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LB ATANA AEE SawEdeHE o Fa L o
FEFS (PCR) O 7 eeeeeevnreee ittt i e ] 8
X 2.20189 4¥-119 AFE9 20199 4¥9-99 AFPHE A doA £
3 AxFo dA=s]o g B e K¢
3 3.20189d 4€-11€9 AFAYG AAFAA AP dA=715 e
¥ 4.20199 4¥€-99 AFHGEE G AAFOA AP dA=/=E
Aow 2383 PCR 2. A |

3% 5. 20184 ] ¢ 201949 A E % 9 92]57]01111 0.
tsutsugamushi= 2 3= 56 kDa nested PCRE 33 5 %A
pooldl] dat A7|A A :-‘:_'—’9. AT} ceeere e el 2D
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ABSTRACT

Molecular detection of Rickettsia species in mites collected

from rodents in Jeju Island and Jeonbuk, Korea

Dong-Jae Yu
Advisor: Prof. Dong—Min Kim, MD, PhD

Department of Medicine,
Graduate School of Chosun University

Background

Due to global warming and climate variations, there is an increment in both
vector population and pathogen growth rate. Surviving conditions of vectors and
vector—-borne pathogens are favorable due to warmer winter. As a result of atypical
fluctuations in climate, the incidence of tick—borne diseases such as scrub typhus,
anaplasmosis, ehrlichiosis, and rickettsiosis showed an alarming increase. It is very
important to investigate the tick—borne diseases and its pathogenic distribution in
wild animals and ticks. Therefore, in this study, genetic tests were performed to
investigate and identify the infections of Orientia tsutsugamushi, Ricekttsia genus,
Anaplasma phagocytophilum, and Ehrlichia species in mites collected and obtained

from wild rodents from Jeju Island and Jeollabuk-do.

Methods

The wild rodents were captured using Sherman trap between April and November

2018 in Seogwipo-si,Jeju Island, and from April to September 2019 in Jinan-gun,
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Jeollabuk—do. The collected mites, which were attached to the wild rodents were
pooled and homogenized for further study. Genomic DNA was extracted from the
homogenized mite lysate. Nested PCR (N-PCR) was performed to detect the
presence of each pathogen using target specific gene primers i1.e. Scal and rompA
for Rickettsia strains, 56 kDa for O. tsutsugamushi, ankA and 16s riRNA for A.
phagocytophilum. Real time PCR (RT-PCR) was performed using sodB gene for
FEhrlichia species. In addition, nucleotide sequencing and phylogenetic analysis was

performed for PCR amplicons to determine the presence of the pathogens.

Results

From April to November 2018, 56 wild rodents were captured from Jeju Island, all
were identified as Apodemus agrarius, and 684 mites were collected and sampled
into 43 pools. From April to September 2019, 44 wild rodents were captured from
Jeollabuk—do, with 40 Apodemus agrarius and 4 Clethrionomys rufocanus, and 839
mites were collected and sampled into 43 pools. Of the 1,513 mites, nested PCR
targeting Fickettsia genus specific scal and rompA genes were performed, both
genes were not detected. In the case of scrub typhus, nested PCR was performed
targeting 56 kDa gene, amplicons were identified in 0.72 %( 11/1513). The
sequencing analysis revealed three cases of O. tsutsugamushi Boryong strain and
one case of O. tsutsugamushi Gilliam strain . Anaplasma was subjected to N-PCR
targeting ankA and 16s rRNA genes and confirmed as negative in all samples.
RT- PCR was performed for Ehrlichia species targeting the sodB gene and

confirmed as negative in all samples.

Conclusions

This study was performed for the detection of various Rickettsia species,

including O. tsutsugamushi, Anaplasma and FEhrlichia, from the mites collected from
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Collection @ chosun



wild rodents in Korea. O. tsutsugamushi was detected in 11 samples of 1,513 mites
which were collected from the rodents captured from Jeju in 2018 and Jeollabuk—do
in 2019. O. tsutsugamushi Boryong strain was identified in three pools whereas
Gilliam strain in one pool. However, Rickettsia, Anaplasma, and FEhrlichia were
negative in all the mite samples.

In conclusion this study identified the infection of O. tsutsugamushi in the mites
obtained from rodents in Jeju and Jeollabuk-do areas. Due to the global climate
change and increment in outdoor activities, the incidence of tick—bone infection is
increasing not only in Korea but also around the world, with more diversified
infectious conditions. Therefore, regular monitoring and conducting research on
various infectious diseases, specially scrub typhus and rickettsiosis 1s very
important. Systematic investigations of mites and ticks will assist in identifying
and monitoring the presence of pathogens in forthcoming infectious diseases,

subsequently it can be a serious threat to human health in the future.

Keywords: nested PCR, real time PCR, O. tsutsugamushi, A. phagocytophilum,
Fhrlichia, Rickettsia
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I. A&

w) 7| A 7+ W (vector-borne infectious diseases)-& R7], 2 =7](ticks), ¥ & S 3}
2o ) Al (vector)o] o8] HupEE Ao R Ax 7dH A 17% ol AS A

skt (WHO, 2014).

