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Original Article

Evaluation of the Predictive Performance of Pragmatic Models
of Respiratory Syncytial Virus Transmission during Winter in the
Republic of Korea

Kyung-Duk Min"* @, Hyun-Kyung Kim? @, Boyeong Ryu® @, Min-Gyu Yoo® @, Jaehoon Kim*

'College of Veterinary Medicine, Chungbuk National University, Cheongju, Korea, “Department of Public Health Sciences, Graduate School
of Public Health, Seoul National University, Seoul, Korea, *Division of Disease Control Research Planning, Department of Data Science,
Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: This study was performed to develop and evaluate statistical and mathematical models for predicting the magnitude of
the seasonal respiratory syncytial virus (RSV) epidemic during winter in the Republic of Korea.

Methods: Models, including the linear regression model, sigmoid function model, and Susceptible-Exposed-Infectious-Recovered
(SEIR) model, were fitted to RSV epidemic data spanning 2015-2024 to explore whether key parameters from each model, including
temperature, humidity, and number of cases, could predict epidemic trends in the early stages of each seasonal epidemic.

Results: The linear regression model performed well in predicting epidemic scale based on early stage information. The sigmoid
function was suitable for forecasting epidemic peak timing. The SEIR model estimated the effective contact rate, but showed limited
ability to predict this parameter using early stage data.

Conclusions: This study demonstrates that simple statistical models can effectively predict RSV epidemic scales, providing valuable

insights for winter healthcare preparation.

Key words: Respiratory syncytial virus; Linear models; Models, statistical; Models, theoretical; Forecasting

*Corresponding author: Kyung—-Duk Min, Tel: +82-43-261-8393, E-mail: kdmin@chungbuk.ac.kr

Introduction

Respiratory syncytial virus (RSV), belonging to the
Pneumoviridae family, causes infections of the respiratory tract
and is highly transmissible through either droplets or direct
contact [1,2]. Although RSV infection is seen in adults, it pri-
marily affects infants and young children, with children under

the age of 2 years accounting for about 50% of all RSV cases

www.phwr.org Vol 18, No 21, 2025

in Republic of Korea. In particular, RSV is the most common
cause of pneumonia and bronchiolitis in infants and young
children [3], and recent studies have reported that the prob-
ability of developing these severe forms of illnesses among in-
fected individuals is 40.9% and 23.8%, respectively [4].
According to the results of inpatient surveillance conducted
by the Korea Disease Control and Prevention Agency (KDCA)

in 218 medical institutions nationwide, RSV prevalence tends
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Key messages
(D What is known previously?

While mathematical and statistical models have been
used to predict respiratory infectious disease epidemic
trajectories, studies on respiratory syncytial virus (RSV)
in Republic of Korea (ROK) remain limited.

@ What new information is presented?

Seasonal RSV epidemic scale and trajectory in ROK can
be predicted using relatively simple statistical models.

® What are implications?

The proposed approach can be utilized to anticipate win-
ter healthcare demands in advance, which is crucial in
ROK.

to peak between the months of December and January and
then decline. However, when policies, such as social distanc-
ing, were implemented in response to the coronavirus disease
(COVID-19) pandemic in 2020, there was a notable absence
of the typical winter epidemic. The infection became prevalent
again in the winter of 2021-2022, with a different trend than
before, and the epidemic peaked around October 2022 and
April 2023 [5,6]. The magnitude of the epidemic also varied
annually.

Winter outbreaks of infectious diseases, including RSV,
lead to a surge in healthcare demand, which can in turn wors-
en healthcare quality and result in increased mortality rates,
particularly in critically ill patients [7]. Thus, it is necessary to
assess the medical demand due to winter infectious disease epi-
demics in advance, especially when the magnitude and timing
of the epidemic fluctuates annually, such as with RSV. Hence,
we sought to develop a statistical and mathematical model that

predicts the number of inpatients sampled during each RSV
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epidemic period and evaluate its predictive performance.

Methods

Through this study, we aimed to develop a model that
could predict the number of inpatients with RSV in surveil-
lance by epidemic season, and more specifically, the timing
and magnitude of outbreaks using the number of hospitalized
cases, temperature, and the humidity at the beginning of the
epidemic. Since RSV is mostly prevalent during the winter sea-
son and the magnitude of epidemics is small when they occur
in other seasons, temperature and humidity were regarded as
predictive factors [8]. In addition, data from January 2015 to
August 2024 were analyzed in this study.

Three types of predictive models were applied to generate
predicted values: a linear regression model, sigmoid function-
based model, and Susceptible-Exposed-Infected-Recovered
(SEIR) model (Table 1) [9-11]. The first model is a statistical
linear model, which extracts the number of patients in the up-
swing period for each epidemic period and log-transforms the
number of patients per week to assess linearity. After fitting a
linear model with the logged number of inpatients as the out-
come variable and the week ID within the epidemic period as
the explanatory variable, we checked whether it was possible
to predict the slope (beta coefficient) of the linear model using
information from the early stages of the epidemic (the initial
number of patients and meteorological factors, such as tem-
perature and humidity). The second model utilizes the sigmoid
function. After extracting the cumulative number of patients
for each epidemic period, verification was performed to test
whether the cumulative values could be fitted with the sigmoid

function, which consists of three parameters: K, r, and t0. K
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Table 1. Models for predicting RSV epidemics

Prediction model Equation

Strengths Limitations

=By+B, (cases)

