week 35 of 2025
were analyzed.

Results: In the 2023-2024 season, influenza activity returned to pre-COVID-19 levels, with ILI peaking in week 49 of 2023
and increased hospitalizations compared with the previous season. In the 2024-2025 season, ILI reached its highest level since
2016, when a comparable surveillance system was established. In both seasons, school-aged children and adolescents (7-18
years) were the main drivers of influenza transmission, whereas hospitalizations were most common among adults aged =65
years. Virological surveillance confirmed the circulation of both influenza A and B viruses.

Conclusions: Post-COVID-19 influenza patterns differed from those previously observed, likely reflecting the continued
effects of immunity debt. These findings support strengthening sentinel surveillance, expanding outpatient sites to improve
regional representativeness, and providing timely influenza surveillance updates to healthcare professionals and the public

through weekly reports and the FluON dashboard.

Key words: Influenza; Influenza-like illness (ILI); Influenza sentinel surveillance
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Introduction illness and 290,000-650,000 die [1]. The World Health

Organization (WHO) recommends that each country operate

Influenza is an acute respiratory disease caused by the in- a systematic and continuous influenza surveillance system. In
fluenza virus and is commonly known as the flu. It is an infec- the Republic of Korea (ROK), influenza has been designated
tious disease estimated to infect approximately 1 billion people as a Class 4 notifiable infectious disease under the “Infectious
worldwide each year, of whom 3-5 million develop severe Disease Prevention and Control Act (hereafter, the Infectious
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Key messages
(D What is known previously?

In the Republic of Korea, influenza typically occurs dur-
ing the winter season (November—April), peaking be-
tween December and January, and is monitored through
a national sentinel surveillance system, such as clinical,
hospitalized patient, and pathogen surveillance.

(@ What new information is presented?

Influenza-like illness activity recovered to pre-coro-
navirus disease 2019 (COVID-19) levels in the 2023~
2024 season and reached its highest rate since 2016 in
the 20242025 season. Cases increased across all age
groups, with the greatest burden among children aged
7-18 years.

® What are implications?

The post-COVID-19 resurgence, largely driven by in-
fluenza A viruses, indicates altered transmission patterns
likely associated with immunity debt, underscoring the
need for sustained and systematic influenza surveillance.

Disease Control Act),” and a sentinel surveillance system is
currently in operation [2].

In 1997, the ROK initiated a pilot sentinel surveillance sys-
tem involving approximately 70 private medical institutions
nationwide. In September 2000, a national surveillance system
for “influenza-like illness (ILI)” was established, involving pri-
mary care clinics. During the 2009 influenza A(HIN1) pan-
demic, the number of sentinel surveillance sites was expanded
to 814, approximately one site per 50,000 population. For
more efficient operation of the surveillance system, the number
of sites was reduced to 200 in 2013. As the operational capaci-
ty of the surveillance system improved, the number of sites was
further expanded to 300 in 2024.

Sentinel surveillance sites for ILI consist of primary care

www.phwr.org Vol 19, No 9, 2026

clinics in pediatrics, internal medicine, family medicine, and
otorhinolaryngology. The surveillance system is operated by
defining one influenza season from week 36 of each year to
week 35 of the following year. Designated sentinel surveil-
lance sites report the weekly number of ILI cases and the to-
tal number of outpatient visits through the Integrated Disease
and Health Control System (https://eid.kdca.go.kr) or by fax.
Among the clinics participating in ILI surveillance, some also
participate in respiratory pathogen surveillance (Supplementary
Figure 1; available online).

The results of ILI surveillance are used as indicators for es-
tablishing epidemic thresholds and determining the occurrence
of influenza epidemics. The results of pathogen surveillance
provide foundational data for influenza response by identifying
circulating viral genotypes during each season and assessing
their match with vaccine strains [3,4].

Influenza hospitalization surveillance began in 2015
through the Acute Respiratory Infection Sentinel Surveillance
System, which was initially established in 2011 with 87 hospi-
tals (=300 beds). Beginning in 2017, sentinel surveillance sites
were expanded to 206 hospitals with >200 beds. During the
2023-2024 season, a total of 220 hospitals participated in in-
fluenza hospitalization surveillance.

Surveillance data on ILI, pathogens, and hospitalized in-
fluenza cases are disseminated through the “Infectious Disease
Sentinel Surveillance Weekly Report” and the integrated online
influenza surveillance dashboard (FluON) [5].

This article summarizes the results of influenza sentinel
surveillance during the 2023-2024 (week 36 of 2023 to week
35 of 2024) and 2024-2025 seasons (week 36 of 2024 to
week 35 of 2025).
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Methods

We analyzed the results of sentinel surveillance for ILI, in-
fluenza viruses, and hospitalized influenza cases during the
2023-2024 and 2024-2025 seasons, from week 36 of 2023
through week 35 of 2025.

For ILI surveillance, approximately 251 primary care clin-
ics in internal medicine, pediatrics, and family medicine par-
ticipated during the 2023-2024 season. In the 2024-2025
season, otorhinolaryngology clinics were added, and, following
the expansion of surveillance sites, approximately 299 clin-
ics participated. The mean performance rates of ILI sentinel
surveillance were 99.0% and 99.1% for the 2023-2024 and
2024-2025 seasons, respectively.

ILI was defined as a sudden onset of fever >38°C accompa-
nied by cough or sore throat. Using the weekly number of ILI
cases and the total number of outpatient visits reported by sen-
tinel primary care clinics, the proportion of ILI cases per 1,000
outpatients was calculated.

For influenza hospitalization surveillance, 220 hospi-
tals with >200 beds participated during the 2023-2024 and
2024-2025 seasons. An influenza case was defined, in ac-
cordance with the “Notification on Diagnostic Criteria for
Reporting Infectious Diseases,” as a patient with clinical symp-
toms consistent with influenza and detection of influenza-
specific genes in clinical specimens (oropharyngeal swab, na-
sopharyngeal swab, nasopharyngeal aspirate, nasal aspirate,
bronchoalveolar lavage fluid, or sputum) [3,4].

Influenza virus surveillance results were calculated as the
influenza virus detection rate based on the number of tests per-
formed on the specimens requested weekly by sentinel primary

care clinics.
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Results

1. Influenza-like lliness Surveillance at Primary

Care Clinics

As coronavirus disease 2019 (COVID-19) control mea-
sures were being eased, an influenza epidemic advisory was is-
sued in week 37 of 2022 (early September; 2022-2023 season
epidemic threshold: 4.9 cases per 1,000 outpatients). As sum-
mer transmission continued, the advisory remained in effect
without being lifted from the start of the 2023-2024 season.
During the 2023-2024 season, the proportion of ILI began to
gradually increase from week 37 of 2023 (mid-September) and
rose sharply after week 48 (late November), reaching a peak of
61.3 cases per 1,000 outpatients in week 49 of 2023, thereby
showing a return to the pre-COVID-19 epidemic pattern.
After reaching the peak, ILI activity showed a gradual declining
trend without a secondary spring outbreak and remained be-
low the 2024-2025 seasonal epidemic threshold (8.6 cases per
1,000 outpatients) for three consecutive weeks, leading to the
lifting of the influenza epidemic advisory in July 2024, which
had been maintained for approximately 22 months.