A=7= ZA ZFHE7](ck)e 8 JE7[(mite) 2 WU =dH, 7 =7]+= 1-3 mm
Ae =ZA7]¢9 HAE=7]ola, gdd=7]+= 0.1-0.3 mm Z7]|2 SR 7y|gas st JFR =
7178 wishshe QA 79 deo g B (Lyme disease), T 5 E 8T LAT LTS
T (severe fever with thrombocytopenia syndrome, SFTS), ofyZg=nls
), ol Zg]7]o}5 (ehrlichiasis), QX(Q fever), CFYE7IH(FEH,
-5 vl (Japanese spotted fever), B}H|A] o} (babesiosis) Eo] At &

W (scrub typhus), #7120} & ~(rickettialpox) 5 ¢ A3-S wj7) 3}
& A, 2018). =] gk Ao whEW 20040 depdE A
Aol HAFeAA G "=7|o A A Ao F] Fhdo] EiFH AT (Cho et al,

(anaplasmosis

tularemia),

o
E
AT 7)= ZBRATFEA

=

1

-
S
fru
e
A
2
30
= 2
o

<, dA=2g7lots, fARotE T F=7] wishg Ao wAyE ol 7}6‘}1 912‘11, o]
A5k Aol wiAAQd A=rlel ek gEd 71x AR A e A0 (A &
%, 2010). U €@R=7]9 f3F0] F2 1090 FFHoE YedueE Ruvk Ju
St A= o FHo]l AFo] Abgshe AlAR deA Qe 7ol dsetd A
=71 59 A 7 SrEvE AE aEEE, A5H 7Y ded 5 A
T Frtel dFdE wH F vk e & F v & A, 2010)

2 AFedME AFE depnE Ao ofd AAFAA FET dI=TE

© % Ornientia tsutsugamushi, Ricekttsia genus, Anaplasma phagocytophilum,
Ehriichia species®] 7+ oAR-E FATH ArAE T3 Sk o8 T3 AF=
g ARAl A e WA BEE vetain @4 B4R ARAL 775

=
= 1
of dgAe Yt 2AR ATAE F A Holvh

ol
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g Al X] o} F (rickettsiosis)

Rickettsiaex= A 7}#] 1%, ancestral group (AG), typhus group (TG) % spotted
fever group (SFQ)o2 FEEE= AE W 2% &4 = gol olth. AG g A X of+=
Rickettsia bellii 2 R. canadensis® T73%™, TG g A X o}+= R. prowazekii 2 R.
typhi7y X3St Y. SFGx R, japonica, R. montanensiss 3338l K. massiliae
group ¥ R. helvetica R. flis& ¥3Stsl+= R. akari group 5 o8 71# o& AEFo
2 BFEHE 208 o4 f8& £& x3etH(Choi et al, 2005, Choi et al., 2007).
Rickettsiaet™= B Aol 7+d¥ o], ME7], W Fo| A, vj7fAe] ywiez Hjd
H oqto]l A, F4 ARt 9 A9 oy wjdg 3 el Hw
bl A ARAle] A A Jelya Td, FE, e, aase I
A A= 7]= AG 2 SFG rickettsiae?] & WEZ 23 A Ur}t. o] = R prowazekii
of gt WMEolx WEL R fphi D R flisd] tdk WE ol | = R. akari
9 Orientia tsutsugamushi®] 3+ WEHZE o] Ao+ scrub typhus group rickettsia®
2k 2] A TH(Choi et al., 2005).

T
2
[
N

(o

R 27} 5 A% (Scrub typhus)

227 A (Scrub typhus)= obAlol, B35 55 B Ausdge] @ AN 2

st A=Y dAAR ARSItk XY A A Aoz A Giemsa ¥
AL s o A Bt 29 (coccobacillus) o2 HE AL 0. ~0.7 um, Zoli=
1.2~25m °lth. 984de Axeua gzytor so glon XIFA, FE =g
o AdFo] i wg FALE AEHe s JHAI AT BAIMFAIYES
Orientia tsutsugamushiE HAWol BF3ta Q= dRE7]9 FEo] AlFHE Eo] g
HNE T3 WA o] B AL EHoE g g4 HEA dsholn

¥ %32 Gilliam, Karp, Kato, Boryongo] 1oH, 2@ g Ko]#Ql Ao =4
stz Ul F2 839 Boryongolth #2artRAg e AL €LY {35
(Leptotrombidium spp.)°| =& F29lo Vel 7hy] dAgdolth Fjol] Rad €3l
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7] 14% 51F Fo A dAA7A] O. tsutsugamushi HATE 7] 3= Ao =
A e F 8Fow NAEANEY(L. pallidum), B8R =7](L.scutellare), 5+
)
=<

HAE=7(L. palpale), 5%FBRA=7|(L. orientale), W =8 A =7](L.zetum), A5

AN
I
H

N

| (Neotrombicula japonica), =AW 4o &R =7|(Euschoengastia koreaensis
| =7 (Helenicula miyagawai7} JQUTHAE W #Z Z5 2019). 227 EA|Fo| 7o) &
| A% FE, T, 3t A wAstal 7]k frAReH, @y 5 o] & ukzl o]
w&o YERUA AR E HAH REEAE 1] %
9 %

24 Fdeh v g Boly, TR dAHA ¥AF whH)y

N

.

2 <3
SHH FastuA FEoY Al AdS Holz dto] AFsty] wielth. &z Iby
AL AUl A 1951 A S} o] AL, 1993 12€0] HAHNAH o2 AA
Fon o]% x&Hog FUstE FAolth m:ypREAE L ok FH I A Tt
vje} B 5o A7AS BHo gAHogw Ztko] JhEStAIRE, A A AW, FAx
AZE oy vidY Sow Ausk & Jri(ER A EH, 2019; Xu et al, 2017). 3=
7= A7)7F 015-02 mm AE® F3 L3R %—%ﬁ(Apodemus agrarius), %‘%‘H

(Microtus fortis) =& 3 3}3)
Cha A JoH(A g A 25 2019).

