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FSBRE AT AT T (severe fever with thrombocytopenia syndrome, SFTS)-2 A37 HAZAFCZ 20139 =] %t
gholA A A7t B EQih 3 A BT & vl A Aldt, gAX| oL E 7S 5 T HAAE Anpot= A9 viziA oIt
SFTS w7} FHE7]9 HYAAE Adh 20229 4¥ 5 119704 & 13], A= 1670 ZAARNA AY @ ZA4S Fstdon, T4
UE= EYY B+ ANASE SHibsto] AF Bl A shoith 47 AASAE(FE, 24, 351, 4H)S 25t FRE7E A
SR, 11 AT F 3% 5%, 61,259714]1 9] JRE717F A=A A E 2= 2ANA 7P B2 20,99171A1(34.3%)7F A =
glom, FEA 20,55870#(33.6%), 52 11,048701(18.0%), AH2 8,6627041(14.1%) <l F5< AT AHE T v&2
22 ANJHE7]7F 23,8597041(94.8%) 2 FA-F0ldnh 20229 A ET] WAYRA S (Trap Index, AA| FRE] A $/AH7]14)

£ 39.92 AW(44.0) Byl 9.3% A4, 59 HHF(54.7) tH] 27.0% FAsH3ch 202292 FH 79 WAjo] st ¥ &l
SAAE, oFeEES B3 59 YH2 AESHEE SFIS T HLA w7l FRE7]9 ZAAE &8 f@AE AlFo] A&Ho R o]
o]x "g 7} 9lrk

m{m

=)

A 2 sl o AAREZ 18.7%C] E3tTHO]. - HiolH A
of FAE FAET]0f Z2A HFEHAT ==A AU T4

TS EAE AT AT T (severe fever with thrombocy- H 559 Y 9 AY F= 5o oA FEE 4 Ut
topenia syndrome, SFTS) A35 HAAAHCZ 20099 FHA = ARJANEZI AL 27| e T 2243 e

Zo|A Lo golElon(1], 2013 %] *2uzt (Haemaphysalis longicornis)7} SFTSS] 8 wi7jx2 &5
o JEoA A TPt B ETH?2,3]. o]F T, S, ¥ A low MK E7|(Haemaphysalis flava), YEZZIE7]
2 = SolAlo} Ao Sol 4 BSo] /5T YITHAS. & (Ixodes nipponensis), T-EFHE 7| (Amblyomma testudina-
2uEhe] 49 2013978 20229714 1,696 2] $A7F  rium)7} SFTS Hio|#| A wiZ) 7} 7hssiohal 2 A Ql=tl(7],
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T EE LTI LT T (severe fever with thrombocy-
topenia syndrome, SFTS)Z A35 HAAAEOE 74
HE7]o] o3 Hupe= Ao g defA Jlon, w7 7Hset

A7 ZreAuAE 7], AFRAEY], BT 7],

SEIHNE R ol A4t dEA Sl
@ M=Z0| 2| & LH82?
202195 FAE7] A4x(Trap Index, HA FHE=7] A

F/A™71)= 39.98 Ad(44.0) HiH] 9.3% 4, 59 B

(54.7) H¥] 27.0% Aok, 59 AeFel 2 549

ol Hls) 6%z AAIs] Wokd Aol AE7] A& d
A SOl T2 VA Uerd dae Hojiin.

@ AAE2?

A7)0 47t Z7Fsh= B4 o]F SFTS Tl 23]
7k, 7Hed B S7he £ Ukt U v
o] Y& Aog Helr}

o] 35 BE FU F2 4450 st
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543 A&l 4714l 24t Waslh wetd En
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ol FRSIAT. AAAHL AFFIA, EAFIA, T
= 270 AG@EAA, dAID), B71%= 270 AGCEFAI
AD, SHEE VI AQEFAD, SHEE 270 AGGHA,
B, ks 14 AQQEAD), Ao 270 A9EA
o, BAD), BAEE 20 AGEBFA, A, FdEE 1
N AGEFA), AFE 14 AGEHFANLE & 1671 A
= o= AASIRH. A9E A AHS S EF
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2. HETAI7| L by

20224 49RE 119711 vl 38R o] YL 59
stgon, Sefolotol A8 o 8% BAE] A7 & 1271
@AY 3714 Aol thed @144 AA/104] %
Aol A9 FAE7E A,

S(8lo] AR A w}

2|42 [Trap Index], AH AT AAS/AA7L)E &
Valo] 2)4=3}5t9nh RA|7HY] 7SR R 7AH 7|ARR}

= MFEE9] ZEE o]§ste] FH7 719 HsAA
=

O = ArcGIS 9.0 (Environmental Research System Institute)
T2 IHE AHESH interpolation ¥4 W F Inverse

Distance Weighted, Spatial Analyst ToolZ ©]-8-5}of 25}

20229 #HE7] 24 A3 F 61,259704], 34 5&°]

www.phwr.org Vol 16, No 32, 2023


http://www.phwr.org

I Public Health Weekly Re:uu’\

1. 840 & FH=7] 3 dFOIAS)
S
5174 o= St
o2 SEATET| HOFERET] AFBLETIEY] A2AOFETIET]  LRIZTET] e A
79 18 283 0 4,234 5 6,508 11,048
AHd 12 320 3 4,478 5 3,844 8,662
=g 23 212 2 5,337 20 14,964 20,558
| 13 312 0 9,777 70 10,819 20,991
A 66 1,127 5 23,826 100 36,135 61,259
20,000 - Az
18,000 | B %43
16,000 { (31 #&
T 14,000
<E|: 12,000 -
= 10,000
= 8,000 -
I
= 6,000 -
4’000 -J I
2,000
0_ T T T l T - T -_'_—_'_—_|
4 58 62 78 82 og 10¢ 1
O es 120 78 22 1,955 15758 13,966 4,002 250
%= 3,645 5,315 3,839 483 696 699 224 244
B 4% 1,010 1,054 2,996 3,214 929 304 272 184
JE 1. IAEA o o2 FA7] 98 JRAAA
AREACHGE 1) AJEE B 3,820 A=A Y & AGuich zfolz} glovt 74RE W] At 8, 9
HUu AGEHEE F7 % FFoA 7P 2 U9EE HY ol =2 AYNAFE UEd & 717 A-ELEEL] 90% ©f
om FEAANA 14 AL AAF ARHAE e WE Aol f3o|ch. FLanFAE| ANFAESE A
£ Hol= A7|= AYERE Zjo|7} Rlont okFo] do] Hhy o] Atol= oyt BE XHoA AU, EIAKEY]
Sf= 5, 623 F50] Wol WA= 8, 0¥ x2 W EH o] AL A, B, BA, AFolAt A=A oron A

Ack. AYE FAEI(FF AL) F SFTS F2 uf7AAL 2
SAIIET]7} 23,85970A(94.8%) & 7Hd SHSo = &
A=At SEE Bl EH 24 SFoA 7P B2 T
A5(20,991704, 34.3%)7F AR = AL A=7(20,558714],
33.6%), FE(11,048714], 18.0%), AHA(8,6627H4], 14.1%)

+O0 2 UEith AT AERE Hoks W 452 4
dato] 790 7Hg 2 UEE Heo

k= O

L 5o by
A5
2K 1). §59 4

=7l AHLEo] oF 80%E
Bt

=0
£

.

