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16,5807l thsto] A7) Wi ZEH HAAE 2AE A3, F 16,58070A(81018) F 2 60070 (29184 2l & 7
g F94 FAo] FelHo] HAFHEL 0.17% (2915/16,58070A) 2 rebgt.
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72 ZM0l: FHET); AES] ) A ALaAIAE]; A FEANLARGLS TR

I\ | =2 Athropoda), A 1|7 (Class: Arachnida), =715 (Order:
Ixodida), 31 =7]3HFamily: Ixodidae)oll &3tcH1,2]. 4
FZE7]= vpolg| AR oyt A, 9% & &t Z719] Ay A7]= A4 @A o et ZjolE Hol=t|, A&

HUAE dupste 499 uiAold. FAETE £F/SF % S AR AW dige] e vl H(4-59)FH
oz F27(Kingdom: Animalia), F4]52Z(Phylum: 5] AMA7E S71ekL, 567Dl 4%, 7H09)
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W7ot HAAHOE FE 6EFH 11¢ Afolof] S A
of R JtH6,7]. UL vl=oA 7P &3k
w7 A os wid oF 35k Pof eyt TSk 9o,
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JEAA=7|(Ixodes nipponensis), 181 FEZLHE7]
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WA AR AY Aol et ZF 71l A 35
oo, AA AFE FHE7] F 82.04% (F 20,2087H41 &
16,580714) 9] FAE7E dider 1159 Ad 45 5
WA, o 307041, 75 507HAE =Haf FEof Fol upaf
(7,500 rpm, 30%, 33] ¥H&) & HALS &5t} SFTS,
AeZ|mi7i= g, 2y, F2 B9 g ks AALE &
AR X7] E(real-time polymerase chain reaction [real-time
PCR] kit; SFTS/tick-borne encephalitis virus detection kit,
PGW-CO29TL, POBGEN; Q fever/Lyme disease detection
kit, PGW-CO28TL; POBGEN)Z #=35t¢lct. 3t A

FH A7 E(minimum infection rate, MIR)S X ¥, L&,
T, A% dAEE 2 ARG HATAES HYA
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20249 44%5E 119714 45D W A A ofA] 242
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HEAHE 1). A% SAER A5 1,531704(7.6%), F
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1. A8 AFE ZR=7] A AA S
Y HYHA A 222 Al M7 FHA| = PZESN| &
22 AT EY A& 216 (1.1) 113 (0.6) 669 (3.3) 178 (0.9) 302 (1.5) 1,478 (7.3)
kS 110 (0.5) 71 (0.4) 816 (4.0) 1,392 (6.9 558 (2.8) 2,947 (14.6)
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Yz 5(0.0) 2 (0.0) 23 (0.1) 32 (0.2) 38 (0.2) 100 (0.5)
FELRAET] 45 0 (0.0) 0 (0.0) 0 (0.0 1(0.0) 2(0.0) 3(0.0)
oF% 0(0.0) 3(0.0) 8 (0.0) 0 (0.0) 97 (0.5) 108 (0.5)
PRI 4% 0 (0.0) 0(0.0) 9 (0.0) 0 (0.0) 9 (0.0) 18 (0.1)
oF& 1(0.0) 0(0.0) 6 (0.0) 0(0.0) 3(0.0) 10 (0.0)
% ®%F 1446 (7.2 193 (1.0)  7.370 (36.5) 2,467 (12.2) 4,036 (20.0) 15,512 (76.8)
A 1,779 (8.8) 387 (1.9) 8,910 (44.1) 4,075 (20.2) 5,057 (25.0) 20,208 (100.0)
91 A (%).

(94.2%), NHZLAE7] 132704(2.8%), SEIHHNET] 11174
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A AZEE HugE v 432 495EH st 7
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of 790 ol om, 2A(64470A1, 3.2%)°0A4 7P &
2 7 AYE A FF2 59154170, 7.6%)° 71 A
o9, 2X(2,009704], 9.9%)°14 71 @ 5=7F YA
Ak 959 AL 8Y(9,06870A], 44.9%)°] FHole
™ 9U(4,696714, 23.2%)°1 Z4xstRaL, FE(10,304714,
51.0%)0l1A 78 B2 A7 AY = ATHE 3).

2. FTET| LY HEX| ZAl

A4 AR " FHE7] 20,208704 F 16,58074AE o
o2 FE(1,361704, 30118), 2%+&(2,338704, 2071
), 13(12,881704], 3021514 LA HAE 35t
At o] 5 AW JABE A= 2970 1F, FE> 14 1
&, SFTSe} I E=7|uf 7= 92 07 5ol A F/dol EI=9
tHLE 3). ¥4 A4 5 74 2 JHHYA A A
£ 1712 59 AFA A0 APE 2220 ET] oF