During the 2024-2025 season, the proportion of ILI was
lower in October and November compared with the 2023-
2024 season, but began to increase sharply in early December,
reaching a peak of 99.8 cases per 1,000 outpatients in week
1 of 2025 (early January). This level was the highest observed
since 2016, when a sentinel surveillance system at the current
level was established (week 52 of 2016: 86.2) (Figure 1).

By age group, the 7-18-year age group led the epidemic in
both seasons. In the 2024-2025 season, a minor spring out-
break occurred following the start of the school term, driven by

increased incidence in the school-aged group (Figure 2).
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Figure 2. Age-specific influenza-like illness (ILI) rates during the 2023-2024 and 2024-2025 seasons

2. Influenza Hospitalization Surveillance in

Hospitals

In the 2023-2024 season, a total of 12,225 hospitalized
influenza cases (approximately 55.6 cases per institution) were
reported from 220 hospitals with >200 beds, representing a
57.6% increase compared with 7,755 cases (approximately
35.3 cases per institution) in the previous season. In the 2024~
2025 season, a total of 8,640 hospitalized influenza cases (ap-
proximately 39.1 cases per institution) were reported, repre-
senting a 29.3% decrease compared with 12,225 cases (ap-
proximately 55.6 cases per institution) in the previous season.

However, the peak number of hospitalized influenza cases was

www.phwr.org Vol 19, No 9, 2026

1,632 (week 2 of 2025) during the 2024-2025 season, which
was approximately 48.2% higher and occurred about one
month later than the peak of 1,101 cases (week 50 of 2023)
during the 2023-2024 season (Figure 3).

By age group, cases in the 2023-2024 season occurred in
the following order: >65 years (37.8%), 7-12 years (14.2%),
50-64 years (13.3%), 1-6 years (13.2%), 19-49 years
(12.9%), 13-18 years (6.6%), and O years (2.0%). In the
2024-2025 season, cases occurred in the following order: 265
years (52.4%), 50-64 years (15.3%), 7-12 years (9.2%), 19~
49 years (9.1%), 1-6 years (7.4%), 13-18 years (4.2%), and

0 years (2.4%). In both seasons, individuals aged =65 years
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accounted for the highest number of influenza cases. In the
2023-2024 season, those aged >65 years accounted for 37.8%
of all cases (n=4,619), whereas this proportion increased to
52.4% (n=4,528) in the 2024-2025 season, indicating a
higher proportion of cases among individuals aged >65 years

(Figure 4).

3. Pathogen Surveillance

During the 2023-2024 season, pathogen surveil-
lance showed a peak detection rate of 43.8% in week 50
of 2023. A(HIN1) predominated early in the season, fol-

lowed by increases in A(H3N2) and B viruses, resulting in the
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co-circulation of three subtypes, with transmission particularly
concentrated in the school-aged group (7-18 years) (Figure 5).

In the 2024-2025 season, the influenza virus detection
rate was delayed compared with the previous season, but rose
sharply after December 2024, reaching levels 20-30% higher
than the previous season’s peak detection rate. There was a
first outbreak centered on influenza A viruses, which peaked in
week 1 of 2025, and a second outbreak centered on influenza
B viruses in March 2025, resulting in two peaks. During the
first wave, detection rates increased among older adults aged
>50 years. During the second wave, influenza B accounted for

more than 50% of total detections, with the outbreak centered
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Figure 5. Detection rate of influenza viruses during the 2023-2024 and 2024-2025 seasons

on the school-aged group (7-18 years), and the duration was
longer than the first wave (Supplementary Figure 2; available

online).

Discussion

Taken together, the influenza sentinel surveillance results
from the 2023-2024 and 2024-2025 seasons indicate that
the occurrence of respiratory infectious diseases, which had
been suppressed during the COVID-19 pandemic, showed
clear epidemic patterns over the two seasons. During the
2023-2024 season, as influenza activity in the community re-
turned to pre-COVID-19 levels, the proportion of ILI reached
a peak of 61.3 in week 49 of 2023, and the number of hospi-
talized influenza cases increased by 57.6% compared with the
previous season. This finding might be attributed to the re-
sumption of respiratory virus circulation in the community af-
ter social distancing and other measures implemented during
the COVID-19 pandemic were lifted, together with the accu-
mulation of a population susceptible to influenza.

During the 2024-2025 season, the proportion of ILI
reached 99.8 cases per 1,000 outpatients (week 1 of 2025), the

highest level observed since 2016, when a sentinel surveillance

www.phwr.org Vol 19, No 9, 2026

system at a level comparable to the current one became estab-
lished. In both seasons, the highest incidence of ILI was ob-
served in the 7-18-year group. Particularly after the start of the
school term, repeated minor outbreaks in this group led to the
epidemic in the community. This finding appears to be related
to the co-circulation of three subtypes, with A(HIN1)pdm09
and A(H3N?2) predominating initially, followed by an increase
in influenza B viruses.

During the relevant seasons, the WHO recommended vac-
cine virus strains targeting influenza A(HIN1), A(H3N2), and
B. The major circulating viruses isolated through the sentinel
surveillance system generally showed antigenic characteristics
consistent with the WHO-recommended A(HIN1)pdm09,
A(H3N2), and B/Victoria lineage-like strains. These findings
suggest that the influenza epidemic and occurrence patterns
were more likely influenced by high-level circulation of virus
lineages included in the recommended vaccine strains, rather
than by the emergence of novel variant viruses with antigenic
mismatch to the vaccine. In particular, reduced opportuni-
ties for immunity acquisition through natural infection dur-
ing the COVID-19 pandemic led to the accumulation of im-
munity debt, and this increase in the susceptible population,

regardless of vaccination status or coverage, may have acted in
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combination to expand the scale of the epidemics.

Meanwhile, although the proportion of ILI during the
2024-2025 season was the highest observed since 2016, the
number of hospitalized influenza cases was lower than in the
previous season. This finding might be attributed to improve-
ments in reporting practices following the clarification of di-
agnostic testing criteria for influenza rather than being inter-
preted as a change in influenza severity. Previously, through
the influenza hospitalization surveillance system, hospitalized
influenza cases were reported based not only on polymerase
chain reaction (PCR) testing but also on other diagnostic
methods such as rapid antigen tests. However, beginning in
the 2024-2025 season, the influenza management guidelines
clarified the reporting criteria for hospitalized influenza cases
by PCR testing as the diagnostic testing standard for influenza
under the “Notification on Diagnostic Criteria for Reporting
Infectious Diseases,” and sentinel surveillance sites were no-
tified accordingly. As a result, the reporting system was re-
organized to require that only hospitalized cases confirmed
by PCR, excluding other diagnostic methods, be reported.
Consequently, the number of hospitalized influenza cases may
appear lower than in the previous season, and caution is need-
ed when interpreting these findings.