HO H
o=

www.phwr.org Vol 16, No 32, 2023

HE A9 B 7 gol A" AR 1070A1E 94 &

Ol 2). BEHA T

=

E719 A= Hlad 7)o et
A Gof| AAleh= Ao g Holn Fg FZA] o Aqt X7 o]
HAoh ASTINETE FHE EZA AT HY =

3} Ak dolet B4 TE

- 1T

oAz EX]
=70

=8 A

gy,

o]

Aoz mt

1121


http://www.phwr.org

I Public Health Weekly Reuun{

HAHFZET|

o ZacT| Ay
o FAET|
sty Egias
0
11-20 :: ¥ 1-20
120-50 9 20-50
. 50-100 Y . 50-100
= 100-200 = 100-200
- . 200-300 Kl " = 200-300 - = 200-300
0 3060 120 180 240 mm300over 030760 120 180 240 S00over %5060 120 180 240 300 over
A T7| 2 o=
ARSTZRIC 7|
# [=] [=] —_—
) ¥ e © HHUET| WY N = N TS
3
E%l"lxm—
Jo
3 [ 11-20
[20-50
g [ 50-100
B 100-200
Kil " I 200-300
llometers
0 30 60 120 180 240 I 300 over

o B21E7| A ¢ - o HAET| A
YEHAET| ASTI-AET|
Eda5 3

)
= =
. = 200-300 .
0 3060 120 180 240 Wm30over 0730760 120 180 240 mm300over  g73060 120 180 240 i
7812, 20224 FHIE7] BENEGIA, $3 0 7259
140 1 —s— HF (17-'21)
i 2021
— 120 —a— 2022
Bl
100 1
=~
T 80
D
N 60
ul
<l 40
O
20
0 T T T T T T T T 1
48 53 = 78 8 od 10€ 1€
™A (17-'21) 35.0 63.3 57.5 42.3 94.2 113.3 27.7 4.0
2021 28.2 50.9 48.8 231 46.1 120.8 321 1.8
2022 24.9 33.6 35.7 294 90.5 83.2 22.3 3.5

723 98 FAS7] THUE

N
rhu

Aell Bl 9.3% A4sHRAIL, FEEZ 590l Bl 27.0%
FastAHIE 3). A, S, 59 T2 47 68,

20229 FAE7] TAH(61,25970A)2 Ad(67,5407H 5-6¥, 8-9¥ol| 7P &th=(10.11] o|d AFER Z2 &

1122 www.phwr.org Vol 16, No 32, 2023


http://www.phwr.org

I Public Health Weekly Re.:uu’\

100 7w SFTS 21244:(2022) r 50

%01 42 - 45
T - 4=
E 801, 22 - 40
X0 704 -e- WAl r 35
=
& o 30 4
® 50- - 25 :|>§
~N
F 40 + - 20
X 30 - 15
ol
w20 - - 10

10 - -5

0 T T T L| T T T T T T T 0
19 29 3% 4% 5¥ 6Y 7Y 8Y o 10% 1Y 128

J3 4. 20229 €98 FA Y] UL e F3EHELT0A
>3 A

SFTS=severe fever with thrombocytopenia syndrome.
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Surveillance of Tick Density in the Republic of Korea, 2022

Byung—Eon Noh, Hyunwoo Kim, Jung-Won Ju, Hee-Il Lee*

Division of Vectors and Parasitic Diseases, Bureau of Infectious Disease Diagnosis Control, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

Severe fever with thrombocytopenia syndrome (SFTS) is a class 3 infectious disease, fitst identified in China, 2009. In 2013,
SFTS case was reported in the Republic of Korea, and the number of patients has been increasing. Ticks are infectious agent
vectors that transmit varied pathogens such as viruses, bacteria, rickettsia and parasites. To surveillance of ticks was monitored
for prevent a tick-borne diseases, from April to November, at 16 regions and 4 environments (gravs, grasslands, copses, and
mountain roads) surveyed in 2022. In this survey, a total of 61,259 ixodid ticks comprising 3 genere and 5 species were
collected. Of the identified ticks, Haemaphysalis longicornis was the most frequently collected ticks (except larval ricks). The
most abundantly collected environment was glassland (20,991 ticks, 34.3%) followed by copses (20,558 ticks, 33.6%), graves
(11,048 ticks, 18.0%), and mountain roads (8,662 ticks, 14.1%). Tick density (Trap Index, no. of collected tick/trap) in 2022
decreased by 9.3%, 27.0% compared to 2021 and average of last 5 years. As outdoor activities are expected to increase due to
the recent relaxation of quarantine guidelines increase in the number of people working outdoors, there is a high concern that

the number of SFTS patients will increase. Therefore, continuous investigation is necessary to tick surveillance.

Key words: Severe fever with thrombocytopenia syndrome; Tick; Surveillance

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak@korea.kr

Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is
a class 3 notifiable infectious disease that initially emerged in
China in 2009 [1], with the first cases to be reported in the
Republic of Korea (ROK) and Japan in 2013 [2,3]. Since then,
patients have been increasing in East Asian regions, such as
the ROK, China, and Japan [4,5]. In the ROK, the cumulative
number of patients reached 1,696 from 2013 to 2022, with

a mortality rate of 18.7% [6]. It is most commonly spread by

www.phwr.org Vol 16, No 32, 2023

being bitten by a tick infected with the virus, although it can
also be transferred by contact with the blood or bodily fluids of
patients or infected animals in rare situations. Haemaphysalis
longicornis, also called the “killer tick” in the ROK, is consid-
ered the main vector of SFTS; Haemaphysalis flava, Ixodes nip-
ponensis, and Amblyomma testidinarium are also known vec-
tors of the SFTS virus [7]. All of these species inhabit the ROK.
Compared to other infectious disease vector, ticks have a
complicated life cycle, and blood-sucking is essential at each

growth stage, requiring various ecological data collection

1125
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Key messages
(D What is known previously?

Severe fever with thrombocytopenia syndrome (SFTS) is
a class 3 infectious disease, is known to have been trans-
mitted by infected ticks. As SFTS vectors. Haemaphysalis
longicornis, Haemaphysalis flava, Ixodes nipponensis,
and Amblyomma testudinarium are known, all of which
live in Republic of Korea.

(@ What new information is presented?

Tick density (Trap Index, no. of collected tick/trap) in
2022 decreased by 9.3%, 27.0% compared to 2020 and
average of last 5 years. The fact that the amount of pre-
cipitation in May was only 6% of the last 5 years affected
the humidity essential for the survival of ticks, which is
thought to be the cause of the decrease in density.

® What are implications?

The number of SFTS patients steadily increases after
spring, when the density of mites increases, and the in-
crease in patients in autumn appears to be closely related
to the density of larvae.

methods and continuous and long-term investigation.
Therefore, The Division of Vectors and Parasitic Diseases at
the Korea Disease Control and Prevention Agency is operating
a surveillance system by establishing a “Climate Change Vector
Surveillance Center” for the efficient prevention and manage-
ment of vector-borne diseases and for providing data on the
density and distribution of ticks. In this study, we aimed to
provide basic data for the prevention and management of tick-
borne diseases by analyzing the status of tick density reported

by the base vector surveillance center in 2022.

1126

Methods

1. Collection Region and Environment

The study was carried out through the Climate Change
Vector Surveillance Center. Surveillance was conducted
in a total of 16 regions nationwide: Incheon Metropolitan
City, Ulsan Metropolitan City, Samcheok-si and Inje-gun
in Gangwon-do, Gwangju-si and Pocheon-si in Gyeonggi-
do, Chungju-si in Chungcheongbuk-do, Dangjin-si and
Boryeong-gun in Chungcheongnam-do, Gochang-gun in
Jeollabuk-do, Gokseong-gun and Boseong-gun in Jeollanam-
do, Sangju-si and Andong-si in Gyeongsangbuk-do, Jinju-si
in Gyeongsangnam-do, and Jeju-si in Jeju-do. Regional survey
points included grasslands, copses, mountain roads, and grave
environments, which were selected in consideration of human

activity and contact with ticks.

2. Collection Time and Method

Ticks were collected on the third week of each month from
April to November 2022, and a total of 12 tick traps (3 per en-
vironment) using dry ice were installed and retrieved the next

morning (installation at PM 14:00 and retrieval at AM 10:00).

