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(Korean Stroke Cohort for Functioning and Rehabilitation,
KOSCO) A9 13 29 HEF Z3E AR 24E §
& ZA A 14 2% HEF FTEE 20124 8YRE
20159 5€7kA] A= 97l oA HEF T 7L oo
YA B 2 FA HES EAF 10,63678(H 34 8,210
Y, HEE 2,420%) & G717 FAH 2| A% F 7,858
gl BAE LR FSET KOSCOS At R &
E2 oA ==l 7IeHo AHO]. & =22 24 A
+ KOSCO 7] 54 - Fofof 23t 7,858% & T4 3
d Aol 9 715 B7HE AR 473192 dideE S

71 % modified Rankin scale (mRS) [10]°] 0-4&2 34
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YRUE 2 2 L1258

(n=10,636)

A2l CHARRE (n=2,626)
» - ZOIHE (n=2,275)
v - 0] 2% X A (n=351)

KOSCO 7 20f 2

(n=8,010)

v
B

7| 48 & 50| 28] (n=152)

v

F71 23 ZA EH0] 59

(n=7,858)

H|2| CHAZA} (n=3,303)
» - Al2f (n=1,121)
v - 2HZA}7{E (n=2,182)

HES LY 3 Al oAt

(n=4,731)

gy 314 A| modified
Rankin scale (mRS)

v v
0<mRS<4 mRS=5
(n=4,431) (n=300)

[
v

v

SYH Y BE AU B
0<mRS=<1 (n=3,266)

HISZY A4 BE 28 B
2<mRS<4 (n=1,165)

Aol thAlf (n=238)
- M (n=34) «
- ZHZA AR (n=238)

H|2| CHAMAL (n=170)
- AR} (n=41)
- 2 ZAAHE (n=129)

A 4

Y LS

u

A AIH CHHE L 2t Tt
(n=4,023)

¥

‘ BN ZEHE E2H AU BHE ’

A0 ZEHE H|S A U4 EE
234 B2 (n=995)

Hr

I g 2 EEE
KOSCO=Korean Stroke Cohort for Functioning and Rehabilitation.

Qlston, F4HF A% JL = Charlson comorbidity index2]
combined condition- and age-related score (CCAS) [11]2
7kt HEF A 715 52 mRSE AREsto] B7tst
At Eo HEF EH H I 7L HEF T 5= A
skt 2 349 A9 b A 75 Bk A 7)ol |
3t Korean Mini-Mental State Examination (K-MMSE) [12],
25715 tgt Fugl-Meyer Assessment [13], °]% 7]l
2t Functional Ambulatory Category (FAC) [14], American
Speech-Language-Hearing Association National Outcome
Measurement System Swallowing Scale (ASHA-NOMS) [15]
< 538 4321715 B7}, Korean Version of the Frenchay
Aphasia Screening Test (K-FAST) [16]€ &3 10175 ¥

7Ve 1:1 A B7HE &l Al¥sktt. Geriatric depression

www.phwr.org Vol 17, No 42, 2024

scale-short form (GDS-SF) [17]& &3t HEXAME A5}

of JH +22 WA,

Z,\__
s A A IS A8 A45F M= independent t-
test, 7Y Wee 7olAlE A4S ARSI, A5 |
HEg W A RE
(#Ee)=2 7I&stAt. 7Is Ast AL 715
79| $AA Aolg Hols W fisjAs SEHHEFE 7

s Aot @A R A & olRY EAAH 3]FE A (binary
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logistic regression analysis) &

L =94 w42 FZE59) pato] 0.05 19He EAH 0

L H5 OT =

HA A 4,02389 HES T
ol& 65.6+12.4A1°19, FAo] 60.7%, 318 HESO|
79.5%Ack. AA A9 HEF Y 39 9 449 A1F9
W mRSE 247 1.05+1.17, 1.10£1.23°0.2 5AHo=
# BAHp<0.05). E€& 94 &5 &9 T4
FolAE 392%(12.9%), HIEEH 94 &5 3 ALl
A 120%812.1%)°0A4 2 419 A lA 715 A7 24
stRoH, & HolA 7l Aot HAES FA A Afolg Ko
M (@A)

i |
NN
NG

olrolr

Jo X!

12.9 12.1

%
&
S

1

87.1 87.9

T 018 29 7% A3k vl FuIst ol gle,

1770

1. HE5 WY 30 AH SUH U BE 29 A2
=2
[ = |
%5 9 39 014 mRS 0-12 HojE nolA| g

289014 715 Ash BRE 392983 715 94 B

oA H&F 9 39 AF9 A, 5, olF, 4, 21l 7]
s 2 ZAlA 715 FA R Hlg) BAZHOR fojgt
of 272 HH(p<0.05: # 1).

715 Ast FAET 75 FA BAENA BAH Zpo
£ Bel IAE B9 oY 2AAE IARAE AYHAS
o, vho], 5HF A% Fr, W 349 AJH Y olF
A dlE AAR FAEHACH(p<0.05), HAF F5, L
| AI- Y A, 471s B BA 252 AFIE Hole o

2 A2 RHEICHE 2),

2

7150l =

£ w

2, L|EF YUY 3E A HISEH UM 225 3
2t 2N
Y& 9 39 A|FoA mRS 2-42 ZoE <l 995

Folq 7 Ast BAE 12087 7% 44 BAE 875
o Ql7skd % QAE B4L B 33 2t} 715 A gAE
oA 715 AsHE Kol e By s Yot Kt B

KO H(p<0.05), L5 =, WA+ 77, S1 A SoM=

EAA oS HolA| Yottt T HESE EA o uiy A
715 e T 79 HES ST F T2 72T Aol
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B 1594 94 35 59 3429 1 39 A4 A7 0 7154 54
7|5 XNot 2kt 715 &X| &tXtz
il S onaos). pA prvalue
QlteHy 8l A 54
Hol(Al) 67.2+12.3* 63.6+11.9 <0.001
A, EA:o4 64.0:36.0 63.4:36.6 0.822
AFFE 0.071
25 £ olst 22.8
3, Aot &9 50.9
et £ ol 26.3
Hl->-2} A= 80.7* 85.3 0.026
kR
IEYS 55.2* 49.6 0.043
g3 24.8* 18.7 0.006
s 4.9 0.084
AHAlE 8.1* 4.9 0.014
IXEF 9.5 0.091
SHHEEA|42(CCAS) 2.6+1.7* 2.1+1.8 <0.001
B mRS(EP) 0.6%1.2 0.6%1.2 0.418
HES 54, 888 84.7:15.3* 80.2:19.8 0.033
1 7Y HEF 5S=(NIHSS) 2.1+3.2 1.84£3.4 0.181
Y 349 Vs =
14 715 (K-MMSE) 27.1£3.6* 28.1£2.7 <0.001
2575 (Fugl-Meyer Assessment) 97.9+47.0* 99.0+4.5 0.003
0]'& 7] (Functional Ambulatory Category) 4.9+0.4* 5.0+0.2 0.001
41715 (AHSA-NOMS) 6.8+£0.5* 6.910.3 0.001
1017]%5(Short K-FAST) 17.34£3.4* 18.1+2.7 <0.001
-2 = (GDS-SF) 3.6£3.6" 29+3.2 0.001
@9le BHLEZHA &2 %. CCAS=combined condition- and age-related score; mRS=modified Rankin scale; NTHSS=National Institutes
of Health Stroke Scale; K-MMSE=Korean Mini-Mental State Examination; AHSA-NOMS=American Speech-Language-Hearing Association
National Outcome Measurement System Swallowing Scale; Short K-FAST=Short Korean Version of the Frenchay Aphasia Screening Test;
GDS-SF=Geriatric depression scale-short form. *p<0.05.

£ Ho|x] &t ¥
of SApolA HES W 39 AIHY QA olF, A, o
o] 7]5olAl 715 FA Ao s SAH SR {7t A
3 278 BHArHp<0.05; & 3).