Pathogen surveillance identified influenza A viruses as the
predominant epidemic viruses in both seasons. In addition,
similar to influenza, the seasonality of other respiratory viruses,
such as respiratory syncytial virus, showed a recovery pattern
resembling that observed prior to the COVID-19 pandemic.
These findings suggest that changes in respiratory virus epi-
demic patterns following the relaxation of non-pharmaceutical
interventions after the COVID-19 pandemic, together with the

effects of immunity debt, may continue.
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Furthermore, in recent seasons, influenza epidemic peaks
have occurred earlier than in previous years or have persisted
into late spring, unlike in the past. These changes in the tim-
ing of influenza epidemics raise the need to re-evaluate existing
vaccination strategies and surveillance operations. In particu-
lar, discussion and review are needed regarding the adjustment
of vaccination timing or additional vaccination strategies for
high-risk groups to ensure that the effectiveness of the vaccine
is sufficiently maintained.

This report is based on data reported through the sentinel
surveillance system and, therefore, has limitations in directly
reflecting the overall level of influenza occurrence nationwide.
Interpretation should take into account potential underreport-
ing by some medical institutions and differences in representa-
tiveness and accuracy resulting from the clarification of report-
ing criteria. Nevertheless, the influenza sentinel surveillance
results from the 2023-2024 and 2024-2025 seasons provide
important evidence for understanding the epidemiological
characteristics of influenza in the ROK after the COVID-19
pandemic and for establishing future response strategies.

Influenza has recovered to levels exceeding the pre-CO-
VID-19 incidence and is occurring in patterns different from
those observed prior to the pandemic, increasing the impor-
tance of operating a more stable and systematic influenza sen-
tinel surveillance system.

To this end, the Korea Disease Control and Prevention
Agency plans to expand the number of primary care influenza
sentinel surveillance sites to enhance the regional representa-
tiveness of influenza sentinel surveillance and to strengthen
surveillance systems for emerging and novel respiratory vi-
ruses. In addition, by reorganizing the Sentinel Surveillance

Weekly Report and developing FluON, a responsive influenza
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surveillance dashboard, influenza surveillance information will
be provided rapidly and transparently to healthcare profession-
als and the public, thereby continuously strengthening national

capacity for influenza response and management.
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Ol3.2210|EH| i LA Y Multilocus Sequence Typing S &
2M0|| It =L 22| 00|32 Z2tA0F HE A sigt, 2023-2024'4

2s3| O, O1F ®, THA D, HHM O, USH 0, FHY
WYY AUBNAR AT NP2

P

2
S npo|ZEetAn} HPF2 P& FES S o7 HYAE AGAIYE HHY F 20-40%E A g E5] Aopgad
7oA ROl £ 3-49 719 3 EAS 7Hch £ AF& 2023-202449 U 73 A7l S E2€ wholZEA0 HH
o] nfa 2ol = W4 Hol9k multilocus sequence typing (MLST) 35 £435t0] Il 73 o529 BARFASH E4S vhofstal
A st

2 20239 1€95H 202449 1289704 S871A41+ 25 LA AAIAA(Acute Respiratory Infection Network) & &3 +HE &
1,294719] 287 AA ¥, LaLAS AALE B9 nro]ZEtAN HHd A FAE dAF2E 23S rRNA =9 V 99

g_li
nta 2eto] & A §-472t Wol(A2063G/A2064G)E AT e, vjko 2 guy 2177 EeFe tisiAE WA f44 Hol
ot MLST #3 242 712 35190
Zak AA HA F 4317(33.3%)0] "olZEetAnl H @l | FHLE FARAFAT, 21770(16.8%) #57F HiFo 2 R =3
t}. uto| FEetant HFF P4 AA 81.4% (3514), EE]F 89.4% (1947)°14 A2063G Hol7F Bl=9ict. MLST £4] 23} ST3
(89.9%)7} 713 S-AI5tF.oH, ST7 (6.5%), ST14 (1.8%), ST17 (1.8%) £=°14t}. WA oj¥o] ute} sequence type (ST) BE X}o]|7}
HEEHPoH, e #5+= ST3 (97.4%), 478 #5& ST7 (52.2%)°] $-A5t3dch.

ZE: 202320249 =] £ wfo]ZE kAt HY#L &2 ufaReo|E YA E(89.4%)S BHoH, ST3q0| 4 FAPoR 3
A=|gict i #Fo 4/d #39] ST R-30] AdolsHA Easte A0 & vetton, % 7|2 g0 gt &4 BA st 7
A7+ F g5t

2 ZM0f: hol 3B ek av} W a9l AVING B4 SAF; vt zetol=; AW §8AP]

Received November 24, 2025 Revised January 29, 2026 Accepted January 30, 2026
*Corresponding author: R, Tel: +82-43-719-8110, E-mail: knihyoo@korea.kr

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

44 www.phwr.org Vol 19, No 9, 2026


http://www.phwr.org
https://orcid.org/0009-0005-3485-4025
https://orcid.org/0000-0001-9502-1282
https://orcid.org/0009-0003-4726-6201
https://orcid.org/0009-0001-3069-7713
https://orcid.org/0000-0001-8512-6291
https://orcid.org/0000-0002-0901-5319
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2026.19.9.2&domain=pdf&date_stamp=2026-3-12
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

I Public Health Weekly Re.:uu’\

Etant HALLS A 7= AES FEete A
5 He] F8 Ao 7] ofed F4d
5l ufz Zeto|= A A HATF

oN £ 18

@ M=Z0| €A & HE=27?

2023-2024d =HE AA 1,2941 F 43170] FZ01
A YWAEES 81.4%AH. £2H 21759 WAES 89.4%

& I ST3 (89.9%)7F =8 K3l

® AAER?

