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Surveillance Report

Preventive Measures against Avian Influenza Infection in Humans
in the Republic of Korea, 2024-2025

Ji-Yeon Lee (9, Sangeun Lee @), Sang—Gu Yeo* (), Sang Hyuk Lee @, Yun Jin Park

Division of Emerging Infectious Disease Response, Department of Infectious Disease Emergency Preparedness and Response, Korea
Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: The present report summarizes the key measures and outcomes implemented by the Korea Disease Control and
Prevention Agency (KDCA) during the 2024-2025 season (October 1, 2024-September 11, 2025) to prevent human infection with
avian influenza (AI). It also provides evidence for future preparedness and responses to emerging influenza.

Methods: AI human infection, a Category I National Notifiable Infectious Disease, is mainly transmitted through contact with
infected animals or contaminated environments. The KDCA operated a Central AT Human Infection Response Task Force,
supported local governments, and strengthened One Health collaboration with the MAFRA (Ministry of Agriculture, Food and
Rural Affairs) and the MCEE (Ministry of Climate, Energy and Environment). Primary actions encompassed seasonal influenza
vaccination for Al responders; updated guidelines; three joint ministerial meetings; reinforced hotline operations, newly established
joint field training; and training programs for Al responders.

Results: During the 20242025 season, 52 cases of highly pathogenic AI were reported in poultry, 43 cases in wild birds, and 1 case
in a wild mammal (leopard cat). A total of 7,790 high-risk individuals were placed under a 10-day active surveillance. All suspected
cases tested negative, and no human infections were confirmed. Detection of Al in a wild mammal, along with the persistent global
risk, prompted the KDCA to expand its task force to a year-round system in 2025 and strengthen inter-ministerial collaboration.
Conclusions: Relative to previous season, highly pathogenic avian influenza cases increased from 51 to 96, and the number of high-
risk contacts rose markedly from 3,986 to 7,790 cases; however, the 2024-2025 season concluded with no confirmed human case. The

KDCA will continue One Health-based preparedness to prevent human Al infection.

Key words: Influenza in birds; One Health; Mammals; Zoonoses
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Introduction with Al virus-infected poultry, contact with the droppings of

infected birds, or contact with environments contaminated

Avian influenza (AI) human infection is an infectious dis- by such materials. Under the “Infectious Disease Control and
ease characterized by clinical symptoms such as coughing, Prevention Act,” the Korea Disease Control and Prevention
sore throat, and myalgia, which occurs through direct contact Agency (KDCA) classifies and manages AT human infection as
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Key messages
(D What was known previously?

Conventionally, Korea Disease Control and Prevention
Agency (KDCA) operated the Central avian influenza (Al)
Human Infection Response Task Force primarily during
winter, when animal outbreaks peak, and to date, no hu-
man Al cases have been reported in Republic of Korea.

(@ What new information is presented?

In 2025, highly pathogenic avian influenza (HPAI) activ-
ity persisted through summer and was detected in poul-
try and wild birds, alongside wild mammals. HPAI cases
increased by 45 (from 51 to 96) between the 2023-2024
and 2024-2025 seasons. And a larger number of high-
risk individuals were screened (from 3,986 to 7,790),
despite occurrence of zero human infections.

® What are the implications?

Considering mammalian HPAI infections and the sea-
sonal expansion into summer, the enforced One Health—
based prevention and control efforts are needed.

a Category I National Notifiable Infectious Disease [1].

Al viruses belong to influenza A viruses and primarily in-
fect birds such as chickens and ducks. They can be classified
into highly pathogenic Al, which is associated with high mor-
tality in birds, and low pathogenic Al They are also subdivided
into subtypes, such as HSN1, H7N9, and HON2, according to
surface proteins present on the viral envelope.

The World Health Organization monitors the global occur-
rence of human infection with HSN1 Al According to these
reports, from 2003 to August 25, 2025, a total of 990 human
H5N1 Al cases were reported in 25 countries, with 475 deaths
[2]. In March and April 2024, the United States reported, for
the first time, HSN1 Al infections in dairy cattle and subse-

quent human infections linked to dairy cattle. Subsequently,
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the patients infected through dairy cattle were characterized
by primary complaints of conjunctivitis symptoms [3]. From
2024 through September 16, 2025, a total of 70 human
H5NT1 Al infections associated with dairy cattle and poultry,
along with one death, were reported in the United States [4].

The Centers for Disease Control and Prevention has as-
sessed previously suspected cases of human-to-human trans-
mission as non-sustained and limited, and it considers that
large-scale spread of AI human infection is unlikely given
the limited nature of human-to-human transmission [5,6].
However, outbreaks of HSN1 Al among minks and Arctic fox-
es on fur farms in Europe, marine mammals in South America,
and dairy cattle in the United States demonstrate the potential
for cross-species transmission, the emergence of novel variants,
and the latent risk of AI human infection [7].

In response, the KDCA operates the “Central Al Human
Infection Response Task Force” to ensure the early detection of
AT human infection cases and suppress further spread, thereby
minimizing human and socioeconomic damage. The KDCA
supports local governments’ responses to AI human infection
and, in collaboration with the Ministry of Agriculture, Food
and Rural Affairs and the Ministry of Climate, Energy and
Environment, operates an active One Health-based response
system that proactively addresses risks from the stage of animal
infection to potential human infection.

This report summarizes the major preventive measures,
response activities, and outcomes implemented by the KDCA,
local governments, and other public health authorities during
the period from October 1, 2024, to September 11 of the fol-
lowing year (the 2024-2025 season), as well as during the pre-
paratory period in the summer of 2024. The aim is to provide

an evidence base for more effective preparedness, response,
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and policy development for AT human infection in the future.

Methods

1. Major Preventive Measures for Al Human
Infection in Preparation for the 2024-2025
Season
The KDCA began preparations for the AI Special

Quarantine and Control Period (mainly for winter) in the

summer of 2024. These preparations included seasonal influ-

enza vaccination programs for Al response personnel, educa-
tion for high-risk groups regarding AT human infection, updat-
ing emergency contact networks for local government officials,
and establishing the Central AI Human Infection Response
Task Force. When mainly HPAI outbreaks occur in poultry,
all poultry within a designated radius are culled. Personnel re-
sponsible for Al control measures—such as government or lo-
cal government staff involved in culling operations, as well as
individuals directly participating in culling—are classified as
high-risk groups for AI human infection and are recommend-
ed to receive seasonal influenza vaccinations. Although season-
al influenza vaccines do not prevent Al human infection, vacci-
nation is intended to prevent co-infection with seasonal influ-
enza and Al and to facilitate differential diagnosis in suspected

Al cases. The KDCA has conducted annual seasonal influenza

vaccination programs for Al response personnel. In 2024, after

completing preparatory steps such as demand surveys, confir-
mation of eligible recipients, vaccine procurement, and supply
arrangements, vaccinations were administered through public

health centers from October to December 2024.

The KDCA regularly revises and distributes the “Guidelines

for Response to Category I Infectious Disease: Human

www.phwr.org Vol 19, No 8, 2026

Infection with Avian Influenza” in January each year, which
provide guidance on response methods and procedures for lo-
cal governments, medical institutions, and quarantine stations.
In addition, reflecting characteristics observed in dairy cattle—
associated Al human infections—such as conjunctivitis being
a primary presenting symptom—the guidelines were further
revised and disseminated on October 2024. Furthermore, con-
sidering that many participants in poultry culling operations
are foreign nationals, Al human infection prevention guidance
materials and high-risk group management survey forms were
provided in 14 languages: Korean, English, Chinese, Russian,
Mongolian, Nepali, Thai, Vietnamese, Arabic, Malay, Khmer,
Uzbek, Kazakh, and French [8].

AT human infection prevention training was conducted
(10 sessions total) for central and local government personnel
responsible for implementing prevention measures at culling
sites. In addition, a new Al human infection prevention train-
ing program was established within AI biosecurity capacity-
building training programs of the Ministry of Agriculture,
Food and Rural Affairs, which were conducted 23 times for
farm workers and producer organizations, and this training

was delivered at every session.