Cumulative case
=K/(1+exp (-rx(t-t0)))

Sigmoid model

SEIR model ds/dt=—pIS/N
dE/dt=pIS/N-0E
dI/dt=0E-yI

dR/dt=yI

Linear regression model log (number of weekly cases) - Simple to implement and easy
to interpret

- Can utilize early information
such as initial case count

- Captures typical epidemic
curves well

- Suitable for predicting peak
timing

- Mechanistically represents
transmission dynamics

- Enables policy scenario

simulation

- Cannot capture nonlinear
epidemic patterns

- May be inaccurate for
long-term forecasting

- Poor performance if epidemic
does not follow sigmoid shape

- Vulnerable to extrapolation

- Sensitive to initial parameters
(e.g., contact rate)

- Requires many inputs, hard to
calibrate with real data

RSV=respiratory syncytial virus; SEIR=Susceptible-Exposed-Infected-Recovered.

B

Figure 1. Structure of the SEIR mathematical model used in
this study
Pt effective contact rate, 1 /0: latent period, 1 /yi infectious period.

SEIR=Susceptible-Exposed-Infected-Recovered.

represents the cumulative number of patients for each epidem-
ic period, r represents the slope of the epidemic curve, and tO
represents the epidemic peak for each period. After fitting all
three parameters in each epidemic period, we evaluated wheth-
er these parameters could be predicted using the initial infor-
mation of each epidemic (initial number of patients, tempera-
ture, humidity, and other meteorological factors). The third
model is a mathematical model (Figure 1) that was developed
to simulate an actual epidemic by dividing the target popula-
tion into susceptible, exposed, infectious, and recovered groups
within the model. For each epidemic period, a valid effective
contact rate was fitted, and its predictability was assessed based

on the information from the early stages of the epidemic. The

www.phwr.org Vol 18, No 21, 2025

incubation and infectious periods were set to 3 and 2 days, re-

spectively, as reported previously [12].

Results

A total of nine RSV epidemics were confirmed between
January 1, 2015, and August 31, 2024, and the results ob-
tained after extracting and visualizing the increasing periods
are shown in Figure 2. The number of patients per week in
the log-transformed increasing periods showed clear linear-
ity. Upon checking for visibility, they all showed clear linearity.
The coefficient of determination (R?) of the linear regression
model with the number of weeks as the explanatory variable
and different y-intercepts for each epidemic period (a model
with the same slope for all epidemic periods) was 0.968, in-
dicating high suitability. The specific results are presented in
Table 2.

When the cumulative number of patients by epidemic pe-
riod was fitted to a sigmoid function, a very high level of fit-
ness was found (R>>0.997 for nine models). The parameters

derived from each model and the fitted model are presented in
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Figure 2. RSV epidemic curves since 2015
(A) Overall epidemic curve, (B) epidemic curve during the increasing period, (C) log-transformed epidemic curve during the increasing period.

*The numbers in each panel indicate the epidemic wave number. RSV=respiratory syncytial virus.

Table 2. Fitting results of the linear model for log-
transformed RSV cases of increasing period
Coefficient Estimate p-value

Week 0.228  <0.001
Intercept for 1st epidemic period 0.191 0.139
Intercept for 2nd epidemic period 0.389 0.003
Intercept for 3rd epidemic period -0.064 0.619
Intercept for 4th epidemic period -0.002 0.989
Intercept for 5th epidemic period -0.361 0.005
Intercept for Gth epidemic period 2.230  <0.001
Intercept for 7th epidemic period 0.079 0.553
Intercept for 8th epidemic period -0.236 0.104
Intercept for 9th epidemic period -1.811 <0.001

RSV=respiratory syncytial virus.

Figure 3. When a multiple regression model was fitted with the
parameters derived thereafter as outcome variables and tem-
perature, humidity, and the average number of patients over
the first 5 weeks as explanatory variables, the R? values were
0.927,0.997, and 0.997, respectively for the K, r, and t0 val-
ues. In cross-validation, the R* values were 0.762, 0.869, and
0.969, respectively, for the K, r, and tO values.

For the mathematical model employing the SEIR model,
a single effective contact rate was applied to the entire epi-

demic period. As shown in Figure 4, the model-fitting results
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showed different levels of fit for each epidemic period (Figure
4). However, the fit to the peak trend was deemed appropri-
ate overall. When the multiple regression model was fitted with
the effective contact rate derived from the mathematical model
as the outcome variable and temperature, humidity, and the
average number of inpatients over the first 5 weeks as explana-
tory variables, the R” value was 0.774, whereas the R* value in

cross-validation was 0.405.