FolA] EelE vlol A etant AFRe] & vhazetol

E YAZEH EX multilocus sequence typing -3 (ST3)<]
LAE A&A] DAAA &F3 EXS-HAstd B4 g

248 AAkgt,

I

nto] F-ZetAnt HHFH(Mycoplasma pneumoniae)> 87
HE Al HEg ol s AHAS] We dutshs vy g
Ho &

W A7 FARE W@ gdet I S Holal, &
HojHe 35 HAY HEoE JPT & 9ot BE AP S
oA LYol 7hsdtt 5] 3-15A] 57] obsat Fawol
A EAPEC] Eon, HeAHoly st 5 YR E &7
Ay Aol &t

A AARCR 3-4d 719 §3 E4S Holg ALR
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| A3 Bt e
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ofo] AEetavt WY FAF ARo)E vtz eto|=
A FYAL 12 ARAZ 99 AHgED k. et 2000
W ol opiols FHOE WA #% A4H F7pt 1
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th ol B8} T 9 T BARASY E4v A
U PARE TS, W AAAA 9L A A A S

9L U7 2ARE AZSIA e,

=13 I:é-l
1. o3 MY
E JFE 202349 195E 20244 129714 ARI-Net

of Fofshz A= 2 - 32k A&7 BoA HHEe et =
571 A9 HAE FASAA, F 1,29479 AAE SR
SR ddAE 71 e 19 F SACE Wtk &
5 XA dAA H@og AdE 24 5, 23] UdxtolA
U Ui 71 59 ofl A ARG ofEo] gl A AFF2
2 Fostyet. £ " AAE Allplex™ PneumoBacter Assay
(Seegene)E AH&Sto] mio]ZETAR} YA RHOZ o}
= AT S E AT (real-time polymerase chain re-
action, real-time PCR)O.Z EAst9ct. & HAF 38 U
A H52 A2AY] AR F46to] 53T PCR &
do g gRIE HA tsfA= nta o] =A A Wi
FAA ¥l #4E F7IE Syttt Be AAls Sp4 vy
Ao HEoto] vigFstdon, Hder BE 4= 16S

rRNA 50| §HAE #2402 g PCRE gRlsto] nfo|ZE
5

2. OIZZ2210|=A| x| W Ho| FTXL 22l

npa 2 o] EA| FAA Wd 2t B nto]Z &2kt u
At 23S rRNA E=HQl V 999 FAF #o|(A2063G 9
A2064G)E &RI5t7| #18 macrolide-resistant Mycoplasma
pneumoniae Real-time PCR Kit (AttoPlex)& Ah&oto] &
Mg AAISIAH. & HANs 38 #A] Z2H 7REo g 238
A ¥oje} mpo] ZETAT} HEHE 5] FHAE A9

AEeha, BARAAL Ck Aol 2 olakel B 4, 2
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z
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3. MLST 24

HiFS &5l i vho|FEekAn) wg o] s MLST
242 £PotAth. F 8F 2 housekeeping gene?l adk,
arcC, atpA, glyA, gmk, gyrB, pgm, ppa 34 diio=
toith ZF 342 PCR primer®}t §Hg- 270 wet 14

TEI F, VIS FIstelnh. +5FH allele profile

ol

18,
o
o]

< PubMLST (https://pubmlst.org/mpneumoniae) T O] EJH]

o] AF &-85}o] sequence type (ST)Z E215HTHSI.

2 1

2023WHE 2024W7HA] ARI-Net2 53 & 1,29479]
&7 AAZE A= AA f3ERE 77t 5484
(41.0%) 22 7P gekow, HIFET 35971(26.9%), HI
AF5-R1H 21871(16.3%), FAFEZ 158%1(11.8%), 71
BAHZAHY 5071(3.7%), 71BAEFAA 271(0.2%), B
H 171(0.1%) 22 RIS A S/l e IHE
< BAS A%, FUAFEZIA PCR YAE 52.3%, HFE
3%E T2 AR vE) v g2 AEEN £YES
HAHE 1).

F 1,29449 AA § AL SHELANLSS F

¢}

(O8]
[N

3 mpolZEetant HH T FHe= ald dAle 43172

F 1A). AT 717 B ol TE AT HHF FA AAE
20239 8ol A& SIS 1095H oF 30%2] FHE
S Holtjrh 20249 1€ o] % oF 80%7HA] S7ket F HAk 7+
ASHATHIE 1B). o #2&-2 202349 10¥€+5H gRl=]7]
A1 20249 397HA] 10-15% 52 FAt9oH, 49

o] 20% oJAro & Ar&sla] 8-10Y0: 40% oJAFE 71E
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1. 337+ 285 HYA ZA A A FA S7E vholZEAnt HHd HE @, 202320244
A A= PCR &M H{QF 2
7H 548 (42.3) 201 (36.7) 102 (18.6)
HlolE e 320 (24.7) 66 (20.6) 29 (9.1)
H QI+ FR1H 218 (16.8) 73 (33.5) 29 (13.3)
FAF=T 155 (12.0) 81 (52.3) 50 (32.3)
7| A H Z A HH 50 (3.9) 9 (18.0) 7 (14.0)
71 BAZR1Y 2(0.2) 0 (0.0) 0 (0.0)
For 1(0.1) 1(100.0) 0(0.0)
A 1,294 (100.0) 431 (33.3) 217 (16.8)
9. 7A(%). PCR=polymerase chain reaction.
A 140 — PCRZZE [ 100
x¥e --TEEE |90
120 A
1 - 80
100 1 i 1 m L 70
~ N L0 DX
E 80 A M
<+ 50
¥ 60- TSN a0 B
40 AR 10
20 H H 20
- - 10
O n L T T 1l-| T T /I T - - B O
12 22 3% 43 52 o2 72 83 oF 102 M 12| 1€ 28 32 42 52 o6¥ 7E 82 9% 102 1€ 128
2023 20244
B AN WY — uuE
70 A r 100
60 - /~ - 90
- 80
50 A 70
& 401 F60 =
% 50 mu
o 301 40 B
82 9g 10€ 1M¥ 12¢€( 1€ 28 3¢ 48 58 e6¥ 7¥ g8¥ 9% 108 ME 12¥
2023 20244
C
457 (100 38 3RINE AATS B 7
40 [0 A ARG 9 vholmgetant HY
¥ (o0 TR A U e
g % [60 = () AN 0 ool naetac 1
K20 50 S W AZ A% 2023-20244, (B) #Y
w2 P40 ¥ oholzEehant WY PCR FA AA
o P30 o 9 wpAEeel=A FAA B @
g: "2 g 202320244, (O) S HhelnE
) [ [] (10 s dEe W 2z 8 vaz
s2 oz 10m 119 12%‘ 12 22 3% 4% s 62 7H s og 102 11 12% gto| = A A WA d, 2023-2024
20234 20244 Y. PCR=polymerase chain reaction.
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SHATHE 10).

uta 2eto| A A YA AR Blols upo]ZE A
ok H @+ PCR G4 AAl 43171 5 3517(81.4%)0141 &<l
=Qich g2 20239 1095 FRI=7] A&t} 2024
| 129714 9ER 60-100% HWAE B WA AA 351
A % 35071(99.7%)2 23S rRNA =121 V 99 20639 9
A A—~G (A2063G) HolE HAT, 17(0.3%)2 20637}
20649 BA] Ho|(A2063G, A2064G)7t A= AHIH
1B).