2. Key Operation Contents of the Central Al
Human Infection Response Task Force during
the 2024-2025 Season
The KDCA formally launched the operation of the Central

Al Human Infection Response Task Force on October 1,

2024, and encouraged local governments to operate their own

AJ human infection response teams. These efforts aimed to

prevent Al animal infections from leading to human infec-

tions during the winter migratory bird season. The KDCA
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operated its 1339 call center and central situation room 24/7
to respond immediately to reports, address related inquiries,
and, when necessary, share information with relevant officials
through central-local information-sharing systems to resolve
issues. Global trends in Al animal infections and AT human in-
fections were analyzed and discussed on a monthly basis, and
management strategies were adjusted accordingly. In addition,
through on-site deployment to poultry farm culling operations
and telephone support, oversight was provided to ensure that
local governments thoroughly implemented AI human infec-
tion prevention measures.

Although no cases of AI human infection have been re-
ported in the Republic of Korea (ROK) to date, Al infections
in birds continue to be detected, and large-scale culling of in-
fected livestock is ongoing. Accordingly, local governments
and other public health authorities implemented Al human
infection prevention measures for culling participants, such as
screening individuals who were ineligible to participate in cull-
ing, administering seasonal influenza vaccinations, providing
guidance on the use of personal protective equipment, and de-
livering additional infection prevention education prior to par-
ticipation. After participation, active monitoring of high-risk
individuals was conducted for a 10-day incubation period. In
the event of symptom onset, responses were implemented in
accordance with Category I infectious disease procedures, in-
cluding reporting, epidemiological investigation, classification
as a suspected case, and diagnostic testing.

The KDCA also encouraged individuals suspected of
year-round exposure to the Al virus outside of culling-related
high-risk groups to report when ill. Together with local gov-
ernments and medical institutions, all reports of suspected

AT human infections were handled promptly in accordance
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with Category I infectious disease response procedures. In ad-
dition, areas where AI human infections occurred, such as
China, Cambodia, and the United States, were designated as
priority quarantine management areas on a quarterly basis
[9]. Travelers from these regions were screened upon entry
at national airport quarantine stations through fever checks,
Q-CODE, and health questionnaires to identify symptomatic
individuals, conducting diagnostic testing as necessary. For
individuals who developed suspected symptoms after enter-
ing ROK, testing and management were carried out following
Category I infectious disease response procedures after report-

ing through public health centers or the 1339 call line.

3. Key Contents of the One Health—-based

Interministerial Responses

Since AI animal infections have continued to occur in
the ROK and large-scale culling of infected animals has been
widely implemented, the KDCA—in cooperation with agen-
cies responsible for animal disease control such as the Ministry
of Agriculture, Food and Rural Affairs and the Ministry of
Climate, Energy, and Environment, as well as local govern-
ments—thoroughly implemented AI human infection preven-
tion and management measures for culling participants, Al
response personnel, and farm workers. The KDCA also par-
ticipated in countermeasure meetings of the Central Disaster
Management Headquarters for Al led by the Ministry of
Agriculture, Food, and Rural Affairs, to conduct a joint re-
sponse. In addition, through interministerial meetings and
consultative meetings with local governments held in the first
and second halves of 2025, the KDCA shared the status of
responses and made continuous efforts to reflect these dis-

cussions in policy. Moreover, the KDCA participated in the
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semiannual Zoonotic Disease Countermeasure Committee
meetings to discuss the status of AI outbreaks and interagency
collaboration measures. AI human infection-focused train-
ing was conducted as part of joint risk assessment simulation
exercises (Joint Risk Assessment) for interministerial and lo-

cal government practitioners, and zoonotic disease prevention

Poultry | 52 cases N

HPAI | Wild bird | 43 cases I ,/ \
Mammal 1 case § \

LPAI 575 cases

/@ sej”
2=

Figure 1. Avian influenza cases reported in the Republic of
Korea (2024-2025 season)

Reported figures may change depending on the time of compilation.
HPAI=highly pathogenic avian influenza; LPAI=lowly pathogenic

avian influenza.

2024-2025 season TF
(2024.10.1-2025.9.11)

guidelines were jointly developed and disseminated.

Results

1. Status of Al Animal Infections in the ROK
During the 2024-2025 season, a total of 96 highly patho-
genic Al cases and 575 low pathogenic Al cases were reported
in the ROK (Figure 1). Highly pathogenic Al occurred in 52
poultry cases (49 in poultry farms, 2 in traditional markets,
and 1 in holding facilities), 43 cases in wild birds, and 1 case in
a wild mammal (Figures 1, 2). The single wild mammal case
involved a leopard cat that was found ill in Hwasun County,
Jeollanam-do, on March 16 and died during the rescue pro-
cess. Highly pathogenic AI (H5N1) was finally confirmed on
March 20, 2025. When the 96 cases of highly pathogenic Al
were analyzed by subtype, 95 cases were H5N1, and 1 case was
H5N3. The highly pathogenic HSN3 subtype identified in wild
birds represented the first occurrence of this subtype in the
ROK (Figure 2). Through culling conducted in response to Al

outbreaks at poultry farms, approximately 6.71 million poultry

2025-2026 season TF
(2025.9.12~)
> «—>

9_
[ Poultry (H5N1)
81 Il Poultry holing area (H5N1)
74 ] Wild bird (H5N1)
[ Wild bird (H5N3)
3 67 B Traditional market (H5N1)
13, 5 [1 Wild leopard cat (H5N1)
= 47
T 3
2_
1- I
O_ T T T T T T T T T T T T T T
123 45(1234|1234(12345[1234(1234|12345|1234|1234(12345[123412
Oct. Apr. May. Jun. Jul. Aug. Sep.
2024 2025

Date of sample collection

Figure 2. Weekly cases of highly pathogenic avian influenza by subtype and place in the Republic of Korea (20242025 season)

TF=task force; HPAI=highly pathogenic avian influenza.
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were culled, including preventive culling.

2. Outcomes of Al Human Infection Prevention
and Management in the ROK

Based on the demand survey conducted in 2024, a total of
30,300 AI response personnel were identified as eligible for
seasonal influenza vaccination. Among them, 28,827 individu-
als (95.1%) completed vaccination from October to December
2024. This represents an increase from the 94.4% the vaccina-
tion coverage recorded during the 2023-2024 season. Reasons
for nonvaccination included individual vaccination outside the
program, leave of absence, departmental transfer, and health-
related reasons.

During the 2024-2025 season, as Al outbreaks occurred
among poultry and wild birds, a total of 7,790 individuals—in-
cluding culling participants, Al response personnel, and farm
workers involved in culling and other disease control activi-
ties—were classified as high-risk groups for AI human infec-
tion. Local governments conducted active surveillance, con-
sisting of telephone follow-ups on days 5 and 10 from the last
exposure. Surveillance was completed without any confirmed
cases of Al human infection. By occupational category, the
high-risk group comprised 5,930 culling-related participants
(including culling workers, disinfection workers, and excava-
tor operators involved in burial activities; 76.1%), 1,562 farm
workers (20.1%), and 298 Al response personnel (3.8%). Of
these individuals, 2,827 were Korean nationals (36.3%) and
4,963 were foreign nationals (63.7%). Foreign nationals from
a total of 31 countries participated, with the largest groups
being from Thailand (2,108 individuals; 27.1%), Mongolia
(664; 8.5%), and Vietnam (653; 8.4%) (Figure 3). During ac-

tive surveillance of high-risk individuals, 12 people developed
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symptoms and were classified as suspected cases; all tested
negative. In addition, 28 individuals who developed symptoms
after visiting areas designated as priority quarantine manage-
ment areas for Al human infection were classified as suspected
cases and tested; all results were negative.

During the 2024-2025 season, highly pathogenic Al out-
breaks continued through June 2025, and in March of the
same year, an unusual occurrence of Al in a wild mammal
(a leopard cat) was detected, indicating changes in outbreak
patterns. Moreover, Al human infection has continued to be
discussed as an infectious disease with high pandemic poten-
tial. In consideration of these circumstances, it was decided to
maintain the continuous operation of the AI Human Infection
Response Task Force during the summer of 2025 without dis-
bandment. In response to the highly pathogenic AI (H5N1)
case detected in a leopard cat in March 2025, collaboration
with relevant ministries, including the Ministry of Agriculture,
Food and Rural Affairs and the Ministry of Climate, Energy,
and Environment, was further strengthened. Efforts were

made to ensure rapid information sharing and efficient joint

Al response personnel and others
298 (3.8%)
|

Other foreigners
1,538 (19.7%)
Farm worker

1,562 (20.1%) Korean

Vietnamese 2,827 (36.3%)

653 (8.4%)

Mongolian

Culling workers etc.”
664 (8.5%)

5,930 (76.1%)

Figure 3. Distribution of avian influenza high-risk groups by
occupation and nationality in the Republic of Korea (2024-
2025 season, N=7,790)

Al=avian influenza. “Culling workers, etc., includes workers
conducting culling activities, disinfection teams, and excavator

operators involved in carcass burial operations.
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response through the operation of real-time information-shar-
ing platforms, regular meetings, and the establishment of joint

training and public communication systems.

