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Global warming

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 3

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Climate change

www.whataretheywaitingfor.com/global-climate-
change.html
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Climate Change
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IPCC report about climate change and Health

(Gendzh and Nazmi 2014)



1971-2000
2071-2100

Trewartha : Subtropical zone
- Monthly mean temperature: above 10℃ and above 8 months
- Minimum temperature of month: below 18℃

30 years(1971-2000)

Subtropical zone based on 

observation mean values

Climate zone in Korea

(National Institute of Meteorological Research)
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Climate and environmental changes
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Disease transmission

• Life cycle/Food chain

• Insects
Mosquito, ticks, mites, fleas, flies, etc

• Small and large wild mammals
 Rodents, Deer, Reptiles, etc

• Birds
Domestic and migratory birds

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 8

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region
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Migratory Birds Center

(Provided from Migratory Birds Center)

Hong Island
- Small area (6.47㎢)

- High diversity

- Birds in Korea : 500
species

- Birds in Hong Island 

: 337 species

(data from 2003 – 2007)

Stopover sites



Global burden of major vector-
borne diseases

Disease Million DALYsa

Mosquito-borne infections

Malaria 46.5

Lymphatic filariasis 5.8

Dengue 0.62

Japanese encephalitis 0.71

Others
b

Onchocerciasis 0.48

Leishmaniasis 2.1

African trypanosomiasis 1.5

Chagas disease 0.67

DALY = disability-adjusted life year. a Total of DALYs for these diseases represent 17 percent of the 
global disease burden due to parasitic and infectious diseases. b Synanthropic* flies play a major 
role in the transmission of trachoma and diarrhoeal diseases, but the attributable burden is not 
readily estimated; other arboviruses and typhus organisms may be of major public health 
significance but accurate data are not available. *Animals that live in close association with humans 
(Montana State University Entomology Group, 2007). SOURCE: Reprinted from Townson et al. (2005) 
with permission from the World Health Organization

Diseases 
2013 Reported 

Cases 
Median (range) 

2004–2013 

Tick-Borne : about 46,000 cases

Lyme disease 36,307 
30,495 (19,804–

38,468)

Spotted Fever Rickettsia 3,359 2,255 (1,713–4,470)

Anaplasmosis/Ehrlichiosis 4,551 2,187 (875–4,551)

Babesiosis 1,792 1,128 (940–1,792)

Tularemia 203 136 (93–203)

Powassan 15 7 (1–16)

Mosquito-Borne : about 5,000 cases

West Nile virus 2,469 1,913 (712–5,673)

Malaria 1,594 1,484 (1,255–1,773)

Dengue 843 624 (254–843)

California serogroup viruses 112 78 (55–137)

Eastern equine encephalitis 8 7 (4–21)

St. Louis encephalitis 1 10 (1–13)

Flea-Borne 

Plague 4 4 (2–17)

Summary of Reported Case Counts 
of Notifiable Vector-Borne Diseases 
in the United States

(https://health2016.globalchange.gov/)
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https://www.ncbi.nlm.nih.gov/books/NBK52939/table/summary.t1/?report=objectonly
https://www.ncbi.nlm.nih.gov/books/NBK52939/table/summary.t1/?report=objectonly


Reported Ixodida ticks in Korea
(2 Family 8 Genus 35 species)

Family Argasidae (물렁진드기 科) : soft tick

Argas boueti Rouband & Colas-Becour, 1933 물렁진드기
A. japonicus Yamaguti et al., 1968 일본물렁진드기
A. vespertilionis (Latreille, 1802) 둥근박쥐진드기

Ornithodoros sawaii Kitaoka and Suzuki (2015년 보고)
O. carpensis

Family Ixodidae(참진드기 科) : hard tick(6속 30종)

Amblyomma testudinarium Koch, 1844 뭉뚝참진드기
Boophilus annuiatus (Say, 1821) 소참진드기
B. micrpius (Canestrini, 1887) 꼬리소참진드기
Dermacentor marginatus Schulze 광대참진드기
D. retucuiatus (fabricius, 1794) 그물무늬광대참진드기
D. silvarum Olenev, 1931 은색광대참진드기
Haemaphysalis campanulata Warburton, 1908 작은개피참진드기
H. concinna Koch, 1844 매부리엉에참진드기
H. cornigera Neumann,1897 들줄쥐피참진드기
H. flava Neumann, 1897 개피참진드기
H. formosensis
H. japonensis Warburton, 1908 사슴피참진드기
H. japonica douglasi Nutt & Warburton, 1908 한뿔엉에참진드기
H. kutchensis Hoogstral & Trapdo, 1963 꿩피참진드기
H. longicornis Neumann, 1901 작은소참진드기
H. ornithophila Hoogstraal & Kohls, 1959
H. phasiana Saito et al, 1974
Ixodes acuinatus Neumann 1902 뾰족참진드기
I. cavipaipus Nutall & Warburton 고양이참진드기
I. angustus Neumann, 1899
I. granulatus Supino, 1897 남방참진드기
I. nipponensis Kiaoka & Siato, 1967 일본참진드기
I. ovatus Neumann, 1899 사슴참진드기
I. persulcatus (Schulze, 1930) 산림참진드기
I. pomeranzevi Serdyukova, 1941
I. signatus Birula, 1895 새참진드기

I. simplex
I. turdus Nakatsuji, 1942 고슴도치참진드기
I. vespertilionis Koch, 1844 박쥐참진드기
Rhipcephalus sanguineus (Latreille, 1806) 개참진드기(뿔진드기)

Family Nuttalliellidae
None

Haemaphysalis formosensis

Ixodes simplex Ornithodoros sawaii

Ixodes and Haemaphysalis spp.
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Tick species Rodents Drag Birds Mammals Bats 

Haemaphysalis longicornis 29,429 21 500

Haemaphysalis flava 12 14,964 52 262

H. formosensis* (2012년도) 1 (Mara-do)

Haemaphysalis japonica 13 1

Haemaphysalis phasiana* 216

Haemaphysalis ornithophila* 2

Ixodes granulatus 7

Ixodes nipponensis 6,748 1,837 28 71

Ixodes persulcatus 7 42

Ixodes ovatus (2016) 1 (Deogyusan)

Ixodes pomerantzevi* 6 44

Ixodes simplex* 4

Ixodes turdus 17 147

Ixodes vespertilionis 3

Amblyomma testudinarium 26

TOTAL (15 species) 6,773 46,509 250 920 7

Total number of ticks, by species, collected by tick drag and from small 
and large mammals, migratory birds, and bats from 2004-2016

* New record
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 Flagging / Dragging methods

 Stereo microscope

Tick collection and identification
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Main tick species in Korea

Haemaphysalis longicornis Haemaphysalis flava

Ixodes nipponensis Amblyomma testudinariumIxodes ovatus (Deogyusan)

Very rare species

 Recent collected tick species?