715 Ast ST 75 FA SALOIA FAA Ao
£ HQl AAE B ol£F EAAY JARNE AF6tAS
ofj, volet ¥ 3| AJR9] Q1A] 7]5o] =94 oS A=
A A (p<0.05; E 2).
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2 ATolAE AA RS U A4 BF 59 B4

23 HSYA YA B 49 BALOR U, 7 2o

A g 4,023
5 Y BAFNME 12.9%, H1EHH
12.1%7F 48 Aol 715 AskE
5 59 B A= o], BuF A%
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2.9 49 A0 )5 Astel B 2452 A7) A% 3 39 A8 olF 2A~E 37 24 27
o sAM4  SE Waldy p-value O(ng/o r‘étl')o

=94 94 BF 59 B2 0 3d A Bea s

o] 0.013* 0.006 4.801 0.028 1.013 (1.001-1.025)

v -2} -0.288 0.153 3.545 0.060 0.750 (0.555-1.012)

BRPEEA]4=(CCAS) 0.094* 0.034 7.561 0.006  1.099 (1.028-1.175)

91%] 7]%(K-MMSE) -0.041 0.022 3.674 0.055  0.960 (0.419-0.959)

0] 7]%5-(Functional Ambulatory Category) -0.456* 0.211 4.661 0.031 0.634 (0.419-0.959)

4717]'5-(AHSA-NOMS) -0.301 0.175 2.953 0.086  0.740 (0.525-1.043)

&%= (GDS-SF) 0.032 0.017 3.470 0.062 1.033 (0.998-1.068)
Hl=HE] A 2F o S B 39 A TEa s

ol 0.030*  0.010 9.392  0.002 1.031 (1.011-1.050)

217 715 (K-MMSE) -0.026 0.014 3.463 0.063 0.974 (0.948-1.001)
SE=standard error; CI=confidence interval; CCAS=combined condition- and age-related score; K-MMSE=Korean Mini-Mental State
Examination; AHSA-NOMS=American Speech-Language-Hearing Association National Outcome Measurement System Swallowing Scale;
GDS-SF=Geriatric depression scale-short form. *p<0.05.

e 9 ol 7|5, HEYE 94 T 9 AR E Y
oje} Q1A] 7l5ol 4 AR 7]5 Aot dlF QAR el
=it
20219 A7 =4 HEF 94 deE 108,9507 0%
BHIEQCH18]. & A Ao 2 HES WA 449 Al
Aol oF 12.1-12.9%9] 715 Ask7t LAStEE, wid oF
13,6187(12.5%& A4h9] T =HEF SAollA] 7]5 Ast
08 3% 4 ek ol2et FAEA & A+
oA gl & JARE &8st 7|5 At 5ot o
£ Aoyl %t wEF AEArE AFshe o] /el

A Ayt ol AFS|A By aolw 34 7194

e A

5 24 715 At % A AR B2 e B
2% @49 715 2 net Aas
AAFEEH19). W%

we] Aol Washe % Wy 34 A

ARAZE W5l 7hst §9e 24 7H5 Akmodifiable
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B3 U159 94 35 +9 A2 9 39 A3 A7 9 g4E 54
7|5 X5t &kt 715 SX| &KXt
il S0 a7 prvalue
Ql7-eH 8l A 54
Lol (Al 74.7412.2* 69.6%12.2 <0.001
e, §4:014 53.3:46.7 51.9:48.1 0.771
ASFE 0.379
259 &9 olst 43.9 44.9
3 15 4 39.5 42.9
oty S ol 16.7 12.1
B2, S 70.2 72.9 0.576
EE
gk 61.7 57.8 0.480
T 274 26.3 0.824
R e i 7.6 6.0 0.540
AIAE 7.8 7.3 0.850
IAEF 15.4 10.3 0.112
SHPAE] = (CCAS) 2.6£2.2 2.6+1.9 0.764
B4 mRS(E) 0.5+1.1 0.7£1.4 0.150
HES B4, 8= 84 80.8:19.2* 75.0:25.0 0.174
I 7Y HEF 55 E(NIHSS) 6.7£7.2 6.9+6.8 0.693
Y 34 Ve
A 715 (K-MMSE) 19.8+7.7* 21.947.1 0.007
25715 (Fugl-Meyer Assessment) 73.9£28.5 73.8+27.5 0.972
0]-& 7|5 (Functional Ambulatory Category) 3.2+1.3* 3.5+1.4 0.017
47715 (AHSA-NOMS) 6.4+1.0* 6.6+0.7 0.009
A0]7]5(Short K-FAST) 11.0+5.9* 12.6£5.6 0.006
&4 = (GDS-SF) 3.8+4.5 4.3+4.8 0.249
@9le BHEHEEHA 52 %. CCAS=combined condition- and age-related score; mRS=modified Rankin scale; NIHSS=National Institutes
of Health Stroke Scale; K-MMSE=Korean Mini-Mental State Examination; AHSA-NOMS=American Speech-Language-Hearing Association
National Outcome Measurement System Swallowing Scale; Short K-FAST=Short Korean Version of the Frenchay Aphasia Screening Test;
GDS-SF=Geriatric depression scale-short form. *p<0.05.
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Factors Associated with Functional Deterioration in Stroke Patients
3 Years after Onset: A KOSCO Study
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ABSTRACT

This study aimed to identify the factors predicting functional decline 4 years after stroke based on patient characteristics
3 years after stroke. We analyzed data from the Korean Stroke Cohort for Functioning and Rehabilitation study. Functional
decline was defined as an increase in the modified Rankin scale (mRS) 4 years after stroke compared to that at 3 years after
stroke. Participants were divided into two groups based on their mRS 3 years after stroke: independent (mRS 0-1) and
dependent (mRS 2-4) activities of daily living groups. Of the 4,023 participants, 3,028 were in the independent group and
995 in the dependent group. Functional decline was observed in 12.9% and 12.1% of the independent and dependent groups,
respectively, 4 years after stroke. In the independent group, age, degree of comorbidity, and mobility function 3 years after
stroke were identified as predictors of functional decline. In the dependent group, age and cognitive function 3 years after
stroke were predictive factors. These findings can contribute to the development of tailored rehabilitation strategies to prevent

functional decline in patients with chronic stroke.
Key words: Stroke; Chronic phase; Functional deterioration; Predictive factors; Cohort
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Key messages
(D What is known previously?

It is well known that intensive rehabilitation is crucial for
patients with stroke in the acute and subacute phases.
Still, information on functional changes in chronic stroke
patients has been lacking.

@ What new information is presented?

Between 3—4 years after stroke, approximately 12-13%
of patients experience functional decline. Age, comor-
bidities, and mobility were key predictors in independent
patients, while age and cognitive function were the main
predictors in dependent patients.

® What are implications?

Tailored treatment strategies based on patient functional
levels are necessary. Improving mobility is essential for
independent patients, while enhancing cognitive function
in dependent patients should be the focus of rehabilita-
tion programs.

Introduction

Stroke is a leading cause of death and disability worldwide;
it significantly impacts the long-term functional status and
quality of life of survivors [1]. Recent advances in treatment
for stroke in the acute phase and in rehabilitation therapy have
increased survival rate and life expectancy, but the long-term
management of stroke in the chronic phase has become medi-
cally and socially challenging [2]. However, there are relatively
few studies investigating changes in the functioning of patients
in the chronic phase compared to studies investigating the im-
provement in functioning in the acute and subacute phases [3].

Functional changes in patients with stroke in the chron-
ic phase are affected by various complex factors. In general,

functional ability in the chronic phase may become stable or

www.phwr.org Vol 17, No 42, 2024

deteriorate gradually [4]. In previous studies conducted by
this study team, the ability of performing routine activities de-
creased statistically significantly between three years and four
years after the stroke [5,6]. Remarkably decreased long-term
functional ability can increase the patient’s dependency and
present a sizeable societal burden, resulting in decreased long-
term survival rate [7]. Accordingly, predicting and prevent-
ing a decrease in functional ability in these phases is critical.
Therefore, it is necessary to identify factors within patient char-
acteristics three years after the onset that can predict decreased
functional ability four years after a stroke. Identifying predic-
tive factors can help detect high-risk patients early and enable
customized interventions [8].

This study determines factors that can predict a decline in
functional ability four years after the onset from the patient
characteristics investigated three years after a stroke. This will
provide basic data to establish efficient therapeutic strategies
that can prevent a decline in the functional ability of patients
with stroke in the chronic phase and ultimately contribute to

improved quality of life and reduced societal burden.

Methods

1. Study Population

This study analyzed data from first-ever stroke patients of
the Korean Stroke Cohort for Functioning and Rehabilitation
(KOSCO), designed as a consignment project and long-term
follow-up of stroke patients conducted by the Korean Disease
Control and Prevention Agency. The first-ever stroke cohort
included 7,858 patients who consented to a long-term follow-
up, among 10,6306 first-ever acute stroke patients (8,210 with

cerebral infarction and 2,426 with cerebral hemorrhage) who
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were hospitalized seven days before the onset of stroke in nine
hospitals nationwide between August 2012 and May 2015.
The detailed protocol of the KOSCO is provided in the previ-
ous study [9]. Among the 7,858 participants who consented to
the long-term follow-up of KOSCO, the functioning of 4,731
participants was evaluated face-to-face three years post onset.
Of the 4,731 participants, this study analyzed data from stroke
patients with the modified Rankin scale (mRS) [10] O to 4
(from no symptoms to moderate to severe symptoms). From
those with mRS, five were excluded from this study because the
level of disability could not be evaluated. Therefore, 3,266 par-
ticipants with mRS O or 1, who were capable of independently

performing routine activities, were defined as independent

patients. The 1,165 participants with mRS 2 to 4, who were
incapable of independently performing routine activities, were
defined as dependent patients. Among them, 4,023 partici-
pants, including 3,028 independent and 955 dependent pa-
tients, who were evaluated face-to-face for functioning four
years post onset, were analyzed (Figure 1). Furthermore, an
increase in the mRS score due to decreased functioning four
years compared to three years post onset was defined as func-
tional deterioration. A reduction or maintenance of mRS was
defined as no functional deterioration in both groups.
Sociodemographic characteristics, such as age, sex, edu-
cation level, family background, comorbidities, and pre-

stroke functional level, were collected from medical records.