Conclusion

During the 2024-2025 season, the first occurrences of
highly pathogenic AI were detected in wild birds on October
2 and in poultry farms on October 29. Compared with the
2023-2024 season, when the first occurrences were reported
on November 27 in wild birds and on December 3 in poultry
farms, these detections occurred earlier. In addition, compared
with the 2023-2024 season, both the number of highly patho-
genic Al cases (from 51 to 96) and the number of individuals
managed as high-risk groups for AT human infection (from
3,986 to 7,790) increased during the 2024-2025 season. In
the 2023-2024 season, there were 32 cases in poultry farms
and 19 in wild birds. Conversely, in the 2024-2025 season,
there were 49 cases in poultry farms and 43 in wild birds, with
the number of cases in wild birds, in particular, increasing by
approximately twofold. In addition, two serotypes were iden-
tified in wild birds (42 cases of H5N1 and 1 case of H5N3);
the highly pathogenic AI H5N3 subtype was confirmed for
the first time in the ROK, and no further cases were detected
thereafter in either poultry or wild birds. As the number of Al
outbreaks in the ROK increased during the 2024-2025 sea-
son, the number of individuals classified as high-risk groups
for Al human infection also increased to 7,790, approximately
double the number (3,986) reported during the 2023-2024
season.

Previously, the Al Human Infection Response Task Force

had been disbanded after the Ministry of Agriculture, Food

www.phwr.org Vol 19, No 8, 2026

and Rural Affairs lowered the Al crisis alert level to “Attention.”
However, during the 2024-2025 season, as highly pathogenic
AT outbreaks continued into the summer and Al was detected
in a wild mammal (a leopard cat), the KDCA decided, through
internal deliberation, to maintain the continuous operation of
the task force without disbandment in order to enable a proac-
tive response. As a result, the KDCA continued rapid response
activities within the task force framework during the summer
of 2025, and advanced preparedness for the 2025-2026 sea-
son was also able to proceed in a more systematic and continu-
ous manner within that same framework.

Amid changes in the patterns of highly pathogenic Al ani-
mal infections—such as Al outbreaks in dairy cattle in the
United States (from 2024 onward), Al cases in domestic cats
in the ROK (2023), Al detection in a leopard cat in the ROK
(2025), and the first occurrence of highly pathogenic H5N3 in
wild birds in the ROK (2024)—and ongoing concerns about
the potential occurrence of AI human infection, the KDCA
strengthened its collaborative framework with the Ministry of
Agriculture, Food and Rural Affairs, the Ministry of Climate,
Energy, and Environment, and local governments to enable
rapid information sharing and joint response. The KDCA
plans to continue efforts to suppress the occurrence of Al hu-
man infection by maintaining ongoing information sharing,
joint training, coordinated responses, and One Health-based
policy decision-making within the framework of continuous

AT Human Infection Response Task Force operations.
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o %9l 2 9 4] golole sHolstqltt. 7| Asky] Au]
o] oRsh A 8% V1%, &4 94 43 5 B VIEE
TEstEte] $87] FW A AP AAHow Y 4

Hiks Eo Y9 AG9e] AtHy,
FETER AFE0) Q7% Sof e FAME 19

6I'e =gt A4
o sl 87194 BA7%

% 493 1,000 m* o49] Rl aFAIL

o2 1919 36 m*/he] &/ FS

TFotE WA E AXGEE A T dom(6

Aol A B7A S Bl 9=
2

air changes per hour (ACH) ©]

A% A UL -

O{N

g AeTgs TS 713155 6 ACH o= AIIst
I QUTH7]. B3 ARIAGE YT 7147 Bkl =
&, 13] 10& o4 AHAEH])
4 AAHE HAE 876 AA 87K m’/h)olv E713
T(ACH)Ol| Hiet F7h= ZtE o] UAA FH8]. AlAEZ]
T(World Health Organization, WHO)<] Z}gH7] 23] T3t
JRAIE Y AT AhoA A &7|F gH o $844S

378

725t Qe

219 98 717 5 A7 2% W o Heg
@ A7t gl wet A 3718 we 2 @19 B2
Kol A F=wskth. Jeut F) 372G HE o
2 A9 AR Fe 4S5, FAAPES FHHos
AN A7 ATl olo] B A7 A4 e
AT = AFTEATNEE PAOR WS A
of #7] A Het

transmission assessment program (K-VENT 3.1)& €&

-

, Korean-virus emission & airborne

3 severe acute respiratory syndrome coronavirus 2 (SARS-
Cov-2) B7105% 918 e 2HRORA BIHHA A B
715 A9l 2AE whstaAR shlTH10].

=1} EH
o =

1. ZAL CHA

£ 9= 202549 49 2395 E 59 2197HK $HER
AARA o AR 71 8 ¢ 7| AT O = ATt Ml
A A RO REA A sk =Rl FAA 23704
oF LRI FFEAENMY 44 E BT F 2770490,
AARA] BAAS] PO} AR FolE do] A% WU X
AFstglet.

ZF A oA daAt A ALgsHe A 118 At

jm=$

d37te] |2 A= A8 B8 M7 (infiltra-
tion)} A}AE7]FF(natural ventilation), 18|21 7| A E7| =k

(mechanical ventilation) 5-° 93l AA =Y, A7 A
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fu

AFR S
(ERE G
E712(m’/h) Y L AR #71315(ACH) L&

]_

WNF ALY b A, B U Ao g, FS WA, 4 2, DG AAEHAE g A FEAE oot
el 2=}, R34 Gof whet gebzcHI0l. Bt T4(m/o)S 38 T AT WNFL the 3AE A
AE =3 ro] 2 Q7% B4 Qs A% & 39 )it oo Aot
2 A% AL, 34 o4 109 vk uk AL, 1049 o4 7
Wt B =¥ AER 7 BRI A AE, A7 B71%H(m’ /h)=8<4(m/s) x F7] E
A, 71 55 Bl v, AW - 9 22, g Ao 9 7] |2 (m?) x 3,600 (s/h)
3 B717F AdH o R 9] - viEEE o0& HYstgl,
7AW, 9E, HAAQu] 55 ol&oto] AT FF A B7|35E K-VENT 3.1& o]&ato] 2Ag|, 714
37 AL FA 5= A o2 Foletgict. Bt HAl 37 Z47+9] ACHE Ab&st3itt
7] W2 AR AlPote B AAR), 7| AZ|RE
AL VAR, & HAE HYchs B BWE 4. 87| 7|1FE L WIK|E
FTELFHE 140 et AW 1,000 m’ o4 w18
Aol Hasr]3 1909 36 m’/hE A5t 9=7
T A - S B A A AAHE A7 =AU 7]
& 2 ACH o] A9 4 Fu7|E0 & Fastyeh &
g AVNAZER TG F71 871 Bk APAF Y &
, 13] 108 ol A )ES 2AF

=

73e] 53(19 3] of
oA A0 A4 8] A S w7kl Bestat

Jo1 A Az]&47](MAGPIE SABER X)
1419

7HK-VENT 3.1)
7|Ant 9= Ay K-VENT

].