 Haemaphysalis longicornis

 Haemaphysalis flava

 Ixodes nipponensis

 Amblyomma testudinarium

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 14

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Fully engorged tick species

Haemaphysalis longicornis A CB

Ixodes nipponensis

Non fed 
adult tick

Fully 
engorged 

ticks

Non fed 
adult tick

Fully 
engorged 

ticks

A B
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Ixodid ticks from wild boars

Amblyomma testudinarium

A B

44

185

68

94

24

1
30

19

From Wild boar (n=465)

H. longicornis Adult male

H. longicornis Adult female

H. longicornis Nymph

H. flava Adult male

H. flava Adult female

I. nipponensis Adult male

A. testudinarium Adult male

A. testudinarium Adult female
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SFTS virus

 Severe fever with thrombocytopenia 
syndrome virus (SFTSV)

 Tick vector

 In 2017, Family Bunyaviridae, re-classification 
of virus from International Committee on 
Taxonomy of Viruses (ICRV)

 Bunyavirus : new development and virus 
isolation

 Phylogenetic analyses by accumulated 
molecular biological data

Genus Species

Goukovirus

Cumuto goukuvirus

Gouleako goukovirus*

Yichang insect goukovirus

Phasivirus

Badu phasivirus*

Phasi Charoen-like phasivirus

Wuhan fly phasivirus

Wutai mosquito phasivirus

Phlebovirus

Bujaru phlebovirus

Candiru phlebovirus

Chilibre phlebovirus

Frijoles phlebovirus

Punta Toro phlebovirus

Rift Valley fever phlebovirus

Salehabad phlebovirus

Sandfly fever Naples phlebovirus

SFTS phlebovirus

Uukuniemi phlebovirus

Tenuivirus

Echinochloa hoja blanca tenuivirus

Iranian wheat stripe tenuivirus

Maize stripe tenuivirus

Rice grassy stunt tenuivirus

Rice hoja blanca tenuivirus

Rice stripe tenuivirus

Urochloa hoja blanca tenuivirus
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SFTS Phlebovirus

 Virus classification : ICRV (International Committee 

on Taxonomy of Viruses, 2017)

 Group V : (-)ssRNA virus

 Order : Bunyavirales, 

 Family : Phenuiviridae, 

 Genus : Phlebovirus, 

 Species : SFTS Phlebovirus

 3 RNA segments (Size 11,490 bp)

 L (large) segment 6,368 bp

M (medium) segment 3,378 bp

 S (small) segment 1,744 bp

 DDx :  Anaplasmasis (A. phagocytophilum),

hemorrhagic fever with renal syndrome (Hantavirus), 

Scrub typhus (Orientia tsutsugamushi), etc. 

(Yu et al. 2013)

(Liu et al., 2014)

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 18

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Replication cycle of Phlebovirus

 C57BL/6 mouse model

 SFTSV RNA detection

 Blood, spleen, liver, kidney

 virus proliferation in spleen

 Virus attaches platelets

 Phagocytosis by 

macrophage in the spleen

 Thrombocytopenia
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(Spiegel et al., 2016, Viruses 2016, 8(7), 
202)



Distribution of SFTS virus

(Fu et al., 2016)
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SFTS virus in Korea
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36명 55명 79명Patients

47.2% 29.1% 26.5%Mortality

17명 16명 21명No. of death

272명(12월 말)

19.8 %(12월 말)

54 명(12월 말)

165명

11.5%

19명

 First confirmed case from human in Korea
 Increase number of patients

607명

20.9%

127명

Total

152 (Aug) 
(759)

2018



Detection of SFTS antigen and antibody in animals

Percentage of sero-prevalence and RNA detection in animal models Animal models for SFTSV infection

(Robles et al., 2018, Clin Exp Vaccine Res 7:43-50)
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Detection of SFTS virus

▲ Viral RNA extraction▲ Tick sampling ▲ Nested RT-PCR

 Amplification of specific gene particle

 Nested reverse transcriptase (RT)-PCR

 Detection of the SFTSV S segment 
(346bp)

 Amplicons were sequenced

Contents Primers sequences

One-step RT-PCR(1st round 
PCR) primers 

SFTSV NP-2F 5’-CAT CAT TGT CTT 
TGC CCT GA-3’ (20mer)

SFTSV NP-2R 5’-AGA AGA CAG AGT 
TCA CAG CA-3’ (20mer)

One-step RT-nested PCR
(2nd round PCR) primers

SFTSV N2-F 5’-AAY AAG ATC GTC 
AAG GCA TCA-3’ 
(21mer)

SFTSV N2-R 5’-TAG TCT TGG TGA 
AGG CAT CTT-3’ 
(21mer)

Modified primer sequences (Shimojima et al. 2013)

(Y : C or T)
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Real-time PCR method

PCR (SimpliAmp Thermal Cycler, (Applied Biosystems Real-time PCR System)

 Establishment of SFTS virus detection method by Real-
time PCR

 TaqMan real-time PCR (qPCR)

 Setup for PCR primers and conditions

 Comparison between One-Step RT/Nested-PCR and RT 
real-time PCR methods : specificity and senstivity

S segment

L segment
M segment

 Real-time PCR amplification : SFTSV genome
segment (L, M, S)

 S > L > M segment

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 24

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Detection of SFTS virus from ticks

(Comparison between Real-time and Nested PCR)

 Nested PCR

Tick collection 
sites

No. tested 

ticks

No. positive 

ticks

Infection 

rate (IR, %)

Seokmo-do 451 46 10.20

Ganghwa-do 419 32 7.64

Deogusan 470 33 7.02

Total 1,340 111 8.28

 Real-time PCR

Tick collection 
sites

No. tested 

ticks

No. positive 

ticks (Ct <30)

Infection 

rate (IR, %)

Seokmo-do 471 9 1.91

Ganghwa-do 470 6 1.28

Deogusan 470 13 2.77

Total 1,411 28 1.98

- Sample : nymph stage 
- Single tick survey 
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Comparison between single tick and pooling tick 
samples by Nested PCR

 Collected ticks (H. longicornis nymph) from April to July, 
2016 in Seokmo and Ganghwa islands

 Infection rates (IR, 7.12%) : tested individually

 Minimum field infection rates (MFIR, 0.58%): tested by 
pooled ticks (3 adults, 10 nymphs)

Tick collection 
sites

No. tested 
ticks 

No. positive 
ticks

IR (%)
No. tested pools 

(No. ticks)
No. positive 

pools
MFIR (%)

Seokmo-do 1,400 109 7.79 97 (959) 7 0.73

Ganghwa-do 399 19 4.76 48 (429) 1 0.23

Total 1,799 128 7.12 145 (1,388) 8 0.58

• Minimum field infection rate (MFIR, %)

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑝𝑜𝑜𝑙𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑡𝑒𝑠𝑡𝑒𝑑 𝑡𝑖𝑐𝑘𝑠
× 100

 Minimum field infection rate (MFIR, %)

 Number of positive pools

 Number of total tested ticks
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SFTS virus survey in 5 National Parks (2015)

 Trail  Non-trail
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 Surveyed National Parks



Mountain

No. of SFTS positive ticks/No. of Collected ticks

Trail Non-trail

Adult

(IR, %)

Nymph

(IR, %)

*Larva

(MFIR, %)

Total

(MFIR, %)

Adult

(IR, %)

Nymph

(IR, %)

*Larva

(MFIR, %)

Total

(MFIR, %)

Bukhansan
2/24

(8.33)

3/35

(8.57)

1/591

(0.17)

6/650

(0.92)

5/58

(8.62)

2/226

(0.88)

6/1,333

(0.45)

13/1,617

(0.80)

Chiaksan
2/31

(6.45)