< AACIM dEHaL, 11 9 A 282 FFA 2 A
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3% GACIA A=A 2T FAol St 8, 9dol=
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J81. AAEE ZHE7] 24 @2R9E 2 3E)
(A) 9H, (B) @4, (O A=, (D) A, (B) i+ SA+
E 2. A4 A g2 A7) JA |
=4 & EA 24 ] = =X| A
2F2- AT IR = 7] % 189 (0.9) 271 (1.3) 382 (1.9) 636 (3.1) 1,478 (7.3)
S 388 (1.9) 183 (0.9) 412 (2.0) 1,964 (9.7) 2,947 (14.6)
oL E7] i 7 (0.0) 16 (0.1) 5(0.0) 4 (0.0) 32(0.2)
oF% 17 (0.1) 38(0.2) 22 (0.1) 23 (0.1) 100 (0.5)
FEHET] A5 0(0.0) 0(0.0) 0 (0.0) 3 (0.0) 3 (0.0)
FS 6 (0.0) 10 (0.0) 71 (0.4) 21 (0.1) 108 (0.5)
AEZAE7] 2k 7 (0.0) 8 (0.0) 2 (0.0) 1(0.0) 18 (0.1)
kS 3(0.0) 4(0.0) 2(0.0) 1(0.0) 10 (0.0)
5 5 10,304 (51.0) 1,332 (6.6) 1,650 (8.2) 2,226 (11.0) 15,512 (76.8)
i 10,921 (54.0) 1,862 (9.2) 2,546 (12.6) 4,879 (24.2) 20,208 (100.0)
O AR (%). %2 A 25 EA AE A WHEPste] B7].
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10,000 - 45.9% - 50
9,000
__ 8,000 -
Pé.-l_‘ 7,000 + .
= 6,000 A =
,ﬁ;'ﬁ 5,000 ﬁ[uﬁ
= 4,000 S
.'%” 3,000 -
2,000 -
1,000 A
0T 4z [ 53 [ o2 [ 78 [ 6% [ 98 [10z] g °
O H2OHA=) 51 372 | 408 502 151 9 22 16
O 2L2HAI=) 591 | 1,541 | 446 98 66| 388 31 4
B RE0HAS) 13 55| 6 [1,219]9,068 | 4,696 | 453 2 J21 2. AT 7|9 A Ao 2
— SHEE%) | 32 97| 43 90| 459| 252| 25 | 0.1 AR AA
B3 943 9 AY 3 o2 FF ] A A S
| A oA =24 Az =g EX| A
49 A& 10 (0.0) 8 (0.0) 8 (0.0) 25 (0.1) 51 (0.3)
kS 81 (0.4) 21(0.1) 54 (0.3) 435 (2.2) 591 (2.9)
4= 11 (0.1) 0 (0.0) 0 (0.0) 2 (0.0) 13 (0.1)
54 A% 34 (0.2) 48 (0.2) 85 (0.4) 205 (1.0) 372 (1.8)
i 141 (0.7) 93 (0.5) 254 (1.3) 1,053 (5.2) 1,541 (7.6)
IR 5(0.0) 29 (0.1 0 (0.0) 21 (0.1) 55 (0.3)
6¥ & 36 (0.2) 96 (0.5 134 (0.7) 142 (0.7) 408 (2.0)
o3 32 (0.2) 61 (0.3) 146 (0.7) 207 (1.0) 446 (2.2)
4= 2 (0.0) 0 (0.0) 2 (0.0) 2 (0.0) 6 (0.0)
74 5 70 (0.3) 114 (0.6) 131 (0.6) 187 (0.9) 502 (2.5)
ok 11 (0.1) 8(0.0) 12 (0.1) 67 (0.3) 98 (0.5)
3 536 (2.7) 143 (0.7) 148 (0.7) 392 (1.9) 1,219 (6.0)
8d 4% 35(0.2) 10 (0.0) 26 (0.1) 80 (0.4) 151 (0.7)
ok 14 (0.1) 11 (0.1) 3(0.0) 38 (0.2) 66 (0.3)
4= 6,123 (30.3) 731 (3.6) 813 (4.0) 1,401 (6.9) 9,068 (44.9)
9¢ & 4(0.0) 3(0.0) 1(0.0) 1(0.0) 9(0.0)
s 129 (0.6) 21 (0.1) 34 (0.2) 204 (1.0) 388 (1.9)
+3 3,613 (17.9) 332 (1.6) 379 (1.9) 372 (1.8) 4,696 (23.2)
10¢ 4% 7 (0.0) 11 (0.1) 1(0.0) 3(0.0) 22 (0.1)
oF% 6 (0.0 19 (0.1) 2(0.0) 4(0.0) 31(0.2)
5 14 (0.1 97 (0.5) 306 (1.5) 36 (0.2) 453 (2.2)
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Surveillance of Tick Distribution and Infection Rate of Tick—borne
Infectious Diseases in Gyeongsangbuk—do Province and Daegu
Metropolitan City in 2024
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Yuna Park® @, Yong—Pyo Lee' @, Gyeong Ran Moon' @, Bomin Gu' @, Jeong-Hoon Chun'*
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®Department of Infectious Disease Investigation, Daegu Metropolitan City Institute of Health and Environment, Daegu, Korea

ABSTRACT

Objectives: Tick-borne diseases are spread by ticks infected with severe fever with thrombocytopenia syndrome (SFTS), a class
3 statutory infectious disease. Gyeongsangbuk-do Province ranked second nationwide with 256 patients with SFTS over the
past 10 years, while Daegu Metropolitan City ranked 10th with 86 patients, underscoring the need for surveillance of tick-

borne infectious diseases.

Methods: The Gyeongbuk Regional Center for Disease Control and Prevention, Daegu Metropolitan City, and the Gyeong-
sangbuk-do Institute of Health and Environment selected five surveillance points and conducted tick collection and genetic
testing for SFTS, Lyme disease, tick-borne encephalitis, and Q fever from April to November 2024.