(n

Acute first-ever stroke patients admitted to the nine
participating hospitals from August 2012 to May 2015

=10,636)

Excluded (n=2,626)
» - Refused to participate (n=2,275)
v - Death before participation (n=351)

Agreed for enrollment of the KOSCO
(n=8,010)

A 4

Withdrawal (n=152)

A 4

Agreed for repeated long-term follow up
after discharge (n=7,858)

Excluded (n=3,303)
- Death (n=1,121)
v - Lost to follow up (n=2,182)

A 4

Follow-up at 3 years after stroke onset
(n=4,731)

v v
0<mRS=<4 mRS=5
(n=4,431) (n=300)

v

v

Patients with independence:
0<mRS<1 (n=3,266)

Patients with no independence:

2<mRS<4 (n=1,165)

Excluded (n=238)
- Death (n=34) <
- Lost to follow up (n=238)

Excluded (n=170)
- Death (n=41)
- Lost to follow up (n=129)

A 4

Completion of assessments at 4 years after stroke onset

(n=4,023)
v v
Analyzed Analyzed
(n=3,028) (n=995)

Figure 1. Flow chart of participants
KOSCO=Korean Stroke Cohort for Functioning and Rehabilitation.
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The severity of comorbidity was evaluated with combined
condition-and age-related score [11] of the Charlson comor-
bidity index. Pre-stroke functional level was evaluated using
mRS. The features and severity of a stroke seven days post-
onset were evaluated. Multifaceted assessment of functional
outcomes three years post-onset was conducted by using the
Korean Mini-Mental State Examination for cognitive func-
tion [12], Fugl-Meyer Assessment [13] for motor functioning,
Functional Ambulatory Category for ambulation ability [14],
American Speech-Language-Hearing Association National
Outcome Measurement System Swallowing Scale [15] for
swallowing ability, and the Korean Version of the Frenchay
Aphasia Screening Test [16] for language. The evaluation was
a one-on-one, face-to-face process. A questionnaire survey was
conducted with the Geriatric Depression Scale-Short Form [17]

to evaluate emotional level.

2. Analytical Methods

Descriptive statistics was used to describe the participants’
demographic and clinical characteristics. To compare those
with functional deterioration to those with no functional dete-
rioration in every independent and dependent patient, an in-
dependent t-test and Chi-square test were used for continuous
variables and categorical variables, respectively. The results of
continuous variables were presented as mean (standard devia-
tion), and the results of categorical variables were presented
as frequency (percentage). For variables that showed statisti-
cal differences in the patients with functional deterioration
and those with no functional deterioration, the dependent
variables were set as the patients with functional deterioration.
Independent variables that can predict functional decline were

tested via binary logistic regression analysis. A p-value less than

www.phwr.org Vol 17, No 42, 2024

0.05 was considered to be statistically significant. All data were

analyzed using SPSS version 24.0 (IBM Co.).

Results

For the total 4,023 participants, the mean age 3 years post-
onset was 65.6+12.4 years, 60.7% were male participants, and
79.5% had experienced ischemic stroke. Among the total par-
ticipants, the mean mRS at 3 years and 4 years post onset of
stroke was 1.05+1.17 and 1.10£1.23, respectively, showing a
statistically significant reduction (p<0.05). A functional decline
4 years post onset was reported in 392 (12.9%) patients with
independence and 120 (12.1%) patients with dependence; no
statistically significant difference in a decline in functioning

was observed between the groups (Figure 2).

Il Deterioration
[ No deterioration

100 -
90 -
80 -
70 -
60 -
50 -
40
30 -
20 -
10

0 T T
Patients with independence Patients with dependence

12.9 121

%

87.1 87.9

Figure 2. Rate of functional deterioration from 3 years to 4
years after stroke onset according to independence at 3 years
after stroke

There was no significant difference in the rate of functional deterioration

between the two groups.
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1. Analysis of Independent Patients Three Years

Post Onset of Stroke

For the 3,028 participants with mRS O or 1, who did not
present disability 3 years post onset, Table 1 shows the demo-
graphic and clinical characteristics of 392 participants with
functional deterioration and 2,636 participants with no func-
tional deterioration. Compared to the latter, the former group
was older with a higher rate of not having a spouse (p<0.05).

The prevalence of hypertension, diabetes mellitus, and atrial

fibrillation was statistically higher (p<0.05), which caused a
statistically significantly higher rate of comorbidity (p<0.05).
A statistically higher rate of ischemic cerebral infarction was
observed in the participants with functional deterioration
(p<0.05), but no significant difference in pre-stroke functional
level and the severity of stroke seven days post onset was ob-
served between the two groups. Participants with functional
deterioration four years post onset showed a statistically sig-

nificant decline in cognitive function, motor functioning,

Table 1. General and functional characteristics of stroke patients with independence at 3 years after stroke

Functional deterioration No functional deterioration

Variable (h=392) (n=2.636) p-value

General and clinical characteristic

Age (yr) 67.2+12.3* 63.6%£11.9 <0.001

Sex, male:female 64.0:36.0 63.4:36.6 0.822
Education 0.071

Elementary school degree or less 279 22.8

Middle school degree 49.2 50.9

Bachelor's degree or more 22.9 26.3
Spouse, yes 80.7* 85.3 0.026
Medical history

Hypertension 55.2* 49.6 0.043

Diabetes mellitus 24.8* 18.7 0.006

Coronary heart disease 7.0 4.9 0.084

Atrial fibrillation 8.1* 49 0.014

Hyperlipidemia 12.3 9.5 0.091
CCAS 2.6+1.7* 2.1£1.8 <0.001
Premorbid mRS (score) 0.6+1.2 0.6x£1.2 0.418
Stroke type, ischemic:hemorrhagic 84.7:15.3* 80.2:19.8 0.033
NIHSS at 7 days after stroke onset 2.1%£3.2 1.8+3.4 0.181
Functional characteristics at 3 years after onset

K-MMSE 27.1+3.6" 28.1£2.7 <0.001

Fugl-Meyer Assessment 97.9+7.0* 99.0£4.5 0.003

Functional Ambulatory Category 4.9+0.4* 5.0+£0.2 0.001

AHSA-NOMS 6.8+0.5* 6.9+0.3 0.001

Short K-FAST 17.3£3.4* 18.1+2.7 <0.001

GDS-SF 3.6£3.6" 29+3.2 0.001

Data are presented as meanz*standard deviation or %. CCAS=combined condition- and age-related score; mRS=modified Rankin scale;
NIHSS=National Institutes of Health Stroke Scale; K-MMSE=Korean Mini-Mental State Examination; AHSA-NOMS=American Speech-
Language-Hearing Association National Outcome Measurement System Swallowing Scale; Short K-FAST=Short Korean Version of the

Frenchay Aphasia Screening Test; GDS-SF=Geriatric depression scale-short form. *p<0.05.
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ambulation ability, swallowing ability, language skill, and emo-
tional level three years post onset of stroke compared to those
with no functional deterioration (p<0.05, Table 1).

When factors with statistical differences between the par-
ticipants with functional deterioration and those with no func-
tional deterioration were verified using the binary logistic re-
gression analysis, age, comorbidity severity, and ambulation
ability three years post-onset were analyzed as independent
predictive factors (p<0.05). Presence of a spouse, cognitive
function, swallowing ability, and emotional level three years
post onset were analyzed as predictive factors with a tendency

(Table 2).

2. Analysis of Dependent Patients Three Years
Post Onset of Stroke
Among the 995 participants with mRS 2 to 4, who pre-
sented disability, Table 3 shows the demographic and clinical

characteristics of 120 participants with functional deterioration

and 875 participants with no functional deterioration three
years post onset. Compared to the participants with no func-
tional deterioration, those with functional deterioration were
older (p<0.05), but no statistical difference in education level,
presence of spouse, and comorbidities was observed. No sig-
nificant difference in the features of a stroke, pre-stroke func-
tional level, and the severity of stroke seven days post onset was
observed between the two groups. Participants with functional
deterioration four years post onset showed a statistically signifi-
cant decline in cognitive function, ambulation ability, swallow-
ing ability, and language skill three years post onset of stroke
compared to those with no functional deterioration (p<0.05,
Table 3).