3. Taxonomic Study and Analysis Method

Collected ticks were identified by collection point, species,
sex, and growth stage using a dissecting microscope according
to the key suggested by Yamaguti et al. [8]. The prevalence of
ticks was converted into an average number of individuals col-
lected per trap (Trap Index, no. of collected tick/trap) and in-
dexed. As for the climate information during the survey period,
multisite statistics of synoptic observing systems were utilized

using information from the Meteorological Data Open Portal

www.phwr.org Vol 16, No 32, 2023


http://www.phwr.org

I Public Health Weekly Re:uu’\

[9] of the Korea Meteorological Administration. Distribution
maps were created using the inverse distance-weighted, spa-
tial analyst tool of the interpolation analysis using ArcGIS 9.0
(Environmental Research System Institute) based on the tick

index of each species.

Results

As a result of the tick survey in 2022, a total of 61,259 in-
dividuals, five species of three genera, were collected (Table 1).
An average of 3,829 ticks were collected per region. By region,
the density was highest in Gwangju, Gyeonggi-do and low-
est in Chungju. Although the period of high density differed

by region, the density was high in May and June 2022, with

abundant nymphs, and in August and September 2022, with
abundant larvae. Among the collected ticks (excluding larvae),
H. longicornis, the main vector of SFTS, was identified as the
most dominant species with 23,859 individuals (94.8%). By
environment, the largest number of individuals were collected
in grasslands (20,991, 34.3%), followed by copses (20,558,
33.6%), graves (11,048, 18.0%), and mountain roads (8,662,
14.1%). In terms of developmental stages, adults emerged
in April 2022 and their numbers peaked in July 2022, while
nymphs were most abundant in May 2022, showing a high
prevalence from spring to early summer, accounting for ap-
proximately 80% of the density of ticks collected, (Figure 1).
While there were differences by region, larvae began to emerge

in July and reached a high density in August and September,

Table 1. Total number of ticks from four environments
Genus/species
Site Amblyomma Haemaphysalis Ixodes Larva Total
testudinarium flava Jjaponica longicornis ~ Nipponensis
Grave 18 283 0 4,234 5 6,508 11,048
Mountain road 12 320 3 4,478 5 3,844 8,662
Copse 23 212 2 5,337 20 14,964 20,558
Glassland 13 312 0 9,777 70 10,819 20,991
Total 66 1,127 5 23,826 100 36,135 61,259
20,000 1 mmm Adult
18,000 1 E Nymph
% 16,000 - [ Larva
i 14,000
£ 12,000 -
[0}
= 10,000 -
..g 8,000 A
S 6,000
Z 4,000 -J
2,000 A
0 . T T T l T - T - T — T E— 1
Apr. May Jun. Aug. Sep. Oct. Nov.
Month
[ Larva 120 78 22 1,955 15,758 13,966 4,002 250
[ Nymph 3,645 5,315 3,839 483 696 699 224 244
I Adult 1,010 1,054 2,996 3,214 929 304 272 184

Figure 1. Monthly density of ticks by developmental stage
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with more than 90% of the density during this period being
larvae. H. longicornis and H. flava were collected at all the sites
with differences in abundance, while . nipponensis was col-
lected only in Inje, Gwangju, Boseong, and Jeju, with no more
than 10 individuals collected at these sites (Figure 2). A. tes-
tidinarium seemed to live in regions with relatively warm tem-
peratures and was mainly collected in the southern regions.
Haemaphysalis japonica was only collected in the northern
part of Gangwon-do, which may have been due to the regional

characteristics and mountainous region.

0 30 60 120 180 240
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Trap Index
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[ 50-100
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[ 200-300
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longicornis
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longicomis
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1-20 y 1-20
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1. nipponensis
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I 300 over

Conclusions

In 2022, the prevalence of ticks (61,259 individuals) de-
creased by 9.3% compared to the previous year (67,540 in-
dividuals) and by 27.0% compared to average of last 5 years.
(Figure 3). While the pattern noted was same as in previous
studies [10,11] in that the prevalence of adults, nymphs, and
larvae were highest in June-August, May-June, and August-
September, respectively, the density was significantly lower
than in normal years, especially in May, June, and September.
Humidity is the most important factor in the survival of ticks,
and they become inactive in low humidity [12]. The average

monthly precipitation in May 2022 was 5.2 mm, a significant

Haemaphysalis flava Amblyomma

testudinarium

 Collecting stes
H.flava
Trap Index

|
0-100 50
00-200 = 100-200
00-300 = 200-300 ' =
00over  "30°60 120 180 240 S00over 750 60 120 180 240 300 over
Haemaphysalis japonica Larva

® Collecting sites ¢ S  Collecting stes
K japonca
Trap Index Trap Index
0 0

1-20 y 1 y 1-20

12060 120-50 12075

B 50-100 ’ = 50-100 y i 50-1
= 100-200 = 100-200
o . 200-300 ’ . 200300
03060 120 180 240 Wm300over 03060 120 180 240 iS00 Gver

Figure 2. Geographical distribution map of total, larva and five dominant species of tick in 2022
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Figure 3. Comparison of monthly tick density
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Month

Figure 4. Monthly tick density of developmental stage and
patients in 2022
SFTS=severe fever with thrombocytopenia syndrome.
decrease from the average precipitation in 2021 (142.4 mm)
and the average precipitation of the last five years (86.1 mm),
suggesting that low humidity, which was critical for tick sur-
vival, was the primary cause of the density decline in May
and June 2022. This seemed to have affected the spawning of
adults in the summer, resulting in a drop in the number of lar-
vae in September 2022.

A comparison of monthly changes in SFTS cases and tick
densities revealed that the number of cases tended to be higher
in the month with increase in density, which could be attrib-

uted to the fact that the increase in density led to an increase in

www.phwr.org Vol 16, No 32, 2023

patients appears to coincide with an increase in visits to fam-
ily graves and outdoor activities during the fall (Figure 4). The
high number of SFTS cases in October 2022 was considered to
be due to the harvest of crops and the increase in the number
of people visiting graves during Chuseok, increasing the chance
of exposure to ticks outdoors. There was a sharp decline in tick
density in October 2022, which is likely to be associated with
a drop in SFTS cases in November 2022, requiring a detailed
SFTS patient epidemiology study.

All four species known to be vectors of SFTS, namely H.
Iongicornis, H. flava, I nipponensis, and A. testidinarium, were
identified in the survey. Among them, the main vector species,
H. longicornis, was found to be distributed nationwide at the
highest density. As physical distancing measures due to coro-

navirus disease 2019 are expected to be lifted and more people
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are consequently expected to be outdoors, the possibility of
contact with ticks may increase, in turn increasing the risk of
SETS infection. It is important to minimize outdoor and farm-
ing activities and wear long-sleeved clothing and long pants
for such activities to minimize exposure to ticks. Furthermore,
tick repellents can be used to prevent contact with ticks more
effectively. If symptoms arise after engaging in outdoor activi-
ties, it is critical to seek prompt diagnosis and treatment from a

healthcare provider.
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Infection Status of Intestinal Helminths in 2022

Myoung-Ro Lee, Jung—-Won Ju, Seon-Ok Baek, Young-Ju Lee, Hee-Il Lee*

Division of Vectors and Parasitic Diseases, Bureau of Infectious Disease Diagnosis Control, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

The Division of Vectors and Parasitic Diseases at the Korea Disease Control and Prevention Agency has been using Active
Case Detection programs to investigate the infection status of intestinal parasites among residents of endemic areas and
facilitate anthelminthics treatment. The survey used a test method that gathers stool samples from residents in the epidemic
areas. In this survey, we investigated including essential areas divided into eup, myeon, dong. The overall positive rate of
intestinal parasite eggs was 5.3%. The infection rate was the highest at 3.3% for Clonorchis sinensis, followed by 1.7% for
heterophyid flukes and 0.2% for Trichuris trichiura. Geographically, the overall intestinal parasite infection rate was highest in
Gwangyang-si (12.9%), while the infection rate of C. sinensis was highest in Andong-si (9.7%) among all participated areas.