3. 2
W7F SHol= 4
AXA F4A (Testo 405-V1: Testo), W B&5A4 9L AbzE #
d(Testo 417, Testo 4170; Testo)= AFE5FHTH Z+ &
A& (m)L golA AgE71E ol&d] o], YH], &ol&
S4oto] Akttt
AAg7|F S Al ZF A9 A9 7HE A7|e AlE 5. A4 ¥
715 @olA AEH 715 ol&sto SHsHAL 5L ¢ 257 AEd F
A of| of2] 7]9] 2ol = BF, e dolE dAlbetitt 3.1& ARgsto] 4 5Hqint. Hhol#{A = SARS-CoV-2 Delta
& 382 K-VENT 3.1914 A A5t = 1A% oS AEsta, AR = 11, 5 52 F2 (resting,
(fixed)', ‘oJ&o]*(awning)’, ‘5&O|H(casement)’, H|A]7] oral breathing), '=& A7 3A|7tO.2 AAotct. &4}
H(sliding)' 47H4] P02 BRI, 49 ¥H 132 e 7 A9 A & QAUolA FAA 182 ALYt 2
K-VENT 3.1004 AAIStAL Q= 19 7AE", 5 7 A AEEE HE2A JEetAN(4AE S =24 3%, 3
T CHAYY, HEEY, SEEFAE MY, TEE JAL =24 27, 29042 24 19), 85 52 74
B(TH MY 67HA] FB L& EFSHch A7t 7t % (resting) &2 A5t
1 FEARE Bt A7 S5m/s)= = QIR g Wl I F&5T o L= AARA] 5ETE
59(2020-20249 59 19-319)9] B+ ¥4 2.26 m/s, ¥
- B 7] A HRL & w 71 17.1CE A&t Ader] s e 32|
g3t u o] Ztzto] dhsf A HFA—F=(%)E AbEsto] ]
379

22 % fdsiel @4
g3l
ARINF 274 A A4 W BE F
At FdE ol8sto] ARt FFE S

47 o

b
Ay
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6. 7 24

QA GAA 23704 A A-W
ol AA,
ofsteirt. Aie7|el BetEr] 24

o)

A2FTEE7H dlae 2

mlm

Bofotgl

BB, CC, DD&

Vg AAAYE A

,

440l FEEH g B

o|e} 95% AlF|H7tE =4 5k]lnt.

Bt Aolo] Ayt 47|15 AS0H] fs
7](Cohens’ d effect size)S AF&
+ foll weh d<0.2 22 a3 27](small), d=

EAM LLOIQQUA| M (n=23) ALTSS LI H|(n=27)
- e eTE (n=4) =
AE A4(4) <3 (41%) 2(8.7) 0 (0.0 2(7.4)
3-10 (¥%h 17 (73.9) 3 (75.0) 20 (74.0)
>10 (=3%) 4 (17.4) 1(25.0) 5 (18.6)
A9 Wit A7 37|35 1.6£1.0 0.8+0.6 1.4+£0.9
A9 A2 873142 (ACH) <2 18 (78.3) 4 (100.0) 22 (81.5)
2-6 5(21.7) 0(0.0) 5(18.5)
>6 0 (0.0) 0 (0.0 0 (0.0)
A9 3] 79 AAgH| 5(21.7) 3 (75.0) 8 (29.6)
1A% 1(4.3) 0 (0.0 1(3.7)
=Sl 17 (73.9) 1(25.0) 18 (66.7)
AAE7] 19 B+ WE(F]) 5.7%2.6 5.3+1.1 55+2.3
A% 19 RIE(3) <3 6 (26.1) 0 (0.0) 6(22.2)
3-6 7 (30.4) 3 (75.0) 10 (37.0)
>6 10 (43.5) 1(25.0) 11 (40.8)
AAg7] 13] FF A7HE) 16.5+11.2 125443 15.4+10.4
23] 13] AIZHE) <10 14.3) 0(0.0) 1(3.7)
10-30 19 (82.6) 4 (100.0) 23 (85.2)
>30 3(13.0) 0(0.0) 3(11.1)
A% Al B A7H 371314(ACH) 1.0+1.0 0.8+0.7 0.9+1.0
AAg7] A7hF %}7] 4(ACH) <2 20 (87.0) 4 (100.0) 24 (88.9)
2-6 3 (13.0) 0(0.0) 3(11.1)
>6 0 (0.0) 0(0.0) 0 (0.0)
71A7] Al Bt A7 7]314=(ACH) 0.410.2 0.1£0 0.4+0.2
71A1Z7| A7t 71314 (ACH) <2 18 (100.0) 1 (100.0) 19 (100.0)
2-6 0(0.0) 0(0.0) 0 (0.0)
>6 0(0.0) 0(0.0) 0(0.0)
71A%7] 73 2] 4 (17.4) 1(25.0) 5 (18.6)
ke Bk 10 (43.5) 0(0.0) 10 (37.0)
SE2+H4E 3(13.0) 0 (0.0 3(11.1)
TheHl7](3) 1(4.3) 0(0.0) 1(3.7)
EShl 5(21.7) 3 (75.0) 8 (29.6)
%) A Aa(%) B Wi+ EZHXL ACH=air changes per hour; 3Z+AF=3244], AQugy| Hy. "2Ae9} 71 AE7S HPsto] g3}
L
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3t 37](medium), d=0.8 & &3} 37](large) 2 HEHE 5= 9L
o}, 574 E40E R 4.2.2 AL ARgsIgon, fol5

p<0.05% 3}t

=0
L

2

1. ZAL Y Al2e] YErY

2 94 274 A48 F A

ke

EX
=1 O

=2 O

= 73

S~

1g A% 7]

N

3-10¢ gut AEo] 2074(74.0%)Z 7 ©3t1, 109 ]
=T AE 5714(18.6%), 39 mIRE A% 2704(7.4%) <=
olith. AA%H] Wik 1Y 63] olido] 11714x(40.8%), 3
B2 A 7| 9 AEg 2]l
=X 8| 215 27|
_ bt ZEX{7}0) e Imk= o|=7to
4914 A 75.0 18.8 6.6 6.2 31.5 0.4 100 1.7
B 670 234 9.2 6.5 39.1 0.6 HeH 7] () -
C 77.2 19.3 0.0 38.9 58.2 0.8 100 1.6
D 96.4 24.1 13.5 36.1 73.7 0.8 70 1.1
G 64.4 16.1 12.2 33.7 62.0 1.0 100 2.0
H 79.1 19.8 70.4 0.0 90.2 1.1 u]/d3] -
I 97.5 14.6 259 66.2 106.7 1.1 s34 -
K 85.2 21.3 60.4 15.9 97.6 1.1 80 1.9
L 82.7 20.7 353 39.8 95.8 1.2 100 1.9
M 62.2 15.6 28.0 40.0 83.6 1.3 70 1.8
N 85.1 29.8 89.3 0.0 119.1 1.4 uld3] -
(0] 59.1 14.8 36.5 33.1 84.4 1.4 100 2.6
P 69.2 24.2 75.5 0.0 99.7 1.4 u]d3] -
Q 720 18.0 89.6 11.7 119.3 1.7 sl -
R 75.4 18.9 74.6 40.0 133.3 1.8 70 2.2
VvV  66.0 16,5 213.3 0.0 229.8 3.5 ]3] -
AA  66.4 16.6 8.1 0.0 24.7 0.4 o] 43 -
CC 649 16.2 22.6 0.0 38.8 0.6 o] -
DD 71.3 17.8 106.8 59 130.5 1.8 T34 -
314 18 65.7 9.9 19.9 24.6 54.3 0.8 T2 -
F 100.1 25.0 14.5 46.7 86.2 0.9 70 1.1
] 57.7 14.4 31.1 19.0 64.5 1.1 I3/ =
S 60.9 15.2 61.6 43.4 120.2 2.0 100 2.9
U 599 15.0 129.3 0.0 144.3 2.4 ]3]
w399 10.0 164.2 18.3 192.5 4.8 100 6.9
BB 58.6 14.7 8.6 0.0 24.3 0.4 ]3] -
2914 T 34.1 8.5 60.1 6.1 74.7 2.2 80 4.4
Z WNF=A7F+A AR NF+7 A S84k QA 71381 4=F |F A A S AA S8 5=(A7F+AA | F+H D u ] <
Z371%) + A% ACH=air changes per hour; CMH=cubic meter per hour, m*/h&} Z-& 9], YA wgly] zF A& FFA7E 7120 & H'F
A7 BE7E e AES A A7 712 ).
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3] o]A} 63] ulet 10712(37.0%), 33] |9k 67H4(22.2%) A
o, 27714 & 21704(77.8%)7F 71 8% B7 A &
Tob= 19 33 ol 2] 7| SESHoith Adg] Al 1
3] A7 10% o4 308 m]uke] 23704(85.2%), 30% ©I
A 3MA(11.1%) 93, 26704x(96.3%)7F 13] 108 o4 715
< THESIATHE 1).

71AE7] ArlE 19704(70.4%)°] A= o] e,
1 % A7) 10714(37.0%), 244 5704(18.6%),
SRS dAuey] ¥ 3704(11.1%), S=H71(#) 1
MA(3.7%) AT WA 87H2:(29.6%) 71A%7] Hu)7t )

At 7] WHOo R = BT 18714(66.7%)E 7HE B

AAZ7|5 Al goke Aol 8704(29.6%)A.2H 174

2(3.7%)1E A7 E7Fs ko] Z1AIZ7] 29 shar Y3
oIt 1).