Results: A total of 20,208 tick specimens belonging to three species and four genera were collected. Among the 4,696 adults
and nympbhs, 4,425 were identified as Haemaphysalis longicornis, accounting for 94.2% of the collected ticks. Infection rates of
SFTS, Lyme disease, tick-borne encephalitis, and Q fever pathogen were examined in 16,580 out of 20,208 ticks, confirming
that 29 out of 810 pools were positive for the causative agent of Lyme disease and Q fever, establishing a minimum infection

rate of 0.17% (29 pools/16,580 individuals).

Conclusions: This survey can be used to establish measures to prevent the introduction and spread of infectious disease vectors

and vector-borne infectious diseases in the region.

Key words: Ticks; Tick-borne diseases; Haemaphysalis longicornis; Lyme disease; Severe fever with thrombocytopenia syndrome

*Corresponding author: Jeong—Hoon Chun, Tel: +82-53-628-0640, E-mail: hg1117@korea.kr

Introduction ticks belong to the Kingdom Animalia, Phylum Arthropoda,
Class Arachnida, Order Ixodida, and Family Ixodidae [1,2].
Hard ticks are vectors that transmit a variety of pathogens, The timing of hard-tick occurrence varies according to their

including viruses, bacteria, and protozoa. Taxonomically, hard developmental stage; since ticks primarily overwinter as
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Key messages
(D What is known previously?

Ticks that transmit infectious diseases such as severe fe-
ver with thrombocytopenia syndrome and Lyme disease.

(@ What new information is presented?

Lyme and Q fever pathogens were identified in 29 of
the 810 pools, resulting in a minimum infection rate of
0.17%.

® What are implications?

The detection results can serve as basic data to prevent
vector infections.

nymphs, their population notably increases starting in spring
(April-May), adult ticks predominantly emerge in sum-
mer (June-July), and larvae populations surge in autumn
(September) [3,4]. Larvae, nymphs, and adult ticks all require
blood feeding and typically exhibit a three-host tick life cycle,
parasitizing different hosts at each developmental stage [3].
Ticks locate hosts by detecting carbon dioxide, body heat,
odors, and ground vibrations. Their primary hosts include
mammals, such as wild rodents, dogs, wild boars, and humans
as well as birds and reptiles by transmitting pathogens during
blood feeding [4].

Representative tick-borne diseases include severe fever with
thrombocytopenia syndrome (SFTS), tick-borne encephalitis
(TBE), and Lyme disease, all categorized as third-class notifi-
able infectious diseases in the Republic of Korea (ROK) [5].
Although the specific incidence periods vary among diseases,
reports indicate that cases predominantly occur between April
and November [5]. In ROK, from 2014 to 2023, more than
99.8% of SFTS cases and over 84.9% of Lyme disease cases

were reported between April and November [6]. Lyme disease

www.phwr.org Vol 18, No 15, 2025

is transmitted by Ixodes persulcatus and Haemaphysalis spp.
infected with Borrelia spp. (Borrelia burgdorferi, Borrelia at-
zelii, Borrelia garinii), and cases mainly occur between June
and November [0,7]. Lyme disease is the most common tick-
borne disease in the United States, with approximately 30,000
annual cases; in ROK, 268 cases were reported from 2011,
when surveillance began, through 2024, with the highest num-
ber of annual cases (45) reported in 2023 [6,8]. Q fever is a
zoonosis found in livestock, wildlife, and ticks; human infec-
tions primarily occur through the inhalation of aerosols from
infected hosts, whereas tick-borne transmission is relatively
rare [9].

SFTS is caused by the Dabie bandavirus (SFTS virus) [10]
and is primarily transmitted by Haemaphysalis longicornis,
Haemaphysalis flava, Ixodes nipponensis, and Amblyomma
testudinarium ticks [4,11,12]. A. testudinarium is predomi-
nantly distributed in southern regions, whereas H. flava and
H. longicornis are widely distributed nationwide; notably, in
2023, 96.7% of adult and nymph ticks collected were identi-
fied as H. longicornis, confirming its predominance in ROK [4].

From 2014 to 2023, a total of 1,859 cases of SFTS were
reported in ROK, resulting in 338 deaths, which corresponds
to a cumulative fatality rate of 18.2%. During the same period,
Gyeongsangbuk-do Province reported 256 SFTS cases, ranking
second nationwide (highest: Gyeonggi-do, 316 cases), with 64
deaths, indicating a cumulative fatality rate of 25.0%, which is
higher than the national average [6]. In 2024, Gyeongsangbuk-
do Province reported 5 cases of Lyme disease, ranking third
nationally (highest: Seoul with 8 cases; second highest:
Gyeonggi-do with 6 cases). Daegu Metropolitan City, adjacent
to Gyeongsangbuk-do, reported 86 SFTS cases from 2014
to 2023, ranking 10th nationwide; in 2020 alone, the city
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ranked fifth nationwide, reporting 26 cases [6]. Consequently,
the importance of surveillance data regarding tick popula-
tions and tick-borne pathogens within the Gyeongbuk Region
(Gyeongsangbuk-do and Daegu Metropolitan City) is increas-
ingly recognized. This study aims to provide analysis results
of tick density and pathogen surveillance within ticks at se-
lected surveillance sites in the Gyeongbuk Region from April
to November 2024, thereby clarifying the current status of
tick-borne diseases in the local community and establishing
the baseline data essential for formulating effective preventive
measures to facilitate early detection of the disease and con-
trol the future influx and spread of tick-borne diseases in the

region.