Continuous surveillance, education, and treatment are recommended to reduce the infection rate of intestinal parasites in

endemic areas.

Key words: Intestinal parasites; Clonorchis sinensis; Infection rates

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak@korea.kr

Introduction

Parasitic worm transmission can occur through different
routes, including transmission through soil, shellfish, arthro-
pods, food, and direct contact. Most intestinal parasitic infec-
tions in the Republic of Korea are transmitted through the soil
and food-borne routes. The rate of infection with parasites can
be determined by conducting a nationwide survey assessing the
prevalence of intestinal parasitic infections among the general
population. According to the 8th National Survey of Intestinal
Parasitic Infections conducted in the Republic of Korea in

2012, the overall rate of infection with intestinal parasites was

1136

2.6%. The rate was decreased significantly compared to the
first survey, which was over 80%. However, while the rate of
infection with food-borne parasites decreased from 4.6% in
the Ist survey (1971) to 2.8% in the 4th survey, it only slightly
decreased to 2.16% in the 8th survey (2012), compared with
that in the 4th survey. Furthermore, food-borne infections still
accounted for 73% of the overall infection rate of 2.6% [1,2].
Unlike soil-borne parasitic infections, which have reached
near-eradication levels, food-borne parasitic infections persist
due to the widespread consumption of raw freshwater fish. The
Division of Vectors and Parasitic Diseases at the Korea Disease

Control and Prevention Agency (KDCA) has been conducting
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Key messages
(D What is known previously?

Soil-mediated parasitic diseases in the Republic of Korea
are maintained at the level of eradication. However, in-
fections by food-borne parasites, such as Clonorchis si-
nensis transmitted through freshwater fish, are predomi-
nant in endemic areas. The survey confirmed a minimal
reduction in the rate of these infections from 11.0% to
5.3% in 2022.

@ What new information is presented?

The overall positive rate of intestinal parasites egg was
5.3%. The infection rate of C. sinensis was 3.3%, which
was highest and followed by 1.7% for heterophyid flukes,
0.2% for Trichuris trichiura.

® What are implications?

To reduce the infection rate of intestinal parasites, con-
tinuous investigation, education and treatment should be
carried out in the epidemic area.

a surveillance project on intestinal parasitic infections in high
endemic area affected by food-borne trematodiasis. This pa-
per presents an analysis of infection rates for various parasitic
strains and regional infection rates based on a surveillance

project conducted in 2022.

Methods

The surveillance project for intestinal parasitic infections
included testing of 200 to 2,000 participants in the follow-
ing 306 regions: Goesan-gun, Yeongdong-gun, and Okcheon-
gun in Chungcheongbuk-do; Gongju-si and Geumsan-gun
in Chungcheongnam-do; Namwon-si, Jinan-gun, Sunchang-
gun, and Imsil-gun in Jeollabuk-do; Gurye-gun, Suncheon-

si, Naju-si, Gwangyang-si, Damyang-gun, Gokseong-gun,

www.phwr.org Vol 16, No 32, 2023

Boseong-gun, Hwasun-gun, Gangjin-gun, Haenam-gun, and
Hampyeong-gun in Jeollanam-do; Pohang-si, Andong-si,
Sangju-si, Cheongsong-gun, Yeongcheon-si, and Yecheon-gun
in Gyeongsangbuk-do; Jinju-si, Miryang-si, Uiryeong-gun,
Haman-gun, Changnyeong-gun, Hadong-gun, Sanchung-
gun, Hamyang-gun, Geochang-gun, and Hapcheon-gun in
Gyeongsangnam-do. The KDCA was responsible for planning,
managing, and conducting screening tests as part of the sur-
veillance project. Public health centers played a role in collect-
ing samples, providing education on infection prevention, and
supporting the treatment of infected individuals. The Korea
Association of Health Promotion was responsible for perform-
ing diagnostic work specifically related to parasitic infections.
A total of 28,918 collected samples were tested for 11 different
types of intestinal parasitic infections [3]. Parasitic eggs were
isolated using a sedimentation technique with water-ether and
subsequently examined. The infection intensity of Clonorchis
sinensis eggs was determined by calculating the egg count per

1 g of sample.

Results

According to the results obtained from the surveillance
project on intestinal parasitic infections, the infection rate
among the 28,918 residents in the target regions increased by
0.1% to 5.3% (n=1,529) compared with that in the previous
year. C. sinensis had the highest infection rate (3.3%, n=951),
followed by heterophyid flukes (1.7%, n=5006), Trichuris
trichiura (0.2%, n=44), Gymnophalloides seoi (0.1%, n=20),
and Echinostoma hortense (0.003%, n=1). Additionally, one
case of Capillaria philippinensis infection was reported (Table

1). Compared with the infection rate in female (3.7%), that in
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Table 1. Egg positive rate of intestinal parasites

Intestinal infection cases and rates (%)

Investigation Total Clonorchis ~ Heterophyid  Trichuris  Gymnophalloides Echinostoma Capillaria
sinensis flukes trichiura seoi hortense  philippinensis
28,918 1,529 (5.3) 951 (3.3) 506 (1.7) 44 (0.2) 26 (0.1) 1 (0.003) 1 (0.003)
12 1 B Male
= Female

Egg positive rates (%)

1-19 20-29  30-39

40-49

50-59 60-69 70-79 80-89 290
Years

Figure 1. Comparison intestinal parasites infection rates by age and sex

77 65% 6.2% [ Clonorchis sinensis
ey 5.7% B Heterophyid flukes
6 e [ Trichuris trichiura
e [ Gymnophalloides seoi
e 5 Il Echinostoma hortense
Q
C 4
(0]
=
g 3 2.7% 2.6%
[o%
S 24 1.6%
L
. B
0 . T T T T T

Jeonnam  Gyeongbuk Gyeongnam Chungbuk  Jeonbuk Chungnam

Figure 2. The infection rates by provinces (do)

male was twice as high (7.6%). Furthermore, the infection rate
was the highest (6.7%) in individuals in their 50s and 60s, fol-
lowed by individuals in their 70s (4.8%), 80s (3.8%), and 90s
and older (3.1%). Those in their 40s or younger had infection
rates of <3% (Figure 1). Heterophyid flukes infection was iden-
tified in a male resident aged <20 years in Gurye-gun, a re-

gion with a high rate of heterophyid flukes infection (3.0%). It

1138

is speculated that the infection may have transmitted through
the consumption of raw freshwater fish, such as trout, which
act as intermediate hosts for heterophyid flukes Jeollanam-do
had the highest intestinal parasitic infection rate (6.5%), with a
1.3% increase from the previous year. This could be attributed
to Gwangyang-si having the highest positivity rate (12.9%)
among all cities and counties along with significant increases in
infection rates in Suncheon-si (9.8%) and Hwasun-si (8.4%),
which was more than double than that in the previous year.
Gyeongsangbuk-do had the second-highest intestinal para-
sitic infection rate, 6.2%, which was lower than the rate in the
previous year (7.0%) (Figure 2). Among the 36 surveilled re-
gions, 12 had infection rates higher than the average infec-
tion rate of 5.3%. The infection rate was the highest, 12.9%,
in Gwangyang-si, followed by Andong-si (10.1%), Suncheon-
si (9.8%), Hadong-gun (8.7%), and Hwasun-gun (8.4%).

