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Prevalence of Tick-borne Infectous Pathogens in Ticks Collected from
Gyeongju and Yeongcheon, Republic of Korea

S. K. Cha, Y. H. Sohn, Y. J. Park, D. Y. Song, S. H. Kang, S. R. Kim, H. J. Jung
Viral Disease Division

Abstract

Ticks have been associated with the transmission of various zoonotic pathogens, including Severe Fever with Thr
ombocytopenia Syndrome (SFTS). Characterized by its annual incidence and high mortality rate, SFTS is particularl
y prevalent in Gyeongsangbuk-do, which reports the highest infection rates. To facilitate proactive surveillance and
the prevention of infectious diseases, we monitored tick-borne pathogens and their prevalence in high-risk areas with
in Gyeongsangbuk-do, specifically in Gyeongju and Yeongcheon. In this study, a total of 15,350 ticks were collected
in 2024 and screened for eight pathogens, including the SFTS virus (SFTSV), Tick-Borne Encephalitis Virus, Coxiel
la, Borrelia, Rickettsia, Bartonella, Anaplasma, and Ehrlichia genus. The screening results revealed the presence of
SFTSV, Coxiella burnetii, Borrelia spp., Rickettsia spp., Anaplasma spp., and Ehrlichia spp. were detected in 674
of the pooled tick samples. This finding underscores the ongoing risk posed by multiple tick-borne pathogens in the
region. The outcomes of this study highlight the critical need for continuous and systematic tick surveillance to enhan
ce the prevention of tick-borne infectious diseases. By providing valuable data on pathogen prevalence, this research
supports the development of targeted public health interventions and strategies aimed at reducing the incidence of

tick-borne diseases in endemic areas.
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Table 1. The primers for the detection of tick-borne pathogens

Target species Primer Nucleotide sequence (5' — 3") (:; ::)rg::;g:il;ee)
MF3 GATGAGATGGTCCATGCTGATTCT M segment
SFTSV
MR2 CTCATGGGGTGGAATGTCCTCAC (560 bp)
IS111F1 TACTGGGTGTTGATATTGC hipAB
. ISI1IRI CCGTTTCATCCGCGGTG (485 bp)
Coxiella
burnetii IS111F2 GTAAAGTGATCTACACGA
htpAB
IS111R2 TTAACAGCGCTTGAACGT (260 bp)
132F TGGTATGGGAGTTTCTGG a
905R TCTGTCATTGTAGCATCTTT (774 bp)
Borrelia spp.
220F CAGACAACAGAGGGAAAT I
824R TCAAGTCTATTTTGGAAAGCACC (605 bp)
groEL OF GTTGAAGTATGTTAAAGG groFL
groEL OR TTTTTCTTTATTCATAATC (534 bp)
Rickettsia spp.
groEL OFN | GTAGTTAAAGGTATGATGTTTGATA groEL
(468 bp)
groEL ORN | ATCTTCAATATTTTTCTTATCACCG
Anaplasmal AE1-F AAGCTTAACACATGCAAGTCGAA 165 IRNA
Ehriichia spp. AE1-R AGTCACTGACCCAACCTTAAATG (1406 bp)
AP-F GTCGAACGGATTATTCTTTATAGCTTGC 165 IRNA
Anaplasma spp. (926 bp)
AP-R CCCTTCCGTTAAGAAGGATCTAATCTCC P
EC-F CAATTGCTTATAACCTTTTGGTTATAAAT 16S RNA
Ehrlichia spp. 390 b
EC-R TATAGGTACCGTCATTATCTTCCCTAT (390 bp)
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20243 455 1147}A] 43 15,3507 42 ZF
Aer15 APstRen £7F 540 E7ksd
5 12,3587HA1 5 Alelstar A F =719
TH BExv 229X E7(Haemaphysalis
longicornis) 2,759714(18.0%), Mu) A =71(H.
flava) 8570 A0.6%), &5 =7(Amblyomma

10970A(0.7%), LEHZI=7]
(Ixodges  nipponensis)  3970WA(0.3%) <=l ATk
(Table 2).

testudinarium)

AF AGEE vwsFle o, A5 A S
= & 6,12571A17F AN 2249343
=717} 1,04270A1(17.0%), R E=7] 5370 A
0.9%), &=321=7] 10071A(1.6%), dEJF =
71 137§A)(0.2%), +5 4,91778A(80.3%) = =<1

HATE G AYGel M= F 9,225/ A7} A =]
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M ZFRE7] 3270 A0.3%), BEFH=7] 97)A]
0.1%), dEHR=7] 26704(0.3%), 7= 7,44170
A80.7%) % 1= tHTable 2, Fig. 1.).
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Table 2. Species classification of ticks collected from Gyeongju and Yeongcheon in Gyeongsangbuk-do

Species
Region Total
&l H. H. A I Larvac )
longicornis flava testudinarium  nipponensis