o} 1} & 2 = vl (Anaplasmosis)

olv} Ze}=wt= Anaplasmataceae familyo| €38t 138 24 dutza g ¢l v g
olo]th(Dumler et al, 2001). Anaplasmataceae®] 47} <:(Anaplasma, Ehrlichia,
Neorickettsia, Wolbachia) T NA, olUZgt=n= &Sy W3 JAloA
Ehrlichia spp¢} 7} Wlszetth, ofuZet=nl £ A bovis, A ovis, A platys, A
marginale % Aphagocytophilum® 57}4 £& X335, & 42 &S 794
71M, Aphagocytophilume Azt A% ofpEFetzuts g Aotk o FE FolA,
SEoAM ol ZEtEvlES FEs= A marginalezt A7 P FA oy Zekzn)

T= do7l= A WLA A phagocytophilumel| Wi A7 Aw7AA 7 Bl
o] FolH tHDumler et al., 2001). A. phagocytophilume 13 S-49] ) #| x|o}Ad A+t
oM, WA= APt WA F2 AT TITY dol= H-FYA L=
ol o] FofRlh AAL 02~05 ym A7 Aol FAAE] AEA el 2.0~

_3_
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70 mm =7]9 morula® 3¥A3H o] morula QA o]BIEL Ealo FA 3t}
1

(Bakken et al., 1996). o}juUZgf=nz 7, &, % 94 @ g3 ofA T Eo| 7+

Ashe = DAl Ao oh} Betzrl F& Al us) WAl FAEo
gal sxNN sFz A
o] 28] 7] o} = (Ehrlichiosis)

i ArES E3ksE N,

=g 7lotsS otyZetz=rtsy e Al =7 wjzfo] &3

3 e X3e g ofEEd 7 A= gAA o Aotk
19861 X=7]e a3t =59 AdHo] U= 94 o] dNedR X Ehrlichia
chafieensis7t A5 0.% #FHE ol = Algol A HEHoE FEH = od=g7|ots
olt}Zet=u=9l  human monocytic ehrlichiosis(tHME)$} human granulocytic
anaplasmosis(HGA)Z &%t} (Anderson et al, 1991; Maeda et al., 1987). E.
chafieensis= 1% 549 gAX Y Ao wegy MAFoA Fr FA 5,
HPFA MM E FHs= Aow e AthHAnderson et al, 1991; Bakken
et al, 1996; Bakken & Dumler, 2000). 472 04~0.6 m 7= A xE] AExA
Yol 4= 1.0~6.0 m =719 morulaZ FA3IH, 1 <toA oIS F3lo] F23)
A, of7lele HE 14070 oo wAZE 2ol Sith(Olano & Walker, 2002;
Paddock &Childs, 2003). E. chafieensis®] Wi\ A= Amblyomma americanum 7 =7
2 4¢A AtH(Olano & Walker, 2002). =fjo] A= 20000 =o] HME®] w3+ oA 3
A7b e Ble] Ago® B mHoen i FHoRE TY, FE, 2&%E ol

AukHola A A9 FAHANFH, S5, At Fo] LA (Sachar, 2000).
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Study site and Mite Trapping

20184 4¥€-11€e) AlF= A7EA(33°15'01.9"N 126°32'47.1"E)°ll A, 20193 4€-9
ol Aeps = kA (35° 39" 50.72"N 127° 24" 56.62"E)o| A =, &, F=, oAk A+

2l 5 theFst 9ol Z+z 2070 F 1007§¢] Sherman live traps2 A x]3le] A X]

T d =

sAdow EANL Wss WAt RE 9Ass]E 13070 £3 wobq 4L
98] pooling 3dt}TF. 1 & "YRE7)= Hard Tissue Griding MK28R(Bertin
Technology, France) &7]¢] PBS (10% FBS, 1x penicillin / Streptomycin) 800ulL-&
A 7FsE Zo A 3t7] (Mini-BeadBeater)Z o] &3l 4,600rpmoll 4] 202 7F 137 #2423}

sl 1 & galAe F7F AF7A 80 TolA B 3Fith
Mite genomic DNA Extraction

Genomic DNA+ Dneasy Blood and Tissue Kit (QIAGEN, Germany)Z& A}-£3}o]
AzAe] A Ao wEt gAstE MEIRZRE FES IPeA
A3 gdx=7] &9 150ulLe ATL buffer(lysis buffer) 150ul ¢} Proteinase K
solution 20uLE Ztz} H7lsle]l 10x7F 41L& % 56C¢ water batho] A 3A|7F
-overnight %¢F vj3}d ). mjekst & AL buffer(lysis buffer) 150ulL-g #7}ste] 10
27+ e 3 70C¢ water batho]lA 10&7F w3ttt 1 & Ethanol(96-100%)
200uLE #H7}sle] 1027 & & thS spin columne] &7 A2 8000rpmeol A 1&7F
AR o] DNAZF columnol] 2 A=A A Th A 28 collection tubeE 2+3}
o] spin columnol] AW1 (washing buffer) 500uLg #7}ate] Ao 4 8000rpmeo. =2 1
B2 dAEFsg T a8l A2 collection tube® #2Ha}e] spin columno] AW?2
(washing buffer) 500uLS& #H7}ate] Ao A 13,000rpmo & 3&-7F A4 FEEste] Al
& 19 o AU spin columne] & Buffer 89S 9443 A A7 18k
Ao 13,000rpmo. 2 18#-7F A2 sttt DNA §%2 $138] spin columng Al

28 15ml microcentrifuge tubeol] A3 3 AE(elution buffer) 70uLE #H7}sk &

_5_
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ol A 17 vjekste] 8,000rpmel Al 13#3F Y4l E 2] ste] Genomic DNA F&& €

Polymerase chain reaction(PCR) amplifications

77ke) redo] EASE o)1 QBT Zeboln MEES A3k PCR FE
S FY3AY. dRET oA Rickettsia genus® A& scal(Surface cell antigen
type 1 gene) % rompA(Outer membrane protein A gene) F-dA L& ALE3sHaL