Gwangyang-si has shown a consistent increase in the infection

www.phwr.org Vol 16, No 32, 2023
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[Geum River]

Intestinal parasites 2.3%
Clonorchis sinensis 2.1%

[Yeongsan River]

Intestinal parasites 3.0%
Clonorchis sinensis 1.1%

0
[Seomjin River]
D \ Clonoronic sinensis 3 0%
<10 51-100 I 1,001-5,000
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Chungnam- 5 5 Ol
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%
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Figure 4. Comparison Clonorchis sinensis infection intensity
(eggs per gram) by administrative district

rate since 2019. Additionally, in 2021, Suncheon-si had a
2.4% positivity rate, while Hwasun-gun had a positivity rate of
3.1%, both showing a more than two-fold increase in the infec-
tion rate over the previous year. With regard to the infection
rates by river basins, the infection rate was the highest for the
Seomjin River (6.2%), followed by the Nakdong River (5.9%)
and the Yeongsan River (3.0%). Although the Geum River had
the highest infection rate in 2021, owing to the high infection

rate in Yeongdong-gun (10.0% in 2021), the infection rate for

www.phwr.org Vol 16, No 32, 2023

[Han River]

Intestinal parasites 2.9%
Clanorchis sinensis 2.6%

a

[Nakdong River]

Intestinal parasites 5.9%
Clonorchis sinensis 4.1%

Figure 3. Comparison of intestinal
parasite infection rates by river basin

the river was the lowest among all river basins in 2022 because
the infection rate in Yeongdong-gun decreased to 3.4% (Figure
3). The intensity of C. sinensis infection, measured as eggs per
gram (EPG), showed a proportional increase corresponding
to the infection rate for each city (Figure 4). Two individu-
als in Gyeongsangbuk-do tested positive with an EPG value of
5,001 or higher, while 16 individuals had EPG values rang-
ing from 1,001 to 5,000. A total of 28 individuals had an EPG
value of 1,001 or higher. Among them, 18 (64.2%) were from
Gyeongsangbuk-do, indicating that Gyeongsangbuk-do had a

higher infection rate than those for the other regions.

Discussion

The intestinal parasitic infection surveillance project start-
ed in eight regions in 2005 and has since expanded to cover
306 regions as of 2022. A total of 86 regions have participated
in the project at least once until 2022, with a cumulative to-

tal of 537,497 tests performed. Based on the survey results,
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the intestinal parasitic infection rate was 11.0% in 2005. Over
the years, it has decreased by over two-fold to 5.3% in 2022.
However, the infection rate has remained relatively stable at 5%
since 2015, with no significant decrease observed [3]. C. sinen-
sis, which is transmitted through food, accounts for the major-
ity of infection cases and has shown persistent prevalence in
areas around river basins. The survey identified individuals in
their 50s and 60s residing in areas around the Seomjin River
and Nakdong River basins as high-risk groups, suggesting that
people in this age range continue to maintain the habits of eat-
ing raw freshwater fish [4]. C. sinensis, having the highest in-
fection rate among intestinal parasitic worms, accounted for
61.9% of all infections, while heterophyid flukes accounted for
33.4% of all infections. This indicates that food-borne parasites
contribute to approximately 95% of all intestinal parasitic in-
fections. C. sinensis settles in the bile ducts, causing dilation of
the ducts and the progression of chronic inflammation. Over
time, this can potentially lead to the development of bile duct
cancer [5]. While Gwangyang-si had the highest overall intes-
tinal parasitic infection rate among the 306 cities and counties
surveyed, Andong-si had the highest infection rate specifically
for C. sinensis (9.7%). Giran-myeon exhibited a consistently
high infection rate for the second consecutive year, emphasiz-
ing the need for a more focused investigation in Andong-si.
Additionally, Imha-myeon, a newly investigated area, showed
a high positivity rate (8.7%), highlighting the necessity for in-
vestigations in all regions within Andong-si. Based on these
results, it is necessary to implement testing and treatment
measures specifically targeting C. sinensis to reduce the rates
of intestinal parasitic infections in the Republic of Korea. The

Division of Vectors and Parasitic Diseases at the KDCA plans
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to continue conducting more detailed analyses and testing for
each town in high endemic area, as well as adding new areas
for monitoring. It also plans to introduce an eradication certifi-
cation system to further the efforts toward reducing the preva-

lence of intestinal parasitic infections.
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2 199499 AAstar 201990 A3 TR L 9
A A B2 el A 7o =FQlI(NIH Guidelines for
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grHo =z nPE Y5t HFA (HGT) 1+ s e 389 2 08tE  Saccharomyces,
of =Qisto] QIzk, 1 kgd 50% A Hpo|2AE xS E= T4 Kluyveromyces,
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5 87) o

HGT=human gene transfer.

NIH=National Institute of Health; LMO=living modified organism; IBC=Institutional Biosafety Committee; OSP=Office of Science Policy;
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LMO-=living modified organism; IBC=Institutional Biosafety Committee; GMAC=Genetic Modification Advisory Committee.
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ABSTRACT

The advancement of synthetic biology and its expanding influence on future industries has given rise to a growing need to
deregulate the development and experimentation of living modified organisms (LMOs) created by synthetic biology. This article
aims to explore the current state of laws and regulations governing synthetic biology-related LMOs and identify trends in the
development and experimentation of LMOs. Based on this analysis, we propose a plan for the improvement of the national

approval system for LMO development and experimentation that both ensures the safety of LMO research and revitalizes

related research.
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Recombinant DNA technology, which was developed in
1972, enabled the production of living modified organisms
(LMOs). Since then, various molecular biology technologies,
such as DNA sequencing, DNA synthesis, and gene editing,
have been rapidly developed, resulting in increased sophisti-
cation, cost reduction, and acceleration of genetic recombina-
tion technologies. Consequently, the term synthetic biology
emerged in the early 2000s. Synthetic biology involves the

creation of new gene expression circuits that operate in cells

www.phwr.org Vol 16, No 32, 2023

(animals, plants, and microorganisms) or cell-free environ-
ments through componentization and redesign of the DNA
parts required for gene expression [1]. This technology is used
to produce various useful substances in living organisms in-
cluding medical and industrial proteins and chemicals. It is
also used in cell therapies, including microbial and immune
cell therapies, as well as in the development of diagnostic sys-
tems. Its applications extend to various industries, including
medicine, pharmacy, food, environment, and energy, and are
expanding to other fields, such as agriculture.

Synthetic biology utilizes the DBTL (Design- Build-Test-Learn)
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cycle as its fundamental principle for design, and has introduced
an automated system known as biofoundry [2]. This system
has dramatically reduced both the time and cost of develop-
ment, resulting in increased efficiency. Governments world-
wide, such as those in the United States, the United Kingdom,
and China, have identified synthetic biology as a core field of
national competitiveness and are implementing aggressive
policies and investments to promote and strategically develop
synthetic biology. Furthermore, there has been significant in-
vestment in synthetic biology from the private sector, resulting
in the emergence of numerous start-ups in this field. The syn-
thetic biology market is predicted to grow rapidly as the global
demand for sustainable and eco-friendly solutions increases. A
report by the Boston Consulting Group in 2022 forecasts that
synthetic biology will be widely adopted in manufacturing over
the next decade, accounting for more than one-third of global
production and will amass an estimated worth of USD 30 tril-
lion [3]. As a result, discussions are ongoing regarding the need
for new systems and laws to regulate the development and safe

application of synthetic biology-related LMOs [4-0].

Trends in Laws and Regulations Related
to Synthetic Biology-related LMOs

Currently, laws and regulations governing synthetic bi-
ology-related LMOs are based on the Cartagena Protocol on
Biosafety, which was adopted in January 2000 as an annexed
protocol for the Convention on Biological Diversity (CBD).
This protocol is an international agreement designed to pre-
vent potential harm from the transboundary movement,
handling, and use of LMOs. To implement the Convention,

Republic of Korea (ROK) enacted the LMO Act in March
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2001 and became a party to the Protocol in October 2007.
The Biosafety Protocol and LMO Act were enforced in ROK
in January 2008. As of May 2023, 173 countries have be-
come parties to the Protocol, while the United States, Russia,
Australia, Canada, Argentina, and Singapore are among the
major nonparties.