When factors with statistical differences between the par-
ticipants with functional deterioration and those with no func-
tional deterioration were verified using the binary logistic re-
gression analysis, age and cognitive function three years post

onset were analyzed as independent predictive factors (p<0.05,

Table 2. Binary logistic regression analysis results to identify factors at 3 years after stroke associated with the functional
deterioration at 4 years after stroke
Predictor Regression SE Wald > p-value  Odds ratio (95% CI)
coefficient
Stroke patients with independence at 3 years
Age 0.013* 0.006 4.801 0.028 1.013 (1.001-1.025)
Spouse -0.288 0.153 3.545 0.060 0.750 (0.555-1.012)
CCAS 0.094* 0.034 7.561 0.006 1.099 (1.028-1.175)
K-MMSE -0.041 0.022 3.674 0.055  0.960 (0.419-0.959)
Functional Ambulatory Category -0.456* 0.211 4.661 0.031 0.634 (0.419-0.959)
AHSA-NOMS -0.301 0.175 2.953 0.086 0.740 (0.525-1.043)
GDS-SF 0.032 0.017 3.470 0.062 1.033 (0.998-1.068)
Stroke patients with dependence at 3 years
Age 0.030* 0.010 9.392 0.002 1.031 (1.011-1.050)
K-MMSE -0.026 0.014 3.463 0.063 0.974 (0.948-1.001)
SE=standard error; CI=confidence interval; CCAS=combined condition- and age-related score; K-MMSE=Korean Mini-Mental State
Examination; AHSA-NOMS=American Speech-Language-Hearing Association National Outcome Measurement System Swallowing Scale;
GDS-SF=Geriatric depression scale-short form. *p<0.05.
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Table 3. General and functional characteristics of stroke patients with dependence at 3 years after stroke
Variable Functional deterioration  No functional deterioration pvallie
(n=120) (n=875)
General and clinical characteristics
Age (yr) 74.7+£12.2* 69.6+12.2 <0.001
Sex, male:female 53.3:46.7 51.9:48.1 0.771
Education 0.379
Elementary school degree or less 439 449
Middle school degree 39.5 42.9
Bachelor’s degree or more 16.7 12.1
Spouse, yes 70.2 72.9 0.576
Medical history
Hypertension 61.7 57.8 0.480
Diabetes mellitus 27.4 26.3 0.824
Coronary heart disease 7.6 6.0 0.540
Atrial fibrillation 7.8 7.3 0.850
Hyperlipidemia 15.4 10.3 0.112
CCAS 2.61£2.2 2.6£1.9 0.764
Premorbid mRS (score) 0.5+1.1 0.7£1.4 0.150
Stroke type, ischemic:hemorrhagic 80.8:19.2* 75.0:25.0 0.174
NIHSS at 7 days after stroke onset 6.7£7.2 6.9£6.8 0.693
Functional characteristics at 3 years after onset
K-MMSE 19.8+£7.7* 21.9£7.1 0.007
Fugl-Meyer Assessment 73.9£28.5 73.8+27.5 0.972
Functional Ambulatory Category 3.2+1.3* 3.5+1.4 0.017
AHSA-NOMS 6.4+1.0* 6.6£0.7 0.009
Short K-FAST 11.0+£5.9* 12.6%5.6 0.006
GDS-SF 3.8+45 4.3+4.8 0.249
Data are presented as meanz+standard deviation or %. CCAS=combined condition- and age-related score; mRS=modified Rankin scale;
NIHSS=National Institutes of Health Stroke Scale; K-MMSE=Korean Mini-Mental State Examination; AHSA-NOMS=American Speech-
Language-Hearing Association National Outcome Measurement System Swallowing Scale; Short K-FAST=Short Korean Version of the
Frenchay Aphasia Screening Test; GDS-SF=Geriatric depression scale-short form. *p<0.05.

Table 2).

Discussion

This study divided the total participants into two groups,
namely independent and dependent patients. Among the char-
acteristics investigated three years post onset of stroke in each
group, the factors that can predict a decline in functioning four

years post onset were identified. Of the 4,023 participants,

1782

12.9% independent patients and 12.1% dependent patients
showed a functional decline four years post onset. The predic-
tive factors for functional decline four years post onset were
age, comorbidity severity, and ambulation ability in the inde-
pendent patients and age and cognitive function in the depen-
dent patients.

In 2021, the annual incidence of stroke was reported to be
108,950 cases in the Republic of Korea [18]. Since this study

shows that approximately 12.1-12.9% of patients reported
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functional decline 4 years post onset of stroke, an annual in-
cidence of functional decline can be projected to be 13,618
patients (calculated as 12.5%) with chronic stroke. Predicting
functional decline in those patients using the predictive factors
identified in this study and providing customized rehabilita-
tion therapy to prevent decline can significantly reduce societal
burden and improve quality of life.

Predictive factors for functional decline were different
between the two groups, which implies a need for manage-
ment strategies that differ depending on the functional level
of chronic phase stroke patients [19]. Among the indepen-
dent patients three years post-onset of stroke, age, comorbid-
ity severity, and ambulation ability were analyzed as predic-
tive factors for a statistically significant decline in independent
functioning. Among the factors, the ambulation ability is the
sole modifiable factor that can fluctuate with additional reha-
bilitation therapies [7]. A decline in ambulation ability reduces
activity level and causes deconditioning, which supposedly re-
sulted in functional decline [20]. Accordingly, appropriate re-
habilitation therapy to maintain or enhance ambulation ability
for chronic phase stroke patients, who can perform daily rou-
tine activities independently, is expected to prevent functional
decline [20]. The incidence of functional decline is higher es-
pecially among older adult stroke patients in the chronic phase
since they are more likely to have comorbidities. They should
be prioritized while administering appropriate rehabilitation
therapy for chronic phase stroke to promote ambulation ability
[21].

However, age and cognitive function three years post on-
set were analyzed as predictive factors for statistically signifi-
cant decline in independent functioning among the dependent

patients three years post onset of stroke. Owing to a relatively

www.phwr.org Vol 17, No 42, 2024

low ambulation ability, cognitive function is assumed to play a
more important role in performing daily routine activities [22].
Accordingly, appropriate rehabilitation therapy to maintain or
enhance cognitive function for stroke patients in the chronic
phase, who cannot perform routine activities independently, is
expected to prevent functional decline [23]. Since the incidence
of functional decline is higher especially among older chronic
stroke patients, they should be prioritized while administering
appropriate rehabilitation therapy in the chronic phase to pro-
mote cognitive function [24].

The results emphasize the importance of customized reha-
bilitation strategies to maintain and improve functioning for
chronic stroke patients. A program focused on improved am-
bulation ability for independent patients and an intervention
that emphasizes improved cognitive function for dependent
patients can be effective [25,26]. Furthermore, since irrevers-
ible factors, such as age and comorbidity, were also identified
as critical predictive factors, there is a need for more aggressive
and persistent management for high-risk patients [2,27].

In conclusion, this study provides a basis for establishing
customized rehabilitation strategies by investigating the pre-
dictive factors for functional decline in stroke patients in the
chronic phase. Further research that develops a customized re-
habilitation program in consideration of the predictive factors
and verifies its effectiveness is needed [27]. Additionally, the
results of this study are expected to contribute to the establish-
ment of policy for maintaining long-term functioning and im-

proving the quality of life of chronic phase stroke patients [2].
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Recent Trends in the Circulation of Viruses Causing Acute
Gastroenteritis in the Republic of Korea, 2019-2023
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Division of Viral Diseases, Department of Disease Diagnosis and Analysis, Korea Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Viral acute gastroenteritis is an infectious disease caused by various viruses, including norovirus, and is predominantly
transmitted through contaminated water or food. This condition, one of several waterborne and foodborne infectious diseases,
is characterized by symptoms such as vomiting, diarrhea, and abdominal pain. Over a 5-year period (2019-2023), we analyzed
the detection rates and genotypes of 5 viruses (norovirus, group A rotavirus, enteric adenovirus, astrovirus, and sapovirus) in
stool samples (54,451 cases) from patients who presented with or were hospitalized for diarrhea. Out of the samples collected,
viruses were detected in 6,415 cases (11.8%), with an average detection rate of 11.7% over the 5 years. Notably, the highest
detection rates were found in children under 5 years of age (68.1%), with norovirus being the most frequently detected virus
(69.2%). Detection rates varied seasonally, peaking in winter and diminishing in summer. The predominant genotypes

identified included norovirus GIL.4, group A rotavirus G8P[8], enteric adenovirus F41, astrovirus type la, and sapovirus GI.

Key words: Gastrointestinal viruses; Surveillance; Detection rate; Genotype
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Introduction

Gastroenteritis is classified as Class 4 infectious diseases in
the Republic of Korea (ROK) and primarily manifest through
symptoms such as vomiting and diarrhea, caused by pathogens
including bacteria and viruses [1]. These diseases generally
have a short incubation period, ranging from 24 to 72 hours,
with clinical symptoms lasting between 3 and 6 days, and in
some cases, up to 14 days [2]. They are common globally, af-
fecting about one in every 10 people annually. While these

conditions typically resolve on their own and are not usually

1794

severe in adults, they can be life-threatening in infants and chil-
dren under 5 due to the risk of severe dehydration from diar-
rhea [2]. Transmission can occur through contact with an in-
fected individual, necessitating caution.