Methods

1. Collection Sites and Environment

Five tick-surveillance sites were selected in total; the
Gyeongbuk Regional Center for Disease Control and Prevention
selected two sites—Gunwi-gun in Daegu Metropolitan City
and Yeongdeok-gun in Gyeongsangbuk-do, while the Daegu
Metropolitan City Institute of Health and Environment
(Daegu IHE) and Gyeongsangbuk-do Institute of Health and
Environment (Gyeongbuk IHE) each selected surveillance ar-
eas within their respective administrative jurisdictions. Daegu
IHE selected a public park in Dalseo-gu, Daegu, frequently vis-
ited by residents, whereas Gyeongbuk IHE selected collection
sites in Yeongcheon-si and Gyeongju-si of Gyeongsangbuk-
do near locations where SFTS cases had occurred. At each site,
sampling was conducted in environments conducive to tick-
host interactions, classified into grassland, copses, grave sites,

and mountain trail environments.

610

2. Collection Methods and Species Identification
Tick sampling was generally performed once monthly (in
the third week) from April to November 2024; however, at
two sites (Yeongcheon-si and Gyeongju-si, Gyeongsangbuk-
do), sampling was conducted once monthly except in the
months of May and June, when sampling occurred twice
monthly. Dry ice was used as the tick attractant. Typically, two
dry ice-baited traps per environment were installed at each site,
though some locations utilized between one and three traps per
environment. Traps were installed at each site for over 3 hours,
and the collected ticks were retrieved using aspirators. Species
identification of collected ticks was performed by each institute
according to the collection sites, referencing identification keys
[13] under a dissecting microscope by species, sex, and devel-
opmental stage. Tick occurrence was quantified as the trap in-
dex, calculated by dividing the total number of collected ticks
by the number of traps and the number of collection days (total

ticks/traps/days).

3. Pathogen Detection

Pathogen detection was performed separately by each insti-
tute according to the collection sites, using 82.04% of the total
collected ticks (16,580 out of 20,208 individuals). Each group
contained up to 5 adults, 30 nymphs, or 50 larvae, which were
homogenized in tubes at 7,500 rpm for 30 seconds, repeated
three times, followed by nucleic acid extraction. Diagnostic
testing for pathogens, including SFTS, TBE, Lyme disease, and
Q fever, was conducted using real-time polymerase chain reac-
tion (PCR) kits (SFTS/TBE virus detection kit, PGW-CO29TL;
POBGEN and Q fever/Lyme disease detection kit, PGW-
CO28TL; POBGEN). Additionally, the minimum infection

rate (MIR) was determined according to region, month, tick
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species, and developmental stage. The MIR was calculated as
the percentage obtained by dividing the number of pathogen-

positive pools by the total number of tick individuals tested.

Results

1. Tick Density Survey

From April to November 2024, a total of 20,208 tick in-
dividuals belonging to 4 species across 3 genera were collected
from sampling sites within the Gyeongbuk Region (Table 1).
By developmental stage, 1,531 adults (7.6%), 3,165 nymphs
(15.7%), and 15,512 larvae (76.8%) were collected. Among
adults and nymphs, H. longicornis (4,425 individuals, 94.2%)
was most frequently collected, followed by H. flava (132, 2.8%),
A. testudinarium (111, 2.4%), and I nipponensis (28, 0.6%).
By sampling site, Yeongcheon-si, Gyeongsangbuk-do, showed
the highest tick density (8,910 individuals, 44.1%), followed
by Gyeongju-si (5,057, 25.0%), Yeongdeok-gun (4,075,
20.2%), Gunwi-gun, Daegu Metropolitan City (1,779, 8.8%),
and Dalseo-gu (387, 1.9%; Figure 1). Adult H. longicornis

were most abundant in Yeongcheon-si (669 individuals, 3.3%),

while nymphs were most abundant in Yeongdeok-gun (1,392,
6.9%; Table 1). For adults, H. longicornis was primarily col-
lected in grasslands (6306, 3.1%), H. flava on mountain trails
(16, 0.1%), A. testudinarium in grasslands (3, 0.01%), and L.
nipponensis on mountain trails (8, 0.04%). Among nymphs, H.
longicornis was predominantly collected in grasslands (1,964,
9.7%), H. flava on mountain trails (38, 0.2%). While, the high-
est numbers of A. testudinarium (71, 0.4%) were collected in
copses and L nipponensis (4, 0.02%) were collected in moun-
tain trail (Table 2).

By developmental season, adult ticks emerged in April and
were collected through July; nymphs peaked in May. Larvae
increased significantly from July, reaching peaks in August
(97.7%) and September (92.2%; Figure 2). By sampling envi-
ronment, 54.0% of all ticks were collected in grave sites, fol-
lowed by grasslands (24.1%), copses (12.6%), and mountain
trails (9.2%). Adult tick numbers increased starting in April,
peaked in July, and were most abundant in grasslands (644,
3.2%). Nymph populations peaked in May (1,541, 7.6%) and
were primarily collected in grasslands (2,009, 9.9%). Larvae

