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ABSTRACT

Molecular Epidemiological Survey of Hemorrhagic Fever with Renal
syndrome(HFRS) in Wild Rodents Captured in Gwangju Metropolitan
suburban area

Mihee Seo

Advisor : Prof. Dong Min Kim, Ph.D. M.D.
Depar tment medical science,

Graduate School of Chosun University

Haemorragic fever with renal syndrome (HFRS) caused by Hantanvirus has been
one of the principal acute febrile disease in Korea. Hantaviruses are
carried by numerous rodent species throughout the world. Especially, the
Apodemus agrar ius, the host of the Hantaan virus, is the most common wild rat,
accounting for 90 percent of the wild rats living in Korea.

In this study, A total 585 wild rodents of 3 species(A. agrarius, Crocidura
lasiura. Mydes regulus) were trapped from 2 area (Buk-gu, Gwangsan—gu) of Gwangju
metropolitan suburban area in Korea from January 2016 to December 2018.
Indirect immunofluoresecent antibody(IFA) was performed for hantanviruses
infections using different hantanvirus antigens. Hantanvirus antibodies
were found in 35(6.8%) out of 512 A. agrarius, 1(4.2%) of 24 M. regulus, and
serologic evidence for Hantanvirus infection was not found in 21 C. /as/ura. Nested
reverse transcriptase polymerase chain reaction(RT-PCR) was performed from
rodents lung extract. Hantaan virus antigens were found in 6(1.2%) A.
agrarius, 3(6.1%) C. /asiura, 2(8.3%) M. regul/us. Genetic sequence of 11 cases
of Hantaanvirus L-segment was compared and analyzed, showing 95% homology with Soo
chong virus.

This epidemiological information relating to Hantanvirus is first reported
throughout the year for three years in Gwangju Metropolitan city, therefore it
could provide prevalence of Hantanvirus and backgrounds to establishment of
protection against Hantanvirus and development of vaccine.
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ZFZAA 2WXEHMN ZEst OFEEXIF0AM StetdOlH A2
SXestE oiq
SHEHHIOIZ AN 28t MESEZEEI2 SIa0A S LMGHD A= HEXQ S4IH S84
ZE0ICH SHEHHIOIA A= MMA = E2 AXF B0 2o HoHECh. S3l StEHHI0I 2 A Q)
=S SEF(Avodemus agrarius)= HE E8l 2 = Y= OMMSFZM SO MAIGH=E
SF 2l 90%E XHXISHCE.
2 AR0M 382 Ot EXIR(A. agrarius, Crocidura lasiura, Mydes regulus)e

AN 2RO BEHHIOIHA ER82 X AGH)] RAdH 20169 1”26 20184
YA ZESHHCH, OFAd

128K ZF=29Al 200 20 X (S S AL A X F 0l A
SMESES MIYUGH)| Qs SN AAl= AEHASYSHHIH(IFA)S 0125190, =
= F(A. agrarius) 6.8%(35/512),

58501212l S35 &3 = SEHI0IA 166 EXYE2 SEF
BISHESF (M. regulus) 4.2%(1/24)01% 10, ZF(C. /asiura)lde SHEHBIOI A & XDt
s, OFMAEXIFOA SHEIHIOIIA 2HES TG
H& ZX0A RNAS F==06t0 Nested RT-PCRS
6.1%(3/49), HIE 8.3%(2/24) A&
XNSUAN Z2EE SHEHIOIHA 11242 AIRASS FHUSO=Z Hlw 248 Z 1 170902,

170906, 170910, 171110 4212 A& A= Soochong Virus2 95%01 &4 ° &asdES EJ 1D, 161

= X
=7

006, 171202, 171210, 171212, 171213, 181108 6242 AlF A= Jeju Virus2t 85%01&f 2
g8 UERCM, 161115 1242 Al A= Imjin Viruset 89%0l &2 atsds 230
cEEZO HHME oFd ZXF0A

= =
1Dl & Chterst stEtdtolei Al 0| =226ty UASS HUCH

2O =80l ==& AU=Jt 2 AO0ICH
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| . Introduction

NESSPEHIS BEIIQAS, BWEAIAS] SH 2 HEXQ WHY 2yyos wa
SE, =S U ASADY £H0 STOID S5 MEAIIY BRIl I 43, SHULH, 24 5
E22 Y £ SO AYE0 52 2EHOICHI.2).