Discussion

In this study, we explored a method that predicts the num-
ber of RSV hospitalizations during the winter season based
on statistical and mathematical models. Through a statisti-
cal linear model, we found that the number of patients in the
log-transformed increasing period showed a weekly increase
(slope) that did not differ significantly between epidemic pe-
riods. We also confirmed that although the predictive perfor-
mance of the sigmoid function-based model was not high, it
was possible to predict the peak of the epidemic to some extent
by utilizing information from the early stages of the epidemic

(meteorological data and number of inpatients). As a result, if
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Figure 3. Sigmoid function fitting results for the cumulative number of confirmed RSV cases by epidemic period
(A) to (I) represent the nine RSV epidemic waves that occurred since 2015, arranged in chronological order. The circular points indicate the

actual cumulative number of cases, while the curves represent the predictions from the sigmoid model.

we can predict the peak time of the epidemic using the sigmoid of non-pharmacological interventions in the early stages of the

function-based model and use the linear regression model to COVID-19 outbreak, were not directly reflected in the model.

predict the slope of the patient increasing period and magni- In contrast, since the sigmoid function-based model predicts

tude of the epidemic at that point, we may be able to predict the entire epidemic curve with the early epidemic data, these
the peak time of the epidemic and its magnitude using infor- changes may have been indirectly reflected in the initial data,

mation from the first 5 weeks of the epidemic. The mathemati- resulting in a relatively high prediction performance compared

cal model could insufficiently predict seasonal effective contact with the other models.

rates based on early epidemic data. There may be several rea- In conclusion, this study showed that the magnitude of the
sons for the low predictive performance of the mathematical winter RSV epidemic can be predicted using a relatively sim-
model. One reason could be that the changes made to the di- ple statistical model. This prediction will ultimately provide
agnostic methodology of RSV during the study period, as well a basis for estimating the healthcare needs in the winter sea-
as changes in the epidemiological environment, such as an in- son and help set goals for securing hospital beds. In the same
crease in the susceptible population due to the implementation way, it is possible to develop predictive models for seasonal

www.phwr.org Vol 18, No 21, 2025 781
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Figure 4. SEIR model fitting results for the cumulative number of confirmed RSV cases by epidemic period
(A) to (I) represent the nine epidemic waves that occurred since 2015, arranged in chronological order. The black lines indicate the actual

number of cases, while the red lines represent the predictions from the SEIR model. RSV=respiratory syncytial virus; SEIR=Susceptible-

Exposed-Infected-Recovered.

influenza and COVID-19 epidemics, which have high winter
incidence rates. However, the predictive models for these dis-
eases would probably need more variables due to the variable
nature of the viruses, number of vaccinations, and effectiveness
of vaccines that can change over time. In the case of RSV in-
fections, clinical trials for the current treatments and vaccines
are actively underway [13,14]. If these drugs are commercial-
ized, it is expected that this model, which is based on the num-
ber of inpatients, will have a notable impact. In other words,
as vaccines and treatments are further developed in the future,
prediction models will also need to be improved accordingly.

Moreover, in this study, modeling was performed on the entire
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population, without age distinction; however, considering that
RSV has a high incidence rate mainly in infants and children
under 2 years of age, further research is warranted to develop a

model based on different age groups.

Declarations

Ethics Statement: Not applicable.

Funding Source: This study was supported by the
Research Program funded by the Korea Disease Control
and Prevention Agency, through the policy research project

“Prediction of respiratory infectious disease epidemics in the

www.phwr.org Vol 18, No 21, 2025


http://www.phwr.org

I Public Health Weekly Re.:uu’\

winter season” (No. 2024-03-002).

Acknowledgments: None.

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

Author Contributions: Conceptualization: KDM. Data
curation: KDM. Formal analysis: KDM. Funding acquisition:
KDM, HKK. Investigation: KDM, HKK. Methodology: KDM,
HKK. Project administration: KDM. Resources: KDM, BYR,
MGY, JHK. Software: KDM. Supervision: KDM. Validation:
KDM. Visualization: KDM. Writing — original draft: KDM.

Writing — review & editing: KDM, HKK.

References

1. Rima B, Collins P, Easton A, et al. ICTV virus taxonomy
profile: pneumoviridae. ] Gen Virol 2017;98:2912-3.

2. Hall CB, Simées EA, Anderson LJ. Clinical and epide-
miologic features of respiratory syncytial virus. Curr Top
Microbiol Immunol 2013;372:39-57.

3. Park KH, Shin JH, Lee EH, et al. Seasonal variations of
respiratory syncytial virus infection among the children
under 60 months of age with lower respiratory tract in-
fections in the capital area, the Republic of Korea, 2008-
2011. J Korean Soc Neonatol 2012;19:195-203.

4. Kim YE, Kang D, Park JS, Choi EH, Yun KW. Clinical
characteristics and severity of respiratory syncytial virus
infection in Korean children during the post-COVID-19
pandemic period. Infect Chemother 2024;56:83-7.

www.phwr.org Vol 18, No 21, 2025

10.

11.

12.

13.

14.

Kim JH, Kim HY, Lee M, et al. Respiratory syncytial vi-
rus outbreak without influenza in the second year of the
coronavirus disease 2019 pandemic: a national sentinel
surveillance in Korea, 2021-2022 season. ] Korean Med
Sci 2022;37:e258.

So H, Kim KM, Cho EY. Retrospective analysis of clini-
cal patterns and antibiotic utilization in pediatric patients
hospitalized with respiratory syncytial virus pneumonia at
a recently established general hospital. Pediatr Infect Vac-
cine 2024;31:75-82.

Kang E, Jang WM, Shin MS, Lee H, Lee JY. Changes in
the hospital standardized mortality ratio before and during
the COVID-19 pandemic: a disaggregated analysis by re-
gion and hospital type in Korea. ] Prev Med Public Health
2023:56:180-9.

Yusuf S, Piedimonte G, Auais A, et al. The relationship of
meteorological conditions to the epidemic activity of respi-
ratory syncytial virus. Epidemiol Infect 2007;135:1077-90.
Hahs-Vaughn DL, Lomax R. An introduction to statistical
concepts. 4th ed. Routledge; 2020.