The Cartagena Protocol defines LMOs as any living organ-
ism that possesses a “novel combination of genetic material”
obtained through the use of “modern biotechnology”. “Modern
biotechnology” encompasses a range of techniques, including
(1) in vitro nucleic acid techniques that include recombinant
DNA methods and direct injection of nucleic acid into cells or
organelles, or (2) fusion of cells beyond the taxonomic family,
that overcome natural physiological, reproductive or recombi-
nation barriers and that are not techniques used in traditional
breeding and selection [7].

Discussions are ongoing regarding whether products devel-
oped through the application of synthetic biology fall under the
definition of “LMOs” as outlined in the Cartagena Protocol,
and whether synthetic biology should be considered a form of
“modern biotechnology.” Synthetic biology-related matters
were first raised at COP9 (9th Conference of the Parties) of the
CBD in 2008, and a special technical advisory group (Ad Hoc
Technical Expert Group, AHTEG) on synthetic biology was
established at COP10 in 2010 to collect experiences and in-
formation from each country through forums. Discussions on
synthetic biology within the CBD have focused on various top-
ics including gene drives, digital sequence information, risk as-
sessment methods and procedures, Research and Development
(R&D) monitoring, and social factors, such as biosecurity,
bioethics, social acceptability, and information-sharing meth-

ods. One of the major topics of discussion within the CBD
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is whether synthetic biology meets the criteria for New and
Emerging Issues (NEIs). As a result of these discussions, the
CBD defines synthetic biology as “a further development and
new dimension of modern biotechnology that combines sci-
ence, technology and engineering to facilitate and accelerate
the understanding, design, redesign, manufacture and/or mod-
ification of genetic materials, living organisms and biological
systems, which is presented in a comprehensive sense corre-
sponding to the overall modern life science technology.”

At COP13 in 2016, the AHTEG presented the conclu-
sion that “living organisms developed through current appli-
cations of synthetic biology, or that are currently in the early
stages of R&D are similar to LMOs as defined in the Cartagena
Protocol.” This conclusion has been subject to ongoing debate,
as some stakeholders argue that synthetic biology may require

new or adapted regulatory frameworks because of its unique

Research

|
Exemption IBC report

- Gene recombination
experiments report
- Research plan

In the case of introducing

a drug resistance gene subject
to national approval into an
organism of the 1st risk group,

national approval in advance.

Start experiment

E

Figure 1. Current biosafety review process

it must be tested after obtaining

—

characteristics and potential risks. However, the main view is
that LMOs made using synthetic biology can be regarded as

subject to the current LMO regulations [7].

Domestic LMO Development:
Experimentation Approval System and
LMO Development Status

Since the enactment of the LMO Act, significant prog-
ress has been made in the development of synthetic biology,
methods and targets of LMO research, and the frequency of
LMO research. However, the current LMO development - ex-
perimentation approval system is an obstacle to an otherwise
thriving industry. As LMO development - experimentation
for both basic research and industrial applications is actively

conducted, there is a growing demand for the improvement of

plan

| |
IBC approval National approval

| |
Submission of review document
(Gene recombination experiments)
- Gene recombination experiments
approval application
- Research plan
- Risk assessment

(High-risk pathogen handling experiment)
- Risk assessment data

v

Disapproval

v

Conditional
approval

v
| IBC approval |

i

| Application for national approval |

!

Notification of national approval |

v
Approval
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LMO development - experimentation approval laws to reflect
the current level of technology and the opinions of researchers.

In ROK, according to the LMO Act, the development - ex-
perimentation of LMOs are classified into four categories based
on the degree of risk, exemption, institutional report, institu-
tional approval, and national approval experiments (Figure 1)
[8]. National approval experiments refer to experiments that
require prior approval from the Korea Disease Control and
Prevention Agency (KDCA) after institutional approval, and
fall into four categories (Table 1).

According to data from the KDCA the number of ap-

provals for LMO development * experimentation subject to

national approval increased from 35 in 2017 to 73 in 2021,
with 281 cases approved over the past five years. Corporate re-
search institutes accounted for the highest number of approv-
als (134 cases), followed by universities (78 cases), and nation-
al and public institutions (69 cases). It appears that R&D for
commercialization follows a more thorough national approval
process.

Among the categories reviewed, the introduction of drug
resistance genes was the most frequent, with 196 cases among
the four types of LMO development - experimentation subject
to national approval, followed by the use of pathogenic micro-

organisms in 74 cases and the use of pathogenic toxin genes

Table 1. Targets for national approval for development-experimentations of LMOs

Targets for national approval

Note

1 In the case of using a microorganism
whose species name is not specified
and whose pathogenicity to humans

is unknown

ability to produce a protein toxin
with a 50% lethal toxin amount of
less than 100 ng per 1 kg of body
weight for vertebrates

3 Intentionally transferring drug
resistance genes to microorganisms
in a way that does not occur
naturally

4 In the case of direct use of the gene ~ + Bacteria
of a pathogenic microorganism
requiring state management for

national health reasons, or synthesis

of the gene of the pathogenic
microorganism concerned

2 In the case of using a gene having the @ Botulinum toxin (types A, B, C, D, E, F), @ Tetanus toxin &) Heterogeneous
neurotoxin, @ Diphtheria toxin, ® Toxins with 50% lethal toxin per 1 kg of
body weight for other vertebrates is less than 100 ng

Exemption if the following 8 types of resistance genes are used in an approved
host-vector system judged to be highly safe
* Approved host-vector system
@ Escherichia coli K12 or E. coli B; @ Bacillus subtilis or Bacillus
lichenitormis; 3 Saccharomyces cerevisiae; D Pseudomonas putida;
® Streptomyces coelicolor, Streptomyces lividans, Streptomyces parvulus,
Streptomyces griseus; © Neurospora crassa (D Agrobacterium tumefaciens
* Exemped drug resistance genes
@© Ampicillin, @ Chloramphenicol, ® Hygromycin, @ Kanamycin,
® Streptomycin, ® Tetracycline, @ Puromycin, ® Zeocin

Vibrio cholerae O1:O139, Yersinia pestis, Bacillus anthracis etc.
* Eukaryotic microorgnisms
Coccidioides immitis, Coccidioides posadasii
Viruses and prions
Herpes B virus, Ebola virus, Avian influenza infectious disease virus (H5N1,
H7N7, H7NO) etc.

LMO-=living modified organism.
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in 37 cases. The drug resistance genes used were, neomycin in
124 cases, erythromycin in 26 cases, spectinomycin in 23 cas-
es, gentamicin in 15 cases, and blasticidin and sulfadiazine in 8
cases each [9].

A survey was conducted in July 2022 with 76 synthetic bi-
ology researchers comprising 57 researchers from domestic
universities, 10 from national and public research institutes,
and 9 from corporate research institutes to strategize how to
improve the national approval system for LMO development
and experiments. The survey covered topics such as the ac-
tual state of LMO development research, safety management
in LMO development research, national approval regulations
for LMO development and experimentation, and opinions on
how to improve these regulations (Suppl 1). The survey found
that many researchers have used various prokaryotic and eu-
karyotic organisms for LMO production, in addition to the ex-
empt host-vector system. The majority of LMO studies target-
ed low-risk microorganisms, with the risk group 1 (RG1) ac-
counting for 63.2% and the risk group 2 (RG2) accounting for
44.7% of the strains used. According to the definition in the
Recombinant DNA Guidelines, RG1 organisms do not cause
disease in healthy adults, while RG2 organisms do not cause
serious diseases and these diseases can be easily prevented or
treated in humans. Eight new drug resistance genes includ-
ing erythromycin, gentamicin, neomycin, and spectinomycin
were used. LMO production showed a diverse distribution,
with 75.0% of laboratories producing less than 1-10 cases per
month, and 11.8% producing 10 or more cases per week.