1/165

(0.61)

0/497

(0.00)

3/693

(0.43)

0/1

(0.00)

1/21

(4.76)

3/991

(0.30)

4/1,013

(0.39)

Deogyusan
0/8

(0.00)

0/25

(0)

0/0

(-)

0/33

(0.00)

4/75

(5.33)

8/219

(3.65)

3/1,030

(0.29)

15/1,324

(1.13)

Juwangsan
9/55

(16.36)

2/49

(4.08)

0/607

(0.00)

11/711

(1.55)

4/58

(6.90)

2/60

(3.33)

9/1,968

(0.46)

15/2,086

(0.72)

Wolchulsan
3/43

(6.98)

3/79

(3.80)

2/952

(0.21)

8/1,074

(0.74)

0/62

(0.00)

3/188

(1.60)

2/315

(0.63)

5/565

(0.88)

Total
16/161

(9.94)

9/353

(2.55)

3/2,647

(0.11)

28/3,161

(0.89)

13/254

(5.12)

16/714

(2.24)

23/5,637

(0.41)

52/6,605

(0.79)

Comparison between trail and non-trail 
in 5 National Parks (2015)

(*pooling tick test)

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 28

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Detection of SFTS virus from ticks (2015)

Tick species Developmental stages No. tested ticks No. PCR-positive ticks Infection rates* (%)

Haemaphysalis longicornis

Female 224 21 9.38

Male 37 2 5.41

Nymph 745 25 3.36

Subtotal 1,006 48 4.77

Haemaphysalis flava

Female 56 1 1.79

Male 77 2 2.60

Nymph 303 2 0.66

Subtotal 436 5 1.15

Ixodes nipponensis

Female 5 0 0

Male 9 0 0

Nymph 9 0 0

Subtotal 23 0 0

Amblyomma testudinarium

Male 1 0 0

Nymph 4 1 25

Subtotal 5 1 20

Total 1,470 54 3.67

(Single tick test, tick species, 5 National Parks)
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Tick collection in Deogusan National Park (2016)

Seokmo-do/Ganghwa-do

Deogyusan

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Haemaphysalis longicornis 461 1595 1971 1606 1296 392 187 76 0 0

H. flava 104 12 5 6 31 28 51 319 207 1

Ixodes nipponensis 28 7 2 7 29 1 2 27 6 0

I. ovatus 0 0 1 0 0 0 0 0 0 0

0

500

1000

1500

2000

2500

N
o

. t
ic

ks

 Seokmo-do/Ganghwa-do, Deogyusan
 Total 3,200 ticks (Adult and nymph)
 2 times collection every month
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Tick collection in Deogyusan National Park (2016)

Haemaphysalis flava, 764, 6%

Haemaphysalis longicornis, 7574, 
63%

Haemaphyslis
spp, 3629, 30%

Ixodes nipponensis, 83, 1%

Ixodes ovatus, 1, 0% Ixodes spp. 3, 0%

Haemaphysalis longicornis Haemaphysalis flava

Ixodes nipponensis Ixodes ovatus

(Deogyusan

2016)
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Infection rates of SFTS virus (Deogusan, 2016)
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SFTSV infection rates by monthly SFTSV infection rates by developmental stages
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Detection of SFTS virus
(Single tick test, Yearly, Deogusan, 2015~2018)
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(Chae et al., 2017. Korean J Vet Res(2017) 57(3) : 169~174)

(2015)

Detection of SFTS virus from ticks on Gwanaksan
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Gwanaksan

SNU Campus

Prevalence of severe fever with thrombocytopenia syndrome 
virus among ticks surveyed at Mt. Gwanak, Korea

Species
Developmental 

stages
No. of ticks

SFTS positive pools
(MFIR, %)

Haemaphysalis

longicornis

Adult Female 4 0

Adult Male - 0

Nymph 72 1 (1.39)

Subtotal 76 1 (1.32)

Haemaphysalis

flava

Adult Female 9 0

Adult Male 3 0

Nymph 37 3 (8.11)

Subtotal 49 3 (6.12)

Subtotal 125 4 (3.20)

Haemaphysalis
spp.

Larva 148 3 (2.03)

Subtotal 148 3 (2.03)

Total 273 7 (2.56)

Seoul
Original article



Detection of SFTS virus from domestic pigs

K-1-5/2013. 8. 27

Pig White Female 90 kg Pohang, Gyeongsangbuk-do

S-1-1/2013. 9. 2

Pig Black Female 70 kg Changnyeong, Gyeongsangnam-do

G-6-1/2013. 9. 24

Pig Black Female 120 kg Hwaseong, Gyeonggi-do

K-4-5/2013. 9. 25

Pig White Female 80 kg Yeongdeog, Gyeongsangbuk-do

Traditionally reared pigs

Near by the mountain
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Detection of SFTS virus from domestic pigs

(Red mark : tested pig farms)

Provinces Pigs
No. of 
pigs

Total
SFTS
virus

Infection 
rates

Gangwon-do

White 5

30 0 0Black 15

Boar 10

Gyeonggi-do
White 10

30 1 3.33
Black 20

Chungcheongbuk-do Black 30 30 0 0

Chungcheongnam-do

White 5

30 0 0Black 20

Boar 5

Jeollabuk-do
White 20

30 0 0
Black 10

Jeollanam-do
White 12

30 0 0
Black 18

Gyeongsangbuk-do
White 15

30 2 6.67
Black 15

Gyeongsangnam-do

White 15

30 1 3.33Black 10

Boar 5

Total

White 82

240 4 1.67Black 138

Boar 20

26 

346 bp

185 

200

211 

346 bp

346 bp

346 bp
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Detection of SFTS virus from black goat

Namwon, Jeju

Namwon, Jeonbuk Hwasun, Jeonnam

Pohang, Gyeongnam

Area
No. of 

serum

Positive 

for SFTSV

Infection 

rates (%)

Namwon, 

Jeonbuk
100 5 5.0

Hwasun, 

Jeonnam
99 8 8.1

Pohang, 

Gyeongnam
30 0 0

Namwon, 

Jeju
39 1 2.6

Total 268 14 5.2

 Ranches for black goat (2015)
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Detection of SFTS virus from black goat

Region
No. of 

samples

No. of PCR

positive (%)

No. of ELISA

positive

Gangwon 20 0 3 (15.0)

Gyeonggi 31 2 (6.5) 2 (6.5)

Gyeongnam 25 2 (8.0) 1 (4.0)

Gyeongbuk 13 0 1 (7.7)

Jeonbuk 180 6 (3.3) 5 (6.3)*

Jeonnam 325 6 (1.8) 20 (6.2)

Jeju 4 0 1 (25.0)

Chungbuk 24 0 6 (25.0)

Chungnam 115 2 (1.7) 4 (3.5)

Total 737 18/737 (2.4) 43/637 (6.8)

 ELISA test : 637 sera out of 737 sera samples (ELISA)
 Blood sample from slaughter house (2015)
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Detection of SFTS virus in ticks collected 
from Korean water deer and wild boars
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Detection of SFTS virus 
from domestic and wild animals

Animals
No. of 

Samples
No. of 

positive
Infection 
Rates (%)