)

A7rS Q189N A 16.5+11.28, Q8258714

S 267140014 0.9+1.0 ACHAY, 7IAIE7] Au|7} A
= 1978 AA9] 71AS7] Al Bt A7 318 0.4+
0.2 ACHZt. Aol B+ A7tg 37]3l4= 277 Aldd]
A 1.4+0.9 ACHE M, Q1R FAA 237 AL B A7t
 37]314 1.6+1.0 ACH, ®=Q12%FS54E7Y 4714
it A7 8713152 0.8+£0.6 ACHHTHA 1).

I8 FAAE 23704 F 1AE AR /o] 76t

A4S T 5 9o

o 4 J oto] gr)stal 9l
ATHI 1). 7|1AZ7|9Eo. 2 2 ACH o)A} &3 AL ¢l9ich

382

o 317|317} 2 ACH ©oJAHQl A& A 27
Ma F =A2FAA 574(18.5%)HoH, =9l Qg =A)

27H4 SolA= JAAHE 1.

|2 AX|El SZITHH] AV 8713

w
r
e e
El
o
g

W37 AAE Al FAA 13704(A, C, D, F,

K S, T, WellAl 349 7AR %S 7%
o7 E3BY| Al Bt A7HE 871314 1.5+1.1 ACHO|
H, 15 275 (cubic meter per hour, CMH)S 7|F0.2 &
Fe7] Al Bt AP @718l 2.5+ 1.5 ACHRTHE 2).
< B P Y o HE] Al 2
Z3H= AL 2714, TFoH, Agdushy|

A71E 'S oo ThsdtHal 7 e o S Al 2
o]

ALug] A717E o

ACH o]/g- op=

ACH o4 Th5al= A2 6704(G, O, R, S, T, WA THE
2).
4. 7|Aet7| Hadof| w2 ZAEe Y 44 §1t

71A1E7] A7t 2" 19784 ALFAE 18714, =
JAAFZT L7 17445 o2 AAy] S5 &}
A7} 71 A1) B 219 A AEYTEE vl 2
I}, BE AAA 71AZ] B Al A FEYRET A
sttt 7Hg 2 A g Bl AJEL ‘LRIaPAETE &
A7) Al 97.1%01A 71AZ7] BF Al 73.9%= 4
AAETF 23.2%p AASHATHIH 1). AHARH7] dfH] H31%)
7] 279149 dli ZFIIE Hole FFAL WEAL
(Shapiro-Wilk test, p=0.101), g B t-H% 23} B+ =}
Ol& 11.4+6.9%p, p=0.001 (95% confidence interval [CI]:
7.9-14.7), Cohen’s d=0.572 BAZ 2.2 F-9]53iot.

AFqusrE A

o

o
)

gk =Rl FAA 13704(A, C, D, F,
G K L M, O, R S T, WeolA zt dul] o] &7 (7
AI7N)E wEgsto] Al A =S Sstie W 13714
T AAg] gy A 9 A3 =7 AastAti3E D).
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LHRAHE(%)

Fa E

Al At ZAAT =] MY & &

2o 7]k vy
S B AEL wRI8YAE AR ASH] A] 98.7%C1A
71A%7) B A AN E 53.2%2 A AEAD s}
45.5%p ZASHATHIY 1). AFue7|5 AT = F
A 137049 AAgy] oie] B (A ngr] g &
718 220049 oA FAHFE Ao
H(p=0.184), tf-& H¥ t-HH AT} Bt Aol= 33.8+
9.8%p, p=0.001 (95% CI: 28.0-32.6), Cohen’s d=1.28%
SAH R o5ttt

r OI
-

£ AFE A RRIREAAIL S g s A - 7]
A @71 A3, K-VENT 3.1& &-83F9 SARS-
CoV-2 7143t A FFH2Z AARE AL - Al B
ojtt. A A3}, F71 271 B7MIA 275k 1€ 39,
13] 10+ o Arde7) o 22 P9 S42 &7de] 3
2 g8 AldolA FSEI oY, dA 277149 A

d 3 24714:(88.9%)7F AHAg] Al Bt Al 271315 2
ACH mlekolitt. 371 49 o A= B7tol 4

83t Pt QR F5o] vHitT} QIR A3 EAJC 2 WHO
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e

2 ZAA AGug|o A71E T (15 SR
7FeRttta P8RS W AGudr|7 AAE 13704 F 671
4% 2 ACH ©J4}0|9)1, 77/i4% 2 ACH ulHto|Qlt}. o]&
71 2.%7|Fol| A 71AIZ7] Adu] AR Al AY A HE SR
oA P AEAQ] &Y AES A8 A= AT

Ao, K-VENT} 22 =5 &80 AA DA%
B 97] =Y AEst AEud]E AXoh= 29 498
St AIZHG 7|84 E gRlots A7 e TS AARSITE

B A7) AHHL2 AA]|, K-VENT 3.1 Ho]g29] &
5, AR &5 S0 W HolP A HEE, =E3AY T
F =2 AZE 5 7P ghell RidetRE AA AAETt A
o|7} Q& & Utk EA, 2024W0]| FASH T Aol &
S5t | AEor A oA EEE A

ojor

71 H 2 29 SHE S

A AAIZE CO, B 54 52 A 33 5714 Hotet

e A AAste] BA5A

fr
P
32
=

X,
=,
29
)

A AL ohe 2o 7129718 AR

A7 3H71314(ACH) 7123 714|137 Hu] 9R8lE o
Aoz =Qieta, Ay - w7ld A3 - ALad] 5

7140l ek S5 ARk Bart Ak E3L APAA
A AollA 7149l B71%F AS3 BUE P Al=stet
I, 71A7] A R ] Ao i A A - g R
£ vhdsor gtk miAgto s AJd #ejAE qideR VA
3}7] Aujo] AA LF AHY, A A7) A, Sx] e €A
off thet 252 “Fosfor Frh.

K-VENT 7|9te] 4 9ld 4 Wi st of=dols,
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ABSTRACT

Objectives: This study quantitatively evaluated the levels of natural and mechanical ventilation in nursing homes and group homes
in Seosan, the Republic of Korea, and estimated the airborne transmission risk of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) (Delta variant) according to ventilation conditions, with the aim of emphasizing the need for improved ventilation in
infection-vulnerable facilities.

Methods: On-site investigations were conducted in 23 nursing homes and four group homes. Bedroom ventilation rates were directly
measured, and air changes per hour (ACH) were calculated by using supply and exhaust airflow data and room volume. The Korea
Disease Control and Prevention Agency airborne transmission risk assessment tool was also applied to estimate infection risk under a
scenario involving one infectious SARS-CoV-2 Delta variant case and a 3-hour exposure period.

Results: The average frequency of natural ventilation was 5.5+2.3 events per day, with a mean duration of 15.4+10.4 minutes per
event. The mean total ventilation rate in bedrooms was 1.4+0.9 ACH. Only 11.1% of the facilities achieved >2 ACH through natural
ventilation alone, while none achieved >2 ACH through mechanical ventilation alone. In the 19 facilities equipped with mechanical
ventilation systems, combined operation with natural ventilation reduced the estimated infection risk by an average of 11.4+6.9%p
relative to natural ventilation alone (95% confidence interval: 7.9-14.7).

Conclusions: Reliance on natural ventilation alone is insufficient for mitigating airborne infection risk. Thus, enhanced design
and operation of mechanical ventilation systems, together with the adoption of ACH-based standards and mandatory mechanical

ventilation requirements, should be incorporated into evaluation criteria for long-term care facilities.

Key words: Nursing homes; Group homes; Ventilation; COVID-19; Disease transmission, infectious
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Introduction super-aged society, the demand for long-term care facilities is
increasing rapidly [1]. Residents of these facilities are predomi-

As the Republic of Korea (ROK) transitions into a nantly elderly and are particularly vulnerable to respiratory
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Key messages
(® What is previously known?

Nursing homes and group homes are at high risk for
outbreaks of respiratory infectious disease outbreaks be-
cause older adults reside in crowded, enclosed environ-
ments with prolonged close contact. However, quantita-
tive evidence on actual ventilation levels and the perfor-
mance of mechanical ventilation systems in these facili-

ties remains limited.

@ What new information is presented?