reached their peak in August (9,008, 44.9%), decreasing by

Table 1. The number of collected ticks by five collected sites in Gyeongsangbuk-do Province
Species Devesl;(:;)gn;ental Dac-,&g:uertL:/nw Delx?::c?—ugu Yeongcheon Yeggsrc]ig/ o Gyeongju Total
Haemaphysalis Adult 216 (1.1) 113 (0.6) 669 (3.3) 178 (0.9) 302(1.5) 1,478 (7.3)
longicornis Nymph 110 (0.5) 71(0.4) 816 (4.00 1,392 (6.9) 558 (2.8) 2,947 (14.6)
Haemaphysalis Adult 1(0.0) 5(0.0) 9 (0.0) 5(0.0) 12 (0.1) 32(0.2)
flava Nymph 5(0.0) 2(0.0) 23 (0.1) 32(0.2) 38(0.2) 100 (0.5)
Amblyomma Adult 0(0.0) 0(0.0) 0(0.0) 1(0.0) 2(0.0) 3(0.0)
testudinarium Nymph 0 (0.0) 3(0.0) 8 (0.0) 0(0.0) 97 (0.5) 108 (0.5)
Ixodes Adult 0 (0.0) 0 (0.0) 9 (0.0) 0 (0.0) 9 (0.0) 18 (0.1)
nipponensis Nymph 1(0.0) 0 (0.0) 6 (0.0) 0 (0.0) 3 (0.0) 10 (0.0)
Larva Larva 1,446 (7.2) 193 (1.0)  7.370 (36.5) 2,467 (12.2) 4,036 (20.0) 15,512 (76.8)
Total 1,779 (8.8) 387 (1.9) 8,910 (44.1) 4,075 (20.2) 5,057 (25.0) 20,208 (100.0)
Unit: number of ticks (%).
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Table 2. Status of tick collection by four environments

Species Developmental stage Grave Mountain trail Copses Grasslands Total
Haemaphysalis Adult 189 (0.9) 271 (1.3) 382 (1.9) 636 (3.1) 1,478 (7.3)
longicornis Nymph 388 (1.9) 183 (0.9) 412 (2.0) 1,964 (9.7) 2,947 (14.6)
Haemaphysalis Adult 7 (0.0) 16 (0.1) 5(0.0) 4(0.0) 32(0.2)
flava Nymph 17 (0.1) 38(0.2) 22 (0.1 23 (0.1) 100 (0.5)
Amblyomma Adult 0(0.0) 0(0.0) 0(0.0) 3(0.0) 3(0.0)
testudinarium Nymph 6(0.0) 10 (0.0) 71(0.4) 21(0.D 108 (0.5)
Ixodes Adult 7 (0.0) 8 (0.0) 2 (0.0) 1(0.0) 18 (0.1)
nipponensis Nymph 3(0.0) 4 (0.0) 2 (0.0) 1(0.0) 10 (0.0)
Larva Larva 10,304 (51.0) 1,332 (6.6) 1,650 (8.2) 2,226 (11.0) 15,512 (76.8)
Total 10,921 (54.00 1,862 (9.2) 2,546 (12.6) 4,879 (24.2) 20,208 (100.0)

Unit: number of ticks (%). % data is rounded to two decimal places.
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Table 3. Monthly tick population by four environments in Gyeongsangbuk-do Province
Month Deve;?:égental Grave Mountain trail Copses Grasslands Total
April Adult 10 (0.0) 8(0.0) 8 (0.0) 25(0.1) 51(0.3)
Nymph 81 (0.4) 21(0.1) 54(0.3) 435(2.2) 591 (2.9)
Larva 11 (0.1 0(0.0) 0(0.0) 2(0.0) 13 (0.1)
May Adult 34 (0.2) 48 (0.2) 85 (0.4) 205 (1.0) 372 (1.8)
Nymph 141 (0.7) 93 (0.5) 254 (1.3) 1,053 (5.2) 1,541 (7.6)
Larva 5(0.0) 29(0.1) 0(0.0) 21 (0.1) 55 (0.3)
June Adult 36(0.2) 96 (0.5) 134 (0.7) 142 (0.7) 408 (2.0)
Nymph 32(0.2) 61 (0.3) 146 (0.7) 207 (1.0) 446 (2.2)
Larva 2(0.0) 0(0.0) 2 (0.0) 2 (0.0) 6 (0.0)
July Adult 70 (0.3) 114 (0.6) 131 (0.6) 187 (0.9) 502 (2.5)
Nymph 11 (0.1 8 (0.0) 12 (0.1) 67 (0.3) 98 (0.5)
Larva 536 (2.7) 143 (0.7) 148 (0.7) 392 (1.9) 1,219 (6.0)
August Adult 35(0.2) 10 (0.0) 26 (0.1) 80 (0.4) 151 (0.7)
Nymph 14 (0.1) 11 (0.1) 3(0.0) 38(0.2) 66 (0.3)
Larva 6,123 (30.3) 731 (3.6) 813 (4.0) 1,401 (6.9) 9,068 (44.9)
September Adult 4(0.0) 3(0.0) 1(0.0) 1(0.0) 9(0.0)
Nymph 129 (0.6) 21 (0.1) 34 (0.2) 204 (1.0) 388 (1.9)
Larva 3,613 (17.9) 332 (1.6) 379 (1.9) 372 (1.8) 4,696 (23.2)
October Adult 7 (0.0) 11 (0.1) 1(0.0) 3(0.0) 22 (0.1)
Nymph 6(0.0) 19 (0.1 2 (0.0) 4(0.0) 31(0.2)
Larva 14 (0.1) 97 (0.5) 306 (1.5) 36 (0.2) 453 (2.2)
November Adult 7 (0.0) 5(0.0) 3(0.0) 1 (0.0) 16 (0.1)
Nymph 0(0.0) 1(0.0) 2 (0.0) 1(0.0) 4(0.0)
Larva 0(0.0) 0(0.0) 2(0.0) 0(0.0) 2(0.0)
Subtotal Adult 203 (1.0) 295 (1.5) 389 (1.9) 644 (3.2) 1,531 (7.6)
Nymph 414 (2.0) 235 (1.2) 507 (2.5) 2,009 (9.9) 3,165 (15.7)
Larva 10,304 (51.0) 1,332 (6.6) 1,650 (8.2) 2,226 (11.0) 15,512 (76.8)
Total 10,921 (54.0) 1,862 (9.2) 2,546 (12.6) 4,879 (24.1) 20,208 (100.0)
Unit: number of ticks (%). % data is rounded to two decimal places.
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September (4,696, 23.2%), and were predominantly collected
in grave sites (10,304, 51.0%; Table 3).