Among the viral pathogens, noroviruses, group A rotavi-
ruses, enteric adenoviruses, astroviruses, and sapoviruses are
notable. Noroviruses, in particular, are the most frequently de-
tected and are responsible for outbreaks in various age groups,
including adults and the elderly. They are highly contagious,
especially in crowded environments such as hospitals, daycare

centers, and restaurants [3]. While noroviruses are divided

www.phwr.org Vol 17, No 42, 2024
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Key messages
(D What is known previously?

Viral acute gastroenteritis (VAGE) is caused by the in-
gestion of contaminated water or food. Key pathogens
include norovirus, group A rotavirus, enteric adenovirus,
astrovirus, and sapovirus.

@ What new information is presented?

The virus detection rate in collected stool samples
(54,451 in total) was 11.8%. Among the positive sam-
ples, notably high detection rates were observed in chil-
dren under 5 years of age (68.1%) and with norovirus
(69.2%). The main genotypes detected were norovirus
GIL.4, group A rotavirus G8P[8], enteric adenovirus
F41, astrovirus type la, and sapovirus GI.

® What are implications?

VAGE occurs consistently each year. Additionally, given
the diversity of detected genotypes for each virus, ongo-
ing surveillance is essential to monitor and prepare for
potential outbreaks.

into 10 genogroups (GI-GX), only GI, GII, and GIV have been
confirmed to cause human infections. Each genogroup con-
tains multiple genotypes, totaling 48, with GIL4 being identi-
fied as the predominant genotype responsible for human infec-
tions over the last two decades [4].

Rotaviruses are divided into seven serogroups, A through G,
based on the antigenicity of their intermediate envelope (VPG6).
Serogroups A, B, and C are known to cause human infections
[1]. Rotavirus infection is a significant cause of diarrhea in in-
fants and young children. In the United States, group A rotavi-
rus is detected in approximately 5-10% of infants and young
children with diarrhea, with 30-50% of these cases being se-
vere [5]. In countries where rotavirus vaccines are available, the

incidence of rotavirus infection has declined, though detection

www.phwr.org Vol 17, No 42, 2024

rates in infants and young children remain high [5,0].

Enteric adenoviruses cause a range of illnesses, including
acute respiratory disease, gastroenteritis, epidemic conjuncti-
vitis, meningitis, and hemorrhagic cystitis, depending on the
specific genotype. Genotypes 40 and 41, part of group F, are
associated with gastroenteritis [7]. Astroviruses consist of gen-
otypes 1-8, with genotype 1a showing the highest detection
rate globally [1]. In some regions, astrovirus has been reported
as the second most commonly detected pathogen after group
A rotavirus [8]. Sapoviruses, which are part of the Caliciviridae
family like noroviruses, include groups GI, GII, GIV, and GV.
They are detected in humans and typically present with milder
symptoms and lower detection rates compared to noroviruses
9l

The Korea Disease Control and Prevention Agency
(KDCA) manages the Enteric Pathogens Active Surveillance
Network (EnterNet), launched in 2003. This initiative aims
to identify, characterize, and manage the causative agents (10
bacteria, 5 viruses, and 4 protozoa) of waterborne and food-
borne gastroenteritis through the analysis of specimens col-
lected from affected patients. This study focuses on analyzing
the detection rates and genotypes of 5 viruses responsible for

gastroenteritis.

Methods

1. Data Collection

As part of the EnterNet samples were collected through
the collaboration of 76 healthcare institutions and 18 Health
and Environment Research Institutes across the nation as
of December 2023. Aside from minor adjustments, such as

changes to some collaborating healthcare institutions (within
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10) and the addition of the Sejong Special Self-Governing City
Health and Environment Research Institute in August 2022,
the collection system remained consistent. Specimens, either
fecal or rectal swabs, were obtained from patients diagnosed
with gastroenteritis. The criteria for these patients include
having loose bowel movements at least 3 times per day and
displaying major symptoms of waterborne and foodborne ill-
nesses, such as vomiting, nausea, and fever (oral temperature
0f 37.8C or higher). Specimens were collected immediately af-
ter symptom onset or within 48 hours before the commence-
ment of antimicrobial treatment. The Health and Environment
Research Institutes tested these specimens using standardized
methods to determine the presence of the causative pathogen.
The results, along with specimen information, were reported
through the web reporting system (is.kdca.go kr).

This study analyzed specimen data and laboratory test re-
sults collected over the past 5 years (from December 30, 2018
to December 30, 2023). The data were evaluated for age and
seasonal distribution trends. Specimens lacking information
on patient age, gender, or collection date were excluded from
the analysis to ensure the accuracy of the statistical results. The
data were categorized by age as follows: O for 0-12 months,
1 for 12-24 months, and subsequently in age groups of 0-5,
6-9, and 10 years and older in 10-year increments. The cat-
egorization by month facilitated the identification of seasonal
trends. Microsoft Excel 2021 (Microsoft) was utilized for data

analysis.

2. Testing for Positive and Negative Results and
Genotyping
Fecal samples from patients with gastroenteritis underwent

pretreatment. The process started by mixing 1 g feces with 9
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ml sterile phosphate-buffered saline, followed by vortexing
for approximately 3 minutes. The vortexed samples were then
centrifuged at 12,000 rpm and 4T for about 10 minutes, re-
taining only the supernatant for further analysis.

Pathogen-specific testing to determine positive and nega-
tive results was conducted using standardized methods tailored
to each pathogen’s characteristics. The presence of norovi-
ruses, astroviruses, and sapoviruses was verified by identifying
their respective genes using specific gene detection techniques.
Rotaviruses and enteric adenoviruses were detected through
specific antigen detection methods. The testing protocols in-
cluded real-time reverse transcription polymerase chain reac-
tion (RT-PCR) for noroviruses and conventional RT-PCR for
astroviruses and sapoviruses. Group A rotaviruses and enteric
adenoviruses were identified using enzyme-linked immuno-
sorbent assays for antigen detection.

Positive samples underwent amplification using pathogen-
specific primers for genotyping. The amplified gene prod-
ucts were electrophoresed to verify amplification, followed
by sequencing. The gene sequences were analyzed using the
MEGA 11.0 program (Molecular Evolution Genetics Analysis
11.0 software; Pennsylvania State University, www.megasoft-
ware.net). Sequence comparisons were conducted using the
BLAST search engine provided by the National Center for
Biotechnology Information (NCBI) (NCBI, https://blast.ncbi.

nlm.nih.gov/Blast.cgi).

Results
1. Detection Rate Analysis

Over the 5-year period from 2019 to 2023, the EnterNet
collected 56,499 fecal specimens, of which 54,451 were

www.phwr.org Vol 17, No 42, 2024
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utilized for statistical analysis. Of these, 6,415 cases (11.8%)
tested positive for one or more pathogens. The annual detec-
tion rates were 12.8% (1,294/10,136 cases) in 2019, 7.7%
(720/9,377 cases) in 2020, 12.9% (1,232/9,582 cases) in
2021, 14.4% (1,659/11,542 cases) in 2022, and 10.9%
(1,510/13,813 cases) in 2023, resulting in an average detec-
tion rate of 11.7% over the 5 years. Notably, both the number
of specimens and the detection rate were lowest in 2020, with
the highest detection rate occurring in 2022.

Over the past 5 years, the highest number of samples was
in the group aged 80 or older, accounting for 13.8% (7,495
cases) of the total, but the highest detection rate was found in
children aged 5 or younger, at 68.1% (4,366 cases). Within
this group, the detection rate was highest among 2-year olds

at 20.6% (1,320 cases) (Figure 1). This was followed by 8.8%

- - N N
o [&)] o a
1 1 1 J

Detection rate (%)

]
1

o

(562 cases) in the 6 to 9 age group, 5.7% (365 cases) among
those aged 10 to 19, and 5.0% or less in those aged 20 or older.

Regarding the positive rates by virus, norovirus had the
highest detection rate among single pathogens at 69.2% (4,437
cases) (Table 1). This was followed by astrovirus at 9.5% (608
cases), group A rotavirus at 9.2% (588 cases), enteric adeno-
virus at 7.8% (500 cases), and sapovirus at 4.4% (282 cas-
es). Additionally, a total of 107 co-infections were identified,
where two or more pathogens were detected in a single speci-
men. There were 102 cases with dual infections: norovirus and
rotavirus (40 cases), norovirus and astrovirus (39 cases), and
rotavirus and enteric adenovirus (23 cases). Five cases involved
triple infections: two instances of norovirus, rotavirus, and
astrovirus; one of norovirus, rotavirus, and adenovirus; one

of norovirus, rotavirus, and sapovirus; and one of rotavirus,

Figure 1. Detection rates of viral acute gastroenteritis by age, 2019-2023

Table 1. Detection rates (%) of viral acute gastroenteritis by viruses and co-infections, 2019-2023
Virus NoV RoV E.AdV AstV SaV
NoV 69.2 0.6 0.4 0.6 0.1
RoV - 9.2 0.4 0.1 0.1
E.AdV - - 7.8 0.1 0.1
AstV = = - 9.5 0.1
Sav - - - - 4.4
NoV=norovirus; RoV=group A rotavirus; E.AdV=enteric adenovirus; AstV=astrovirus; SaV=sapovirus; —=not available.

www.phwr.org Vol 17, No 42, 2024
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enteric adenovirus, and astrovirus.

