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During 2016-2018, we collected 3,193 ticks from ru-
ral areas in South Korea to investigate the prevalence
of severe fever with thrombocytopenia syndrome virus
(SFTSV). We detected SFTSV in ticks at an infection rate
(IR) of 11.1%. We noted increases in the human IR as-
sociated with the monthly SFTSV IR in ticks.

Severe fever with thrombocytopenia syndrome
(SFTS) is a tickborne zoonosis caused by the SFTS
virus (SFTSV) (1); >1,000 SFTS cases have been re-
ported in South Korea (2). The SFTS prevalence rate
was 2.26/100,000 inhabitants on the mainland and
13.66/100,000 inhabitants on Jeju Island, South Ko-
rea (2). SFTSV has been detected in several species of
ticks, including Haemaphysalis longicornis, Amblyomma
testudinarium, and Ixodes nipponensis (3). A previous
study reported that the minimum infection rate of
SFTSV in infected ticks was lower (0.37%) on Jeju Is-
land than in other collection areas (1.97%) (4). How-
ever, 7%-14% SFISV seropositivity was identified in
domestic and wild animals (4-5), and 2%-5% SFTSV
seropositivity was identified in a healthy population
in South Korea (6). Therefore, our aim was to investi-
gate the SFTSV infection rate (IR) in ticks in the region
with the highest endemicity, Jeju Island, and to ana-
lyze the relationship between the geographic distri-
bution of ticks and SFTSV and human cases of SFTS.
During June 2016-January 2019, well-equipped
trained researchers collected ticks from the natu-
ral environment of Jeju Island. The tick sampling
sites included 5 rural areas: Aewol-eup (AW); Seon
Hul-ri (SH); Jeo Ji-ri (J]); and Ha Do-ri (HD) and Bo
Mok-ri (BM) (Figure). These 5 areas were chosen to
compare SFTSV IR in ticks in areas with the highest
rates of human SFTS cases, SH, HD, and AW, and
SFTSV IR in ticks in areas with lower human SFTS
rates, J] and BM. Ticks were manually collected 2
times per month, during the first and third weeks,
by dragging a white cloth in woodlands for 2 hours
in each area. We morphologically identified tick spe-
cies and developmental stages by using an Olympus
SD-ILK-200-2 stereomicroscope (Olympus Corpo-
ration, https://www.olympus-lifescience.com) (7)
and extracted viral RNA by using a QlAamp Viral
RNA Mini kit (QIAGEN Inc., https://www.qia-
gen.com) according to the manufacturer’s instruc-
tions (Appendix, https://wwwnc.cdc.gov/EID/
article/26/9/20-0065-Appl.pdf).
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Figure. Geographic distribution of patients with severe fever with thrombocytopenia syndrome (SFTS) during January 2013—-January
2019 and yearly incidence rates of SFTS virus (SFTSV) from June 2016—January 2019 on Jeju Island, South Korea. Inset shows
location of Jeju Island near the coast of South Korea. Orange indicate regions of patients with SFTS in 2013—-2019. Graphs show
SFTSV detected in ticks and cases of human SFTS in A) Jeo Ji-ri; B) Aewol-eup; C) Seon Hul-ri; D) Ha Do-ri; and E) Bo Mok-ri. AR,
Ara-dong; AW, Aewol-eup; BG, Bonggae-dong; BM, Bo Mok-ri; DR, Daeryun-dong; GJ, Ganjeong-dong; GJW, Gujwa-eup; HB, Hwabug-
dong; HD, Ha Do-ri; ILD, lldo-dong; ID, Ido-dong; JC, Jocheon-eup; JJ, Jeo Ji-ri; NH, Nohyeong-dong; NW, Nanwon-eup; PS, Pyoseon-
myeon; SHO, Seohong-dong; SH, Seon Hul-ri; SY, Samyang-dong; WP, Wolpyeong-dong.

A total of 3,193 ticks were collected; most (99.9%)
were H. longicornis and 81.3% of all ticks were nymphs.
We detected SFTSV in 11.1% (354/3,193) of ticks (Ap-
pendix Table). Among the 5 areas, the average IR of
SFTSV in ticks was 12.8% in AW, 12.6% in SH, 12.0%
in HD, 8.3% in JJ, and 7.8% in BM. Adult ticks had a
higher SFTSV IR (12.4%) than nymphs (9.5%). SFTSV
was detected mainly in adult ticks (Appendix Table).

The monthly IR of SFTSV in ticks increased in
May, peaked in July, and then slowly decreased (Ap-
pendix Figure 1). In addition, changes in the incidence
of SFTS in patients were associated with increases in
the monthly IR of SFTSV in ticks at a rate of 19.8%
(95% CI 2.3%-40.2%) increase of SFTS in patients per
1% increase in monthly SFTSV IR in ticks (p = 0.02).
SFTSV-infected ticks also were observed in the winter
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season. SFTSV sequences from infected ticks in our
study and SFTS patients on Jeju Island were consis-
tent with each other but differed from viruses in other
regions of South Korea (Appendix Figure 2).