Fallach N, Dickstein Y, Silberschein E, et al.; DRIVE-
AB Consortium. Utilising sigmoid models to predict the
spread of antimicrobial resistance at the country level.
Euro Surveill 2020;25:1900387.

Vynnycky E, White R. An introduction to infectious dis-
ease modelling. Oxford University Press; 2010.

Eiland LS. Respiratory syncytial virus: diagnosis, treatment
and prevention. ] Pediatr Pharmacol Ther 2009;14:75-85.
Hammitt LL, Dagan R, Yuan Y, et al.; MELODY Study
Group. Nirsevimab for prevention of RSV in healthy late-
preterm and term infants. N Engl ] Med 2022;386:837-46.
Zou G, Cao S, Gao Z, Yie J, Wu JZ. Current state and
challenges in respiratory syncytial virus drug discovery
and development. Antiviral Res 2024:221:105791.

783


http://www.phwr.org
https://www.routledge.com/An-Introduction-to-Statistical-Concepts/Hahs-Vaughn-Lomax/p/book/9781138650558?srsltid=AfmBOoqS5Xw39CRPfbxoMUgDmojWrXb3-zpPemF8aRZjS0teqHDuDJGG
https://www.routledge.com/An-Introduction-to-Statistical-Concepts/Hahs-Vaughn-Lomax/p/book/9781138650558?srsltid=AfmBOoqS5Xw39CRPfbxoMUgDmojWrXb3-zpPemF8aRZjS0teqHDuDJGG
https://global.oup.com/academic/product/an-introduction-to-infectious-disease-modelling-9780198565765?cc=kr&lang=en&
https://global.oup.com/academic/product/an-introduction-to-infectious-disease-modelling-9780198565765?cc=kr&lang=en&

Check for
updates

XM gD
elSSN 2586-0860
https://doi.org/10.56786/PHWR.2025.18.21.2 Public Health Weekly Report

fleld WEQTXIE(2025) 1

A e AT fsl A AEPAAA

25 AYBye 3y o AP A7) B ATHEFAGSNA Brk AF AP
2 3 %9 APRES FR5uA Bk

o
Ageteet o Axo) BAL APY A2HAAN2029)9 A4 HHL 27T F

Manual) 4th, o= AYSAATAE Y& - Fgost A P2 AR (Biosafety in Microbiological and Biomedical
Laboratories) 6th 5oIA A|AIsH= A8 B7F A2L AL o 9 b3 23] 59 5ol dis] A4 FEd 34| 7]&S w5t

ARt

Aol bRt A &S AEskaL, AAre W BLA e S TAE

4979 Ego] 57| vttt

Q ZMO: A]fﬁ/l% A5 oLA;

¢
:

)
o
ox,
o
N
-
ol
)
é

=
T

N = AEEg> 202449 12 =i of - et A1
AFLESAAECNA Bt hdet AgA 732 A5
ARBEAe e oY o B et HE(HY 9ol A4 FEFHEAH(2025)F M AAd A=
o), ARG EA Y 71T o5 Soll B3t ¥ PR (2025)2 20061 A °1F 421 S S 2
&), AR 0l 26 B v Aest HEEACAM AScte RAAAREAAAME T A U
A e B 2 IS RAAAFAEA FHa A o} - gt A7l A A& AERMA #He 9] VE
S A §7E - AAL 5 =7 AEQHd BEE a¥st AR Z8E HH4,5]
ATH1-3]

Received February 27, 2025 Revised April 30, 2025 Accepted April 30, 2025
*Corresponding author: £E§Z, Tel: +82-43-719-8040, E-mail: sontaejong@korea.kr

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

784 www.phwr.org Vol 18, No 21, 2025


http://www.phwr.org
https://orcid.org/0009-0001-6103-1447
https://orcid.org/0009-0005-0735-9862
https://orcid.org/0009-0008-5590-5487
https://orcid.org/0000-0002-2180-2251
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2025.18.21.2&domain=pdf&date_stamp=2025-5-29
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

I Public Health Weekly Renuu’\

64 A olF 2 o - AE
QP71 2 A e Belo) Az B
al

AT ATLEEA
732 AZH] ) 4B A
QHAAH(2025) ATt A4 B A 712 T
B 79 AR B% L BT 4 Yk HRE AT

o] Tje 2A LG

g 30 =
_YL
LI‘[

of efsh AxAQl 4 ool AEbA
Q) AL A SRR A9l B 9 AINE Austelel 4
33 FGHBA 93 A A HAe 94 st B

AR YR

N

Aa025)) 3EA AT 3 FANAZY

=2 v
AdZ #Fske AFEETAAECIA HAT A 24
Alsstal Add BEebd Bejo Al mgol 2 AL
= 7)Y

QA

=1y EH
o =

A 20199 A B2FAAY A olF, Asfehs
S7ol] W gho] A Fif BEHA TR
2, 74 D 2 A% BHNA sk o=, A, 244

ol BEQHd 71& 52 ARSI did AAREC] sl 2
Z ‘]-o]