S oto] BelH 21750 digt A fH3 B4 2
T}, 1945%(89.4%)°114 A2063G ®o]7F &el=glon, A
H YWAELS 20234 88.2%, 20249 89.6%F FAMSIATH
9 WAHES 34 66.7%014 A0 100% HHE EATH
g 10). AEEE A 1155(53.2%), A 1015+(46.8%) %
T, WHELS 47 86.1%, 93.1%%th AFEZE 7-11417}
1135(52.3%)2 713 Bokor, 12-194] 535(24.5%), 4-6
Al 3257(14.8%), 1-3A41 85(3.7%), 2041 1 657(2.8%),
1270 mlek 452(1.9%) <olAtt. 2t A Ao WEE

75-100% HHE HAth. A9gE2= 7] 737(33.8%). 4
A 455(20.8%), A& 415(19.0%), 3% 265(12.0%), &
2 227(10.2%), 249 637(2.8%), AF 45(1.9%) &olge
o, 9 WAHEL 84.9-100.0%Z YEFFTHA 2).

MLST &4 23} F 4719 ST7F A=At ST37F
1953:(89.9%)& 7F& Wokal, ST7 143(6.5%), ST14 45
(1.8%), ST17 45-(1.8%) ¥t A=E 2= 2023W (345004
ST3 305+(88.2%), ST7 25(5.9%), ST14 15(2.9%), ST17
13:(2.9%)%0™, 20249 (1835)°l4l+= ST3 1655%(90.2%),
ST7 125(6.6%), ST14 35(1.6%), ST17 35(1.6%)=,
202397 20249 2% ST37F SAISHATHLY 2).

Be|3o nta 2ol YA {HA wo] Bf ofiof o
£ MLST BE25 vug 43, WA 443 o7t geld &
2]5:(1945)9 MLST 32 ST3 1895(97.4%), ST7 2%
(1.0%), ST14 23(1.0%), ST17 13:(0.5%)&, th¥-5o] ST3
of sigataict. v WA /43 Wol7t gl ReEF235)
£ ST7 125(52.2%), ST3 65(26.1%), ST17 35(13.0%),
ST14 25+(8.7%)2 SRIEUHIH 3). vta R eto|= 4

2. npo]ZEetAan} HHeto] BEE HEIA A, A € XY & oE £X, 202320244
= 2ue 2024 | A A
= HaZ + Balx 4 UWNE%) WEzZ4 2254+ WES% W82+ AT S UEE®%)
a9 12 15 80.0 87 100 80.0 99 115 86.1
o 17 18 94.4 77 83 92.8 94 101 93.1
A8 <1271€Y 0 0 - 3 4 75.0 3 4 75.0
1-34] 1 1 100.0 6 7 85.7 7 8 87.5
4-6A 5 6 83.3 24 26 92.3 29 32 90.6
7-114] 17 20 85.0 85 93 91.4 102 113 90.3
12-19A4] 6 6 100.0 40 47 85.1 46 53 86.8
20A] o4 0 0 - 6 6 100.0 6 6 100.0
A 739 1 1 100.0 5 5 100.0 6 6 100.0
%7 8 10 80.0 54 63 85.7 62 73 84.9
B4 1 1 100.0 40 44 90.9 41 45 91.1
A& 8 10 80.0 29 31 93.6 37 41 90.2
Azt 3 3 100.0 18 19 94.7 21 22 95.5
A F 0 0 - 4 4 100.0 4 4 100.0
%3 9 9 100.0 14 17 82.4 23 26 88.5
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2023 2024

ST14 ST17 ST14 ST17
1(2.9%) / 1(2.9%) 3 (1.6%) / 3 (1.6%)

I ST3
= sT7
[ sT14
= sT17

sT7
2 (5.9%)

ST7 ——
12 (6.6%)

ST3 ST3

30 (88.2%) 165 (90.2%)
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Surveillance Report

Macrolide Resistance and Multilocus Sequence Typing Genotype
Analysis of Mycoplasma pneumoniae |solates in
the Republic of Korea, 2023-2024

Hwanhee Kim @, Jin Lee (), Seo Yeon Ko @, Jungsun Park @, Dong Hyeok Kim @, Jae Il Yoo*

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

ABSTRACT

Objectives: Mycoplasma pneumoniae is a major pathogen responsible for upper and lower respiratory tract infections,
accounting for approximately 20-40% of community-acquired pneumonia cases. The infection occurs most frequently
in adolescents, with periodic outbreaks occurring every 3—4 years. The present study aimed to characterize the molecular
epidemiological features of M. pneumoniae strains isolated during the 2023-2024 epidemic in the Republic of Korea by
analyzing macrolide resistance—associated mutations and multilocus sequence typing (MLST) genotypes.

Methods: From January 2023 to December 2024, 1,294 respiratory specimens were collected through the Acute Respiratory
Infection Network. Macrolide-resistant mutations in the 23S rRNA domain V (A2063G/A2064G) were analyzed in M.
pneumoniae polymerase chain reaction (PCR)-positive specimens. In addition, 217 cultured isolates were further examined for
resistant mutations and MLST genotypes.

Results: Among 1,294 collected specimens, 431 (33.3%) were PCR-positive for M. pneumoniae, and 217 (16.8%) isolates were
successfully cultured. The A2063G mutation was detected in 81.4% (351/431) of PCR-positive samples and 89.4% (194/217)
of cultured isolates. MLST analysis identified four sequence types (STs): ST3 (89.9%) was predominant, followed by ST7 (6.5%),
ST14 (1.8%), and ST17 (1.8%). The distribution of STs varied by resistant genotype, with ST3 (97.4%) predominating among
resistant isolates and ST7 (52.2%) among susceptible isolates.

Conclusions: M. pneumoniae isolates collected in the Republic of Korea during 2023-2024 exhibited high rates of macrolide
resistance (89.4%), with ST3 as the predominant genotype. Distinct MLST distributions were observed between resistant and

susceptible strains, underscoring the need for continuous molecular surveillance to monitor periodic outbreaks and shifts in

genotype.

Key words: Mycoplasma pneumoniae; Multilocus sequence typing; Genotype; Macrolide; Antibiotic resistance gene mutation
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Key messages
(D What is known previously?

Mpycoplasma pneumoniae is a major cause of communi-
ty-acquired pneumonia, causing both upper and lower
respiratory infections. Periodic outbreaks occur among
school-aged children, and an increasing prevalence of
macrolide-resistant strains has been reported.

(@ What new information is presented?

Among 1,294 specimens collected during 20232024,
431 were polymerase chain reaction-positive, with a re-
sistance rate of 81.4%. Of 217 cultured isolates, 89.4%
carried the A2063G mutation, and ST3 (89.9%) was the
predominant multilocus sequence typing type.