0
ro

= Bunyaviridaell =ot= HantavirusE 0] HHOl2dA= 80~110nm3aJ12l REEENZ, 21
Jb e (=) sense RNAHIOIZAOICE. O HIOIAA LHEO0I= L(Large), M(Medium), S(Small)el &

Bl N EFQ SEXIF Y=s0 LEEES2 HH0I21 A2 RNA-dependent RNA polymerase(RdRp)E &S
slotld, MEE2 I & CHEHol G1, G2 glycoproteing 2 S 3tat), SE&E 2 nucleoproteing &
S3H8tCH3)

SHEIEIOIZIA =0l 2185F72 EFHE 30 0|a9 REE0| 2edd UL, SHEHHIOIHA
(Hantaan virus), Al2H8t0l2dA(Seoul v ZToehgioled A (Puumala virus)Jb /=0, 0 =
SHEHHIOIH A DL B9 d=SREEEs 2203|1D, MsEdBH0leiA(Sin Nombre virus), HHIA
A

HHOI 24 A (Andes virus)= SHEHHFOI 2

HE==(Hantavirus pulmonary syndrome, HPS)E <&t

CH4). S HUIM= JIES StEFEI0I2iA L AS2HI0I21A 01210 Ce RAEXE el ==& (Soochong),
2= (Muju), L& (Imjin)BIOI2AAD}L FIIHO2 SH0IT ACHS5,6).

SHEIHIOIH A= HIOIHASE 22 T2 BF2 OMMAEXRE =F2 &1 QUCH SHEHHIOIHA

O =F=S22 SZF (Avodemus agrarius)= S2F =(Genuns Apodemus)l =adt1D B XILE OFAt

= = =
Ol AMalSt= JtE 2351 2 = Ues OtMESF=EZM IUUH Aaldte =32 90%E XHAIotD ULH
s 2 =

2 )
OH, =2 1T =2 AMEXY0 MAlstD UD, WSEF (Myodes rufocanus)= EF = HIH

b
F SHOISHA AAIGHD QUCH., 2N (Microtus fortis)= A

2 E0olH F==2 DALNICHe AHEOIL
Xt RE oot F==2 SX0A AMAISHCH. A== (0rder  /nsectivora)dl =ots T
X

(Crocidura laciura)e ZEX FH ES0HA A40H =2 PEF S22 T0tH D LHCH(8,9).
M280led A (Seoul virus)e TAIXIDO & F (Rattus rattus)2t ANZ2F(Rattus norvegicus)It
=0122(10), WSEF(Clethrionomys glareolus)It =1 ZELetdt0led A (Puumala virus)(11),
2 X (Microtus fortis)It =FQl T2 AHESIHIOI A A (Prospect Hill virus)Jdt HEEOZ &
S UCH12).
SZEEZO MNIIEZE 2EE HXRQ EHH, 25, 2H S=2
X

O HX2 M sS0 WCHLICHE 87
=l

H

o
m

ol HtoletA0F
E Soll ALEUAH 2

0
ful

3
gol AFHAN XU SAHA=HH(enzyme-linked immunosorbent assay,
AX2E ™ (high density composite particle agglutination, HOPA) & 2t HAH
ZSEHIE (immunof luorescent antibody assay, IFA)SO| OI=2& 1D QUCH(15). LESH Vero EBMIEE

o
=ly giold s 222 otglrg= <ok F 2 2A 2AEs 0|28t reverse

Collection @ chosun



trancriptase—polymerases chain reaction(RT-PCR)

|10 ACH16,17).
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[l . Materials and Methods