Domestic pigs 240 4 1.7

Cattle (from Jeju island) 99 12 12.1

Goats 737 18 2.4

Korean water deer
(Hydropotes inermis argyropus) 21 1 4.8

Siberian roe deer
(Capreolus pygargus) 3 0 0

Goral (Naemorhedus caudatus) 5 0 0

Raccoon dog
(Nyctereutes procyonoides) 7 0 0

Wild boar (Sus scrofa) 54 2 3.7

Carrion crow (Corvus corone) 1 0 0

Total 1,167 37 3.2

야생동물

1 Pig
2 Goats

1 Wild boar 

5 Goats
2 Cattle

7 Goats

1 Pig
1 Korean 

water deer
2 Goats

10 Cattle

1 Wild boar

2 Goats
2 Pigs

가축
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Detection of SFTS virus from feral cats

Items Classification Number of samples 
Number of PCR results;

No. of positives (%)

Collected regions

Guro-gu 11 1 (9.1%)

Mapo-gu 8 3 (37.5%)

Geumcheon-gu 60 9 (15%)

Seongdong-gu 30 7 (23.3%)

Yongsan-gu 4 1 (25%)

Dongdaemoon-gu 12 1 (8.3%)

Gangnam-gu 1 0 (0%)

Total number of samples 126 22 (17.5%)

, 유기묘 포획 지역

, SFTS virus 검출 지역

(Hwang et al., Ticks and Tick-borne Diseases 2017:8;9–12)
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Comparison of detection rates 
between feral and house cat

No. of PCR positive/No. of samples (%)

Sexes Feral cats House cats

Male 2/50 (4.0) 3/75 (4.0)

Female 4/51 (7.8) 2/52 (3.9)

Total 6/101 (5.9) 5/127 (3.9)

(SFTSV 2 positive house cats were from feral cats)
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H94
N22
AB817995 Japan Human

AB821348 Japan Human
KP663739 Korea Human
S63

H51
KX672015 Korea Goat

AB985563 Japan Human
KP663742 Korea Human

AB985528 Japan Human
AB985537 Japan Human

KU507556 Korea Human
N17
KY968712 Dog22
H89

H75
S40

H77
H90

AB817997 Japan Human
KR063019 Korea Human

KP747610 Korea Tick
KP967531 Korea Pig

KP747626 Korea Tick
KP994430 Korea Cat

KP994434 Korea Cat
KF282702 Korea Human

KR612082 Korea Human
KY968713 Dog16

KX756527 Korea Human
KJ739544 Korea Human
KR612076 Korea Human
N5
KY968714 Dog56

JQ693003 China Dog
JQ693002 China Sheep

JQ693001 China Cattle
JX987717 China Tick

HQ141612 China Human
JX462447 China Human

KT890282 China Human
KM201296 China Human

JF906043 China Tick
KP967530 Korea Deer
JF906050 China Tick
KF358693 Korea Human95

63
98

95

83

98

77

64

68

94

66

31

6

49

98

64

91

76

40

66
81

69

0.0050

Phylogenetic analysis of SFTS virus 
from cats
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Detection of SFTS virus from military dogs

German Shepherd

Labrador Retriever

Belgian Malinois

Chuncheon military dog 
training center
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Highly risk 
group to tick 

exposure

http://www.itstactical.com/warcom/k9-warcom/supporting-americas-elite-canines-through-the-warrior-dog-foundation/
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj79dWp-KfSAhVHvbwKHZGiDaoQjRwIBw&url=https://www.pinterest.com/Heroikx/military-animals/&bvm=bv.147448319,d.dGc&psig=AFQjCNGFPIhvKZo75ynbx-4C6czK4ATITA&ust=1487998225223389
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjvjY7M96fSAhVBxbwKHesUAvsQjRwIBw&url=http://www.karenswood.co.uk/specialist-trained-dogs&bvm=bv.147448319,d.dGc&psig=AFQjCNGFPIhvKZo75ynbx-4C6czK4ATITA&ust=1487998225223389


Detection of SFTS virus from dog

 Antigen test by Nested PCR

Breed
No. of 

samples
Number of PCR results;

No. of positives (%)

German Shepherd 58 2 (3.5%)

Belgian Malinois 42 1 (2.4%)

Labrador Retriever 3 0 (0%)

Total 103 3 (2.9%)

Breed
No. of 

samples

Serum dilution ratio

≤1:200 ≤1:400 ≤1:800 Total

German Shepherd 58 1 2 11 14

Belgian Malinois 42 1 1 6 8

Labrador Retriever 3 0 0 0 0

Total 103 2 (1.9%) 3 (2.9%) 17 (16.5%)22 (21.4%)

 Antibody test by IFA

FITC

FITC-labeled anti-goat antibody

Positive goat antibody against SFTSV

Vero cell infected with SFTSV

346 bp
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S LM

Korea

China

Japan
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Feral cat 7
Goat 1
Feral cat 5

Goat 3 (2)
Goat 7

Feral cat 4
Feral cat 6

Goat 6a (6)b

Goat 8
Goat 2 (2)
Goat 4

Feral cat 2 (16)
Feral cat 3
Pig 2 (2)
Wild boar 1

Cattle 3 (2)
Feral cat 1

Korea_2014_KF282702
Korea_2014_KJ739544

Japan_2013_AB817997
China_2013_KF374683
China_2012_JX462454

Korea_2015_KP663742
Cattle 4 (3)
Goat 5

Cattle 2 (6)
Japan_2014_AB818001

Japan_2013_AB818000
Cattle 1
Japan_2014_AB821348

China_2012_JX987717
China_2013_JQ693002

China_2014_KM201296
China_2012_JF906043

China_2012_JF906050
Korea_2013_KF358693

Pig 1 (2)
Korean water dear

Wild boar 2

96

33
76

72

99

99

56
69

64

35
34
20
55

76

65

60 70

98

62

60

42

39

60

24

10

39

0.005

Phylogenetic analysis 
of SFTS virus based 

on S segment (346 bp) (China, Japan, Korea)
- Human
- Feral cat
- Goat
- Cattle
- Pig 
- Wild boar

(Japan, Korea)
- Human
- Goat
- Cattle

(China, Korea)
- Human
- Pig 
- Korean water deer
- Wild boar
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Life cycle of SFTS Phlevovirus in the nature

Ticks

??

Contact 
body fluid

Contact 
body fluid

?
Partially transovarian transmission 

(vertical transmission)

HumanHuman

체액 접촉

Detection of antigen 
and antibody

?

Contact 
body fluid

Suspected 
secondary 

transmission

Companion 
animals

Wild animals Industrial 
animals

Japan

?

Confirmed 
secondary 

transmission

- H. longicornis

- H. flava

- I. nipponensis

- A. testudinarium

SFTS Phlevovirus
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Suspected secondary transmission

Korea

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://blogs.uwhealth.org/kids/2012/07/summer-hazards-ticks-bug-bites-and-a-burned-backside/&ei=L2hIVMXzLaXKmwXu1IKABQ&bvm=bv.77880786,d.dGY&psig=AFQjCNFeQN2rSq3o6wMR1nY_S5kgaJbs0g&ust=1414117788060548
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRw&url=http://www.vamostrilhar.com.br/&ei=ImtIVJ7TFoWgmwW1rICQBA&bvm=bv.77880786,d.dGY&psig=AFQjCNHNLGSladMCjUYf3lTF4IiOk8iOig&ust=1414118431630799


SFTS virus in the world

Host : Human
Reservoirs :

Korean water deer, 
Wild boars, 

Domestic pigs, 
Cattle, Sheep, Dog

Chickens, Deer, Mice, 
Hedgehogs, Weasels, 

Possums, Yaks,
Cat, Goat,

Wild rodents 

Vector ticks
Haemaphysalis lingicornis

Haemaphysalis flava

Ixodes nipponensiss

Rhipicephalus (Boophilus) 
microplus

Amblyomma testudinarium

Pathogen

SFTS virus

(China, Japan, Korea)
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How to control of tick-borne diseases?