In a previous study, the prevalence of SFTSV in
ticks was very low (0.2%), implying that ticks alone
might not be sufficient to maintain SFTSV in nature
(8). However, the high IR of SFTSV in ticks could ex-
plain why Jeju Island had one of the highest rates of
human SFTS infection in South Korea. Changes in
the incidence of patients with SFTS showed a pattern
similar to that of monthly SFTSV IR in ticks. The IR
of SFTSV in SH was the highest, along with HD and
AW, where rates of human SFTS cases also were high.

In East Asia, humans most frequently acquire
SFTS during May-July, and shrub, forest, and rainfed
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cropland areas are associated with high risk for infec-
tion(2,3,6). Northeast Jeju Island, which includes SH,
AW, and HD, has many farms and wetlands, and the
IR of SFTSV in ticks peaked there in July, August, and
September. In addition, SFTSV was detected in ticks in
winter on Jeju Island, but no SFTS cases were reported
in South Korea during winter. The 62 confirmed SFTS
cases were statistically significantly associated with
higher ambient temperature (22.5°C +4.2°C) compared
with patients with negative RT-PCR results for SFTSV
(18.9°C +5.7°C; p<0.001) (J.R. Yoo, unpub. data). The
optimal temperature range for growth and reproduc-
tion of H. longicornis ticks is 20°-24°. Jeju Island main-
tains a temperature >20° during May-October and is
largely a rural and natural environment. We consider
this area to have the highest prevalence of SFTS cases
and ticks with SFTSV in South Korea.

The results of this study showed that Jeju Island has
the highest IR of SFTSV in ticks compared with other
regions of South Korea and endemic countries. In addi-
tion, we found that the partial small segment of SFTSV
in ticks was highly homologous to SFTSV in patients
on Jeju Island and that Northeast Jeju Island, which in-
cludes SH, is a high-risk area for human SFTS infections.
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Appendix

Methods

Severe fever with thrombocytopenia syndrome viral RNA was extracted from ticks
collected from Jeju Island, South Korea, by using a QlAamp Viral RNA Mini kit (QIAGEN Inc.,
https://www.giagen.com) according to the manufacturer’s instructions. Real-time reverse
transcription PCR (RT-PCR) of the partial small (S) segment of SFTSV was performed for
molecular diagnosis (1). The real-time RT-PCR products were sequenced by using a BigDye
Terminator Cycle Sequencing kit (Perkin Elmer Applied Biosystems, www.perkin-elmer.com).
Phylogenetic analyses of SFTSV partial S segment sequences from ticks and patients were
conducted with MEGAG (2), and phylogenetic trees were constructed using the maximum
likelihood method.

Statistical analyses were performed by using SPSS 20.0 (IBM Corp.,
https://www.ibm.com) and p<0.05 was considered statistically significant. We used the annual
number of cases of SFTS from the Disease Web Statistics System, Korea Centers for Disease
Control and Prevention (http://is.cdc.go.kr). Binomial negative regression was used to analyze

the monthly infection rates of ticks with SFTSV and SFTS patients on Jeju Island.
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Appendix Table. Severe fever with thrombocytopenia syndrome virus detection in 3,193 ticks by developmental stage and region,
Jeju Island, South Korea*

JJ AW HD BD SH

SFTSV SFTSV SFTSV SFTSV SFTSV
Stage  No. (IR, %) No. (IR, %) No. (IR, %) No. (R,%) No. (IR, %) Total, %
Adult, F 51 3(5.9) 73 13(17.8) 76  15(19.7) 55 4(73) 98 15 (15.3) 12.7
Adult, M 25 3(12.0) 52 7 (13.5) 52 9(17.3) 32 0 80  13(16.3) 12.0
Nymph 476 40 (8.4) 578  70(12.1) 583 61(105) 362 31(8.6) 598  70(11.7) 9.5
Larva 0 0 0 0 0 0 1 0 0 0 0
Total 552 46 (8.3) 703 90(12.8) 711 85(12.0) 450 35(7.8) 777 98(12.6) 111

*AW, Aewol-eup; BM, Bo Mok-ri; Ha Do-ri; HD, IR, infection rate of SFTSV in ticks; JJ, Jeo Ji-ri; SH, Seon Hul-ri; SFTSV, severe fever with

thrombocytopenia syndrome virus.
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Appendix Figure 1. Monthly severe fever with thrombocytopenia syndrome virus infection rate in ticks
(2016-2018) and incidence of patients with SFTS (2013-2019) on Jeju Island, South Korea. Black line
indicates the monthly incidence of SFTS in patients on Jeju Island (2013—-2019). Gray bars indicate the
monthly SFTSV infection rate in ticks on Jeju Island (2016-2018). SFTS, severe fever with

thrombocytopenia syndrome; SFTSV, severe fever with thrombocytopenia syndrome virus.
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Appendix Figure 2. Phylogenetic tree based on partial small (S) segment sequences severe fever with
thrombocytopenia syndrome (SFTS) virus. The tree was constructed by using the maximum likelihood
method in MEGA 6 (2). The partial S sequences were obtained from ticks during June 2016—January
2019. The partial S sequence data for the viruses identified in China, South Korea, and Japan were
obtained from NCBI/BLAST (https://blast.ncbi.nim.nih.gov/Blast.cgi).
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