O. tsutsugamushi®] A= 56 kDa(O. tsutsugamushi specific antigen gene) 7%}
he AVg38tal Anaplasma species®| A ES A, phagocytophilum 2]
ankA(ankyrin-related protein gene) 2 76S rRNA(16S ribosomal RNA) §d= A4
S x}83}e] nested PCRS 338} It}y. Ehrlichia species®] 713 sodB(Superoxide
dismutase protein B gene) & A2} A IS A}835}4] real time PCRS 335t}
Rickettsia genus®] A=< 93 nested PCR& PCR premixture tube (AccuPower
PCR PreMix, Bioneer Corp., Daejon, Korea)& A}83}9 1 1 AL 20ul HH&9 7]
+9 2 Tag DNA polymerase 1U , dNTP(dATP, dCTP, dGTP, dTTP) 250 umol/L
, Reaction Buffer, MgCl2 1.5 mmol/L, Z18] 3. stabilizer ¢} tracking® ¢ 3} dye ©]t}.
Rickettsia genus® 7AZ&L 98] AF&3 primer:s= scal®]l A% 12 PCROIA
PanR-scal -6545F/PanR-scal-7360R®] a2, 22} PCRol| A A}&-3} primere
PanR-scal -6647F/PanR-scal -7354RE A}8319 3 rompAL 7 $-ol+= 1z PCR A
R190.70F/RR190.701R, 22} PCRol A4 R190.70F/RR190.602R& A}-&3}% 2™, primero]
gy PCR x=74& #lo| vey Adh 12 PCR ¢3S 93 wr&a 245 PCR
premixture tube¢] Template DNA 2ul, 10 pmole/ulL¢] forward primer%} reverse
primer 7z}z} 1lul, D.W 16uLE Yo} & 20uL¢ wrgHoz PCRE F3stAtt. 2%
PCR 32 98l + PCR premixture tubec] 1z} PCR productE Template DNA =
st 1uLE #H7Fskal, 10 pmole/ulLe] forward primer$} reverse primeri= Z+z} lul,
D.W 17uLE ¥o] & 20uLe Wr&Ho 7 PCRE 33tk 23 PCR 948 %
ZEZANES 39157] 98] 1 x TAE migration buffer (pH 8.0; 40 mmol / L
Tris-acetate, 1 mmol / L EDTA)E A}83}31 ethidium bromide (05 pg / mL)Z 2
S AM3 1.5 % agarose gel Aol A7) %S o] TEEATE

O. tsutsugamushi®] 71&& 93 nested PCRE O. tsutsugamushi®] 56 kDa A+

I
AC)
K

_6_
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2 grox o A|F¥E INNOPLEXTM TSUTSU detection kit (iNtRON Corp.,
Seongnam, Korea)E A}&3}e] PCRS F33stAt). kite] AL8% primere] A <& (kitol]
¥ohd)a PCR =12 #Ele]l uyey 9tk 124 PCRe TSUTSU 1Ist PCR
premix(0.012%6 Taq DNA polymerase, 0.01%6 dATP,dTTP,dGTP,dCTP, 0.005% Tsutsu
1st primer) tubeo] DNase/RNase free waterE 18ul #7}3+ & Template DNAE
20LE Yo HF wgdS 20uLz wrso] a3 23 PCRS TSUTSU 2nd PCR
premix(0.01%6 Tag DNA polymerase, 0.01%6 dATP,dTTP,dGTP,dCTP, 0.005% Tsutsu
2nd primer) tube¢l] DNase/RNase free waterE 19ul. #7}3+ & 1z PCR product=
IuL #7bete] HE wrgdS 20uLz2 whso] I 22 PCR ¢85F FIMES
stoldlz] ¢al 1 x TAE migration buffer (pH 80; 40 mmol / L Tris—acetate, 1
mmol / L EDTA)E A}&3}3 ethidium bromide (05 ug / mL)2 A& A3 15 %
agarose gel oA 7|9 E S st HEESH.

Anaplasma species®] AZ=L 93 nested PCRE A. phagocytophilums %7 2
3= ankA 2 16S rENA A2 AdE& o] 83 primerE Al43te] PCRE
t}. Anaplasma species®] AZS 93] A£3 primer: ankA9] E$% 12 PCR&
ANK-F1/ANK-RI1, 23} PCR& ANK-F2/ANK-R2E A}8319 0w 16S rRNAS] 7%
12} PCR& AE1-F/AEI1-R, 22} PCR& AE1-R/EE-3& AF&3IA T ZF PCRo| AF&#
primer?] A A3 PCR 27L& % 1o yely v ankA9} 16S rENAE FXH o2 3
+= nested PCRE ¢3a] 1x PCRE& AmpliTag Gold 360 Master Mix(AB applied
biosystems, Foster city, USA)e] &% % Master Mix 10uL¢} GC Enhancer 2ul,
Template DNA 2ul, 10 pmole/ule] forward primer$} reverse primer Z+z} 1ul,
DW 4uLE %ol F 20uLz® whgg o] ysidvt. avts, 22k PCRS 13
PCR productE Template DNAZ 3o 2uLE #H7}st =z bvkgade 12 PCRy
2ol H7ste] F 20uLe] wkgHoz sttt 23 PCR ¢85 TF AHES 99
371 94 1 x TAE migration buffer (pH 8.0; 40 mmol / L Tris—acetate, 1 mmol /
L EDTA)E A}£3}1 ethidium bromide (0.5 ug / mL)Z AL M3 15 % agarose
gel oA 2z PCRe PCR producte] 5ul¢] 10x loading buffer(Takara Bio Inc,
Japan)& 2#]o] 1% SulLE A7|9dEste] #EE A