The detection rates by time period and virus were fur-
ther analyzed for children under the age of 5, who exhibit-
ed high detection rates. Seasonally, the detection rates of the
5 viruses causing gastroenteritis were higher in the winter
months (December through February) and lower in the sum-
mer months (July through September) (Figure 2). The aver-
age monthly detection rate peaked in January at 44.2% and
was lowest in October at 9.1%. However, in 2022, the detec-
tion rates were unusually high during the summer months. In
2023, the pattern returned to one similar to 2019, with higher
detection rates in the winter and lower in the summer.

An examination of the detection rates by virus indicates
that norovirus, which had the highest detection rate among
the 5 viruses, aligned closely with the overall detection trends.
Rotaviruses experienced a peak in the spring of 2019-2020,
followed by a lower detection rate in 2021-2022. In 2023,
a similar spring peak was observed, akin to that of 2019.
Enteric adenoviruses, astroviruses, and sapoviruses consis-
tently showed low annual detection rates, generally below 10%.
Notably, sapoviruses were seldom detected in 2020-2021.

However, the detection rates for these three viruses saw an

I Norovirus
Group A rotavirus

Detection rate (%)

[ Enteric adenovirus

increase from spring 2021 through winter 2022 compared to

other years.

2. Genotyping

Over the past 5 years (2019-2023), the most preva-
lent genotypes for each pathogen in ROK are as follows:
Noroviruses were predominantly detected in the GII geno-
group (Figure 3A), with the GI1.4 genotype being the most
prevalent within this group for 5 consecutive years, averaging
a detection rate of 55.2%. This was followed by GII.2, which
was consistently detected except in 2022. For rotavirus, seven
genotypes exhibited detection rates of 5% or more throughout
the period in ROK, with G8P[8] consistently being the most
predominant (Figure 3B). This was followed by G3P[8], which
has been consistently detected until recently, while the detec-
tion rates for G2P[4] and GOP[8] have declined since 2022.

Astroviruses showed the highest detection rate for type 1a,
averaging 71.2%. In contrast, type 4c, which previously had a
low detection rate of 5% or less in both 2021 and 2022, expe-
rienced a significant increase to 12.0% in 2023 (Figure 3C).
Enteric adenoviruses were most frequently detected, with an

average rate of 82.8%, predominantly of the F41 type, which

Sapovirus
—— Total detection rate

Astrovirus

0
(Month)
(Year)

2020

12345678910M1M12/12345678910M1M12/112345678910M1M121123456789101M12(1234567 89101112

2021 2022

Figure 2. Detection rates of viral acute gastroenteritis by monthly: under 5 years of age, 2019-2023
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Figure 3. Detection rates of viral acute gastroenteritis by genotype: under 5 years of age, 2019-2023
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is associated with gastroenteritis. Additionally, genotypes from
groups B and C, typically associated with respiratory adenovi-
ruses, were also detected (Figure 3D). For sapoviruses, groups
GI, GII, and GV were mainly detected (Figure 3D). However,
due to the low prevalence of sapoviruses as a cause of gastroen-
teritis, the statistical analysis for primary genotyping has been

limited.

Discussion

This study examined the prevalence of viruses that cause
gastroenteritis over the past 5 years. Out of the specimens col-
lected, 6,415 cases (11.8%) tested positive for one or more
pathogens. The average detection rate over 5 years was 11.7%
(ranging from 7.7 to 14.4%). Viral acute gastroenteritis

showed varying susceptibility by age, with higher detection

www.phwr.org Vol 17, No 42, 2024

rates in children under 5 years old [1,2]. Notably, among the
positive samples, the highest detection rate occurred in chil-
dren under 5 (68.1%), with norovirus exhibiting the highest
detection rate among the viruses at 69.2%. As previously re-
ported [10,11], noroviruses have shown a significant increase
in detection during the winter months, with a decline in the
summer and fall, over the last 5 years. However, the data from
2022 displayed a unique pattern, showing elevated detection
rates in both summer and winter. Rotaviruses typically mani-
fest with springtime outbreaks [11] and had relatively low
detection rates in 2021-2022. Enteric adenoviruses, astrovi-
ruses, and sapoviruses, which are generally found year-round
without clear seasonality [10,11], exhibited unusually high
detection rates in 2021-2022. The exact reasons for this tim-
ing of pathogen detection remain unclear but are thought to be

influenced by the coronavirus disease 2019 pandemic and the
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subsequent lifting of social distancing measures, which may
have impacted the prevalence of these diseases.

Globally, norovirus type GIL4 has been identified as the
most predominant [3,4], and this study confirms that GIL.4
has also been the most prevalent in ROK over the past 5 years.
Group A rotaviruses come in various genotypes, with types
G1-4 and P[4 or 8] primarily causing disease in humans, as
well as combinations of these genotypes [6,10]. In this study,
type G8P[8] was identified as the most predominant genotype,
with several other genotypes detected at a frequency of 5% or
greater. Unlike noroviruses and rotaviruses, which display a
range of genotypes, enteric adenovirus type F41 and astrovirus
type la were identified as the dominant genotypes, with de-
tection rates exceeding 70%. These types, 1a and F41, are the
most widely detected genotypes both domestically and glob-
ally [10]. The genes that cause human infection of sapoviruses
are known as GI to GV [9], with types GI, GII, and GV iden-
tified in ROK. However, identifying a particularly dominant
genotype was challenging due to the low overall number of
positives.

From 2019 to 2023, pathogen detection rates paral-
leled the actual incidences of viral acute gastroenteritis [12].
Notably, the summer of 2022 was characterized by high de-
tection rates and a corresponding increase in patient cases.
However, detailed patient data were unavailable, except for the
aggregate numbers across all age groups, which limited further
comparative analysis. In the future, integrating pathogen sur-
veillance results with detailed patient information, such as the
genotypes of pathogens detected and demographic specifics
like region and age, could enhance the efficiency of the surveil-
lance system for gastroenteritis.

This study focused on the results of sentinel surveillance for

1800

individual outbreaks of pathogens causing viral acute gastro-
enteritis. Gastroenteritis, known for their rapid transmission
through direct or indirect contact with carriers, contaminated
food, or environments, are highly contagious and often lead to
outbreaks [10]. Yet, the lack of reported analyses on domestic
outbreaks in the literature constrains further comparative stud-
ies. Expanding the analysis to include epidemiological factors,
such as the location and progression of an outbreak, along with
pathogen details like virus type and genotype, will provide a
valuable scientific foundation for response strategies and pre-
paredness for gastroenteritis.

Gastroenteritis is among the most common diseases glob-
ally, transmitted through contaminated food or person-to-
person contact. The factors influencing the epidemiology of
these diseases are diversifying, with climate change, interna-
tional travel, and advances in transportation and logistics re-
ducing regional barriers. Gastroenteritis continues to pose
significant health challenges each year, necessitating ongoing
pathogen surveillance as no definitive cure or vaccine exists.
The EnterNet enhances national prevention and control of in-
fectious diseases by analyzing the prevalence and characteris-
tics of pathogens causing waterborne and foodborne diseases.
Additionally, accumulating data through pathogen surveil-
lance, linked with actual disease incidences and outbreaks, will
aid in developing a more robust gastroenteritis management
system. This underscores the need for a coordinated surveil-
lance framework involving the KDCA, Provincial and City
Health and Environmental Research Institutes, and private
healthcare providers for pathogen diagnosis, analysis, and in-

formation sharing.
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Addition of Three Viruses to the High-risk Pathogens of the
Infectious Disease Prevention and Management Act

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

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

ABSTRACT

According to the Infectious Disease Control and Prevention Act, the Korea Centers for Disease Control and Prevention
Agency (KDCA) had designated 36 pathogens as high-risk pathogens (HRPs) because of their potential to pose a serious threat
to public health and their possible use in bioterrorism. The KDCA is responsible for the national biosafety management of
these pathogens. In July 2023, Chapare virus and Lujo virus, both hemorrhagic fever viruses classified under Risk Group 4,
along with poliovirus, which is targeted for eradication according to the World Health Organization Global Action Plan III,
were added to the list of HRPs. This revision has increased the total number of HRPs under national biosafety management to
39. The KDCA will continue to monitor and update the HRPs that require biosafety management in response to the changing

environment, which includes emerging and re-emerging pathogens, as well as those requiring international cooperation for

biosafety management.
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Introduction

The Korea Disease Control and Prevention Agency
(KDCA) designates pathogens requiring national manage-
ment as high-risk pathogens (HRPs). It also undertakes bio-
safety management tasks related to the handling and storage of
HRPs, such as permissions for the possession and importation
of HRPs and reporting on the isolation and transfer of HRPs
according to the Infectious Disease Prevention and Control Act
(hereinafter referred to as the ‘Infectious Disease Prevention

Act) [1].

www.phwr.org Vol 17, No 42, 2024

Since 2000, there have been increasing concerns regard-
ing bioterrorism and emergence of novel infectious diseases. In
particular, following the 2001 anthrax terrorist attacks in the
United States, several other countries have strengthened patho-
gen management. In 2000, the Republic of Korea (ROK) in-
troduced a national management system for infectious disease
pathogens through a comprehensive revision of the Infectious
Disease Prevention Act. Regulations on appropriate handling,
storage, transfer, and disposal of pathogens were established to
prevent external leakage of pathogens and to minimize poten-

tial risks to public health and to the environment, even when
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Key messages
(D What is known previously?