MY Axe] Aold, Tl 274 S AT ANE AFEL
sholsiolth
2 1

‘Y E1H (biosafety) =

54 59 nE B 9uH §22 PA] 919 A8

rﬁt i
>.
>,
>
1o
il
ok
)
ogly
2
i)
ol
2
2
N
)
ol
fllo
=
=)
r
P,lﬁ
rr

A R TYH, ok ATFFFAAL P NPT
% 9t e 2ATE 7|27 B,
ARE 4B BRPAAA(2025)0
obd B WE U 4, FA 712 wgetn AHE A5y
7k Q) Qe ek ok, AP Aol s} A

Q1 gauct Sla) @ 7o) lue F2 $AS 4gsha

Y U A=

1

1 I
1 I
1 1
: 4EXSA 5 ssee ||
V| O RA (54 =8 (IACUC) !
! 2TA|A |
| TaM=z

i |
1 1
1 I
1 I
T2 4RI B WE 9 14

A= 10] $RRT F) A

1o
4
N
[
[
E
olrl
=2
re
2
i
il

www.phwr.org Vol 18, No 21, 2025

785


http://www.phwr.org

PHWR

BEHL gt A2 E S8t

[
Seutehe T, el - BT

719 2]

oF EQotetEd - AEAEA 59 Az - &Y A S

w3t HE, 59 HEA I7REE A HEA, HLA

E3F, WHO AdA A=A "< (Laboratory

Biosafety Manual) 4th, "]=F CDC "]/ & - A5 2|5t

994

Y2 2 A (Biosafety in Microbiological and Biomedical

7]

Laboratories) 6th 5OoIA AAlot= APA FEQA =4

M QHHA Y ALE Al 2 ARt

S HART ofl 2 f

0l0

22, AYA BEEAR] A (2025) F8 N AR}

. AHE

OFHRFALY LY 2+
- 00220 Ofet EH o iz 23|
- MEOFHZIALH A HFH

i
=2
)

0|
ol
)
T
>
O_?_l'a
tlo
N
N
o]
ol
2
=L
2L
[o)
K1)
£
[
i)
>
N
|

2. 2loHd "o ofg) 3 7

MAEZA7]F+(World Health Organization, WHO)+=
1983¥ WHO A4 BEetd miwd 7t & 714 wjwpet
MEA A71EE A, 718 2 FAE sidstal 2yl A
A 2 o] gt A& AlSstaAl AAEQhdof gt
A HE e olei7kal gltt. 20209 7i4E WHO 4
T4 A2 mi i Adol A A3l A A fisi4
F7F ZE Y F2E g e® fslol diste] A 54 7]
Hko] B3t floid B7HE B9l mEH AEQHd A7 A

=
Y 9 A AA 99T 2L BE F ARS AT

oft
o

dd A (2025)004 = A3 B7F EARe] of
s R 4, s 4, Ash Al w2 o opE,
FA AdE 9 ol A5 B Al 22 HES] B

318 Aol2e B8 Slovt 518 F15e S0z W )

- WHOA| AIAISHS SI3i) Bt 7|2 243} v
- B AYEOIO|N D, YA BE S ATBEZAR HE 12
T PEe 7 A e % ol 2 Dji

=0 22| 2 2H L AMF S HE LH% =7t
8 0AT 22 7|Z(KF99, KF94 £) 27}
S AI310] Chis Aol S HrEA| 28

Reused from Korea Disease Control and Prevention Agency (httpsi//www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_

n0=726796&act=view) [4]

786

www.phwr.org Vol 18, No 21, 2025


http://www.phwr.org
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_no=726796&act=view
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_no=726796&act=view

O3 3. A8 87 2 2
Adapted from Laboratory biosafety manual. 4th ed. WHO, 2020 [6].

7HA B ELR WeEolA WAoo £PT 4 93 AY

ol 3Hy, ATBFFAA AU 5 W7 Ago] Yt A
SolE A - 5 BT Bk 2NE vwste] HET & U=

= Agstd, s B2 g2 dwt dAE S A
Al S B7F AAE BHEHES vhE e AUs AT
(2 3) [4].

o= A8l 2 S 71Nk A Al SR A ] e
obd &3l 5848 xRt ltHe,71. dlE E°] ol
A 28 o disiM =,
ExYol ol Al faste] AT 7ol AR
H717F o3l A¢ole 29 7ol wobd & glof At
2Rl kz9 gl S/ & At Mk Fgfof otk
A& F7rete] @ed] oS A ez iAol

wohthAL B3 7]%50] ot Zo] ohijek e 4

]

o tigt FAZ &3 B 29o= 7R S (personal

¢

protective equipment) "]28 Ei= FAHTH ARE, £ Ao}

A FAIE 91814 B7F, #E-F A (standard operating

www.phwr.org Vol 18, No 21, 2025

=
T
S0, 494 ) oloE Age

AgAe] oI5 Al 5

T g B A Y RE0] 52X FEE P 4 o]
s

AT ) erA A

=N
0z
11
HT
&

i

st glo] AW ABAAAH025)NHE AR B2
ol e ARE Aol F7FEkeE AYA R 2
AP HFsHe FUAY &4, B, 08, WS EE
J=d §22 WA SAsh /1% L A AUA okt
L Bed Bok A Bok, QlF Beld] Yat 212 Tt
B2 molo] et 9ol Helshs HAL ol &
WA gBbA 915 wejot o2
HHos Sushe
2ok o] 7lzo] Hr), T ABES SI7t AASHA

o)l Aoz BjlE Feoe =H EES B

A]-o]— 31 Al i_i;_sﬂrx% o]

Aoz APH HE

it
[-'O
e
it
1
i
fol
i

o
j83

rlr
I
2
ox
=

787


http://www.phwr.org

PHWR

ARE Hr e st 4 i)
74 =

AA YEGHA - AR HL Tel HYA U IR
o et sy oY $22EE ATBEEAA

(2025)0] WUA HF ATAH ) A 49 L FAYE

A2 Ageha, AGA]

o /st ATYEFAAES] YR Helo] 4%
£80] 712 vhic

HAA =&&

Declarations

Ethics Statement: Not applicable.