Ebhrlichia species?] A=<L 93 PCRE sodB #4d2 ALELE ALL3}o] real time
PCR(gPCR)S F 339 th real time PCRS ¢ iTaqIM Universal SYBR Green
Supermix(Bio-Rad, USA) ¢} primer Ehr-sodB-F2/Ehr-sodB-R2& A}-&3&ith zt

_7_
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PCRe] AF&% primere] A <d3 PCR %718 ¥1o] YEFYIT real time PCRe WHS-
oMo Syupermix(iTag DNA polymersase, dNTPs, MgCl2, SYBR Green Dye,
enhancers, dye of stabilizers and ROX and fluorescein) 10ul, 10pmole/ul¢] forward
primer®} reverse primer Z+z} lul, Template DNA 2ul, DW 6ulLE #H7}ste] &
20uL® real time PCRS 33} t} real time PCR& Realtime Quantitative Themal
Block(ExicyclerTM 96 Fast, Bioneer Corp., Daejon, Korea)S A}-&3te] 213)star

Exicycler 4 Analysis software program®. @ A& 243t}

Nucleotide sequencing

T%¥ PCR A4E] wFdLEHE AMES PCR Zgto|wE o] &ate H7|M DL
X (Sequencing)e] 93 ZAAFHJT kel PCR product= QIAquick PCR
purification kits (Qiagen)Z AFg&3te] AA 3ttt AAlE PCR productys 7|4
AAL 98] AHAL ZAE A E (cosmogenetech Inc. Deajeon, Korea)ol| ©] sle] 2
3l o™ automatic sequencer (ABI Prism 3730XL DNA analyzer, Applied
Biosystems, Carlsbad City, California)®} PCRe| A}2% primersE o] &3}o] HlgFo

2 a2 g7149e AABsn o1 Hdo] AAE driAde 9 2 FAE AALS
DNASTAR-Lasergene v6, (DNASTAR, Madison, Wisconsin, US) Z& 138 A}-83}

o] T3},
Phylogenetic analysis

7t A=Y AMEEANA AL 12 @Al A7 L GeneBanko A A& TR
g& o]g3le] ClustalX (Ver 2.0;
www.clustal.org) AZE9 o] Tz 1a:S 2231 N-J (Neighbor Joining) ¥ o
phylogenetic treeZ A2t} th. PAUP 4.0b WAL AL&3ete] 44 AgE ALl
1000 3] whEe] RE~Ed BAoz 7 i Hrbgo)

O

3} bacterial strains®] §#zF 7] A

o=
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1. 23

Mites Captured and Location

Aol A 56ulE] € %%Q(Apodemus
agrarius)7k LA, SE2F A AT dH=7 = 634rtel2 2 SEFCNA &
gA=712 ¥38 9 X0 we} BglsA 30704 pooling Fgom F 43719 €=
7] pool sampleS THE AT 3 20199 4L5E 99712 AR m zoto] A 40m}
gl o] 5= (Apodemus agrarius)e} 4vte] o] W52 (Clethrionomys rufocanus)7} 3
QE]ML o= A ARG "x=r]= 839 miElE 7 R EF A A2 BIE
718 X289 A AAF FHo wet Es)A pooling st ow F 43779 X
7] pool samples FRSIATHIE-2). XA o AgA A= 19 1o EAE3

2018 49€9REH 11974 AFE AAE
3

y

at

Molecular Detection of Rickettsia genus

Rickettsia genus® scal 7A*} rompA F-AAE F4 02 3+ nested PCRE
F3stth. PCR 323} 20183 4€-11€9 AlF=olA =3 w 684vlg] o] R =7]3%
437019] pools Ao 2 scal AR} rompA FAHAE 40 2= N-PCRS 43

3} 7334 BE 0%9 SHAES HATH(E -3). vp7bA 2 201939 49€9-9¢9 AgtEx A
Ao FHE K39ntg] o] "HA =75 43709 poolE WAO =2 scal AR} rompA

F44E EAow 8= N-PCRS +a7 A3 L% 0% F4EL BAh (E-4)

Molecular Detection of Orientia tsutsugamushi

O. tsutsugamushi®l 56 kDa FdxE ZA o =3+ INNOPLEXTM TSUTSU
detection kit (Intron)Z o]&3}e] nested PC T3y 20183 49-11¢¥ AF%=

=)
mlo
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oA FRE 684ntele] PR =7]%F 43709 poole AR 56 kDa fHAE EHL
2 s N-PCRE +3¢ 23 2709 poolol A F4ol el An 257 8o +3

r
o,

3
SEF oA R Folm 1.3% (9/684)9 YAdES HATH(E -3). =3 20194 4
99 AR E A GelA FHE 839utgl o] "Hx=r]F 4370 pools SR 50
kDa A2 %422 st= N-PCRE 33t A3 27)19] poolo| Al o] &=
T 1719 poole 5¥, tE 1719 poold 9€o] SZEFH A xR Folw F 0.23%
(2/839)9] UAES HATHIE -4). 2&2I7MFA 9 49 201833 20193 & 1,513 v}
gle] "2 =7] F 11vtgl7F PCR A o2 0.72%9] PCR 44 ES EAoH, HAa &
AELE 0.26% A T

Molecular Detection of Anaplasma species

Anaplasma species®] A. phagocytophilumZ 7 Z37] Y] ankA H-AA<} 16S
rRNA §322 %2 o= 3= nested PCRS 33t th 20189 4€-11Y9 Al F =0
A FRE 684ntE]e] "R =7]F 4379 pools WO ® ankA SR} 16S rRNA
TS HA0FE = N-PCR 2F 0% FAES HATHGEE - 3). whx7kA 2 2019
W 49-99 AgE e oA 9 839utgle] € =7 43719 poold iAo =
ankA A} 16S rRNA 7448 2402 3= N-PCRS 33 A3 =5 0%

o] FAHES HAT (F-4).
Molecular Detection of EhArlichia species

Anaplasma®}y Ehrilichia species®] A=< & A phagocytophilum, A. marginale,
E. canisE TA 02 3+ sodB FAA EE A}&3te] SYBR Green PCRE 33}
Sk 20183 4¥€-119 AFZoA =X E 634ntg]e] AR =7]= 437019 pools W
02 sodB FAAE TAHOZ & real time PCRE 483 A3 0% SAHES H
ATHGEE -3). wp7EA R 20199 49-9¢9 HegEE A GolA 3 839ntg o] B =
71% 437019 poolE WA C R sodB FAAE Ao 2 5= real time PCRE 433+