2. Pathogen Surveillance in Ticks

Among the 20,208 collected ticks, pathogen detection
tests were performed on 16,580 individuals, including adults
(1,361 individuals, 301 pools), nymphs (2,338 individuals,
207 pools), and larvae (12,881 individuals, 302 pools). Of
these, 29 pools tested positive for Lyme disease pathogens, 1
pool tested positive for Q fever pathogen, while no positive cas-
es were detected for SFTS and TBE (Figure 3). Among positive
samples, co-detection of pathogens causing Q fever and Lyme
disease was identified in one pool of H. longicornis nymphs
collected in grassland in Gyeongju-si in May, and the remain-
ing 28 positive samples were identified as Lyme disease patho-
gen infections from tick samples collected in Gyeongju-si and
Yeongcheon-si. The first positive detection of Lyme disease
pathogen in April was identified from an adult female I. nippo-
nensis tick collected in Gyeongju-si. In August and September,

when positive Lyme disease pathogen detections increased, all

positive cases, except for one group of I. nipponensis nymphs,
were detected from larvae. In November, three groups of adult
temale I nipponensis ticks tested positive (Figure 3).

Among a total of 810 tested groups, the MIR within ticks
was found to be 0.17% (29 positive groups among 16,580 in-
dividuals). By species, the MIR for I. nipponensis was highest
at 28.57%, significantly higher than the 0.23% observed in H.
longicornis. By the developmental stage, adult ticks had the
highest MIR at 0.81%, followed by nymphs at 0.21%, and lar-
vae at 0.10%. By region, pathogen-positive cases were identi-
fied from 13 groups, including adult I nipponensis and H. lon-
gicornis, as well as nymphs and larvae collected in Gyeongju-
si, resulting in an MIR of 0.26%. In Yeongcheon-si, pathogen-
positive detections were confirmed from 15 groups consisting
of adult, nymph, and larval stages of I. nipponensis and H. lon-
gicornis, with an MIR of 0.17%, whereas Yeongdeok-gun had
only one positive larval group, resulting in an MIR of 0.02%.
By month, the highest MIR (13.64%) was observed in L. nip-
ponensis collected in November, while the lowest MIR (0.09%)

was recorded in August.
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o' ]
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%".
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[ No. of simultaneous detection (Q-fever and Lyme) 0 0 0 0 0 0 0
[ No. of Lyme pathogen (+) 1 3 3 6 6 1 3
—o— No. of SFTS & TBE 0 0 0 0 0 0 0
—e— Trap index (total) 43.7 131.2 27.7 52.0 265.3 145.5 145 0.6
Trap index (adult) 34 24.8 13.2 14.3 4.3 0.3 0.6 0.5
~e— Trap index (nymph) 394 102.7 14.4 28 1.9 11.1 0.9 0.1
Trap index (larva) 0.9 3.7 0.2 34.8 259.1 134.2 129 0.1

Figure 3. The number of pathogen infection in ticks

SFTS=severe fever with thrombocytopenia syndrome; TBE=tick-borne encephalitis.
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Discussion

From April to November 2024, a tick-surveillance proj-
ect was conducted at five sites within Gyeongsangbuk-do
Province. During the project, 20,208 ticks were collected;
pathogen detection was performed on 16,580 individuals (810
pools). Among these, 29 pools tested positive for the Lyme dis-
ease pathogen (Borrelia spp.), with one pool simultaneously
testing positive for the Q fever pathogen (Coxiella burnetii).
Positive detections for Lyme disease pathogens increased to 5
cases in May compared to April, and to 6 cases in August and
September, which was higher than the 3 cases detected in June
and July. This pattern corresponded closely to increased tick
collection numbers in May, August, and September. Ongoing
monitoring of Lyme disease incidence and pathogen infec-
tion rates in collected ticks within this region appears neces-
sary. Although the SFTS patient incidence in Gyeongsangbuk-
do Province was relatively high compared to other regions, no
positive detections of the SFTS pathogen were found in the
collected ticks. TBE has not been reported in ROK and was not
detected in any collected ticks; however, this surveillance proj-
ect will help facilitate the early detection of the potential intro-
duction and spread of TBE within the region.