Funding Source: None.

Acknowledgments: None.

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

Author Contributions: Conceptualization: JYL, KHO, JHS,
TJS. Data curation: JYL. Investigation: JYL. Methodology:
JYL. Project administration: KHO. Supervision: KHO,
JHS, TJS. Writing — original draft: JYL. Writing — review &
editing: KHO, JHS, TJS.

References

1. Infectious disease control and prevention act, chapter
V. High-risk pathogens [Internet]. Korean Legislation
Research Institute; 2024 [cited 2025 Apr 16]. Avail-

788

10.

11.

able from: https://elaw.klri.re.kr/eng_service/lawView.
do?lang=ENG&hseq=63486

Transboundary movement, etc. of living modified organ-
isms act [Internet]. Korean Legislation Research Institute;
2018 [cited 2025 Apr 16]. Available from: https://faolex.
fao.org/docs/pdf/kor195089.pdf

Biotechnology support act [Internet]. Korean Legislation
Research Institute; 2024 [cited 2025 Apr 16]. Avail-
able from: https://elaw.klri.re.kr/eng_service/lawView.
do?hseq=68534&lang=ENG

Laboratory biosafety guideline [Internet]. Korea Dis-
ease Control and Prevention Agency; 2025 [cited 2025
Apr 16]. Available from: https://www.kdca.go.kr/
board/board.es?mid=a20507020000&bid=0019&list_
n0=726796&act=view

Guidelines for genetic recombinant experiments 2022 [In-
ternet]. Ministry of Health and Welfare; 2023 [cited 2025
Apr 16]. Available from: https://www.kdca.go.kr/board/
board.es?mid=a20302111500&bid=0065&act=view&list_
no=722164

World Health Organization (WHO). Laboratory biosafety
manual. 4th ed. WHO; 2020.

Meechan PJ, Potts J. Biosafety in microbiological and bio-
medical laboratories. Gth ed. U.S. Department of Health
and Human Services; 2020.

Waurtz N, Papa A, Hukic M, et al. Survey of laboratory-
acquired infections around the world in biosafety level
3 and 4 laboratories. Eur J Clin Microbiol Infect Dis
2016:35:1247-58.

Bienek A, Heisz M, Su M. Surveillance of laboratory expo-
sures to human pathogens and toxins: Canada 2016. Can
Commun Dis Rep 2017:43:228-35.

Blacksell SD, Dhawan S, Kusumoto M, et al. Laboratory-
acquired infections and pathogen escapes worldwide be-
tween 2000 and 2021: a scoping review. Lancet Microbe
2024:5:€194-202.

NSF/ANSI 49-2020, biosafety cabinetry: design, con-
struction, performance, and field certification [Internet].
NSF International; 2021 [cited 2025 Apr 16]. Available
from: https://webstore.ansi.org/standards/nsf/nsfansi49
20207?srsltid=AfmBOoqh2g408LsNvtLJnk39Tb2id4B-
89AKlaBqay3pvigO_-H8-alj

www.phwr.org Vol 18, No 21, 2025


http://www.phwr.org
https://www.who.int/publications/i/item/9789240011311
https://www.who.int/publications/i/item/9789240011311

Policy Note

Laboratory Biosafety Guideline (2025) Revision

Ji Yeong Lee @, Kyung—Hwan Oh @, Jeonghwa Shin (), Tae Jong Son*

Division of Biosafety Evaluation and Control, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention
Agency, Cheongju, Korea

ABSTRACT

Objectives: The Korea Disease Control and Prevention Agency sought to revise the Laboratory Biosafety Guideline, creating a fourth
(2025) edition of the Laboratory Biosafety Guideline, to provide updated safe laboratory environment for researchers at domestic
medical and bioscience research institutions.

Methods: Domestic and international biosafety-related laws, regulations, and criteria were investigated and analyzed.

Results: The fourth edition of the Laboratory Biosafety Guideline (2025) was found to provide guidance on international laboratory-
biosafety criteria, such as risk-assessment procedures, accident-prevention policies, and response measures, that corresponded to
the World Health Organization Laboratory Biosafety Manual, 4th edition and the Biosafety in Microbiological and Biomedical
Laboratories, 6th edition of the U.S. Centers for Disease Control and Prevention.

Conclusions: The revised Laboratory Biosafety Guideline (2025) are expected to provide a safe experimental environment for
researchers, with guidelines for preventing both laboratory infections and infectious-material leaks in research facilities handling
pathogens and exposure to pathogens in the community. The guidelines will serve as an excellent reference for researchers managing

laboratory biosafety.
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Introduction

The Korea Disease Control and Prevention Agency
(KDCA) carries out national biosafety management in accor-
dance with the Infectious Disease Control and Prevention Act,
the Act on Transboundary Movement, etc. of Living Modified
Organisms, and the Biotechnology Support Act. This includes
the classification of pathogenic microorganisms into biological

risk groups and management of the permitting and reporting

www.phwr.org Vol 18, No 21, 2025

of biosafety facilities that handle high-risk pathogens and living
modified organisms [1-3].