A7 0%e] FHES HATHEE - 4),

_‘|O_
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Phylogenetic analysis of O. tsutsugamushi

2018\ 4€-11¢9 AFZo A 89 7} 437) 931 =7] pool¥} 2019 4€-94
A

AgE= Ao 3 3 437 €A =7] pooldl thate] z} 24X O. tsutsugamushi

.

T2 A&t 9714949 B4 243 201838 24 5% O. tsutsugamushi Boryong
7+ (No. 18-JJ-6-miteP2, 18-JJ-6-miteP4) & 3<¢lo] 1 20193 24 5 174
O. tsutsugamushi Boryong(No.2019-09-]JB-Mite-P6)vF==, 171-& O. tsutsugamushi
Gilliam(No0.2019-05-JB-mite-P2) 52 S AT} o] 3t A7 d 242 7)<}
GeneBankol o|u] 523 t}ekdlt O. tsutsugamushi =2 56 kDa +AA A4 &

E )2 phylogenetic treeE #| 23}t No. 18-]JJ-6-miteP2, 18-]JJ-6-miteP4,
2019-09-JB-Mite-P62] &R =7] poold] thallA]= A &dA B9 Boryong

5 (Accession no. AM494475.1)8} 8] 2~EHE o] F 1 1 AEAL 99.33-99.55% 0] T}
No0.2019-05-JB-mite-P2¢] €2 =7] poolol] thal|A= djwre] 3}el Al (Hualien,
Taiwan)ol| Al 8% Gilliam v5(Accession no. DQ485289.1)9} ZF & ~EE o] F 11

I AEAE 99.06%° . (35,7198 -2,719H-3).

_‘|’]_
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ol\

=z
T HE YR e UAF 4AA
(Sanprick et al., 2019).
NEe7E w72 3 ZAH(tick borne diseases) ¢ FZ=7|(tick)= olyZg=v} £
Al Aok, mpl Aol medglol FEo WA voly~E wizhst(Burri et al, 2011;
Hauck et al., 2019), @2 =7|(mite)x= A X o}e] L=l ZZEIFHEA(O.
tsutsugamushi)®} R. akari QA Z vl 7] gtch(Ponnusamy et al., 2018). ZZRA7FH-A] <5

S wifslteE BXEY] F9 wW £EE EH‘3\—1‘%4_?8—‘:—7](Le1:>totrorr1bidium pallidum), &

82 =7 (Leptotrombidium scutellare)¢] =2 WA 7] ¢} skape] LA 71 7F 10€

I 1192 dAs7] wtol] M B T8 AAFH(EE B 5 2009). S 2227t

FAISS Wit 927 F& W7l fleke] 1989de] U= HRA| A 447

vtg)e] fUERAETE Yo r O tsutsugamushi 9L A8 Az 270 A A4 3

Qo] FIEAT 04%e] FAES BT 1991-1992 6] AFm=AA 1,142 Ao @
=

EHRA=7|(L. scutellare)E Aoz O. tsutsugamushi 39L& ZAsE A3 671 A

A Fdol #lEe] 05%e] AHAES Hol Il wisf Fom Eele] Hlow AH
1=

Aoz YESTHA Y A5 2019; Ree HI et al, 1992; A= ] 2009). 3=
k-

e WMeERd ey wid A R WA, ANF S0l 1FWste] JFL Bl
W ow deld ATHA & A, 2010). A1FWE QA FFS A7) w ol
o 12 o8

3] AEA, YAt ¥MelE 9 vk wEpA B ATE "9iEy
sto] AR o} Z] shbel REIVFEANF(O. tsutsugamushi) B¥F ol g} olypZgl=nl
(A. phagocytophilum), ol 28] 7)oH Ehrlichia), @A X o} (Rickettsia) &2 744 FHE
slolslazl dlom ZF WA Eoldel thdst §AHAES 402 nested PCRI}
real time PCRE 33lo] &2lsldt}t. €x =)= 201993 4-11€9 AF%E<9 20194 4
D-99 AEP ofA AXFAA 15130talE SRy 1 A3 O. tsutsugamushi®
56 kDa A2 w402 3= nested PCRoO|A 4ulg]e] R =70 tsle] A S

_12_
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Axo} & Ao =R 3= nested PCRY} o270} & %202 3 real time
PCR 343 #d #AdAE #HEd 5+ §l CBRETIe AT AR EedE