Most researchers responded that strict measures were taken
to prevent LMO leakage, but 34.2% did not accurately under-
stand the national LMO approval regulations. The difficulties

in applying for national approval were also highlighted, with
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research delays (68.2%) and difficulties in the approval ap-
plication process (63.6%) accounting for a high percentage of
responses. Finally, most researchers aim to relax some restric-
tions of the national approval system in order to advance de-

velopment and experimentation in synthetic biology [9].

Approval Systems for LMO Development
and Experimentation in Major Foreign
Countries

Similar to ROK, major foreign countries categorize LMO
development and experimentation into exemption, institution-
al reporting or approval, and state-approved testing; however,
each country has different specific targets for synthetic biology
application and they generally apply more relaxed regulations
than ROK. Regulations for LMO development were examined
in regions like the United States, the United Kingdom, and
Singapore, where LMO development research is actively being

conducted.

1. The United States

According to the National Institutes of Health (NIH)
Guidelines for Research Involving Recombinant or Synthetic
Nucleic Acid Molecules, established in 1994 and revised
in 2019, various regulations govern the safety of basic and
medical research involving animals, plants, microorganisms,
and viruses. The Institutional Biosafety Committee (IBC)
Registration Management System was integrated to manage
the biosafety of genetic recombination experiments. The NIH
guidelines classified these experiments into major and mi-
nor actions, and six types of experiments were defined. The

regulations were divided into exemptions, IBC notification or
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approval, NIH Office of Science Policy (OSP) approval, and
NIH Director approval, depending on the targets and catego-
ries of the experiments (Table 2) [10].

Compared with Korean LMO development - experimen-
tation approval standards, the US NIH national approval is re-
quired for cases where there is a verifiable risk to humans, such
as the introduction of a drug resistance gene in difficult-to-treat
pathogenic microorganisms or when a highly toxic gene with
an LDs, of less than 100 ng is used. In most cases, research can
be conducted with the IBC’s institutional approval and report-
ing by implementing negative regulations, providing conve-
nience and excellence in research. While positive regulations
are being implemented for IBC agency approval and reporting
exemptions, specifying approved host vector systems similar to
domestic standards, the categories are broad, specific, and con-

tinuously added to the fields.

2. Singapore
The Singaporean government established the Genetic

Modification Advisory Committee (GMAC) in April 1999

to oversee and provide guidance on genetically modified or-
ganisms (GMOs). In 2013, “Singapore Biosafety Guidelines
for GMO Research Guidelines for Research on Genetically
Modified Organisms” were introduced and subsequently re-
vised in 2021. These guidelines have a structure similar to
those of the US NIH guidelines and classify GMOs into three
categories. IBC approval reviews are conducted only when
necessary (Table 3), and the GMAC reviews and endorses the

IBC’s approval documents.

3. United Kingdom

The United Kingdom has amended The Genetically
Modified Organisms (Contained Use) Regulations for con-
fined use five times since 2000, and the 2014 amendment is
currently being employed. This regulation, together with the
EU Directive on the Restricted Use of Genetically Modified
Microorganisms (2009/41/EC), sets out a comprehensive
set of directives relating to the use of GM animals and plants.
Contained use implies that the GMOs are developed in facili-

ties that are physically, chemically, or biologically isolated from

Table 2. Subjects for LMO development and experimentation approval according to the US NIH guidelines

Cases in which drug Toxin genes with HGT research
LDs, (50% lethal

dose of toxin per

resistance genes
are intentionally
introduced into kg of body weight
for vertebrates) of

less than 100 ng

microorganisms to
make it difficult
to treat diseases of
humans, animals,
and crops

Major action Minor action
A B C D E F
NIH Director, IBC NIH OSP, IBC IBC approval IBC approval IBC report Exemption
approval approval

In case of using ~ Recombination or  Eight cases including
Escherichia
coli K-12,

Saccharomyces,

microorganisms  synthesis of less
than 2/3 of the

viral genome

or viruses higher

than the RG2
Kluyveromyces,
Bacillus subtilis,
Bacillus
licheniformis

HGT=human gene transfer; RG2=risk group 2.

LMO=living modified organism; NIH=National Institutes of Health; IBC=Institutional Biosafety Committee; OSP=Office of Science Policy;
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Guidelines

Table 3. Subjects for approval of LMO development and experimentation according to the Singapore Biosafety Research

Category A (high risk)

Category B (low risk)

Category C (no risk)

IBC approval, GMAC endorsement
Toxin genes with LDs, (50% lethal dose
of toxin per kg of body weight for
vertebrates) of less than 100 ng

Pathogenic viruses and microorganisms

IBC approval
Animals and plants
Unapproved host-vector system
Genes from pathogenic viruses and

microorganisms

IBC report
Model organism
Approved host-vector systems

LMO=living modified organism; IBC=Institutional Biosafety Committee; GMAC=Genetic Modification Advisory Committee.

Table 4. UK Biosafety Guidelines

Optimal level of

Risk level Risk level containment First report Follow-up report
Class 1 No risk or negligible Containment level 1 First user of the institution Not needed
Class 2 Low risk Containment level 2 Report Report
Class 3 Medium risk Containment level 3 Approval Approval
Class 4 High risk Containment level 4 ~ Approval Approval

the environment. Relevant guidelines stipulate and present
specific confined use conditions, that is, appropriate contain-
ment levels according to the level of risk classified through risk
assessment. In addition, studies that required reporting or ap-
proval from the UK Health and Safety Executive were classified
according to the risk level, as shown in Table 4. While most
studies are classified as Class 1 in the guidelines, follow-up
studies can begin without notification [11].

The UK Safety and Health Agency appointed the Scientific
Advisory Committee on Genetic Modification (SACGM),
which provides detailed guidelines on GMO safety in the
SACGM Compendium of Guidance. Risk assessment guide-
lines are required when safety concerns arise, such as when the
pathogenicity of microorganisms increases or when GMOs are
used in improperly controlled facilities. The guidelines state
that most studies pose no or negligible risk and emphasize the
importance of conducting a pragmatic evaluation based on evi-

dence rather than overly complex regulation [12].

www.phwr.org Vol 16, No 32, 2023

Improvements to the Synthetic Biology
Development - Experimentation System
Subject to National Approval

In addition to the above-described current status survey
and survey of related researchers, research on improving the
approval system for the development and experimentation of
LMOs related to synthetic biology has been conducted by an
advisory committee consisting of synthetic biology experts and
policy experts from academia, industry, national and public
institutions, and public hearings. Based on this, we proposed
a new avenue for improving national approval regulations for
LMO development - experimentation [9]. Among the four
items subject to national approval, a proposal for the improve-
ment of detailed regulations was proposed for two items which
are closely related to synthetic biology research. (1) “In the case
of using a microorganism whose species name is not speci-

fied and whose pathogenicity to humans is unknown” and (2)
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“Intentionally transferring drug resistance genes to microor-
. . » :
ganisms in a way that does not occur naturally” as shown in

Table 5.