B = Fof OFdtl S, SIHNF0l Us EFAl 2ue =72 &7 200 XS0 A

OrliSH X ,
28 X0l 5R(FEA, ==, =1 & ZH, RPEFH, sXd)S HdEGACHFig.1). el OFM
S7 ZE2 OlUsSE 25 F 22l0l 28 HS(S8#FRE-7845)0I 2Sot0 e 22 RHe |+
A FUFHUAN OtES=SEEGIINE L2882 = =oAL
( >

SE)DX OHE 229l HA E 10002l Sherman |ive

trap(3x3,5x9 inch, Bioquip, USA)E &XIoHAM EEGISCH. OFMEF O 90l Y2ZHHE HIZ A%
S AM23D, EHEXE 28 10AIZ2H EXHM ESHE GHEDI(4E~102) 2 SEI(112~32)Al

INE=3N =
£ P2 sEJl= & 8AIRH =5t tEJI0= U8 &0l =HSIRUL.

BukGu

SHHT GwangsanGu

DongGu

MNarnGu

Fig. 1. Map of wild rodent collection sites in Gwangju metropolitan suburban area.
1. Buk—gu(N35 ° 13 51.77, E126 ° 54 23.8"), 2. Gwangsan-gu (N 35° 09 19.2", E 126 ° 45 05.4").
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o>

Ol €0 222 Z Z(Chloroform, Merck, NJ, USA)S =4l
=32 &M ZAIE 6t HESIALCEH.

SEMMF = OO & OFMEF AFUA FADIZ 2E 0.5~1.0nL8 S MEol) =222 <ol
SAAIZ2|(3,000rpm/5min. Eppendor f, Hamburg, Germany)st & 4C0| 228 U2 AE0 0l25tY
1, PHEE ZOE =2 IR HAS 0180 RRELZ HE, &%, ¢F, HE 2 2ZFE S
HMEGH01 A0l 015l MKl -70C =M 2HSI(Esco, USA)Ol E2SHACEH. Olefst Lol A
2 ZHistn SSHHRIRSI Aol = S22t +SIUCHSIBIS: CIACUC2016-S0003) .

[1-3. AEHASHZSIHI S (Indirect immunof luorescent antibody assay, |FA)

SHEIBIOIA AL [gGEt Ml S EHSTN ZHAIE
3=]

SHEHHIOI A &3 Z2t01E22) 2F wel [0l QARSI A A 2=(Posphate buffered saline;PBS)Z
SIMEH EES 2buly Ho{Eel & 37COHA 302 BHSAIRICEH. 0IF PBS

ot EF+2 22 522t MAES & FITC-conjugated goat anti-mouse 1gG(Sigma, St. Louis, USA)E
ul el1] 37C incubatorOlA 30= BHS8H =0l MIEGIRULH. &R =CH0IEE AXZAIZ!
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OlAHSE SHEF HIOIAA S0I EZspot0l 201H 250z HEGIUCHFIg. 2)

Fig. 2. 19G antibody detection of Hantaanvirus by immunofluorescent antibody(IFA) test to the
wild rodents trapped in Gwangju metropolitan suburban areas.

Collection @ chosun



-4, H ZXO0A SHAFE

PSS
=

Iy

st H&E ZEXZ cell strainer(Becton Dickinson, USA)®I0l =2l DONase, RNase free
syringe %CHE 0/=25t0 Biosafety cabinet(Esco, USA)OIA R7ESC=2 Xelst &, PBS 500uLE It
ot &3t A2l F, RNAZZ &HXl 4TCOl 226HACEH. HIZA A RNAZ=Z2 QlAamp Viral RNA
Mini kit(QIAGEN, Hilden, Germany)E AISol0d HMZEASl XI&EW et +=#oIACH =, HE SMAH
140 u L0l AVL buffer 560uL, carrier RNA buffer 5.6 uL% &DIIoH0 /5*8(25°C)01|A-I 1082 S¢et gt
SAZCH. W0l Ethanol 560uLsS €1 =& M2 spin column2 2 FZHA 8,000rpm
of 122t &4 Z2c2l(Eppendorf, Germany)otCt. 2l washing bufferiS 500uL&EJtotL
8,000rpmOl A 122+ &l 2elgt =, I/l washing buffer2E 500uL'E 2 14,000rpmUl M 3= 2¢
& Z2Iotd CHAl 14,000rpmOlA 122+ &4 22I5tACH. ColumnOl AHZ=2 collection tubeE
&&0t4 elution buffer 60uLE €0 18 S EXIAIZI & 8,000rpmOllA 122t A& =2Iot
%