A
Bata FAEo] "olAe ol e 2&EFAE EXE7(mite)E v R 3HA| v

2 FR=7](tick)7} o5 WA = A
2 Z83}7] wjEo|t}(Sebastian et al., 2017; Ponnusamy et al., 2017). =ul¢] 3+ <
ol w2 2004l debd = Ao AAFolA Srg dxl=r|dA gAAot F
S g/tA(Citrate synthase protein gene) ¢+ rompB(Outer membrane protein A gene)
2 gAo7 3ol nested PCRE 3391 HAEH dE& Rickettsia sp. TwKMO2,
Rickettsia sp Cfl5R. australis, K. japonica, K. akari, K. conorii, K. felis, K. typhi
2 A TtHChoi et al, 2007). 18y} B Ao g AX o} £ HE37] 95t
T3t PCRe A}&% primere scal ¥ rompA F+3AE RHS=E 3t F AFE
A5 vastr]E ol v 24 FARe] Aol ogk G wiATE F+ gle Aotk
o 2o 3 Ao wEw FHoA Ao R ARV Neofrombicula
autumnalis £\~  Anaplasma phagocytophilum ¥ Borrelia burgdorferiZ v 7} -t}
= Hart da(Literak et al, 2008) o] A& oA WAF = HX=7]e] Fo] ofY
ARt DA =70 O.tsutsugamushi ©]€12] Tt N=7] wizf HLAdA7E 2dd 5 3l
28 AAREH B Ao A = IR A 9o ofupEet=m) o 2] 7|ole} e e g
A xJo} T HEL gl XA AAA R 7|THste g AejA o] Wit
o]FojA i i A= FAS wH AR o idHd we & gARoF Fe

aL
HAES A & gl7) wiol A&HA 2y o]l dastrta 7okt

|
1

_13_
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L

g zgstol dFd AR} Fo
T9} 2019 49-99 HAEH ofA AH
O. tsutsugamushi®] 56 kDa A=

A=7] pooldl M O. tsutsugamushiE %

] Ly

7} :d-o 1:"])\}\—3——

0.26% S T
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=z

E=al

[

K ‘ﬂoﬂ g]A Ao}, ohpEet=nt, e a

S ofdl AAFONA FRE DAEI A AN, chpEe v}
A% FAs a4 FASAh 20189 49114

g3 =7] 86712 poolzol A
nested PCR 43843} 47]9 ¥

A3t 37019 Boryong w9} 170¢] Gilliam
=] oA e HA 2
of =
g B obd AAFI 9z
=3 7%7%7]-_,-}\] BH o}

TFHEGE, %

1,513w}2] ¢
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1 2 Ao A4d eauiadoys

AAS(PCR)9 =4

Bagfeﬁ Target gene and : denaturPCRA:;lr:ill?onSExtensi Product
species PCR assay primers name(Sequence) ation ng(C/s on(C/s cycles size(bp) References
("C/sec) ec) ec)
scal N-PCR(1st PanR-scal 6545F (5'-ATTCGTAACAGATTAGATRC-3') .
primer) PanR-scal “7360R (5 - TTATAGGATGTTTTCGGTTG3) V60 5160 72/60 5 815 designed
scal N-PCR(2nd _ PanR_scal -6647F (5~ TGGATGCGTGSTATGTACG-3') .
Rickett primer) PanR_scal 7354R (5 - GATGTTTTCGGTTGYTTCGG3) | V30 990 7245 30 o1 designed
sia rompA RI190.70F (5'-ATGGCGAATATTTCTCCAAAAA-3') Eremesva
genus N;E?H%S“ RR190.701R (5'-GTTCCGTTAATGGCAGCATCT-3) B0 B0E0 - T2/60 A0 631 etal, 2006
N—Iijogjéj(/zln 4 R190.70F (5'-ATGGCGAATATTTCTCCAAAAA-3') 94/30 50/30 72/30 5 - Fremeeva
primer) RRI190.602R (5'-AGTGCAGCATTCGCTCCCCCT-3") 94/30 54/30 72/30 40 et al., 2006
56 kDa TSUTSU
0. N-PCR(1st Provided INNOPLEXTM TSUTSU detectionkit (Intron) 94/30 58/30 72/40 40 1000 detection
fsutsi primer) kit (Intron)
/o4
amushi 56 kDa TSUTSU
N-PCR(2nd Provided INNOPLEXTM TSUTSU detectionkit (Intron) 94/30 58/30 72/40 30 475 detection
primer) kit (Intron))
ankA N-PCR(1st ANK-F1 (5'-GAAGAAATTACAACTCCTGAAG-3') .
primer) ANK-R1 (5'-CAGCCAGATGCAGTAACGTG-3') 95/30 53/30 72/60 5 05 designed
ankA N-PCR(2nd ANK-F2 (5'-TTGACCGCTGAAGCACTAAC-3") 95/30 52/30 72/60 5 664 desioned
A primer) ANK-R2 (5'-ACCATTTGCTTCTTGAGGAG-3") 95/30 54/30 72/60 25 &
%ﬁ’ggﬁ 16S rRNA AE1-F (5'-AAGCTTAACACATGCAAGTCGAA-3') Kim et al
P N-PCR(Ist ) , 94/60 59/60 72/120 40 926 et al,
um primer) AE1-R (5'-AGTCACTGACCCAACCTTAAATG-3') 2014
1{1512 Cféfg/é EE-3 (5'-GTCGAACGGATTATTCTTTATAGCTTGC-3')  94/30 54/30 72/60 5 290 Kim et al.
—_ n ’
primer) EE-4 (5'-CCCTTCCGTTAAGAAGGATCTAATCTCC-3')  94/30 56/30 72/60 30 2006
Ehrlich ( Ehr-sodB-F2 :
ia sodB real time 5'-TTTAATAATGCTGGTCAARTATGGAATCAT-3' Qurollo et
spocies i sodBR2 94/10 57/15 72/10 45 304 2014

(5'-AAGCRTGYTCCCATACATCCATAG-3")

bp: base pair

C/sec: degree Celsius per seconds (time)

Collection @ chosun
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20183 4€9-119 A|Fx=9 20199 4¥-99Y AZHE AAQoA 33 HXA