Tick density typically increases during larval emergence in
August and September; notably, in 2023, the trap index was
higher in September (64.1) compared to August (63.8) [4].
In 2024, the trap index at specific sites in Gyeongsangbuk-do
Province was significantly higher than in 2023: Yeongcheon-
si recorded 493.4 in August, Yeongdeok-gun 279.5, and
Gyeongju-si 318.1 in September. Therefore, increased vigi-
lance is necessary due to the potential risk of higher tick densi-

ties and increased incidence of tick-borne diseases.

www.phwr.org Vol 18, No 15, 2025

Among the surveillance sites in the Gyeongbuk Region, ex-
cluding Gyeongju-si, tick density peaked in August and subse-
quently decreased by approximately 54.9% from September,
likely influenced by mowing activities and climatic conditions.
Mowing was conducted around the Chuseok holiday period
in September within the tick sampling environments in the
Gyeongbuk Region. Mowing is known to reduce tick popula-
tions by 47.6-51.7%, with effects lasting for approximately 5
days [14], possibly explaining the sharp decline in tick collec-
tion numbers compared to the previous month. Additionally,
the average precipitation in September was 178.5 mm, sig-
nificantly higher than August (79.9 mm), potentially influ-
encing the reduced tick collection density. Ticks are known
as climate-sensitive vectors, and climate change affects their
geographical distribution, population density, and seasonal oc-
currence, increasing exposure frequency to these vectors [15].
Furthermore, an increase in outdoor activities associated with
higher tick exposure risk, such as farming, gardening, hiking,
and camping, is anticipated to contribute to elevated tick-borne
disease incidence [5].

Although the incidence of SFTS, a tick-borne disease, was
high within the Gyeongbuk Region, all tick samples collected in
this surveillance project tested negative for the SFTS pathogen.
To investigate the main habitats and infection rates of SFTS-
infected ticks, changing or expanding future collection sites will
likely be necessary. Although comprehensive surveillance cov-
ering all areas in the Gyeongbuk Region is challenging, it may
be beneficial to consider additional monitoring at regions with
patient cases or other representative sites within the region.
Additionally, it would be worthwhile to consider expanding
future surveillance to include other tick-borne diseases, such

as rickettsiosis and anaplasmosis, beyond those investigated in
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this project.

In pathogen surveillance within ticks, Yeongcheon-si and
Gyeongju-si—selected due to reported SFTS cases—had high-
er overall positive detections compared to other surveillance
sites; however, no SFTS-infected ticks were identified, and only
Lyme disease pathogen-infected ticks were confirmed, suggest-
ing the necessity for ongoing surveillance.

Since this study involved tick collections at five sites in the
Gyeongbuk Region from April to November, it may not fully
represent the entire region; nevertheless, continuous monitor-
ing based on these findings will be essential to track annual
variations in tick distribution caused by weather and environ-
mental changes, as well as the introduction of new tick spe-
cies. Furthermore, by progressively expanding surveillance to
include pathogens prevalent in neighboring countries and fre-
quently imported from overseas, it will be possible to better un-
derstand the occurrence and prevalence of tick-borne diseases
in the region, continuously monitor the emergence and intro-
duction of new vector-borne diseases, and ultimately provide
foundational data for formulating preventive strategies against

future tick-borne diseases.
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Erratum
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XXt 5 H31: H18H X[11= Supplement
Erratum : Volume 18. No 11. Supplement.

https://doi.org/10.56786/PHWR.2025.18.11suppl.7
Public Health Weekly Report 2025; 18(Suppl 11): $88-S101

T2t 2733 A Al18d Al112 Supplement ‘[2]72F ] 23 WA Y A-1E % =2 25, 19, B 277} %)

ESF A 23 A 7]8F GamTBvact FA|Z 7|4k MIP, MTBVAC, VPM1002 59 S HEZ o] QA A|E 34 218) ot}

W A 1749 735 Hrel2 A wlE 7eE 1§, Azg Sd 719k 15 5 mRNA 94l 280 2= of T (TLH 2) [14].

3. 18! 2(p.S90)

BNT164a1 AEC/BC02 BCG Revaccination
BioNTech, PO/ Anhui Zhifei Longcom, POD HJF, POI

BNT164b1 ChAdOXx.1.85A+MVA 85A @ GamTBvac
BioNTech, PO/ Univ. Oxford, POD Gamaleya Res. Centre, POD

TB/Flu-05E ID93/GLA-SE(QTP101) Q)
Smor Res Inst of Influenza, PO/ NIAID/NIH(Quratis), POD

H107/CAF10b MTBVAC
SSI, POD Biofabri, Univ. Zaragoza, POD
A Z2E ek Al Sl AT =3 VPM1002
mRNA ® Higyst POI 2 oflet SIIPL, POI, POD, POR
HEO|2{ A HIE POD 24 ofjdt
N M72/AS01
AEE Ty POR A& ojt GSK, POD
L= Thp 22

72 2. 2% WAl spolmefel

A 15F9] WAl FEEFAE0] 94 stojmetelo] &3igleH, o] F 12F0] 94 I Folth YT 349 6F 5 AAE 7|9k #Alo] 4500, A
3 & 7]k wialo] 25olck A2 A 718 M72/AS01+& 20249 94 3730l 12|13 H107/CAF10b% A4 170l 19 3th. mRNA 7]5t
BEA 23% @4 94 144 A4+ Folth Data from the Stop TB Partnership [14].
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4. & 1(p.S91)

£ 1. 94 Solzefel v A9 W4 FREA) Y B 5
ERUS SEEH o

oF =3}t VPM1002 BCG(AureC: :hly)
MIP Mycobacterium indicus pranii
MTBVAC Mycobacterium tuberculosis Mt103(AphoP, AfadD26)

293} RUTI Heat-inactivated, purified, and fragmented M. tuberculosis
DAR-901 Inactivated Mycobacterium obuense