(® What are implications?

The high prevalence of macrolide resistance and the
dominance of a specific genotype (ST3) among M. pneu-
moniae isolates in the Republic of Korea underscore the
need for continuous nationwide surveillance and molec-
ular epidemiological monitoring to track resistance and
genotype shifts.

Introduction

Mycoplasma pneumoniae is a common causative patho-
gen of atypical pneumonia that spreads within communities
through respiratory droplet transmission during close contact.
M. pneumoniae infection is characterized by symptoms such
as fever, sore throat, and cough, and exhibits a wide range of
clinical manifestations, from upper respiratory tract infections
to pneumonia. In some cases, it can progress to severe atypi-
cal pneumonia. Although M. pneumoniae infection can oc-
cur across all age groups, incidence is particularly high among
school-aged children and adolescents aged 3-15 years, and

the risk of outbreaks is elevated in crowded settings, such as

424

childcare facilities and schools.

Globally, M. pneumoniae is known to show periodic epi-
demics every 3-4 years [1,2], and this cyclic pattern has also
been confirmed through national sentinel surveillance data
in the Republic of Korea (ROK). In fact, large-scale outbreaks
were reported in 2011, 2015, and 2019, with more than
10,000 cases reported annually. During the coronavirus dis-
ease 2019 pandemic, the annual number of cases with M.
pneumoniae infection decreased to fewer than approximate-
ly 1,000, but since autumn 2023, the number of cases has
surged again, with a total of 27,285 cases reported in 2024.
Accordingly, an epidemic alert for M. pneumoniae infection
was issued on June 24, 2024.

Macrolide antibiotics are widely used as first-line treatment
for M. pneumoniae infections. However, since the 2000s, a
continuous increase in macrolide-resistant strains has been
reported, particularly in Asia. High resistance rates have been
documented in China (>80%) and Japan (>50%). However,
resistance rates are approximately 10% in the United States
and Canada and around 5% in Europe, indicating substantial
regional and national variations [3-5]. The spread of these re-
sistant strains not only induces clinical challenges, such as de-
layed treatment response and increased risk of recurrence, but
also impacts community transmission, representing significant
public health importance. Molecular epidemiological analysis is
essential to periodically monitor and predict epidemic patterns
and changes in the genetic characteristics of M. pneumoniae.
Among these methods, multilocus sequence typing (MLST)
analysis is widely recognized as a useful approach for classi-
fying genetic diversity and identifying temporal and regional
shifts in predominant genotypes, the emergence of resistant

strains, and long-term trend comparisons [6,7]. In particular,
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http://www.phwr.org

I Public Health Weekly Re.:uu’\

M. pneumoniae has been reported to undergo type shift events,
wherein dominant genotypes alternate in association with pe-
riodic epidemics, making MLST an effective tool for tracking
these changes. However, MLST analysis requires the isolation
and culture of clinical specimens to obtain isolates, and due to
the growth characteristics of M. pneumoniae, culture success
rates are low, which limits the continuous acquisition of suffi-
cient isolates.

To address this challenge, the Korea Disease Control and
Prevention Agency operates the Acute Respiratory Infection
Network (ARI-Net), through which respiratory bacterial
pathogens have been continuously isolated and characterized,
and temporal changes in the distribution of circulating strains
and resistance patterns have been monitored. This study com-
prehensively analyzed macrolide resistance—associated muta-
tions in the 23S rRNA domain V region and the distribution
of MLST types using clinical specimens and isolates obtained
during the 2023-2024 M. pneumoniae epidemic in the ROK.
Through this analysis, we aimed to elucidate the molecular ge-
netic characteristics and antibiotic resistance patterns of circu-
lating strains and to provide foundational data for future sur-

veillance systems and treatment strategies.

Methods

1. Selection of Isolates

From January 2023 to December 2024, respiratory speci-
mens were collected from pneumonia patients at secondary
and tertiary medical institutions across the nation participat-
ing in the ARI-Net surveillance program. A total of 1,294
specimens were obtained. Eligible patients included indi-

viduals of all ages who presented with cough or high fever as

www.phwr.org Vol 19, No 9, 2026

major symptoms and were diagnosed with pneumonia by
chest X-ray, and who were either first-time visitors or had no
history of antibiotic use within five days prior to presenta-
tion. Collected specimens were analyzed using the Allplex"
PneumoBacter Assay (Seegene), targeting M. pneumoniae by
real-time polymerase chain reaction (real-time PCR). All test-
ing procedures and result interpretation were performed ac-
cording to the manufacturer’s instructions. For PCR-positive
specimens, an additional analysis of macrolide resistance-asso-
ciated mutations was conducted. All specimens were inoculat-
ed onto the SP4 medium for culture, and the cultured isolates
were finally identified as M. pneumoniae by PCR targeting the

species-specific 16S rRNA gene.

2. Detection of Macrolide Resistance—-associated

Mutations

To identify mutations associated with macrolide resis-
tance in the 23S rRNA domain V region of M. pneumoni-
ae (A2063G and A2064G), analysis was performed using
the macrolide-resistant M. pneumoniae Real-time PCR Kit
(AttoPlex). This fluorescence probe-based assay simultane-
ously detects 23S rRNA mutations and M. pneumoniae-spe-
cific genes. Resistance was determined when the difference in
Ct values between target genes was <2, whereas a difference
of >2 was interpreted as no detection of resistance-associated

mutations.

3. MLST Analysis

MLST analysis was performed on M. pneumoniae iso-
lates obtained through culturing. A total of eight housekeeping
genes (adk, arcC, atpA, glyA, gmk, gyrB, pgm, and ppa) were

targeted. The designated gene regions were amplified using
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gene-specific PCR primers and reaction conditions, followed
by sequencing. Allele profiles for each isolate were assigned us-
ing the PubMLST database (https://pubmlst.org/mpneumoni-

ae) to determine sequence types (STs) [8].

Results

From 2023 to 2024, a total of 1,294 respiratory specimens
were collected through the ARI-Net surveillance program.
By specimen type, sputum accounted for the largest propor-
tion with 548 specimens (41.0%), followed by nasopharyn-
geal swabs with 359 specimens (26.9%), nasopharyngeal as-
pirates with 218 specimens (16.3%), throat swabs with 158
specimens (11.8%), bronchoalveolar lavage with 50 specimens
(3.7%), bronchial aspirates with two specimens (0.2%), and
pleural fluid with one specimen (0.1%). Analysis of positiv-
ity rates by specimen type showed that throat swabs exhibited
relatively higher detection and isolation rates compared with
other specimen types, with a PCR positivity rate of 52.3% and
a culture positivity rate of 32.3% (Table 1).