In December 2024, the KDCA revised the Laboratory
Biosafety Guideline (2025) to provide a safer laboratory en-
vironment for research personnel in domestic biomedical re-
search institutions. Since its initial publication in 2006, the
guidelines have undergone four revisions. Together with the
Guidelines for Recombinant DNA Experiments issued by the

KDCA, they serve as a foundational reference for autonomous
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Key messages
(D What is known previously?

Since 2000, the Korea Disease Control and Prevention
Agency (KDCA) Laboratory Biosafety Guideline have
been used as a standard for the autonomous biosafety
management of medical and bioscience research institu-
tions in the Republic of Korea.

(@ What new information is presented?

The KDCA revised the Laboratory Biosafety Guideline
(2025) to provide safer laboratory environments for re-
searchers at domestic medical and life-science research
institutions. The agency added new information, such as
recommendations for providing a channel for informa-
tion-sharing and participation among members of the
institution during risk assessment, a detailed basis and
reasons for good microbiological practices and proce-
dures, guidelines for safe workspaces and locations when
using biosafety cabinets, and procedures for prioritizing
personal safety in the event of an infectious-substance
spill.

® What are implications?

The revised Laboratory Biosafety Guideline (2025) will
both help provide safe experimental environments for
researchers handling pathogens and conducting genetic
recombination experiments and serve as a robust refer-

ence for researchers managing laboratory biosafety.

biosafety management in Korea’s biomedical research institu-

tions [4,5].

Methods

Since the last revison of the Laboratory Biosafety Guideline
in 2019, we have examined improvements in domestic bio-
safety-related laws, regulations, and guidelines provided

by relevant ministries, in response to the evolving research

790

environment both domestically and internationally. We re-
viewed these materials to identify the differences before and af-
ter recent amendments, their reasonal basis, and the improved

aspects.

Results

Biosafety refers to the containment principles, techniques,
and procedures applied to prevent unintended exposure to or
accidental release of pathogenic microorganisms and toxins [5].
It encompasses both operational elements, such as safety mea-
sures for research personnel, and physical elements, including
facilities and equipment designed to ensure safety. These com-
ponents collectively form the foundation for creating a labora-
tory environment in which the research personnel can conduct
experiments safely.

The revised Laboratory Biosafety Guideline (2025) incor-
porate current domestic biosafety laws and regulations, re-
flect international standards, and provide guidance on an en-
hanced framework for risk assessment. They adopt a risk- and
evidence-based approach rather than a normative one and in-

clude an introductory overview of biosecurity.

1. Update of Domestic and International Biosafety

Laws and Regulations

In Korea, biosafety-related matters are governed by laws,
such as the Infectious Disease Control and Prevention Act
and the Act on the Prohibition of Chemical and Biological
Weapons and Regulation of the Manufacture, Export, and
Import of Specific Chemical Substances and Biological Agents.
These laws regulate the management of designated pathogens,

safety of pathogen handling and related facilities, structure and
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Figure 2. Laboratory Biosafety Guideline (2025) major revisions

- Details of the reason for compliance with GMPP
- Domestic health mask classification criteria (KF99, KF94, etc.)
- PPE for experiments handling pathogens

- Separation of workspaces in a BSC
- Measures to prevent surface contamination by aerosols in a BSC
- Disinfection methods in a BSC

- Ensure personal safety in the event of an infectious substance spill
+ Vaccination cannot replace engineering risk control measures or
other risk control measures

Reused from Korea Disease Control and Prevention Agency (https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_

no=726796&act=view) [4].

roles of biosafety organizations, establishment and operation
of Institutional Biosafety Committees, and biosafety education
and training. The applicable legislation may vary depending on
the type of biological agent handled in the laboratory, whether
human, animal, or plant pathogens (Figure 1).

The Laboratory Biosafety Guideline (2025) have been up-
dated to reflect amendments made to domestic biosafety laws
and regulations since 2019. Key updates include revised quali-
fications for appointing biosafety officers, the expanded list of

high-risk pathogens under the Infectious Disease Control and

www.phwr.org Vol 18, No 21, 2025

Prevention Act, and enhanced training content for personnel
handling such pathogens.

The guideline has also been revised to reflect international
biosafety standards as presented in the WHO Laboratory
Biosafety Manual, 4th Edition, and CDC Biosafety in
Microbiological and Biomedical Laboratories, 6th Edition.
Revisions include detailed updates on: (1) risk assessment pro-
cedures and methods; (2) proper use of personal protective
equipment (PPE) and laboratory biosafety practices; (3) safety

precautions for the operation of biosafety cabinets (BSCs); and
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(4) preventive and responsive measures for biosafety incidents

(Figure 2) [6,7].

2. Enhancement of the Risk Assessment

Framework

Since the initial publication of the WHO Laboratory
Biosafety Manual in 1983, the World Health Organization has
demonstrated global leadership in biosafety by continuously
addressing the emerging issues, technologies, and challenges
in each edition, while providing guidance on good microbio-
logical practices and procedures. The 4th Edition, released in
2020, builds on the risk assessment framework introduced in
the 3rd Edition and emphasizes a transparent, evidence-based
process to ensure that biosafety measures are appropriately
aligned with the actual risks associated with laboratory proce-
dures [6].