• One Health

(Zhang and Xu. Current Opinion in Virology 2016, 16:126–131)

Ministry of 
Agriculture, Food 
and Rural Affairs

Ministry of 
Environment

Ministry Health 
and Welfare

Ministry Health 
and Welfare

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 51

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



Other tick-borne pathogens in Korea

• Virus

• Bacteria

• Rickettsia

• Hemoparasites
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Pathogens Vectors Reservoirs Hosts References

SFTS virus

Haemaphysalis lingicornis, H. 

flava, 

Ixodes nipponensiss, 

Rhipicephalus (Boophilus) 

microplus, 

Amblyomma testudinarium

Korean water deer, Wild boars, 

Domestic pigs, Cattle, Sheep, Dog, 

Chickens, Deer, Mice, Hedgehogs, 

Weasels, Possums, Yaks, Cat, Goat,

Wild rodents

Human Kim et al., 2013

TBE virus

Haemaphysalis longicornis, H. 

flava, 

Ixodes nipponensis
Apodemus agrarius, Wild boars

Kim et al., 2008

Ko et al., 2010

Recently confirmed tick-borne virus in Korea
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Pathogens Vectors Reservoirs Hosts References

Anaplasma

phagocytophilum

Haemaphysalis longicornis, 

Ixodes nipponensis

Korean water deer (Hydropotes

inermis argyropus), Striped field 

mice (Apodemus agrarius), 

Migratory birds

Human, Dog, 

Cat, Horse,

Cattle

Heo et al., 2002

Chae et al., 2003

Park et al., 2003

Kang et al., 2011

A. bovis
Haemaphysalis longicornis, 

Ixodes turdus

Korean water deer 

(Hydropotes inermis argyropus)
Kang et al., 2011

A. platys Apodemus agrarius Dog

Chae et al., 2003

Kim et al., 2006

Lee et al., 2005

A. centrale Haemaphysalis longicornis Oh et al., 2009

Ehrlichia chaffeensis Haemaphysalis longicornis
Apodemus agrarius, 

Mus musculus

Human, Cat, 

Dog

Heo et al., 2002

Chae et al., 2003

Park et al., 2003

E. canis
Apodemus agrarius, 

Cricetulus triton nester

Chae et al., 2003

Kim et al., 2006

E. ewingii Apodemus agrarius Kim et al., 2006

Richettsia sp.

Haemaphysalis longicornis, 

H. flava, 

Ixodes nipponensis

Chae et al., 2008

Recently confirmed tick-borne Rickettsia in Korea
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Pathogens Vectors Reservoirs Hosts References

Bartonella

elizabath

Haemaphysalis longicornis, 

H. flava, Ixodes nipponensis, 

I. turdus, I. persulcatus, Ixodes spp. 

Apodemus agrarius, Eothenomys

regulus, Crocidura lasiura

Kim et al., 2005

Chae et al., 2008

B. grahamii Ixodes turdus
Apodemus agrarius

Migratory birds

Ko et al., 2014

Kang et al., 2013

B. henselae Wild rodents Ko et al., 2014

B. taylorii Wild rodents Ko et al., 2014

B. tribocorum Wild rodents Ko et al., 2014

B. phoceensis Wild rodents Ko et al., 2014

Bartonella sp. Dog

Borrelia

burgdorferi
Ixodes nipponensis Human Chae et al., 2008

B. turdi
Ixodes nipponensis

Ixodes turdus
Kang et al., 2013

Borrelia sp.
Ixodes nipponensis

Ixodes turdus
Migratory birds Kang et al., 2013

Recently confirmed tick-borne Bacteria in Korea
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Pathogens Vectors Reservoirs Hosts References

Babesia gibsoni Haemaphysalis longicornis Dog Lee et al., 2009

Theileria

sergenti/buffeli/orientalis
Haemaphysalis longicornis Cattle

Chae et al., 1998

Kim et al., 2017

Park et al., 2017

Theileria luwenshuni Korean water deer 
Seong et al., 2015

Lee et al., 2016

Theileria ovis Lee et al., 2016

Recently confirmed tick-borne hemo-parasite in Korea
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Sample No. Theileria Anaplasma Ehrlichia
1   

2  + 

3  + 

4 + + 

5 + + 

6 + + 

7 + + 

8 + + 

9 + + 

10 + + 

11 + + 

12 + + 

13 + + 

14 + + 

15 + + 

16 + + 

Detection of tick-borne pathogen from cattle in Jeju island (2016. 8)
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D11047 Australia Warwick

D87189 Cattle Japn

FJ560983 Tick Korea Tick HpTick

EU584237 Buffalo China

D87198 Cattle Korea

AB571967 Cattle China

JN648698 Cattle Korea

AF236095 Australia

D50304 Cattle Japan

D87191 Cattle Korea

AB581603 Cattle Brazil

AB571930 Cattle Mongolian

JN648690 Cattle Korea

ABb016279 Buffalo Russia

D12691 chitose Japan

AB520943 Cattle Australia

AF102500 Cattle Indonesia

AB571887 Cattle Mongolian

AB218430 Cattle Japan

FJ560987 Cattle China YB

AB917306o2 Egypt Buffalo

JN648691 Cattle Korea

Jeju10

Jeju7

D11046 Japan Ikeda

AB571981 Cattle China

AB560829 Vietnam

AB845443 Cattle Sri lanka

AB016277 Buffalo Vietnam

ab845491 Buffalo Sri lanka

AB010702 Cattle USA

AB010703 Cattle Thailand

Z48740 T.parva

Z48738 T.annulata100

99

100

100

100

100

100

100

100

81

100

41
94
73
99

100

100

100

99

72

61

72

80

84

70

72

65

71

100

0.1

Type 3

Type 5

Type 4

Type 8

Type N-3

Type 1

Type 7

Type 2

Type N-2

Type N-1

Type 6

2016. 8.
Jeju Cattle ranch
Theileria infection
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2016. 8.
Jeju Cattle ranch
Anaplasma infection

Jeju8

Jeju10

KR024571 Korea Goat

KR024572 Korea Goat

KR024573 Korea Goat

KR024574 Korea Goat

KR024575 Korea Goat

KR024576 Korea Goat

KR024577 Korea Goat

KJ700627 China

LC002835 Japan sikadeer

AB509223 Japan serow

AB454075 Japan Deer

KU565355

KX673825

KR261620

KC189840 buffalo SouthAfrica

NR_074356 Israel

EF520690 Europe

KC778789 Iraq sheep

JQ917897 China

KJ410245 China tick China

HM439433 China

FJ226454 Japan black cow

AY048816

AB196475 deer and tick Japan

HQ913646 China

KC335228 Italy

AY527213 Sweden horse

NR_044762 Webster strain

JN990106 China

99

96

96

84

56

53

89

46

99

0.005

Anaplasma. sp

A. centrale

A. ovis

A. marginale

A. bovis

A. phagocytophilm



Molecular detection of tick-borne pathogens in Holstein cattle 
in the Republic of Korea