Across 23 nursing homes and four group homes in
Seosan, the mean combined ventilation rate in bedrooms
was 1.420.9 ACH, which is below the 2 ACH standard
recommended for hospital inpatient rooms. Operating
mechanical ventilation in addition to natural ventilation
reduced the estimated infection risk by an average of
11.4£6.9%p. However, in most facilities equipped with
energy recovery ventilators, system capacity was insuf-
ficient for providing the required airflow, or the units
were operated at low fan settings.

(® What are the implications?

Operation of mechanical ventilation systems in long-
term care facilities is a key factor in reducing infection
risk. Strengthening ventilation standards, such as man-
dating mechanical ventilation, establishing minimum ca-
pacity requirements, and promoting higher operational
levels, can systematically reduce the transmission risk of
respiratory infectious diseases.

infectious diseases, such as influenza and coronavirus disease
2019 (COVID-19), owing to underlying medical conditions
and age-related immune decline [2,3]. The shared use of com-
munal spaces, including bedrooms, activity rooms, and dining
areas, by large numbers of residents within enclosed indoor en-
vironments substantially increases the risk of cluster infections
through airborne and droplet transmission [2,4,5].

The Ministry of Land, Infrastructure and Transport’s Rules

www.phwr.org Vol 19, No 8, 2026

on Facility Standards for Buildings [Attached Table 1-6] re-
quire nursing homes, classified under facilities for the elderly
and young with a total floor area of >1,000 m?, to install venti-
lation systems providing 36 m’/h of outdoor air per person [6].
The Ministry of Health and Welfare additionally recommends
a minimum outdoor air ventilation rate of at least 2 air changes
per hour (ACH) and a total ventilation rate of at least 6 ACH,
including recirculated air, for wards and intensive care units [7].
Furthermore, the National Health Insurance Service’s evalua-
tion criteria for long-term care facilities mandate routine ven-
tilation practices (at least three times per day, with a minimum
of 10 minutes of natural ventilation per session) and mainte-
nance of a ventilation checklist; however, they do not include
assessment of actual ventilation rates expressed as volumet-
ric flow (m*/h) or ACH [8]. The World Health Organization
(WHO) guidelines on natural ventilation likewise emphasize
the importance of ensuring adequate ventilation in healthcare
facilities for infection prevention and control [9].

The recurrence of large outbreaks in long-term care fa-
cilities during the COVID-19 pandemic has underscored the
critical importance of indoor air quality management and ad-
equate ventilation. However, studies that directly measure nat-
ural and mechanical ventilation rates and quantitatively assess
infection risk in Korean long-term care facilities remain lim-
ited. Accordingly, this study aimed to evaluate the ventilation
status of nursing homes and group homes in Seosan City by
measuring ventilation rates and to provide evidence to inform
improved ventilation standards for infection-vulnerable facili-
ties through estimation of airborne transmission risk of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) us-
ing Korean-virus emission & airborne transmission assessment

program (K-VENT 3.1) [10].
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Methods

1. Study Sites

This study was conducted between April 23 and May 21,
2025, and targeted long-term care facilities in Seosan City,
Chungcheongnam-do Province, ROK. A total of 27 facilities
were included, comprising 23 nursing homes and 4 group
homes, all of which are classified as medical welfare facilities
for the elderly under the Welfare of Senior Citizens Act. On-
site surveys were performed with the cooperation of the Seosan
Health Center and with informed consent obtained from facil-
ity directors.

At each facility, one bedroom routinely occupied by resi-
dents was selected for assessment; if an energy recovery ven-
tilator (ERV) was installed, that bedroom was additionally
evaluated. General facility characteristics were systematically
collected, including building age (categorized as new, general,
or old), the presence and type of mechanical ventilation sys-
tems, and bedroom ventilation mode (natural, mechanical, or

combined).

2. Definition of Ventilation Methods

The ventilation rate within the target space is determined
by air infiltration through building envelope leakage, natural
ventilation, and mechanical ventilation. Infiltration and natural
ventilation rates vary according to building age, floor plan and
window type, window area, indoor-outdoor temperature dif-
ferences, and outdoor wind speed [10].

For the purpose of estimating infiltration, building age was
categorized as new (<3 years since construction), general (=3
to <10 years), or old (=10 years). Natural ventilation refers to

the unforced inflow and outflow of air through windows, gaps,

388

and vents driven by wind, indoor-outdoor temperature differ-
ences, and pressure gradients. Mechanical ventilation refers to
systems that maintain controlled airflow and air exchange rates
using components such as fans, ducts, and ERVs. Bedroom
ventilation methods were classified as “natural ventilation”
when only natural ventilation was used, “mechanical ventila-
tion” when only mechanical ventilation was used, and “com-

bined ventilation” when both methods operated concurrently.

3. Measurement of Ventilation Rate (m*/h) and

Calculation of ACH

Ventilation rates were measured using a laser rangefinder
(MAGPIE SABER X), a hot-wire anemometer (Testo 405-V1,
Testo), and a vane anemometer with a square funnel (Testo
417 and testo 4170, Testo). The volume (m?) of each bedroom
was calculated by measuring room length, width, and height
with the laser rangefinder.

For natural ventilation assessment, the horizontal and ver-
tical dimensions of windows in each bedroom were measured
using the laser rangefinder. When multiple windows were lo-
cated on the same wall, their lengths were summed.

Window types were classified into four categories accord-
ing to K-VENT 3.1: fixed, awning, casement, and sliding.
Bedroom floor plan types were categorized into six types de-
fined in K-VENT 3.1: one-sided open, composite open, dou-
ble-sided open, single-loaded corridor, double-loaded corridor
(one-sided open), and double-loaded corridor (double-sided
open). All operable windows were fully opened, and the aver-
age outdoor wind speed (m/s) was measured using the hot-
wire anemometer.

For mechanical ventilation, the hourly airflow rate was

measured at all supply and exhaust vents within each bedroom
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using a vane anemometer with a square funnel. When an ERV
was installed, the average air velocity (m/s) was measured us-
ing a hot-wire anemometer, and the hourly ventilation rate was

calculated using the following equation:

Ventilation rate (m*/h)=air velocity (m/s)xsupply or

exhaust area (m”)x3,600 (s/h).

ACH for both natural and mechanical ventilation were calcu-

lated using K-VENT 3.1.

4. Ventilation Standards and Evaluation Criteria
According to regulations of the Ministry of Land,
Infrastructure and Transport, nursing homes with a total floor
area of 21,000 m” are required to provide a ventilation rate of
36 m’/h per person. The guideline-recommended minimum
outdoor air intake rate of at least 2 ACH, specified for hospital
wards and intensive care units, was adopted as the reference
standard for evaluating bedroom ventilation. In addition, the
ventilation management guidelines prescribed in the National
Health Insurance Service’s Detailed Enforcement Rules for the
Evaluation and Management of Long-Term Care Facilities—
which require natural ventilation at least three times per day
for a minimum of 10 minutes per session—were applied to as-

sess routine ventilation practices in the surveyed facilities.

5. Infection Risk Assessment (K-VENT 3.1)

The risk of airborne transmission of respiratory infec-
tious diseases was estimated using K-VENT 3.1, developed
by the Korea Disease Control and Prevention Agency. Model
parameters were defined as follows: the SARS-CoV-2 Delta

variant was selected as the target virus; one infected individual

www.phwr.org Vol 19, No 8, 2026

was assumed; the activity level was set to resting (oral breath-
ing); and the exposure duration was 3 hours. The number of
exposed individuals was determined by subtracting the single
infected individual from the maximum occupancy of each
bedroom, resulting in facility-specific exposure scenarios (e.g.,
three exposed individuals in a four-person room, two in a
three-person room, and one in a two-person room).

External environmental parameters included outdoor wind
speed and ambient temperature. Five-year (2020-2024) May
averages for Seosan City—?2.26 m/s for wind speed and 17.1°C
for temperature—were applied. The estimated infection risk
(%) was calculated for each scenario and compared between

natural ventilation and combined ventilation conditions.