Based on the Infectious Disease Prevention and
Management Act, 36 infectious disease pathogens had
been designated as high-risk pathogens (HRPs) and were
subject to national management.

@ What new information is presented?

In July 2023, the Enforcement Rule of the Infectious
Disease Control and Prevention Act was revised to in-
clude Chapare virus, Lujo virus, and poliovirus in the list
of HRPs.

® What are implications?

The need for national biosafety management was high-
lighted for two hemorrhagic fever viruses classified un-
der Risk Group 4. Poliovirus was added to prepare for
the certification of eradication, as outlined in the World
Health Organization Global Action Plan III. Therefore,
the total number of HRPs subject to national biosafety
management has increased to 39.

pathogens are used for research or diagnosis purposes.

In 20006, 32 infectious pathogens that could poten-
tially pose a severe risk to public health if used for bioter-
rorism purposes or leaked outside owing to accidents were
designated as HRPs. Thereafter, the HRP list was modified.
Enterohemorrhagic Escherichia coli serotype O157 was ex-
cluded, and four types of HRPs, namely, Shigella dysenteriae
type 1, Yellow fever virus, Western equine encephalitis virus,
reconstructed 1918 influenza virus (2010); and Middle East

respiratory syndrome coronavirus were included.

Body

In July 2023, following a revision of the Enforcement Rule

1808

of the Infectious Disease Control and Prevention Act, Chapare
virus, Lujo virus, and poliovirus were designated as HRPs;
thereby, expanding the scope of HRPs subject to national safety
management to 39 pathogens in total (Table 1) [2].

Chapare virus and Lujo virus are hemorrhagic fever viruses
that had not previously been managed as HRPs among the Risk
Group 4 pathogens initially identified. However, given that
the associated hazard level is high, the need for safety manage-
ment was raised when handling or preserving these pathogens
on entry into ROK owing to infection outbreaks elsewhere, or
in relation to research and development, or for diagnostic pur-
poses. Therefore, these viruses were additionally designated
as HRPs. In 2012, the United States also added these two vi-
ruses to the Select Agent and Toxins list. Canada, Japan, and
Singapore have designated these viruses as pathogens subject
to special management and manage them in accordance with
relevant laws [3-6].

Chapare virus is an arenavirus that causes Chapare hemor-
rhagic fever, an acute viral disease. This pathogen was first iso-
lated in 2003 near the Chapare River in Cochabamba, Bolivia.
It then re-emerged in 2019 in Karanabi, Bolivia, with human-
to-human transmission confirmed through body fluids. It has
a reported mortality rate of 67% (four of six infected individu-
als died) [7,8].

Lujo virus causes acute viral hemorrhagic fever, character-
ized as fever and nonspecific symptoms, which typically prog-
ress to hemorrhage and multiple organ failure. These present-
ing symptoms are similar to those of Lassa fever. In 2008, an
outbreak of Lujo virus infections occurred in Lusaka, Zambia,
and Johannesburg, South Africa, and four of the five infected
individuals died [9]. This virus is the second arenavirus isolat-

ed in Africa after Lassa virus and was named the Lujo virus to
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Table 1. High-risk pathogens list

O Bacteria and fungi

1. Yersinia pestis

2. Bacillus anthracis (except for Bacillus anthracis sterne strain)

3. Clostridium botulinum

4. Francisella tularensis

5. Brucella melitencis, Brucella suis

6. Burkholderia mallei

7. Burkholderia pseudomallei

8. Shigella dysenteriae type 1

9. Chlamydia psittaci

10. Coxiella burnetii

11. Rickettsia prowazekii

12. Rickettsia rickettsii

13. Vibrio cholerae O1, 0139

14. Coccidioides immitis, Coccidioides posadasii
O Virus and prion

1. Cercopithecine herpesvirus 1, Herpes B virus
. Crimean-Congo haemorrhagic fever virus
. Eastern equine encephalitis virus
. Ebola virus
. Lassa virus
. Marbug virus

~N O\ R W0 N

17.
18.
19.

20.
21.

22.
23.
24.
25.

O Pathogens designated and announced by the Ministry of Health and Welfare as bacteria, fungi, viruses or prions that pose

. Variola virus

8. Variola minor virus, Alastrim
9. Hendra virus

10.
11.
12.
13.
14.
15.
16.

Monkeypox virus

Nipah virus

Rift Valley fever virus

South American haemorrhagic fever virus; Flexal, Guanarito, Junin, Machupo, Sabia

Yellow fever virus

Western equine encephalitis virus

Tick-borne encephalitis complex virus; Central European Tick-born encephalitis, Far Eastern Tick-born encephalitis,
Siberian Tick-born encephalitis, Kyasanur Forest disease, Omsk haemorrhagic fever virus

Venezuelan equine encephalitis virus

Severe Acute Respiratory Syndrome coronavirus (SARS-CoV)

Avian Influenza virus serotype H5N1, H7N7, H7N9 derived from human (except for vaccine candidate strains
recognized by WHO)

Reconstructed forms of the 1918 pandemic influenza virus containing any portion of the coding regions of all eight
gene segments (reconstructed 1918 influenza virus)

Transmission of spongiform encephalopathy agent; Bovine spongiform encephalopathy prion, variant Creutzfeldt-Jakob
disease prion

Middle East Respiratory Syndrome coronavirus (MERS-CoV)

Chapare virus

Lujo virus

Poliovirus (except for vaccine strain Sabin types 1, 2, 3, and vaccine strains approved WHO)

a significant risk to public health and require urgent management

Data from the Enforcement Rules of Ministry of Health and Welfare of the Republic of Korea (Enforcement Rule of the Infectious Disease
Control and Prevention Act no. 1038) [2].
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reflect the first two letters of the two cities where the first infec-
tions occurred [10].

Poliovirus was included on the HRP list as a follow-up
measure in preparation for the World Health Organization
(WHO)’s Global Action Plan III for eradication certification.
Since 2015, the WHO has been pursuing strategies to mini-
mize biosafety risks related to poliovirus handling facilities fol-
lowing the eradication of wild poliovirus type (WPV) 1, 2, 3
and to phase out the oral poliovirus vaccine [11]. WPV2 and
WPV3 were declared eradicated in 2015 and 2019, respec-
tively, but case of WPV1 infection have been confirmed in
Pakistan, Afghanistan, and in some African countries [12]. No
cases of infection have been reported in ROK since 1984, and
the country achieved the polio eradication status in 2000.

There is currently no treatment for poliomyelitis, and it can
only be prevented through vaccination. In the case of oral vac-
cines, some attenuated vaccine viruses mutate during the pro-
cess of replication in the intestine, after which they may regain
neurotoxicity and circulate in the community, resulting in pa-
ralysis in some cases [13]. To eradicate such vaccine-derived
poliomyelitis, new oral vaccine strains or inactivated vaccine
strains that are genetically stable are needed. Therefore, polio-
virus Sabin types 1, 2, 3, which can be used for research and
development of novel vaccine strains, and viruses approved by
the WHO for use as vaccine strains, were excluded from the

HRP list.

Conclusion

The KDCA has continuously promoted improvements
to the HRP safety management system. In consultation with

the Pathogen Safety Management Division of the Health and

1810

Safety Expert Committee of the KDCA, it has reviewed the
need to modify the HRP list and the appropriateness of patho-
gen candidates to be additionally designated; thereby, expand-
ing the targets of HRPs requiring national management. The
KDCA will continue to monitor pathogens and review the list
of HRPs that require biosafety management in response to
changing environments, such as the emergence of novel and
variant pathogens and the need for international cooperation
in pathogen management. Moreover, the KDCA plans to im-
prove the HRP safety management system through establish-
ment of appropriately targeted and efficient management mea-
sures in line with public demands for biosafety and biosecurity

concerning HRPs safety management.