1. In the Case of Using a Microorganism Whose
Species Name Is Not Specified and Whose
Pathogenicity to Humans Is Unknown
For newly isolated microorganisms, it is often difficult

to specify their exact species name because there is rarely a

complete match when identifying strains using 16S rRNA

sequencing. Currently, most strains used for LMO develop-
ment are well-known and can be easily genetically manipu-
lated. However, the development of LMOs targeting unknown
microorganisms is very limited. Only 4% of the respondents to
a survey of domestic synthetic biology researchers responded
that they were conducting LMO development research on mi-
croorganisms of unknown species. However, with the devel-
opment of synthetic biology, there is a possibility that LMO
research using newly identified microorganisms with useful

properties that are native to various environmental conditions

Table 5. Improvement plan for national approval system for LMO development and experimentation

Subject Current law

Improvement plan

Using a microorganism Subject of national approval
whose species name
is not specified and
whose pathogenicity
to humans is
unknown

Delete from the national approval list

Intentionally Approval exemption possible (D Expansion of drug i) Addition of drug resistance genes, which

transferring drug for 8 types of drug resistance resistance genes are used as markers for gene manipulation

resistance genes to genes subject to approval with low human risk, to the genes

microorganisms in exemption subject to exemption from approval:

a way that does not high frequency of use (erythromycin,

occur naturally gentamicin, neomycin, spectinomycin),
low frequency of use (blasticidin,
sulfadiazine, nourseothricin, G418,
aureobasidin)

Approval exemption is limited @ Mitigation of ii) Approval exemption is proposed for

to cases where 8 drug approval subjects introduction of the above drug resistance

resistance genes are used in 7 and procedures genes into RG1 microorganisms

approved host-vector systems iii) In the case of introducing the above
drug resistance genes into the RG2
microorganisms, it will be replaced
with approval from the IBC. However,
exceptions are made for Clostridium
botulinum, Shigella dysenteriae Type 1,
Chlamydia psittaci, and Vibrio cholerae
0O1- 0139, which are RG2 bacteria
designated as high-risk pathogens.
subject to approval

LMO-=living modified organism; RG1=risk group 1; RG2=risk group 2; IBC=Institutional Biosafety Committee.
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will expand in the future. These regulations requiring national
approval for the use of microorganisms whose species names
and pathogenicity to humans are not specified are unique to
Korean cases. Therefore, it would be beneficial to delete this
rule from the items subject to national approval. However, if
the definition of the concept is calibrated in the future or if the

need for regulation arises, it can be reinstated.

2. Intentionally Transferring Drug Resistance
Genes to Microorganisms in a Way That Does
Not Occur Naturally
In 2017, the World Health Organization (WHO) pub-

lished a list of 12 “priority pathogens” that pose the greatest

threat to human health, classifying several microbes as Priority

1 consisting mainly of gram-negative pathogens with multi-

drug resistance to many antibiotics, including carbapenems

and third-generation cephalosporins [13]. Pathogens resistant
to one or two antibiotics that cause common diseases, such
as gonorrhea, and food poisoning caused by Salmonella are
in Priority 2 and 3. However, resistance genes for antibiotics,
such as carbapenem, vancomycin, methicillin, clarithromycin,
fluoroquinolone, and cephalosporin, to which pathogens be-
longing to Priority 1 and 2 are resistant, are not used as mark-
ers in LMO research. Ampicillin, which is included in Priority

3, is exempt from national approval. Therefore, non-pathogen-

ic microorganisms are those in which the antibiotic resistance

gene used in synthetic biology is introduced and does not cause
infection or harm to the researcher conducting the experiment.

In addition, approved LMO research facilities ensure the safe

disposal of developed LMOs; therefore, the risk of leakage to

the external environment is low and potential risks are not ex-

pected to be high, even in the case of leakage.

www.phwr.org Vol 16, No 32, 2023

Concerns about the environmental release of antibiotic re-
sistance genes by LMOs are the main reasons for the regula-
tion of the use of antibiotic resistance genes in LMO research.
However, there is no scientifically proven case for this. Indeed,
there are an increasing number of microorganisms with drug
resistance genes in the environment, but there is no scientific
evidence that these genes have been released as a result of LMO
studies. According to a study that analyzed antibiotic resis-
tance genes in microorganisms in the upper, middle, and lower
reaches of the Han River, the number of antibiotic-resistant
microorganisms increased downstream, showing a correla-
tion between human activity and increased resistance. This is
interpreted as the fact that the fecal bacteria of humans or ani-
mals with natural resistance genes enter into the environment
and spread to other bacteria via horizontal gene transfer [14].
Research findings suggest that antibiotic resistance genes found
in the environment arise due to human activity, rather than be-
ing caused by the release of such genes from LMOs. Therefore,
it has been proposed that antibiotic resistance genes, which
have been proven safe for use as markers in synthetic biology
research, should be exempt from national approval regulations.
The proposed aim involves gradual deregulation to improve
the efficiency of synthetic biology research and serves as a
foundation for advanced biotechnology and biomanufacturing.

(1) The drug resistance genes currently used for LMO de-
velopment should be included in the national approval exemp-
tion list.

(2) Classification of antibiotic resistance gene introduc-
tion in LMO research using non-pathogenic RG1 microor-
ganisms as hosts for approval exemption. Current exemption-
approved host vector systems do not include strains such

as Corynebacterium glutamicum, which has already been
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industrially used and proven to be safe, making it difficult to
view the current list as including all safe host vector systems.
Although there may be a way to continuously increase the
number of approved host-vector systems, it is reasonable to
exempt drug resistance gene introduction studies targeting all
RG1 strains that have been proven safe.

(3) The introduction of a drug resistance gene into RG2
microorganisms should be subject to IBC approval. Currently,
only LMO studies targeting RG2, which do not involve drug
resistance genes, are subject to IBC approval. However, consid-
ering the low potential risk to human safety when introducing
drug resistance genes as markers, research on introducing drug
resistance into RG2 microorganisms should also be subject to
IBC approval. RG2 includes microorganisms that can cause
relatively easy-to-prevent or treat diseases with mild symp-
toms in humans, such as the microbiome, which is a common
human flora. Under current regulations, nationally approved
research requires both IBC approval and national approval
(Figure 1). Therefore, replacing national approval with IBC ap-
proval will promote research without the additional burden of
IBC regulations. However, it may also require that efforts be
made to strengthen the IBC capacity and management, partic-
ularly for small companies and schools. One solution is to use
external IBCs if the formation of an in-house IBC is not fea-
sible. Implementing these changes is warranted for the safety

and proper management of LMO research facilities.

Conclusion

Due to the impact of synthetic biology on future industrial
development, both securing the safety of LMO research and vi-

talizing related research, must be considered when establishing
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national approval regulations for the development and experi-
mentation of synthetic biology-related LMO [15]. Since most
of the LMOs developed through synthetic biology do not devi-
ate from the scope of the existing LMO Act, it is necessary to
create an environment in which researchers can legally con-
duct competitive research while complying with the regula-
tions by improving the existing edicts [15]. The industrializa-
tion of LMOs requires a more thorough risk assessment, but
the strict, superfluous regulations in the R&D stage act as ma-
jor deterrents to the activation of related research. Therefore,
rather than using the strategy of strict regulations considering
every potential risk, realistic deregulation measures should be
prepared first in consideration of the advancement of LMO
research and requests from research sites. It will then be nec-
essary to establish a system that can monitor related technol-
ogy trends, continuously analyze risks, and prepare a scien-
tific basis, to identify and supplement the appropriateness of

regulations.
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QuickStats

Trends in the Prevalence of Perceived Health Status among Adults,
2012-2021

In 2021, 39.7% and 33.4% of men and women, respectively, aged 19 years and higher perceived their health status (age—
standardized) in everyday life to be “Good” or “Very Good”. These percentages were higher than the values in 2020 (6.0% for
men and 4.6% for women). The 2021 data indicate that the prevalence of health status perception among men was higher than

that in women (Figure 1).
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Figure 1. Trends in prevalence of perceived health status among adults, 2012-2021
*Prevalence of perceived health status: percentage of adults who report their health in everyday life as “Good” or “Very Good”, among those
aged 19 years and over.

¥The mean in Figure 1 was calculated using the direct standardization method based on a 2005 population projection.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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