Yeongcheon 1,717 32 9 26 7,441 9,225
g (18.6) (0.3) (0.1) (0.3) (80.7) (100.0)
Gveonsiu 1,042 53 100 13 4,917 6,125
yeong) (17.0) (0.9) (1.6) (0.2) (80.3) (100.0)
Total 2,759 85 109 39 12,358 15,350
(%) (18.0) (0.6) 0.7) 0.3) (80.5) (100.0)
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18.6% 0.3% ,0.1% —0.3%

80.7%

Yeongcheon
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aH longicornis aH flava 8 A. restudingrium I nipponensis BLarvae

Fig. 1. Regional distribution of ticks collected in Gyeongju and Yeongcheon.
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Table 3. Monthly number of adults, nymphs, and larvae ticks collected in Gyeongsangbuk-do

Developmental stage Total

Month number

Adults Nymphs Larvae of ticks
April 25 44 12 81
May 296 828 33 1,157
June 445 402 3 850
July 287 23 1,001 1,311
August 92 52 5,889 6,033
September 9 407 5,208 5,624
October 17 32 225 274
November 16 4 0 20
Total 1,187 1,792 12,371 15,350

No. of collected ticks

7000
®Larvae ®Nymphs ®Adults
6000
5000
4000
3000
2000
1000 . .
o =

April May June July August September C'c ober November

Fig. 2. Monthly distribution and developmental stage (adults, nymphs and larvae) of ticks
collected in Gyeongju and Yeongcheon.
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Table 4. Environmental distribution and developmental stage classification of ticks collected from two regions

Developmental stage Total
Region Site number
Adults Nymphs Larvae of ticks
meadow 115 221 84 420
mountain path 46 56 228 330
Gyeongju graveyard 71 178 3,545 3,794
bush 167 353 1,061 1,581
Subtotal 399 808 4,918 6,125
meadow 386 737 588 1,711
mountain path 147 72 795 1,014
Yeongcheon  graveyard 75 88 5,098 5,261
bush 180 87 972 1,239
Subtotal 788 984 7,453 9,225
Total 1,187 1,792 12,371 15,350
(%) 7.7 11.7) (80.6) (100.0)
SFTSVS} Coxiella burnetii, Ehrilichiass2 = (12,3587 A, 80.5%)< A&kl 22439 H =
5 AesnBAES] 9A podldld AZEY 719 MFo] g AM $HEYL Fsisint
om Borrela & ALLAFARNLR £ g 30er) 15350048 o ¥
2, D)ot dEHI=INLA, ), 5 p0 A 944 A= AAES 433 A7 TBEVSH
ol X AEHAS. Anaplasmass2 2422913 Bartonella spp.& A ZE HYA7} AEE
A7) G YRFNES] 2, % pool Aok
oA, Rickettsiad-& & T3 /3% pool

oA AZHUTh
4. 4R
=]

d A FqA 20243 49 FH 11
z

A5 BT, 9
H FHE=7] 15350704

27k A &%

AAEEEAsHNTE

Z A3 AMA4=15,35070A) 5 HEF pool T
9o Hl&& YedlE HATHEEMR, %2 22t
SFTSV 0.013%, Coxiella burnetii 0.026%, Borrelia
spp. 0.156%, Anaplasma spp. 0.319%, Ehriichia
spp. 0.059%, Rickettsia spp. 3.218%<]tHTable 6).
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Table 5. Monthly distribution of ticks collected in Gyeongsangbuk-do

Species Total

Month number

H. longicornis H. flava A. testudinarium | L nipponensis Larvae of ticks
Apr 53 1 13 2 12 81
May 1,022 11 82 10 32 1,157
Jun 831 4 11 1 3 850
Jul 305 2 3 4 997 1,311
Aug 143 1 0 7 5,882 6,033
Sep 402 13 0 2 5,207 5,624
Oct 3 43 0 3 225 274
Nov 0 10 0 10 0 20
Total 2,759 85 109 39 12,358 15,350
(%) (18.0) (0.6) 0.7) 0.3) (80.5) (100.0)

Table 6. Prevalence of pathogens in field-collected ticks in Gyeongsangbuk-do

SFISV | TBEV IC)’oxielIg Borrelia | Anaplasma | Ehrlichia | Rickettsia | Bartonella Total
urnetii spp- spp- spp- spp- spp-
No. of |, 0 4 24 49 9 494 0 582
pools
%) 0.013 0 0.026 0.156 0.319 0.059 3.218 0 -
0,

o3k o2 A7 Ax % Borrelia spp. 0.22~1.06%, 7} =0} weld o)W ATe
Anaplasma spp. 0.20~5%)$} A 73S UE} FEg SHEE =y BXE 9339 oy
Y

Wik A% BUEGT B 25 AT 712A

Q] d) g Abdo s wagm g B B Zlelsha ek & 478 B9 F
T % SFISE AlREo] me Ao w.q OS] vt eishmael ey
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