BN s LLE] GamTBvac Ag85A(fbpA), ESATG(esxA)-CFP10(esxB)
M72/AS01, Mtb32A(PepA), Mtb39A(PPE18)
AEC/BC02 Ag8SB(fpr), CFP10(esxB)-ESATG(esxA)
ID93+GLA-SE Rv1813, Rv2608(PPE42), Rv3619(esxV), Rv3620(esxW)
H107/CAF10b PPEG8, ESATG, Espl, EspC, EspA, MPT64, MPT70, MPT83
H56:1C31 Ag85B(fbpB), ESATG(esxA), Rv2660

ol 2 HE ChAdOx.1.85A Ag85A(fbpA)
MVA85A Ag85A(tbpA)
TB/Flu-05E TB10.4(esxH), HspX(acr)

5. Z1Hp.S91)

2) TYZBH CHHEL J|8E BHA: GamTBvac, M72/AS01;, AEC/BC02, ID93/GLA-SE, H107/CAF10b
GamTBvacS 23 T2 (Ag85A, ESAT6-CFP10)T HIEZAZ FAE Axe T d Wiao 2 Ag85AE ©d T

o] ESAT6-CFP10L g3tdraizlo|c},

6. Abstract (p.S95)
In addition, recombinant protein-based GamTBvac and whole cell-based MIP, MTBVAC, and VPM1002 are in Phase 3

clinical trials.
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7. Figure 2 (p.S97)

Phase lla Phase IlIb m

AEC/BC02
Anhui Zhifei Longcom, POD

BNT164a1
BioNTech, PO/

BNT164b1
BioNTech, POI Univ. Oxford, POD
TB/Flu-05E

Smor Res Inst of Influenza, PO/ NIAID/NIH(Quratis), POD

ChAdOX.1.85A+MVA 85A ©

ID93/GLA-SE(QTP101) @

BCG Revaccination
HJF, POI

GamTBvac
Gamaleya Res. Centre, POD

H107/CAF10b MTBVAC
SSI, POD Biofabri, Univ. Zaragoza, POD
Platform Trials status Primary candidates indication VPM1002
mRNA @ No active trials POl Prevention of infection SlllFL, L=(0lh (=012 120l
Viral Yector . POD Prevent!on of disease M72/AS01,
Protein subunit POR Prevention of recurrence GSK, POD
Mycobacterium-live Thp  Therapeutic

[ Mycobacterium-whole cell or extract

Figure 2. TB vaccine pipeline

There are currently 15 vaccine candidates in the clinical pipeline, 12 of which are in clinical trials. Of the six vaccines in Phase 3, four are

whole cell-based and two are recombinant protein-based. Recombinant protein-based M72/AS01; is expected to enter Phase 3 in 2024 and
H107/CAF10b entered Phase 1. Two mRNA-based candidates are also currently in Phase 1. Data from the Stop TB Partnership [14].

8. Results (p.S98)

2) Recombinant protein—based TB vaccine: GamTBvac, M72/AS01., AEC/BC02, ID93/GLA-SE, H107/CAF10b

GamTBvac is a recombinant protein vaccine consisting of the single protein antigen Ag85A and the fusion protein ESATG6-

CFP10, along with adjuvants dextran and nucleic acid (CpG).

9. Table 1 (p.S98)

Table 1. Antigens of vaccine candidates in clinical trials
Platform Candidates Antigens

Live attenuated VPM1002 rBCG(AureC: :hly)
MIP Mycobacterium indicus pranii
MTBVAC Mycobacterium tuberculosis Mt103(AphoP, AfadD26)

Inactivated cell RUTI Heat-inactivated, purified, and fragmented M. tuberculosis
DAR-901 Inactivated Mycobacterium obuense

Protein subunit GamTBvac Ag85A(fbpA), ESATG6(esxA)-CFP10(esxB)
M72/AS01, Mtb32A(PepA), Mtb39A(PPELS)
AEC/BCO02 Ag85B(fbpB), CFP10(esxB)-ESATG6(esxA)
ID93+GLA-SE Rv1813, Rv2608(PPE42), Rv3619(esxV), Rv3620(esxW)
H107/CAF10b PPEGS, ESATG, Espl, EspC, EspA, MPT64, MPT70, MPT83
H56:1C31 Ag85B(fbpB), ESAT6(esxA), Rv2660

Viral vectored ChAdOx.1.85A Ag85A(fbpA)
MVAS85A Ag85A(fbpA)
TB/Flu-05E TB10.4(esxH), HspX(acr)
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QuickStats

Trends in the Prevalence of Perceived Depressive Symptoms,
during 2014-2023

The prevalence of perceived depressive symptoms among those aged 19 years in 2023 was 8.7% for men, 14.7% for wom-
en and has risen slightly in 2021 (Figure 1). The prevalence of depressive symptoms was higher in women than in men, and it

was the highest in men and women 20s (Figure 2).

301 —~— Men 30 1 [J Men
—o— Women I Women
=) 22.8
2 228
N
T 20- 20
8 16.5 147
E 13.4 125 141 . o\o
e 103
S 10- — 10 -
= 99 o1 8.1 8.5 8.7 ’—‘
0 T T T T T T T T T 1 0
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 19-29 30-39 40 49 50- 59 60— 69 0+
Survey year Age group
Figure 1. Trends in the prevalence of perceived depressive Figure 2. Prevalence of perceived depressive symptoms by age
symptoms, 2014-2023 group, 2023

*The prevalence of perceived depressive symptoms: the percentage of people aged 19 years or older who experienced such extreme sorrow or
despair to the extent of withdrawing from daily life for 2 weeks (rotating survey question [2 years]).

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

Source: Korea Health Statistics 2023, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Yukyeong Kang 2, Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention
and Control, Korea Disease Control and Prevention Agency
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