The Laboratory Biosafety Guideline (2025) introduce a
standardized cycle for conducting risk assessment, comprising
information gathering, risk evaluation, development and im-
plementation of control measures, and review of both risks and
controls. This cycle is intended to be iterative and consistently
applied within the same context until the risk is reduced to an

acceptable level. The framework also enables a comparison of

Gather information
(hazard identification)/ @

Review risks and . Evaluate
control measures the risks
Select and implement _ Develop a

control measures risk strategy

0 0

Figure 3. The risk assessment framework
Adapted from Laboratory biosafety manual. 4th ed. WHO, 2020 [6].
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the current and previous assessments when changes occur in
the experimental procedures, research activities, or personnel.
This structured approach supports the establishment of a com-
prehensive risk assessment system across all stages of evalua-

tion (Figure 3) [4].

3. Risk- and Evidence—-based Approaches

International biosafety discourse has increasingly shifted
toward emphasizing the importance of safety culture grounded
in risk- and evidence-based approaches, rather than prescrip-
tive approaches [6,7]. For example, while double-gloving is
often considered a protective measure, the guidelines caution
that wearing multiple layers of gloves may compromise man-
ual dexterity, increase the likelihood of handling errors, and
complicate glove removal, thereby elevating the risk of con-
tamination. This highlights that double-gloving alone does not
inherently reduce risk or enhance protection and must be con-
textualized within a broader risk assessment.

Recent reviews of laboratory-associated infections indicate
that most incidents have resulted from human error rather
than malfunctions in engineering controls, such as biosafety
infrastructure or laboratory equipment. Contributing fac-
tors include failure to wear or properly use PPE, inadequate or
disregarded risk assessments, absence of standard operating
procedures, needlestick injuries, and insufficient education or
training among personnel [8-10]. In other words, even with
state-of-the-art infrastructure and sophisticated equipment,
the competence of laboratory personnel and their adherence to
well-established biosafety protocols play a critical role in miti-
gating the likelihood of incidents.

The Laboratory Biosafety Guideline (2025) provide up-

dated guidance on laboratory biosafety practices, the proper
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use of PPE, and precautions for operating BSCs, with the aim
of reducing the risk of biosafety incidents and mitigating their
consequences. These measures are intended to protect both re-
search personnel and the broader research environment (Figure
2). For instance, the guidelines advise against using earphones
in the laboratory, as they may distract users and prevent them
from hearing alarms emitted by equipment or facility systems.
They also emphasize that PPE must be worn even during short
and seemingly simple tasks. In addition, the safe working area
inside a BSC is defined as a minimum of 15 cm behind the
front air intake grille. The use of absorbent pads on the work
surface is recommended to prevent spills from generating aero-

sols [11].

4. Overview of Biosecurity

In a broad sense, the concept of biosafety also includes el-
ements of biosecurity. Accordingly, the Laboratory Biosafety
Guideline (2025) newly incorporate an overview of laboratory
biosecurity. Laboratory biosecurity refers to the physical, in-
formational, and personnel security measures implemented at
both the institutional and individual levels to prevent the loss,
theft, misuse, diversion, or intentional release of pathogens
handled in laboratory settings. The approach to managing bi-
osecurity risks in laboratories closely mirrors and complements
biosafety risk management. As such, the effective execution of
biosafety practices serves as a fundamental basis for laboratory
biosecurity management. However, when biosecurity risks are
identified as severe or numerous, a separate and dedicated bi-

osecurity management system may be warranted [6].

www.phwr.org Vol 18, No 21, 2025

Conclusion

Effective laboratory biosafety and biosecurity management
is essential for protecting both research personnel and the com-
munity from unintended exposure to or release of pathogens
and infectious materials. The Laboratory Biosafety Guideline
(2025) are expected to support the prevention of laboratory-
associated infections and accidental releases of infectious sub-
stances in pathogen-handling research facilities. By doing so,
they aim to foster a safer working environment for research
personnel and reduce the risk of pathogen exposure in the
community. It is hoped that the guidelines will serve as a prac-
tical and effective resource for strengthening biosafety practices

among laboratory professionals.
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QuickStats

Trends in the Prevalence Gap of Current Smoking Tobacco
Products between Cities or Provinces, during 2019-2024

In 2024, the age-standardized rate of current smoking tobacco products among individuals aged >19 years was the low-
est in Sejong-si (15.9%) and the highest in Gangwon-do (24.4%) (Figure 1). The prevalence gap of current smoking tobacco
products between the highest and lowest rates decreased from 10.1%p in 2023 to 8.4%p in 2024 (Figure 1).
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Figure 1. Trends in the prevalence gap of current smoking tobacco products between cities or provinces, 2019-2024

*Prevalence of Current Smoking Tobacco Products (aged =19 years): the percentage of individuals (aged =19 years) who are currently used
either cigarettes, heated tobacco products, electronic cigarettes, or other tobacco products (starting in 2019, question on the use of heated
tobacco products were added to the questionnaire).

Prevalence rates in Figure 1 were age-standardized using the 2005 projected population.

Source: Korea Community Health at a Glance 2024: Korea Community Health Survey (KCHS), https://chs.kdca.go.kr/

Reported by: Yoon-sil Ko @, Division of Chronic Disease Control, Department of Chronic Disease Prevention and Control, Korea
Disease Control and Prevention Agency
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