6. Statistical Analysis

The 23 nursing homes were labeled A through W, and
the four group homes were labeled AA, BB, CC, and DD.
Normality of the differences in estimated infection risk be-
tween natural ventilation and combined ventilation conditions
was assessed using the Shapiro-Wilk test. When the normal-
ity assumption was satisfied, a paired t-test was performed to
estimate the mean difference and its 95% confidence interval
(CI) between the two ventilation conditions. Effect size was
quantified using Cohen’s d to evaluate the magnitude of the
difference between natural and combined ventilation. Cohen’s
d-values were interpreted as small (<0.2), medium (0.5), and
large (=0.8). All statistical analyses were conducted using R

version 4.2.2, with statistical significance defined as p<0.05.
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Results

1. General Characteristics of the Study Sites
Among the 27 study sites, 20 facilities (74.0%) were clas-
sified as general buildings with 3-10 years of use, five (18.6%)

as old buildings with more than 10 years of use, and two (7.4%)

as new buildings with less than 3 years of use. The frequency of
natural ventilation was >0 times per day in 11 facilities (40.8%),
>3 to <06 times per day in 10 facilities (37.0%), and <3 times
per day in six facilities (22.2%). Overall, 21 of the 27 facilities
(77.8%) met the long-term care facility evaluation requirement

of natural ventilation at least three times per day. The duration

Table 1. General characteristics of the facilities
Characteristic hor’:l]l;r?;n:%:g) GrOl(an=2§)me Total (n=27)
Building type (yr) <3 (new) 2(8.7) 0(0.0) 2(7.4)
3-10 (standard) 17 (73.9) 3(75.00 20 (74.0)
>10 (old) 4(17.4) 1(25.0) 5 (18.6)
Mean hourly combined ventilation rate’ room (ACH) 1.6£1.0 0.8%0.6 1.4+0.9
Hourly combined ventilation rate’ room (ACH) <2 18 (78.3) 4(100.0)0 22(81.5)
2-6 5(21.7) 0(0.0) 5(18.5)
>6 0(0.0) 0(0.0) 0(0.0)
Ventilation method in residents’ room Natural only 5(21.7) 3 (75.0) 8 (29.6)
Mechanical only 1 (4.3) 0 (0.0) 1(3.7)
Combined” 17 (73.9) 1(25.00 18(66.7)
Mean number of natural ventilation events per day (times) 5.7£2.6 5.3%1.1 55+23
Daily frequency of natural ventilation (times) <3 6 (26.1) 0 (0.0) 6(22.2)
36 7 (30.4) 3(75.00 10(37.0)
=6 10 (43.5) 1(25.00 11 (40.8)
Mean duration of natural ventilation per event (min) 165+11.2 12.544.3 1544104
Duration of natural ventilation per event (min) <10 1(4.3) 0 (0.0) 1(3.7)
10-30 19 (82.6) 4 (100.0) 23 (85.2)
=30 3(13.0) 0(0.0) 311D
Mean hourly natural ventilation rate (ACH) 1.0£1.0 0.8+0.7 0.9+1.0
Hourly natural ventilation rate (ACH) <2 20 (87.0) 4(100.0) 24 (88.9)
2-6 3(13.0) 0(0.0) 3(11.1)
=6 0 (0.0) 0 (0.0) 0 (0.0)
Mean hourly mechanical ventilation rate (ACH) 0.4+0.2 0.1£0 0.4+0.2
Hourly mechanical ventilation rate (ACH) <2 18 (100.0) 1(100.0) 19 (100.0)
2-6 0 (0.0) 0 (0.0) 0(0.0)
=6 0(0.0) 0(0.0) 0 (0.0)
Mechanical ventilation system HVAC system 4(17.4) 1(25.0) 5(18.6)
Heat recovery ventilator 10 (43.5) 0(0.0) 10 (37.0)
HVAC+ERV 3(13.0) 0 (0.0) 3(11.1)
Exhaust fan only 1(4.3) 0(0.0) 1(3.7)
Not installed 5(21.7) 3(75.00  8(29.6)
Unit: number (%) or meantstandard deviation. ACH=air changes per hour; HVAC=heating, ventilation, and air conditioning; ERV=energy
recovery ventilator. “Combined ventilation refers to the concurrent use of natural and mechanical ventilation.
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of natural ventilation per session was 210 to <30 minutes
in 23 facilities (85.2%) and >30 minutes in three facilities
(11.1%), with 26 facilities (96.3%) meeting the minimum cri-
terion of 10 minutes per session (Table 1).

Mechanical ventilation systems were installed in 19 fa-
cilities (70.4%), including 10 facilities (37.0%) equipped
with ERVs, five (18.6%) with heating, ventilation, and air-
conditioning(HVAC) systems, three (11.1%) with both HVAC
systems and ERVs, and one (3.7%) with a simple exhaust fan.
The remaining eight facilities (29.6%) had no mechanical ven-
tilation systems. Combined ventilation was the most common
ventilation mode, observed in 18 facilities (66.7%), followed
by natural ventilation alone in eight facilities (29.6%) and me-
chanical ventilation alone in one facility (3.7%), where natural

ventilation was not feasible (Table 1).

2. Natural and Mechanical Ventilation and ACH in

Bedrooms by Facility

The mean daily frequency of natural ventilation was
5.7+2.6 times in nursing homes and 5.3£1.1 times in group
homes. The mean duration per natural ventilation session was
16.5+11.2 minutes in nursing homes and 12.5+4.3 minutes
in group homes (Table 1). The mean ACH during natural
ventilation was 0.9+1.0 across 26 facilities, whereas the mean
ACH during mechanical ventilation was 0.4+0.2 across 19 fa-
cilities equipped with mechanical ventilation systems. Overall,
the mean bedroom ACH was 1.4+0.9 across all 27 facilities;
nursing homes averaged 1.6+1.0 ACH, while group homes av-
eraged 0.8+0.6 ACH (Table 1).

One of the 23 nursing homes had no natural ventilation
because the windows were non-operable.

Only three facilities (11.1%) achieved an air change rate

www.phwr.org Vol 19, No 8, 2026

of at least 2 ACH through natural ventilation alone; in these
facilities, windows were kept continuously open to maintain
ventilation (Table 1). No facilities met the >2 ACH criterion
through mechanical ventilation alone.

Overall, five nursing homes (18.5%) achieved at least 2

ACH in bedrooms, whereas none of the group homes met this

threshold (Table 1).

3. ACH in Spaces with ERV Installation

Based on measured mechanical ventilation rates in 13
nursing homes equipped with ERVs (A, C, D, F, G, K, L, M, O,
R, S, T, and W), the mean ACH under combined ventilation
conditions was 1.5+1.1. In contrast, the mean ACH calculated
using the certified ventilation capacity (cubic meters per hour)
was 2.5+1.5 (Table 2).

When ERVs were operated at a low or weak setting, only
two facilities (S and T) achieved at least 2 ACH under com-
bined ventilation. Under the assumption that ERV's were oper-
ated at a medium setting or higher, six facilities (G, O, R, S, T,
and W) met the 22 ACH criterion during combined ventila-

tion (Table 2).

4. Reduction in Infection Risk with Concurrent

Mechanical Ventilation

Estimated infection risk was compared between natural
ventilation alone and combined natural and mechanical ven-
tilation in 19 facilities equipped with mechanical ventilation
systems (18 nursing homes and one group home). In all fa-
cilities, the estimated infection risk decreased when mechani-
cal ventilation was applied concurrently. The largest reduction
was observed in nursing homes I, where the estimated infec-