Han DG, Ryu JH, Chae JB, Chae JS, Park J, Yu DH, Park BK, Kim HC, Choi KS

Phylogenetic analysis of the 16S rRNA gene sequences of isolates from Holstein 
cattle and representative Anaplasmataceae species

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 59

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region

Sample ID
Age

(Months)

Tick-borne pathogens

T. orientalis
A. phagocytophilum

MPSP Chitose Ikeda Chitose + Ikeda

53 25     

55 23 +   + +

56 21     

57 19     

59 17 +  +  

63 12 +   + 

64 12     

65 11     

210 54 +   + +

510 15 +  +  

511 15 +  +  

601 13 + +   

Summary of T. orientalis and A. phagocytophilum infection by PCR
AY969012 Tick Japan

JX219480 Tick Korea
GU556624 KWD Korea
GU064899 Tick Korea
AY527214 Horse Sweden

GU556625 KWD Korea
AF093788 Human USA
AF470700 Tick Korea

GU064898 Tick Korea
GU556621 KWD Korea

GU046565 Tick Korea
GU064895 Tick Korea

GU064900 Tick Korea
AB196721 Deer Japan
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Summary of study

• We confirmed many kinds of tick-borne pathogens from ticks and animals in Korea.

• SFTS virus were detected from several tick species, domestic, companion and wild animals, also human.

• One of the study is the first reported about detection of A. phagocytophilum and A. bovis in Korean water deer. 

• Four genotypes of A. phagocytophilum and 1 genotype of A. bovis are new genetic variants from Korean water 

deer. 

• Theileria spp. infection is the prevalent in the livestock and wild animals of the Korea. 

• T. orientalis infection rate was relatively high. The frequency of the transmission of the pathogenic genotype 

(Type 2) seems to have increased, and thereby, might pose a significant risk to cattle health. 

• Wild animals may act as reservoir of SFTS virus, Anaplasma and other tick-borne pathogens. 

• We need more study about transmission among animals and its confirmation. 

• Future studies need for culture isolation and characterization of pathogens.

• Further studies should be emphasized on effective monitoring and prevention programs through 

epidemiological surveys. 
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Thank you for your attention
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The prevalence of tick-borne encephalitis virus (TBEV) in southern Korea was determined

by collecting ticks using tick drags. A total of 4,077 of 6,788 ticks collected were pooled

(649 pools) according to collection site, species, and developmental stage and assayed for

TBEV. The TBEV protein E and NS5 gene fragments were detected using RT-nested PCR in

six pools of nymphs collected from Jeju Island (2,491 ticks). The minimum field detection

rates for TBEV were 0.17% and 0.14% for Haemaphysalis longicornis and Haemayphysalis

flava nymphs, respectively. The 252 bp NS5 and 477 bp protein E gene amplicons were

sequenced. Phylogenetic analysis showed that the NS5 and protein E genes of the Jeju strain

were clustered with Western subtype (98.0% and 99.4% identity, respectively). The Western

subtype of TBEV is endemic in Korea, including Jeju Island. The study of vector and

zoonotic host susceptibility to TBEV is required to better understand its potential impact on

public health.

Keywords: Haemaphysalis flava, Haemaphysalis longicornis, Korea, tick, tick-borne

encephalitis virus
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Serological and molecular prevalence of canine vector-borne 
diseases (CVBDs) in Korea.

Suh GH, Ahn KS, Ahn JH, Kim HJ, Leutenegger C, Shin S.
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Abstract

BACKGROUND: Previous surveys in dogs from Korea indicated that dogs are exposed to a variety of vector- borne pathogens, but perception for a
nation-wide canine vector-borne disease (CVBD) occurrence has been missing. We report here results of both serological and molecular prevalence
studies for major CVBDs of dogs from all over the South Korean Peninsula except for Jeju Island.
RESULTS: Serological survey of 532 outdoor dogs revealed the highest prevalence for Dirofilaria immitis (25.2%), followed by Anaplasma
phagocytophilum (15.6%), Ehrlichia canis (4.7%) whereas Borrelia burgdorferi showed the lowest prevalence (1.1%). The number of serologically positive
dogs for any of the four pathogens was 216 (40.6%). Concurrent real-time PCR assay of 440 dogs in the study indicated that DNA of "Candidatus M.
haematoparvum", Mycoplasma haemocanis, Babesia gibsoni, A. phagocytophilum, and Hepatozoon canis was identified in 190 (43.2%), 168 (38.2%), 23
(5.2%), 10 (2.3%) and 1 (0.2%) dogs, respectively. DNA of Bartonella spp., Ehrlichia spp., Leishmania spp., Rickettsia spp. and Neorickettsia risticii was not
identified. Analysis of questionnaires collected from owners of 440 dogs showed that the number of dogs with heartworm preventive medication was 348
(79.1%) among which dogs still positive to D. immitis infection were 60 (17.2%), probably due to the mean months of heartworm preventive medication
being only 6.5. The high prevalence rates of both "Ca. M. haematoparvum" and Mycoplasma haemocanis in dogs from Korea indicate that these
organisms may be transmitted by vectors other than Rhipicephalus sanguineus because this tick species has rarely been found in Korea. This is the first
nationwide survey for canine haemotropic mycoplasma infections in Korea.
CONCLUSIONS: This study showed that the risk of exposure to major vector-borne diseases in dogs is quite high throughout all areas of South Korean
Peninsula. Since achieving full elimination of many pathogens causing CVBDs from infected animals is often impossible even when they are clinically
cured, dogs once exposed to CVBDs can remain as lifetime reservoirs of disease for both other animals and humans in the close vicinity, and should
therefore be treated with preventative medications to minimise the risk of pathogen transmission by the competent vectors.
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We investigated the prevalence of Bartonella infections in ticks, mites and small
mammals (rodents, insectivores and weasels) collected during 2001 through 2004,
from various military installations and training sites in Korea, using PCR and sequence
analysis of 16S rRNA, 23S rRNA and groEL heat shock protein genes. The prevalence
of Bartonella spp. was 5.2% (n = 1,305 sample pools) in ticks, 19.1% (n = 21) in
mesostigmatid mites and 13.7% (n = 424 individuals) in small mammals. The
prevalence within the family Ixodidae was, 4.4% (n = 1,173) in Haemaphysalis
longicornis (scrub tick), 2.7% (n = 74) in H. flava, 5.0% (n = 20) in Ixodes nipponensis,
11.1% (n = 9) in I. turdus, 33.3% (n = 3) in I. persulcatus and 42.3% (n = 26) in Ixodes
spp. ticks. In rodents, the prevalence rate was, 6.7% (n = 373) in Apodemus agrarius
(striped field mouse) and 11.1% (n = 9) in Eothenomys regulus (Korean red-backed
vole) and in an insectivore, Crocidura lasiura, 12.1% (n = 33). Neither of the two
weasels were positive for Bartonella spp. Phylogenetic analysis based on amino acid
sequence of a portion of the groEL gene amplified from one A. agrarius spleen was
identical to B. elizabethae species. We demonstrated the presence of Bartonella DNA
in H. longicornis, H. flava and I. nipponensis ticks, indicating that these ticks should be
added to the growing list of potential tick vectors and warrants further detailed
investigations to disclose their possible roles in Bartonella infection cycles.