Among the 1,294 specimens, 431 were confirmed as M.
pneumoniae—positive by real-time PCR, yielding an over-

all PCR positivity rate of 33.3%. A total of 217 isolates were

obtained through culture, corresponding to an isolation rate of
16.8% (Figure 1A). During the study period, M. pneumoniae-
positive specimens were first detected in August 2023, with
positivity rates of approximately 30% beginning in October,
increasing to around 80% after January 2024, followed by a
gradual decline (Figure 1B). The isolation rate remained ap-
proximately 10-15% between October 2023 and March
2024, increased to over 20% after April 2024 and exceeded
40% between August 2024 and October 2024 (Figure 1C).

Macrolide resistance-associated mutations were identified
in 351 of the 431 PCR-positive specimens (81.4%). Resistance
was first analyzed in October 2023 and ranged from 60% to
100% each month through December 2024. Among the 351
resistant specimens, 350 (99.7%) exhibited the A—G substi-
tution at position 2063 in the 23S rRNA domain V region
(A2063G), while one specimen (0.3%) showed simultane-
ous mutations at positions 2063 and 2064 (A2063G and
A2064G) (Figure 1B).

Among the 217 isolates obtained by culture, resistance
genotype analysis revealed that 194 isolates (89.4%) har-
bored the A2063G mutation. The annual resistance rates were
similar in 2023 (88.2%) and 2024 (89.6%). Monthly resis-

tance rates ranged from a minimum of 66.7% to a maximum

Table 1. Detection of Mycoplasma pneumoniae by specimen type in the Acute Respiratory Infection Network, 2023-2024

Specimen Case PCR-positive Culture positive
Sputum 548 (42.3) 201 (36.7) 102 (18.6)
Nasal swab 320 (24.7) 66 (20.6) 29 (9.1)
Nasopharyngeal aspirate 218 (16.8) 73 (33.5) 29 (13.3)
Throat swab 155 (12.0) 81(52.3) 50 (32.3)
Bronchoalveolar lavage 50 (3.9) 9 (18.0) 7 (14.0)
Transtracheal aspirate 2(0.2) 0(0.0) 0(0.0)
Pleural fluid 1(0.1) 1 (100.0) 0(0.0)
Total 1,294 (100.0) 431 (33.3) 217 (16.8)
Values are presented as number (%). PCR=polymerase chain reaction.
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of 100% (Figure 1C). By sex, 115 (53.2%) and 101 isolates
(46.8%) were obtained from males and females, with resis-
tance rates of 86.1% and 93.1%, respectively. By age group,
the largest proportion was observed among those aged 7-11
years (113 isolates, 52.3%), followed by those aged 12-19
years (53 isolates, 24.5%), 4-6 years (32 isolates, 14.8%), 1-3

years (eight isolates, 3.7%), 220 years (six isolates, 2.8%), and

www.phwr.org Vol 19, No 9, 2026

<12 months (four isolates, 1.9%). Resistance rates across age
groups ranged from 75% to 100%. By geographic region, 73
(33.8%), 45 (20.8%), 41 (19.0%), 26 (12.0%), 22 (10.2%), six
(2.8%), and four isolates (1.9%) were obtained from Gyeonggi,
Gyeongsang, Seoul, Chungcheong, Jeolla, Gangwon, and Jeju,
respectively. Regional resistance rates ranged from 84.9% to

100.0% (Table 2).
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Table 2. Distribution of sex, age, and geographic region among pneumonia patients with Mycoplasma pneumoniae isolates,
2023-2024
2023 2024
Yoo . o . Total Total Total
Category Memp No.of Resistance oo No.of Resistance MRMP . lates resistance
. isolates  rate (%) . isolates  rate (%) isolates rate (%)
isolates isolates
Sex Male 12 15 80.0 87 100 80.0 99 115 86.1
Female 17 18 94.4 77 83 92.8 94 101 93.1
Age <1 0 0 - 3 4 75.0 3 4 75.0
group 1-3 1 1 100.0 6 7 85.7 7 8 87.5
(yo  4-6 5 6 83.3 24 26 92.3 29 32 90.6
7-11 17 20 85.0 85 93 91.4 102 113 90.3
12-19 6 6 100.0 40 47 85.1 46 53 86.8
20< 0 0 - 6 100.0 6 6 100.0
Region Gangwon 1 1 100.0 5 5 100.0 6 6 100.0
Gyeonggi 8 10 80.0 54 63 85.7 62 73 84.9
Gyeongsang 1 1 100.0 40 44 90.9 41 45 91.1
Seoul 8 10 80.0 29 31 93.6 37 41 90.2
Jeolla 3 3 100.0 18 19 94.7 21 22 955
Jeju 0 0 - 4 4 100.0 4 4 100.0
Chungcheong 9 9 100.0 14 17 82.4 23 26 88.5
MRMP=macrolide-resistant Mycoplasma pneumoniae.
MLST analysis identified a total of four STs. ST3 was the 2023 2024
ST14 sT17 ST14 sT17

predominant type with 195 isolates (89.9%), followed by ST7
(14 isolates, 6.5%), ST14 (four isolates, 1.8%), and ST17 (four
isolates, 1.8%). By year, in 2023 (34 isolates), 30 (88.2%), two
(5.9%), one (2.9%), and one isolate (2.9%) were ST3, ST7,
ST14, and ST17 types, respectively. In 2024 (183 isolates),
165 (90.2%), 12 (6.6%), three (1.6%), and three (1.6%) iso-
lates were ST3, ST7, ST14, and ST17 types, respectively. ST3
remained the predominant genotype in both years (Figure 2).
Comparison of MLST distributions according to the pres-
ence of macrolide resistance—associated mutations showed
that among isolates with resistance-associated mutations (194
isolates), 189 (97.4%), two (1.0%), two (1.0%), and one iso-
late (0.5%) were ST3, ST7, ST14, and ST17 types, respectively,
with the majority being ST3 type. In contrast, among isolates

without resistance-associated mutations (23 isolates), most
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Figure 2. Distribution of multilocus sequence typing sequence
types (STs) of Mycoplasma pneumoniae isolates, 2023-2024

isolates were ST7 type (12 isolates, 52.2%), followed by ST3
(six isolates, 26.1%), ST17 (three isolates, 13.0%), and ST14
(two isolates, 8.7%) (Figure 3). Fisher’s exact test was per-
formed to assess differences in ST distribution between mac-
rolide-susceptible and macrolide-resistant isolates. The results
showed that ST3 was detected at a significantly higher frequen-

cy in the macrolide-resistant group (p<0.001), while ST7 was
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Figure 3. Distribution of multilocus sequence typing sequence
types (STs) of Mycoplasma pneumoniae among macrolide-
susceptible M. pneumoniae (MSMP) and macrolide-resistant
M. pneumoniae (MRMP) isolates, 2023-2024

significantly more prevalent in the susceptible group (p<0.001).
In contrast, the proportions of ST14 (p=0.222) and ST17
(p=0.051) were comparable between the two groups. These
findings suggest that the distribution of specific ST genotypes
varies according to the presence of macrolide resistance—asso-

ciated mutations.