2.
o dAx=7]o g £ X

-

Jeju Island(2018) Jeollabuk-do(2019)
Captured Species of Captured Examined Captured Captured Examined
Month No. of Ir)ode nts No. of No. of No. of Species of rodents No. of No. of
rodents mites mite pools rodents mites mite pools
Z(Clethrionor)nys
= rufocanus),
Apr. 20 253 14 5 3(Apodemus 722 14
agrarius)
2(C1ethrionor)nys
) rufocanus),
May. 7 7 3 10 3(Apodemus 38 8
Apodemus agrarius)
Jun. 8 agrarius 37 6 10 6
Jul. 3 34 3 1 Avod . 1 1
Aug. 9 . 9 - podemus agrarius a5 7
Sep. 3 25 3 11 37 7
Oct. 6 4 1
Nov. 7 317 11
Total 56 684 43 44 839 43

_19_
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® 320189 49-119 AFAY AAFAA AP dA=s2 Qo 43

PCR Z 3
0. Ehrlichi

Rickettsia genus tsutsuga  A. phagocytophilum a

Capture  Capture  Examin PCR mushi species

Month d no. d no. ed no. ositivit
of of of mite P <odBf
. . ] S
rodents mites pools scald rompAb 56 kg ¢ ankAd o 16;54 . e
N-PCR  N-PCR N PCRC  \pcg " time
Intron) N-PCR

PCR
Apr. 20 253 14 Mo o 0 0 0 0 0 0
May. 7 7 3 Mo of 0 0 0 0 0 0
Jun. 8 37 6 Mo af 0 0 9 0 0 0
Jul. 3 34 3 Mo o 0 0 0 0 0 0
Aug. 2 7 2 Mo of 0 0 0 0 0 0
Sep. 3 2% 3 Mo o 0 0 0 0 0 0
Oct. 6 4 1 Mo of 0 0 0 0 0 0

No of
Nov. 7 317 11 total 0 0 0 0 0 0
Positive
Total 56 684 43 %\Io) 0(0%) 0(0%) 9(1.3%) 0(0%) 000%) 000%)
%

. b . . o .
“Surface cell antigen type 1 gene, ~Outer membrane protein A gene, ‘o. tsutsugamushi specific antigen gene,

d . . . . . .
Ankyrin-related protein gene, 165 ribosomal RNA, fSuperomde dismutase protein B gene.

_20_
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¥ 420199 4€9-99 AFELE A9 AXFAA AJF dA=7E gAow F
83 PCR 23
0. Ehrlichi
) Rickettsia genus tsutsuga  A. phagocytophilum a
Capture  Capture gxi}mme% PCR mushi Species
Month d No. of d No. of m(i)feo positivit
rodents mites pools y 56 kDac 4 16S sodBf
scal® rompA N-PCR( ankA FRNAC real
N-PCR N-PCR Intron) N-PCR N-PCR gg}%
No of
Apr. 5 722 14 total 0 0 0 0 0 0
No of
May. 10 38 8 total 0 0 1 0 0 0
No of
Jun. 10 6 6 total 0 0 0 0 0 0
No of
Jul. 1 1 1 total 0 0 0 0 0 0
. No of
Aug. 7 35 7 total 0 0 0 0 0 0
. No of
Sep. 11 37 7 total 0 0 1 0 0 0
Total 44 839 43 E{(’)S‘t({,v/f) 0(0%) 000%)  20023%)  0(0%) 0(0%) 0(0%)

“Surface cell antigen type 1 gene, Outer membrane protein A gene, ‘o. tsutsugamushi specific antigen gene,

dAnkyrinfrelated protein gene, 16S ribosomal RNA, f Superoxide dismutase protein B gene.
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5. 20181 A5 201993 AgE ke €
% d}i= 56 kDa nested PCRS 33 § 44 poold did A7l d 423

9

A7) A O. tsutsugamushiE E7

Sam  Capture

ple d year, Strain

Sequence( O.tsutsugamushi 56 kDa-F/R)

Blast
result

Identit
v(%)

Accessi
on

TATTGCGGATCGTGACTTTGGGATTGATATTCCTAAC
ATACCTCAGGCGCAAGCGCAAGCTGCACAGCCTCCGC
TTAATGATCAGAAGCGTGCTGCAGCTAGGATCGCTTG
GTTAAAGAATTGTGCTGGTATTGACTATATGGTGAA
GGATCCTAATAATCCTGGGCATATGATGGTAAATCCG
GTGTTGTTAAATATTCCACAGGGCAACCCTAATCCTG
TTGGACAGCCACCGCAGCGAGCAAATCAGCCTGCAAA
TTTTGCGATACATAACCATGAGCAATGGAGGAGTTT
GGTAGTTGGTCTTGCTGCATTATCAAATGCTAATAA
ACCTAGCGCTTCTCCTGTCAAAGTTTTGAGTGACAAA
ATTATTCAGATATATAGTGATATAAAGCCATTTGCT
GATATAGCTGGTATTAATGTTCCTGATACTGGTTTG
CCTAATAT

O.
tsutsugam
ushi
Boryong
complete

genome

99.55%

AM4944
75.1

ATAGGCCCTAATAGTATTGCGGATCGTGACTTTGTGA
TTGATATTCCTAACATACCTCAGGCGCAAGCGCAAGC
TGCACAGCCTCCGCTTAATGATCAGAAGCGTGCTGCA
GCTAGGATCGCTTGGTTAAAGAATTGTGCTGGTATT
GACTATATGGTGAAGGATCCTAATAATCCTGGGCAT
ATGATGGTAAATCCGGTGTTGTTAAATATTCCACAG
GGCAACCCTAATCCTGTTGGACAGCCACCGCAGCGAG
CAAATCAGCCTGCAAATTTTGCGATACATAACCATGA
GCAATGGAGGAGTTTGGTAGTTGGTCTTGCTGCATTA
TCAAATGCTAATAAACCTAGCGCTTCTCCTGTCAAAG
TTTTGAGTGACAAAATTATTCAGATATATAGTGATA
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