2018-09-11 SFTS virus and other tick-borne pathogens in Korea 74

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region



2018-09-11 SFTS virus and other tick-borne pathogens in Korea 75

OIE Regional Workshop on Vector Borne Disease in the Asia-Pacific Region

A total of 1,618 ticks [420 individual (adults) and pooled (larvae and nymphs) samples],
369 rodents (Apodemus agrarius, Rattus norvegicus, Tscherskia triton, Mus musculus, and
Myodes regulus), and 34 shrews (Crocidura lasiura) that were collected in northern
Gyeonggi-do near the Demilitarized Zone (DMZ) of Korea during 2004-2005, were
assayed by PCR for selected zoonotic pathogens. From a total of 420 individual and
pooled tick DNA samples, Anaplasma (A.) phagocytophilum (16), A. platys (16), Ehrlichia
(E.) chaffeensis (63), Borrelia burgdorferi (16), and Rickettsia spp. (198) were detected
using species-specific PCR assays. Out of 403 spleens from rodents and shrews, A.
phagocytophilum (20), A. platys (34), E. chaffeensis (127), and Bartonella spp. (24) were
detected with species-specific PCR assays. These results suggest that fevers of unknown
causes in humans and animals in Korea should be evaluated for infections by these
vector-borne microbial pathogens.
Keywords: Bartonella, Borrelia, Rickettsia, rodents, Crocidura lasiura, tick-borne
pathogens



ORIGINAL ARTICLE

Korean J Pediatr 1994 March;37(3) :356-367.

Coxiella burnetii Infection In Patients 
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ABSTRACT

Coxiella burnetii (C. burneii) was first recoginzed as the agent of Q fever in 1937. Q fever is an acute self-limited
febrile illness. However, it manifests with several clinical symptoms depending upon the organs that are involved.
The association of C. burnetii with human neoplasia has been rarely reported. We prospectively studied the 55 pa
tients with fever of unknown origin, pneumonia, hepatos-plenomegaly, lymphadenopathy, leukemia, lymphoma, a
nd immunodeficiency and 14 persons who contacted the Q fever patients. The patient's sera were tested for anti
bodies specific for C. burnetii, using indirct fluorescent antibody techniques(IFA). 1) We serologically confirmed 23
C. burnetii infection. The 23 children with Q fever ranged in age from 0 to 15 years, with mean age of 4 years 11
months. Seventeen were boys and 6 were girls. 2) Characteristic symptoms and signs were fever (9/12 cases), rash
(8/12 cases), hepatos-plenomegaly (8/8 cases) and lymphadenopathy (14/27 cases). Five cases among 14 asympto
matic cases who contacted Q fever patients showed positive IFA test. One suffered from irregular uterine contract
ion, 4 weeks after contact with a Q fever patient. 3) There were no history of exposure to domestic animal carrier
s or contaminated dust, or drinking raw milk except one family. Three attending doctors and her father infected b
y a patient with Q fever. These suggested the person to person transmission of Q fever in a family and house staf
fs infected by a patient of Q fever. 4) Q fever (9 cases), acute lymphoblastic leukemia (2 cases), acute myelomono
cytic leukemia (1 case), hairy cell leukemia (1 case), Kawasake disease (4 cases) and congenital dyserythropoietic a
nemia (1 case) showed positive IFA test. 5) Of 9 cases who suffered from only Q fever, 7 cases were confirmed ha
iry cell formation in their peripheral blood. One case was diagnosed as hairy cell leukemia after bone marrow stu
dy. Of 7 cases who showed hairy cells, all had hepatomegaly, 6 cases had lymphadenopathy and 5 cases showed
splenomegaly. All except 1 case who was not followed cured after treatment. 6) We treated Q fever patients with
rifampin and/or ciprofloxacin, and/or tetracyclin (over 8 year-old of age) for 2-4weeks. One 25 month-old patient
with hairy cell leukemia was treated with rifampin, ciprofloxacin and tetracyclin for 4 weeks, and rifampin for 8 m
onths. A pregnant patient was administered with rifampin, and treated with rifampin and ciprofloxacin after delive
ry. We gave rifampin in one newborb baby. In conclusion, we suggest that Q fever should be considered in the di
fferential diagnosis of patients with FUO, hepatosplenomegaly and/or immunodeficiency.
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Seroprevalence of Coxiella burnetii in 

cattle and farm- raised deer in Korea

Yangho Jang1, Hyobi Kim1, In Heo2, Youngjin Park2, Sangmo Kim2, 

Myoungheon Lee3 and Nonghoon Choe1*

¹College of Veterinary Medicine, Konkuk University, Hwayang-1dong, 

Gwangjingu, Seoul, Korea. ²Chungnam Veterinary Research Institute, 

Songgangli 52-1, Hongseonggun, Chungnam, Korea. 3Animal Plant and 

Fisheries Quarantine and Inspection Agency, Anyang, Gyeonggi, Korea. 

Q fever, caused by Coxiella burnetii, is a worldwide zoonosis that affects not wild animals

but domestic animals throughout the world, except in New Zealand. Domestic ruminants

are considered to be a major infection source of Q fever in humans. However, few studies

on the prevalence of Q fever in humans or animals in Korea have been conducted. Thus,

the aim of this study was to investigate the seroprevalence of Q fever in meat cattle and

deer. Blood samples were collected from 1634 ruminants: 1000 cattle, 604 wapiti, and 30

sika deer. The blood samples were analyzed with CHEKIT Q fever ELISA kits. Thirteen of

1000 (1.3%) cattle, 10 of 604 (about 1.7%) wapiti, and 0 of 30 (0%) sika deer had

antibodies against C. burnetii. The prevalence of Q fever in this study was quite low.

However, the public health implications of these findings are important, because they

indicate that seropositive animals that are asymptomatic may be shedding C. burnetii

consistently. This condition could increase the risk of Q fever infection in Korea, especially

because many Koreans habitually consume raw meat and drink deer blood.

African Journal of Microbiology Research Vol. 5(24), pp. 4234-4236, 30 October, 2011
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Identification of the Coxiella sp. Detected from

Haemaphysalis longicornis Ticks in Korea
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Abstract: Two Haemaphysalis longicornis ticks were found positive in

PCR assay of com-1 gene to detect Cox- iella burnetii DNA from 100 ticks.

The nucleotide sequences of com-1 and 16S rRNA gene were determined

from 2 ticks and compared with those of other C. burnetii strains. The

results suggest that H. longicornis har- bor Coxiella sp. bacteria in Korea.