3|
==& 60uL RNAZ 8ulLE RT-PCRES I8+ cONAEE O ALSSHACH(Fig 3).

roh

ro

:IOII
rio

2

Ol

Lung sample |yvsated

R4

fhdd | wsis buffer +
carrier AMA buffer mix

incubation at 25°%C for 10min
Y
Add 95% Ethanol

cent rifuge B,000rpm, Imin

Y
Add AW, AWZ buffer

/ centrifuge 8.000rpm/s 14,000 for 1 min

Elute

Y
Readwv-to—use RAMA

Fig 3. The process of extracting RNA from wild rodents lung tissue.
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1-5. cONAEEE L 01F &AL SEE&AHMEIS(Nested reverse-transcription polymerase chain

reaction, nested RT-PCR)

ATAL SEESAHAMEIEZ2 2 S0I MAIE YHo= MEGIAUCH21). cONAELES ld =

ro

=
8uLE SuperScript VILO MasterMix(Invitrogen, Massachusetts, USA)UI 21, 25CHM 108, 42T
HA 302, 85CUHAM 5228 &AL B+S = nested RT-PCRES =&SIRUCH. 1Xt PCRES <IoH cONADH &
Jtel BHSHEZ AccuPower PCR PreMix(Bioneer, Daejeon, Korea)Ol €11, 95CHIAM 522+ 13 BHAA]
21 &, 95C 30=x, 49C 30x, 72C 45x°| BtESS 353 Bt=otL) 72TOA 722t BIES 13| &Al
OtALCH. 2Xt PCR BtEE 2uL2 1Xt PCRAIZ0I 1XF PCRIY S8t 422 95T 52 & B4 9
722t 13l A AIGH SHEHHIOIed A

ol

’

ﬁ
e
NW
llH)h
Qﬂ
0
[
-
QO
=
D

Table 1. Primers(L segment) for Hantavirus antigen detection and Nested RT-PCR condition.

Target Primers Product
gene PCR name Sequence size(bp) Reference

g?f;gg HAN-L-F1 5" —ATGTAYGTBAGTGCWGATGC-3’ 450
(ist PCR) HAN-L_R1 5" —AACCADTCWGTYCCRTCATC-3’
L segment (28), 2006

Nested HAN-L-F2 5" —-TGCWGATGCHACIAARTGGTC-3’ 380

RT-PCR : :
HAN-L-R2 5" —GCRTCRTCWGARTGRTGDGCAA-3
(2nd PCR)

1-6. SN L HE 24
[m]

L& &AM ZIIME L Ol MES OE SEHH0I2 A Hlw 2438HI| IoH GeneBank Ol
SEHN U=s LEEQ HIINZES AMSoIACH22)

OIMAEXIE HEUNHA ZES SHEHHIOIHA PR SZAMES BN & SBIIANME 22 /o 2228
&l (Daejeon, Korea)Ol ELHH QIIALE E4S <Ioi ABI 3730 XL DNA Analyzer (Applied biosystems,
Massachusetts, USA)2t PCROII AFZE primersE OI26t0 LHsozZ 1 HIIMES ZHOIULH