tion risk decreased by 23.2%p, from 97.1% under natural
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Table 2. Ventilation rates and air changes per hour by facility
Measured ventilation Certified ventilation
Room o Natural ~ Mechanical Total ACH based o ACH based
Bedroom  volume Infiltration ventilation ventilation  ventilation on measured Ce"'f'eg on measured
(m?) \ggﬁf volume volume volume total volume vz)(l:l'J\AmH% certified
(m3/h) (m®/h) (m®/h) (ACH) volume (ACH)
4 A 75.0 18.8 6.6 6.2 315 0.4 100 1.7
B 67.0 23.4 9.2 6.5 39.1 0.6 Exhaust fan only -
C 77.2 19.3 0.0 38.9 58.2 0.8 100 1.6
D 96.4 24.1 13.5 36.1 73.7 0.8 70 1.1
G 64.4 16.1 12.2 33.7 62.0 1.0 100 2.0
H 79.1 19.8 70.4 0.0 90.2 1.1 Not installed -
I 97.5 14.6 259 66.2 106.7 1.1 HVAC system -
K 85.2 21.3 60.4 159 97.6 1.1 80 1.9
L 82.7 20.7 353 39.8 95.8 1.2 100 1.9
M 62.2 15.6 28.0 40.0 83.6 1.3 70 1.8
N 85.1 29.8 89.3 0.0 119.1 1.4 Not installed -
@) 59.1 14.8 36.5 33.1 84.4 1.4 100 2.6
P 69.2 24.2 75.5 0.0 99.7 1.4 Not installed -
Q 72.0 18.0 89.6 11.7 119.3 1.7 HVAC system -
R 75.4 18.9 74.6 40.0 133.3 1.8 70 2.2
\Y 66.0 16.5 213.3 0.0 229.8 3.5 Not installed -
AA 664 16.6 8.1 0.0 24.7 0.4 Not installed -
CcC 64.9 16.2 22.6 0.0 38.8 0.6 Not installed -
DD 713 17.8 106.8 59 130.5 1.8 HVAC system -
3 E 65.7 9.9 19.9 24.6 54.3 0.8 HVAC system =
F 100.1 25.0 14.5 46.7 86.2 0.9 70 1.1
J 57.7 14.4 31.1 19.0 64.5 1.1 HVAC system =
S 60.9 15.2 61.6 43.4 120.2 2.0 100 2.9
U 59.9 15.0 129.3 0.0 144.3 2.4 Not installed =
i 39.9 10.0 164.2 18.3 192.5 4.8 100 6.9
BB 58.6 14.7 8.6 0.0 24.3 0.4 Not installed =
2 T 34.1 8.5 60.1 6.1 74.7 2.2 80 4.4
Total ventilation volume=infiltration volume+natural ventilation volume+mechanical ventilation volume; ACH based on measured total
volume=total ventilation volume+room volume; ACH based on certified volume=(infiltration volume+natural ventilation volume+certified
volume)+room volume; ACH=air changes per hour; CMH=cubic meter per hour (m*/h); HVAC=heating, ventilation, and air conditioning.
Calculations based on the “medium” fan setting for each product; when information for the medium setting was unavailable, the “high”
setting was used.

ventilation alone to 73.9% with combined ventilation (Figure
1). The difference in estimated infection risk between natural
ventilation alone and combined ventilation satistied the nor-
mality assumption (Shapiro-Wilk test, p=0.101). A paired t-

test demonstrated a statistically significant mean reduction of
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11.4+6.9%p (p=0.001, 95% CI: 7.9-14.7), with a moderate
effect size (Cohen’s d=0.57).

When infection risk was recalculated for the 13 nursing
homes equipped with ERVs (A, C, D, F, G, K, L, M, O, R, §,

T, and W), assuming operation at the maximum ventilation
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Figure 1. Estimated risk of respiratory infection in bedrooms by facility and mechanical ventilation status

capacity (high setting), the estimated infection risk decreased
in all facilities compared with natural ventilation alone (Figure
1).

When the maximum ventilation capacity was applied, the
largest reduction in estimated infection risk was observed in
nursing homes A, where the risk decreased by 45.5%p, from
98.7% under natural ventilation alone to 53.2% with com-
bined ventilation (Figure 1). The differences in estimated in-
fection risk between natural ventilation alone and combined
ventilation under the maximum ERV ventilation scenario
satisfied the normality assumption (p=0.184). A paired t-
test demonstrated a statistically significant mean reduction of
33.8+9.8%p, p=0.001 (95% CI: 28.0-32.6), with a large effect
size (Cohen’s d=1.28), across the 13 nursing homes equipped

with ERVs.

Discussion

This study conducted a survey-based assessment of natu-
ral and mechanical ventilation rates in elderly medical welfare

facilities in Seosan City and quantitatively evaluated the risk of

www.phwr.org Vol 19, No 8, 2026

airborne transmission of SARS-CoV-2 using the K-VENT 3.1
program. The findings indicate that behavior-based ventila-
tion management guidelines, such as natural ventilation at least
three times daily for a minimum of 10 minutes per session,
as required in long-term care facility evaluations, were met in
many facilities. However, despite adherence to these operation-
al criteria, 24 of the 27 facilities (88.9%) exhibited an average
bedroom air change rate below 2 ACH during natural ventila-
tion. Although the average outdoor wind speed applied in the
infection risk assessment exceeded the 1 m/s value suggested
in the WHO guidelines for natural ventilation, reflecting the
coastal geographical characteristics of the study area, adequate
air exchange could not be reliably ensured through ventilation
frequency and duration alone [9]. These findings highlight the
substantial variability in factors influencing natural ventilation
performance across facilities, including window size, degree of
window opening, and outdoor wind speed and temperature.
The mean bedroom ACH was 1.4+0.9, underscoring the
importance of mechanical ventilation as a key measure for re-
ducing infection risk. Compared with natural ventilation alone,

the addition of mechanical ventilation reduced the estimated

393


http://www.phwr.org

I Public Health Weekly Repo: ’\

infection risk by an average of 11.4+6.9%p, with a maximum
reduction of 23.2%p observed in individual facilities.

When ERVs were assumed to operate at their maximum
ventilation capacity, the estimated infection risk across the 13
nursing homes decreased by an average of 33.8+9.8%p rela-
tive to natural ventilation alone, with a maximum reduction of
45.5%p.

The magnitude of these reductions was supported by effect
size analysis, with Cohen’s d-values of 0.57 for measured ven-
tilation rates and 1.28 for maximum ventilation rates. These
effect sizes indicate that the observed reductions in estimated
infection risk were not only statistically significant but also of
practical relevance.

Although ERVs are typically operated at a low setting dur-
ing routine conditions, it is critical to strengthen infection con-
trol by increasing operation to medium or high settings during
outbreaks of respiratory infectious diseases to minimize trans-
mission risk.

In this survey, when ERVs were assumed to operate at a
medium setting corresponding to the certified ventilation rate,
only six of the 13 facilities equipped with ERV's achieved a bed-
room ventilation rate of at least 2 ACH, whereas the remaining
seven facilities did not meet this threshold. This finding likely
reflects the practice of installing mechanical ventilation systems
with uniform capacities in long-term care facilities without ad-
equate consideration of room volume. These results highlight
the need for procedures to verify whether required ACH levels
can be achieved by reviewing outdoor air intake at the design
stage, using assessment tools such as K-VENT, when installing
ERVs.

This study has several limitations. First, K-VENT 3.1 is sen-

sitive to assumed input parameters, including virus type, virus
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emission rates associated with the infected individual’s activity
level, and the respiratory rate and exposure duration of suscep-
tible individuals; consequently, estimated infection risks may
differ from actual transmission outcomes. Second, real-time
CO, concentrations were not measured concurrently. Unlike
the 2024 study Measuring Ventilation and Contamination in
Long-term Care Hospitals to Study Improvements, this limita-
tion precluded direct correlation of ventilation rates with in-
door air quality indicators [11]. Third, ventilation rates were
not measured under medium or high ERV operating settings,
preventing direct comparison between measured ventilation
performance and certified ventilation capacity. Despite these
limitations, the findings consistently indicate that natural ven-
tilation alone was insufficient in many facilities and that con-
current operation of ERVs is necessary to achieve a stable and
adequate air change rate.

The policy implications of this study are as follows. First,
there is a need to gradually introduce air change rate (ACH)
standards and mandatory mechanical ventilation require-
ments into the evaluation criteria for long-term care facilities,
with grading systems differentiated by ventilation approach,
such as natural ventilation, exhaust fan installation, and ERVs.
Second, regular measurement and monitoring of ventilation
performance should be institutionalized at the local govern-
ment level, accompanied by financial support and incentive
mechanisms for mechanical ventilation upgrades and equip-
ment replacement. Third, training programs for facility man-
agers should be strengthened to improve competency in deter-
mining appropriate ventilation capacities, selecting operational
settings, and implementing proper maintenance of mechanical
ventilation systems.

In addition, extending K-VENT-based infection risk
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estimation to other multi-use facilities, including schools, day-
care centers, and welfare facilities for persons with disabilities,
could support the development of standardized ventilation
management guidelines for community-level infectious disease

preparedness and response.
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QuickStats

Trends in the Prevalence of Obesity, 2015-2024

Prevalence of obesity among Korean adults aged >19 years increased by about 10%p in men (39.7% to 48.8%), while in
women it showed little change (25.9% to 26.2%) between 2015 and 2024 (Figure 1). In 2024, prevalence of obesity was the

highest in men aged 30-59 years and in women aged 60 years and older (Figure 2).
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Figure 1. Trends in the prevalence of obesity, 2015-2024 Figure 2. Prevalence of obesity by age group, 2024

*Prevalence of obesity: proportion of people with body mass index of =25 kg/m”.

* Age-standardized prevalence was calculated using the 2005 Population Projections for Korea.

Source: Korea Health Statistics 2024, https://knhanes.kdca.go.kr/
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