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 (no. 9847)
[Internet]. Korea Disease Control and Prevention Agency;
Ministry of Health and Welfare of the Republic of Ko-
rea; 2009 [cited 2024 Sep 30]. Available from: https://

www.phwr.org Vol 17, No 42, 2024


http://www.phwr.org
https://elaw.klri.re.kr/eng_mobile/ganadaDetail.do?hseq=37239&type=abc&key=INFECTIOUS-20DISEASE-20CONTROL-20AND-20PREVENTION-20ACT&param=I

I Public Health Weekly Re.:uu’\

elaw.klri.re.kr/eng_mobile/ganadaDetail.do?hseq=3723
9&type=abc&key=INFECTIOUS-20DISEASE-20CON-
TROL-20AND-20PREVENTION-20ACT&param=I

. Enforcement rule of the infectious disease control and pre-
vention act (no. 1038) [Internet]. Korea Disease Control
and Prevention Agency; Ministry of Health and Welfare
of the Republic of Korea; 2023 [cited 2024 Sep 30]. Avail-
able from: https://hi.nhic.kr/Im/Imxsrv/law/lawFullView.
do?SEQ=189&SEQ_HISTORY=43828

. Possession, use, and transfer of select agents and tox-
ins; biennial review, 42 CFR part 73 [Internet]. Centers
for Disease Control and Prevention, Department of
Health and Human Services; 2012 [cited 2024 Sep 30l.
Available from: https://www.federalregister.gov/docu-
ments/2012/10/05/2012-24389/possession-use-and-
transfer-of-select-agents-and-toxins-biennial-review

. Human pathogens and toxins act (S.C. 2009, c. 24) [In-
ternet]. Public Health Agency of Canada, Government
of Canada; 2015 [cited 2024 Sep 30]. Available from:
https://lois-laws.justice.gc.ca/eng/acts/h-5.67/fulltext.
html

. Amendment of the infectious diseases control law. Act

on the prevention of infectious diseases and medical care
for patients with infectious diseases [Internet]. Ministry
of Health, Labor and Welfare; 2007 [cited 2024 Sep 301.
Available from: https://www.mhlw.go.jp/stf/seisakunit-
suite/bunya/kenkou_iryou/kekkaku-kansenshoul7/03.
html

. Biological agents and toxins act 2005 [Internet]. Ministry
of Health, Singapore; 2015 [cited 2024 Sep 30]. Available

www.phwr.org Vol 17, No 42, 2024

10.

11.

12.

13.

from: https://sso.agc.gov.sg/Act/BATA2005

Delgado S, Erickson BR, Agudo R, et al. Chapare vi-
rus, a newly discovered arenavirus isolated from a
fatal hemorrhagic fever case in Bolivia. PLoS Pathog
2008;4:e1000047.

Escalera-Antezana JP, Rodriguez-Villena OJ, Arancibia-
Alba AW, et al. Clinical features of fatal cases of Chapare
virus hemorrhagic fever originating from rural La Paz,
Bolivia, 2019: a cluster analysis. Travel Med Infect Dis
2020;36:101589.

Sewlall NH, Richards G, Duse A, et al. Clinical features
and patient management of Lujo hemorrhagic fever. PLoS
Negl Trop Dis 2014;8:€3233.

Briese T, Paweska JT, McMullan LK, et al. Genetic detec-
tion and characterization of Lujo virus, a new hemorrhagic
fever-associated arenavirus from southern Africa. PLoS
Pathog 2009;5:e1000455.

World Health Organization (WHO). WHO global action
plan to minimize poliovirus facility-associated risk after
type-specific eradication of wild polioviruses and sequen-
tial cessation of oral polio vaccine use: GAPIII. Geneva!
WHO; 2015. Report No.: WHO/POLIO/15.05.

Global Polio Eradication Initiative [Internet]. World Health
Organization; 1988 [cited 2024 Sep 30]. Available from:
https://polioeradication.org/

World Health Organization (WHO). Polio Global Eradica-
tion Initiative: fact sheet: vaccine-derived poliovirus [In-
ternet]. WHO; 2017 [cited 2024 Sep 30]. Available from:
https://www.who.int/docs/default-source/documents/
gpei-cvdpv-factsheet-march-2017.pdf?sfvrsn=1ceef4af_2

1811


http://www.phwr.org
https://elaw.klri.re.kr/eng_mobile/ganadaDetail.do?hseq=37239&type=abc&key=INFECTIOUS-20DISEASE-20CONTROL-20AND-20PREVENTION-20ACT&param=I
https://elaw.klri.re.kr/eng_mobile/ganadaDetail.do?hseq=37239&type=abc&key=INFECTIOUS-20DISEASE-20CONTROL-20AND-20PREVENTION-20ACT&param=I
https://elaw.klri.re.kr/eng_mobile/ganadaDetail.do?hseq=37239&type=abc&key=INFECTIOUS-20DISEASE-20CONTROL-20AND-20PREVENTION-20ACT&param=I
https://hi.nhic.kr/lm/lmxsrv/law/lawFullView.do?SEQ=189&SEQ_HISTORY=43828
https://hi.nhic.kr/lm/lmxsrv/law/lawFullView.do?SEQ=189&SEQ_HISTORY=43828
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://www.federalregister.gov/documents/2012/10/05/2012-24389/possession-use-and-transfer-of-select-agents-and-toxins-biennial-review
https://lois-laws.justice.gc.ca/eng/acts/h-5.67/fulltext.html
https://lois-laws.justice.gc.ca/eng/acts/h-5.67/fulltext.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kekkaku-kansenshou17/03.html
https://sso.agc.gov.sg/Act/BATA2005
https://iris.who.int/handle/10665/208872
https://iris.who.int/handle/10665/208872
https://iris.who.int/handle/10665/208872
https://iris.who.int/handle/10665/208872
https://iris.who.int/handle/10665/208872
https://www.who.int/docs/default-source/documents/gpei-cvdpv-factsheet-march-2017.pdf?sfvrsn=1ceef4af_2
https://www.who.int/docs/default-source/documents/gpei-cvdpv-factsheet-march-2017.pdf?sfvrsn=1ceef4af_2

L)

Check for
updates

b |

2 S

elSSN 2586-0860

https://doi.org/10.56786/PHWR.2024.17.42.4 Public Health Weekly Report

Al- =¥ S TH F=FE A%} 0], 2014-20233

202349 722 7 304 ol 4491 B At FHE(AZHESDS AlFolA 6.3%= 7HE RA|, SHENA 9.8%= 7t

=
& A UERET Al - =3 AR 3.4%pel T, A 2.9%p diH] 0

5%p S7FFATHLE 1).
14
12 1
HE olx - T, B B =4
10 1 e ol Ze, 24 —|— 97 ""92 L = ‘|’ 98 T 96 I o8
- 9.0 9.1 — 89 9.0
R g Tg'z Tj; T8¢ — 81 Tm T79 Is_z — 83 l
- 7. B . -7 -7
L 67 J_ 66 1 l J‘ 68 J_ o 68
6 | . 6.5 62 - Aﬂz‘— — 6.3
e, At At M= - 59 57 A S MiZ A=
4
2 T 1

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
ZAFGIE
JE1. A -2 gy A FHE Zli}$l 201420234
e ek A E: oAbl A] i Fo AbEH(Wh 304 o]4h o] B&
7% 19 Awd A ®ZEL 20054 4 J—?’-i AP w =3t

=7 2023 X|HHLEA SH=0il 27|, https://chs.kdca.go.kr/

TmA: B sy ety

Copyright © Korea Disease Control and Prevention Agency

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:// KDCA
BY NC

creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any Korea Disease Control and
medium, provided the original work is properly cited. Prevention Agency

1812 www.phwr.org Vol 17, No 42, 2024


http://www.phwr.org
http://crossmark.crossref.org/dialog/?doi=10.56786/PHWR.2024.17.42.4&domain=pdf&date_stamp=2024-10-31
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

QuickStats

Trends in the Prevalence Gap of Doctor’s Diagnosis of Diabetes
Between Cities or Provinces, During 2014-2023

In 2023, the age-standardized prevalence of doctor’s diagnosis of diabetes among individuals aged =30 years was the low-
est in Jeju (6.3%) and the highest in Chungcheongnam-do (9.8%). The prevalence gap in doctor's diagnosis of diabetes be-
tween the highest and lowest groups was 3.4%p, which increased as compared to 2.9%p in 2022 (Figure 1).
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Figure 1. Trends in doctor’s diagnosis of diabetes between cities or provinces, 2014-2023
*Lifelong doctor’s diagnosis of diabetes: defined as the percentage of individuals (aged =30 years) who have been diagnosed with diabetes by a
doctor.

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

Source: Korea Community Health at a Glance 2023, Korea Community Health Survey, https://chs.kdca.go.kr/

Reported by: Division of Chronic Disease Coordination, Department of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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