Discussion

In this study, macrolide resistance-associated mutations
and MLST types were analyzed in PCR-positive specimens
and cultured isolates collected through the ARI-Net during the
2023-2024 M. pneumoniae epidemic in the ROK.

The epidemic of M. pneumoniae infection in the ROK be-
gan in the second half of 2023 and persisted through the win-
ter of 2024. The temporal trends of PCR-positive specimens
and isolates collected in this study corroborated these patterns.
Macrolide resistance—associated mutations were identified in
81.4% (351 specimens) of PCR-positive specimens and in
89.4% (194 isolates) of cultured isolates, indicating a high re-
sistance rate. These resistance rates were comparable to those

reported in China (90-100% in specimens and 95-100%

www.phwr.org Vol 19, No 9, 2026

in isolates) and Japan (54-60% in both specimens and iso-
lates) [9-16] but were markedly higher than those reported in
European countries (the Netherlands 0.7%, Germany 2.6%,
Denmark 1.5%, and Italy 7.5%) [17-19]. Meanwhile, although
resistance rates in the United States had previously been re-
ported to be low, recent localized outbreaks have been identi-
fied, with resistance rates exceeded 80% among pediatric pop-
ulations in certain regions, indicating focal community trans-
mission of macrolide-resistant M. pneumoniae. Resistance in
most strains has been attributed to the A2063G and A2064G
mutations, but the A2064T mutation has also been reported in
some strains [20,21].

In this study, the detection of macrolide-resistant M. pneu-
moniae focused on the major resistance-associated mutations
A2063G and A2064G. The analysis showed that all isolates
with resistance-associated mutations harbored the A—~G sub-
stitution at position 2063 in the 23S rRNA domain V region
(A2063G), whereas the A2064G mutation was not detect-
ed. This finding was consistent with global reports indicating
that over 90% of resistant strains carry the A2063G mutation
[22,23].

MLST analysis revealed that most isolates were ST3 type
(89.9%), with ST7, ST14, and ST17 types also identified at
lower frequencies. Previous national surveillance data in the
ROK from 2006 to 2019 reported ST3 (53.5%) and ST14
(31.5%) as the predominant types [24]. In comparison, the
present study demonstrated a marked increase in the propor-
tion of ST3 from 53.5% to 89.9%. This finding indicated that
ST3 has become firmly established as the dominant circulating
genotype in recent epidemics of M. pneumoniae in the ROK.

In particular, clear differences in MLST distribution were ob-

served between macrolide-resistant and macrolide-susceptible
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isolates. For instance, ST3 accounted for approximately 97%
of the resistant isolates, whereas ST7 was predominant (52%)
among the susceptible isolates, indicating distinct dominant
genotypes between the two groups. In China, ST3 and ST14
have been reported as the major types among macrolide-resis-
tant M. pneumoniae, with resistance rates of 100% observed
in ST3 strains [25,26]. In Japan, ST3 and ST14 were predomi-
nant between 2002 and 2016, but between 2018 and 2019,
a shift in dominant types toward ST7 and ST33 was observed
[27]. These changes in ST distribution were accompanied by a
decrease in macrolide resistance rates, suggesting that this phe-
nomenon reflects not merely a reduction in resistance rates but
rather a type shift event between dominant genotypes.

In the ROK, a previous surveillance study (2006-2019)
reported that 66.7% of resistant isolates were ST3 type [28],
whereas in the present study, this proportion increased to
89.9%. During the early phases of five recurrent epidemics of
M. pneumoniae since the 2000s, diverse STs were identified.
However, since 2011, the proportion of ST3 has increased
sharply and become the predominant genotype, with approxi-
mately 98% of resistant isolates reported to be ST?3 type [29].
The spread of ST3 is therefore considered to have contributed
closely to the increase in macrolide resistance rates in the ROK.
Collectively, ST3 appears to directly and indirectly influence
the persistence of epidemics and the rising macrolide resistance
rate, a pattern consistently reported across multiple domestic
studies.

Despite the significance of these molecular epidemiologi-
cal findings, this study has several limitations. First, as the data
were derived from pneumonia patients presenting to ARI-Net
participating institutions, the results may not be generalized to

the entire population, and the characteristics of PCR-positive
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but non-cultured strains were not captured. In addition, clini-
cal outcomes according to resistance status (such as treatment
response and prognosis) were not directly evaluated. Second,
this study focused only on the major macrolide resistance-as-
sociated mutations in the 23S rRNA gene, namely A2063G
and A2064G. While this approach is efficient for identifying
resistant strains, it does not include other reported mutations
in the domain V region of 23S rRNA (such as A2067 and
C2617) or other potential resistance mechanisms described in
previous studies [30].

Nevertheless, this study has important significance as foun-
dational data presenting resistance status and genotype dis-
tribution of circulating M. pneumoniae strains among pneu-
monia patients in the ROK, based on a nationwide respiratory
infection surveillance system. Future studies utilizing whole-
genome sequencing to precisely characterize phylogenetic re-
lationships among predominant circulating strains and the di-
versity of resistance mechanisms may further enhance the un-
derstanding of pathogen transmission dynamics and virulence.

In conclusion, to effectively predict and respond to the
evolving trends of M. pneumoniae infection, which is char-
acterized by periodic epidemics, continuous accumulation of
data on circulating strains and strengthening of surveillance

systems are warranted.
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Trends in the Prevalence of Chronic Kidney Disease, 2014-2024

In 2024, prevalence of chrinic kidney disease (CKD) among Korean adults aged >19 years was 6.3%, and it was higher
in men than in women (men 7.0%, women 5.7%) (Figure 1). Prevalence of CKD was observed to be associated with age; the

prevalence was about 25% in people aged =70 years (Figure 2).
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Figure 1. Trends in the prevalence of chronic kidney disease, Figure 2. Prevalence of chronic kidney disease by age group,
2014-2024 2024

*Chronic kidney disease: Glomerular filtration rate (CKD-EPI equation) =60 ml/min/1.73 m* and urine albumin/creatinine ratio =30 mg/g,
OR Glomerular filtration rate (CKD-EPI equation) <60 ml/min/1.73 m* among those aged =19 years.

**CKD-EPI: Chronic kidney disease-Epidemiology Collaboration equation

"Results from 2015 to 2018 are not shown due to the absence of albuminuria.

fAge-standardized prevalence was calculated using the 2005 Population Projections for the Republic of Korea.

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

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