ZHE HIIANZE2 National Center for Biotechnology Information(National Institutes of
Health)2l BlastN program(Bethesda MD, USA)E O|Z35t0 %Hamu. 5, HS4(Phylogenetic
tree) & Clustal W(DNAstar 5.0, USA)Z2 )OO HZGI0! MEGA 6.0 software(USA)E 0l
ot 4ot 1D, MZE Z(Species)2t 240 AI2EZ= Neighbor—joining Minimum evolution
method2t Kimura 2-parameter model(bootstrap 1,000 replication)S ArE0otRUCEH.
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-7, &=
OfM AXIS0A

122H 20184 122
York, USA) &=

o
v
-
2
=
> 0Z
0
ﬂ

MU
[1}]
o
ne
S
0
=l

o

A
|FRCIDte| AzZt2HE S6|D| ot 20164
42 SPSS 20(IBM, New
=k

=
|28 Q02 U2 ot ZAAE FHZAS ALY,

[l

E
HU

IJ

m <
o
OI:? [‘)—
Ol -
= O
2
NN

. Results

-1, 2= X572 HEE A =

2016 2Bl 2018F Al &= 20 KH0AM Z2e OrdY EXF= & 5850tel & HEE=Z =
(3~56&) 1640t21(28.0%), HE(6~8&) 1550t21(26.5%), Jt=(9~11€) 1230t2l(21.0%), Dl A

S(12~22) 1430121 (24.4%) 0t ZE | ACHTable. 2).
OFM AMXI=29 gEiStE =233|(23)2 &XolH AXNFRE SZ=F(Avodemus agarius), 3
(Crociadura lasiura), BIYEEH (Myodes regulus) Nl EFZ 2FotFD(Fig 4), 2= XNFUHA

ZelE F HM== 5850t2l & S=F 5120t21(87.5%), =3 490t21(8.4%), HIHESF 240t2
(4.1%) A CH(Table. 2).

Table 2. Seasonal distribution of wild rodents captured in Gwangju metropolitan suburban
areas, from 2016 to 2018

Species of Spring Summer Fall Winter
wild rodents Total(%)  3~5/month 6~8/month 9~11/month 12~2/month
Total (%) 585 164(28.0) 155(26.5) 123(21.0) 143(24.4)
) 512
Apodemus agrarius (87.5) 146 154 94 118
. ) 49
Crociaura lasiura (8.4) 11 1 26 11
24
Myoades regulus (4.1) 7 0 3 14
- ‘|0 -
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Fig. 4. Morphological classification of captured wild rodents in Gwangsan—-gu and Buk-gu
from 2016 to 2018 (A. Apodemus agrarius, B. Crocidura lasiura, C. Myodes regulus).

n-2. ot EXlI5% S0l StEtBIOISI A0 S

N-2-1. OFMAEXIZ S0 2 StEIHIOIHA B E
2016 2 E 2018ENIAl EEE Ot AXIF 5850t22 H =Z&0A RNAE =00 SHEfHIOoIA
A L segmentES EFMOZ nested RT-PCRS =& b 110F21(1.9%) 0l A StEFHIOI2{ A DNAZE &

rou

=g = UYL O = S=71 5120t2l0A 60tel, R+ 490tel0l A 30tel el HIHE SF240t
clOl A 20t2lJF SHEHHIOIA A LEE 0| didote REAE BEE = UL

ot OFUSH0IA 2ciet €& 585201 Uoll AEHASHSNESZE Xl RFRE TAtet 2
ot SE=7F 350k2I0lA SHEFHHOIA A0 CHEE 196 & Xl LS 6.8%RALtH. Hl

(0

g=7 10tcI0IA StEtHFOIA A0 THet Sl &Fd= LB 4.2%R 0, S
Mot 2EE X LUACHTabled).

%

Table 3. Prevalence of hantanvirus infection of wild rodents in Gwangju metropolitan
suburban areas, from 2016 to 2018.