Furthermore, icd, cbhE', and cbbE' genes are C. burnetii specific genes

whereas com-1 gene is Coxiella genus specific gene. This study gives the

first documentation to prove the existence of Coxiella sp. in tick collected

in Korea.
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Seroprevalence of Coxiella burnetii Infection in Dairy 

Cattle and Non-symptomatic People for Routine 

Health Screening in Korea

Woo Jin Kim, Tae-Wook Hahn*, Dae-Yong Kim�, Myung-Goo Lee�, Ki-Suck 

Jung�, Motohiko Ogawa�, Toshio Kishimoto�, Mi-Eun Lee‖, Seung-Joon Lee
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Chunchon; Departments of Veterinary Pathology, College of Veterinary Medicine and 

School of Agricultural Biotechnology, Seoul National University, Seoul; Department of 

Internal Medicine, College of Medicine, Hallym University, Chunchon, Korea; 

Department of Virology 1, National Institute of Infectious Diseases, Tokyo, Japan; 
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We report results on the seroprevalence of antibodies to Coxiella burnetii in cattle and

healthy people in Korea. Upon agreement with dairy owners, serum samples from 414

dairy cattle were collected between March and June 2001 and samples from 205 people

for health screening were collected between April and December 2002. The sera were

analyzed for the presence of anti-C. burnetii phase II antibod- ies using an indirect

microimmunofluorescence test; strong fluorescence at a 1:32 dilution was regarded as

positive. The overall seroprevalence of C. burnetii in cattle in Korea was 25.6%, with

regional variation from 8.9 to 59.3%. Of the positive serum samples, 75.5% had

antibody titers ≥1:256. By contrast, only 1.5% of people in a rural area were

seropositive, and most of the positive samples had low antibody titers. In conclusion,

this study showed that relatively high seropositivity of C. burnetii in dairy cattle,

accordingly, the studies on the high-risk groups are needed to evaluate the

seroprevalence for this organism in Korea.
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The Prevalence of Coxiella burnetii Infection 

in Wild Korean Water Deer, Korea
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ABSTRACT. The aim of this study was to evaluate the prevalence of Coxiella burnetti

infection in wild Korean water deer (Hydropotes inermis argyropus) in Korea, by using

serology and real-time PCR analyses. One hundred ninety-six sera were collected from 4

provinces and tested for anti-C. burnetii antibody detection, by means of CHEKIT Q

fever ELISA kit; and C. burnetii IS1111 insertion sequence detection, by means of real-

time PCR. Antibodies were detected in 18 of the 196 (9.18%) serum samples, whereas

genomes of C. burnetii were detected in 13 of the 196 (6.63%) serum samples. Based on

overall high seroprevalence, the public health implications of these findings are impor-

tant, because they indicate that asymptomatic seropositive or seronegative wild animals

may be consistently shedding C. burnetii. This is the first study of C. burnetii prevalence

in Korean water deer in the Republic of Korea that has indicated the presence of infected

animals throughout the country.

KEY WORDS: Coxiella burnetti, prevalence, Q fever, wild Korean water deer.

doi: 10.1292/jvms.13-0575; J. Vet. Med. Sci. 76(7): 1069–1071, 2014
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ABSTRACT

In this study, we investigated tick-borne pathogens in blood samples collected from 34 wild animals from
six different regions in the Republic of Korea, including 18 Korean water deer (Hydropotes inermis
argyropus), 15 Korean raccoon dogs (Nyctereutes procyonoides koreensis), and one roe deer (Capreolus
capreolus). Polymerase chain reaction revealed Anaplasma spp. infection in 11 Korean water deer, one roe
deer, and one Korean raccoon dog. Theileria spp. infection was detected in 14 Korean water deer and one
roe deer. Co-infection with two pathogens (Anaplasma spp. and Theileria spp.)was identified in 10 Korean
water deer and one roe deer. Ehrlichia and Rickettsia spp. infections were not detected in any of the
animals. Genetic analysis showed that Anaplasma sp., A. bovis, A. phagocytophilum, Theileria sp., T. cervi,
and T. luwenshuni were present in these animals. Our results showed that T. luwenshuni was the most
prevalent species found in Korean water deer. Interestingly, our findings demonstrated that the Korean
raccoon dog was a reservoir for anaplasmosis, indicating that transmission of A. bovis was not restricted
to host species. The roe deer was found to be infected with a type F T. cervi strain. To the best of our
knowledge, this study is the first to report A. bovis infection in Korean raccoon dogs, T. cervi in roe deer,
and T. luwenshuni in Korean water deer. Our results indicated that wild animals represent possible
reservoirs for these tick-borne pathogens, thus playing an important role in the transmission of tick-borne
diseases (TBDs) in domestic animals, livestock, and humans. Furthermore, our findings highlight the risk
associated with introducing new pathogens as well as the role of wild animals in the transmission and
spread of these zoonotic TBD pathogens.

© 2016 Elsevier B.V. All rights reserved.

Abstract

Global warming has increased the incidence and risk of tick-borne diseases in domestic
animals and humans in the Republic of Korea (ROK). In this study, we investigated the
prevalence of Anaplasma phagocytophilum in Holstein cattle (n = 214) in the ROK using
specific PCR assays. A. phagocytophilum infection was detected in only two animals
(0.93%, 2/214). Our findings showed that PCR assay using the 16S rRNA gene, but not
groEL, was suitable for detection of A. phagocytophilum in cattle. Phylogenetic analysis
based on the16S rRNA gene showed that A. phagocytophilum was divided into two clades.
Clade 1 included Korean isolates, such as those from dogs, cats, Korean water deer, and
ticks, while A. phagocytophilum identified in Holstein cattle formed clade 2. Our results
suggest that there is genetic variability among isolates of A. phagocytophilum circulating
in the ROK. This is the first study to report A. phagocytophilum infection in Holstein cattle
in the ROK. As A. phagocytophilum has zoonotic potential, additional epidemiological
studies are needed to investigate the prevalence and genetic characterization of A.
phagocytophilum from different regions and hosts.
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Abstract
Theileria orientalis is the causative agent of benign theileriosis, which is distributed mainly in
Asian countries, and causes serious economic losses in the livestock industry. The present study
was performed to investigate the epidemiology of T. orientalis infections in cattle in the
Republic of Korea (ROK) and to characterize the genetic diversity of T. orientalis based on the
major piroplasm surface protein (MPSP) genes. In 2015, between July and August, blood
samples were collected from 138 asymptomatic cattle in four different geographical regions
(Hoengseong, Jeongeup, Namwon, and Jeju island) in the ROK. In total, 57 blood samples
(41.3 %, 57/138) were positive for T. orientalis based on PCR amplification of the MPSP gene. A
high prevalence of T. orientalis infection was observed in Jeju island, whereas the infection rate
was relatively low in Jeongeup. Phylogenetic analysis showed that isolates identified in this
study belonged to four MPSP genotypes, specifically types 1, 2, 3, and 7. The distribution of the
four genotypes varied considerably among the four regions; types 1, 2, and 3 were detected in
Jeju island, whereas types 1 and 7 were found in Namwon, types 1 and 2 in Jeongeup, and
type 2 in Hoengseong. To our knowledge, this is the first report on the identification of type 7
T. orientalis in cattle in the ROK. These results suggest that the MPSP genotypes detected in
this study showed genetic diversity related to geographical location. Our findings revealed that
the T. orientalis infection rate was relatively high, indicating that T. orientalis infection is closely
associated with grazing. Of the four MPSP genotypes, the prevalence of the most pathogenic
type 2 was relatively high in the ROK. Therefore, further studies should focus on the
development of an effective monitoring and prevention program for T. orientalis.
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