Species Rodents No. Positive No. Positive
Total by RT-nested PCR(%) by IFA test(%)
Total 585 11(1.9) 36(6.2)
Apodemus agrar ius 512 6(1.2) 35(6.8)
Crocidura lasiura 49 3(6.1) 0
Myodes regulus 24 2(8.3) 1(4.2)

_’I’I_
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lNn-2-2. HEE

o

EtBtOIA HE 22X

Ord =2 SHEIEIOIZI AN THet HEBE 2 248 2it= etEtdiold A REXN Holdes S 11
Otel = JtS0l 70t (5.7%) 0t BEE 22 M It 20l ZSC/ALD, HAS0 40t21(2.8%) It H=C

ACH. 8HH, SHEHHIOIZIA [gGEHM ZAtZ M= S0l 120t2l(7.3%) 2 JtE ZgAD, S0l 1102
(7.1%), Jt=0l 70tel(5.7%), HAS0ll 60t2I(4.1%)=0IUALCt.

Table 4. Seasonal distribution of Hantavirus in wild rodents from 2016 to 2018.

Factor Hantavirus antigen/antibody
Hantavirus 1gG Hantavirus Ag
Season Test No. Positive Test No.Positive
by IFA test(%) by RT-nested PCR(%)
Total 585 36(6.2) 585 11(1.9)
Spring 164 12(7.3) 164 -
Summer 155 1(7.1) 155 -
Fall 123 7(5.7) 123 7(5.7)
Winter 145 6(4.1) 145 4(2.8)
n-3. A==
Ord AXISU A SHEFHIOIA A L segmentE Et2U 22 nested RT-PCRE =& = 11212 PCR &4
Bt20l Z2FEU2MH, 052 FIINMgs Z2HoIRUC. 24E SIIMESS SHEHHROIe A L
segmentE JIB2EZ ZULIUA ZEEUE SIHMS S HlWotH 240HULH
SIINE 224& 11249 stEtdold A 2bd & Soochong viruset JHE =2 dsdsS 20l 44
O AIAA = 324(170902, 170906, 171110)2 &=, 124(170910)2 HIHESFHUMN ZSEUC
Jeju viruset & =2 A4S4ds 20 6242 AIAAZS 321(161006, 171202, 181108)2 SO0 A

ASCH/JAD, 224(171210, 171212)2 S
ACH. 2l Imjin virus JIE =

(Fig.5).

% ’
FOIAN D213 121(171213)01 HISHESHUAN 2Z0| o
A 2

ol 121(161115)2 SEFIUAM BSEAC

_‘|2_
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20191202 67 — Hantaan virmsAa03-161Yeoncheon

HFRS L seg 356bp ;J:E Hartamn vins/Aal 4204 Paju
Hantaan vinus/Aal4-362 Cheorwon
3 g Hantasn vimsAal3-048 Podieon
2 Hantasn wirus/Aald-266 Hwacheon
57 i Hantaan vimis76-118 Korea
6 L Hantaan vins/Aa14-408 Yangm
42~{ L Harttaan virus'G allano/A A5 T7,2002 Russia
Hatasn vims Z10/China
100 Soochonz VinsS00-1K orea
P 170902 hang
40 prem |:l 70906 unz
60‘ P 170910 hins
78 p171110 hw=
Serang vinsB60.2000
Dotrava Begade wimsDOB Gresce
52| 5 I—Se-:rl.ivj..tus‘S'I}-EQKc.er
| 100 LI:SecrLﬂﬁusLEZST China
64 Seoul vinus/ 199/ China
Jejuvims10-11Korea
—— P171213 hmg
100 P 161006 Tung

100 || 171202 hung
| 73 | 171210 hanz
g 171212 hns

P 131108 ung

100 Sn Nomire virus CC107

4'::13@1&5- virus NM HLD

Andes virus Chile-9717859

00 Tula virsM5302v

huyuvins11-1korea
Puumala virusTUmeda
Pumaa vins CG1820

70 Puumala vine Sotlamo

— Imjin virus Q1 04-55 Korea
100 —— P 161115 hue

L
[F8)

9

Lhown
Lh

—
0.03

Fig. 5. Phylogenetic tree based on partial L segment sequences from GenBank and
Hantavirus—positive wild rodent specimens captured in Gwangju metropolitan suburban areas,
from January 2016 to 2018.
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