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Based on the geographic range and distribution of its rodent reservoir host, the European
common vole (Microtus arvalis), Tula virus is likely to be widespread throughout Eurasia. Tula
virus-infected voles have been captured in Central Russia, Austria, Czech and Slovak Republics,
and the former Yugoslavia. Although serologic evidence for Hantaan (HTN) or Seoul (SEO)
virus infection can be found in the vast majority of the more than 300 cases of hemorrhagic
fever with renat syndrome (HFRS) occurring annually in Korea, approximately 4% of Korean
patients with HFRS show a more than 4-fold higher antibody titer to Puumala (PUU) virus than
to HIN or SEO virus by double-sandwich IgM ELISA, suggesting the existence of pathogenic
Puumala-related hantaviruses in Korea. To further define the geographic distribution and genetic
diversity of Tula virus in Eurasia and to investigate the existence of previously unrecognized
Microtus-borne hantavirus in Korea, arvicolid rodents were captured in Lodz, Poland in 1995
and in Yunchon-kun, Kyungki-do during April to May, 1998. In addition, sera from 18 Korean
HFRS patients who showed higher (or the same) antibody titer to Tula virus than HTN and SEO
viruses were examined for hantavirus RNA by RT-PCR. Hantaviral sequences were not detected
in any of the 18 patients or in 35 reed voles (Microtus fortis)y in Korea. Alignment and
comparison of a 208-nucleotide region of the S segment, amplified from lung tissues of two

hantavirus-seropositive M. arvalis captured in Poland, revealed 80.8~83.2% sequence similarity,
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respectively, with Tula virus strains from Central Russia and the Czech and Slovak Republics.
Phylogenetic analysis indicated that the newfound Tula virus strains from Poland were closely

related to other Tula hantaviruses from Eurasia.

Key Words: Tula hantavirus, RT-PCR, Microtus arvalis, Microtus fortis
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Tula geputol 2 =& 2]Ajote] Tula A ol A
AR E fepaol# (European common vole, Mi-
crotus arvalis)2F¥ F71Xdo] WA o|g [1]
Czech Republics} Slovakiao| = 1 )7} &3
EA A9 (polymerase chain reaction, PCR)2.
2 2 AT 2] A2 ¥ 7L Serbia-Yu-
goslavia®] Pitymys subteraneus 2 5-€] Tula v}o] ¥
2F Zroldlo] &t (Hantaan, HTN), A 8- (Seoul,
SEO), F%2} (Puumala, PUU), W 128o]E (Be-
lgrade BGD) ulo| 2] 2~9]o] Tula ¥lol2g| 2% &

seplopxlolol fan Y-S TtAT
[3] Tula wlolejxo] GrirMde FHELIH
Wh-8-& o] &-3ted 19940 gha H x| gk wlo] 2 A
< HIook 244 thE T A7 o3 Bl
[4, S]. Tula ZHE}Bto] 2] a7t AfGRoll A W&

dogleAe dA7A BEA A i) 1996”‘
2{Ale}e] Khabarovsk 2| HellA sjFd 2
(Microtus fortis)2 X-¥] Khabarovsk v}o] & ~7} &
gl gl [6] Selitete] ZRYAYoE
LA A4etn Yo T3 2 £3Az 1y
detm ol agdTad FAGYABOE
gretutol 2 2o i3k A F A 9 F 8 ghRle]
97 e EAY A7 Gebvtol e 2o FAFEA
UV} 0T sl 20 4 Aol N
Fe) vl 2o 22 M FA7E B @
AAA el A Al‘—‘— ghet 2 A& wlo]g
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ot 2 A7 o] 199596 LA =
AE fFEAelEH M. arvalis)ZHE B34
Tula ¥lo}H 2 Lodz 59 S B4 G7]Mg2A
2 ASEH a7 AP Y 5%
Hd B2 Z Tula Fefulol )~ Fd At @
AT 2 SHelM AR M. fortis)E A 3}
Felulol 2o hE FY ARE ZAES =
el 7]1&0) Ldelxx] 2etd Tula gHelslo] g

E3
3t
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2~} Khabarovsk-related &te}ujo) 2f A9 ZE a8
Fol| il A3kt
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1. Tula SHEFH}O|2{A RNA £3]

Tula ¥to] 2y A7} A | FEpr|obeFH 9] H=
A 9 Vero E6 A Z RNAzol B (GIBCOBRL,
Gaithersburg, MD, US.A) £ 12 mlZ &84
% chloroform& 9% (1/10 volume)g 3 7}l vor-
tex mixero| A 1527F & & G334} A

B AT 4Tl A 1583 A Eestn
3 ZEdEs A wbed &71n FE WYad
isopropanolS- A7}k & 4 CollA} 4587 dbA) &
o Ao YT WHes dAEAA rtotal
RNA A& A& & 75% ethanol®2 g-x}a] A 3
8l 31 diethylpyrocarbonate (DEPC) 2] &t
30~45 plE Fo ALgghch

Zz2 2
oI

2. Primers 4! Tula "g}o{2{A cDNA &4

B AFolA = Tula Srepuloleixe} S B34
o] &ciul coding £ o] 2449] primerE A}L&3}¢
At S £49] cDNA §4 & —‘H?}Vﬂ HTN 81 (5™
TAGTAGTAGACTCC-3)Z o] &3+ & nested RT-
PCRY 9] A} primer’} . & F993 (5'-TAGGTGC-
CCTCCTACATG-3)3 R1275 (5-CTGAGTTCAG-
GGTCCATATC-3)E, ©]} primer’} 2 2 = F1012
(5'-ATTTACATTGCTGGATGGC-3")¢} R1258 (5-
TATCATCACCCAGATGAAA-3YE AH&31 o

cDNA §4 2 RNA template 10 ploj] primer 100
uMZ Hrlsta 70T A 1083F RNAE dena-
ture A|7] 3 master mix- <4 (20 unit RNase inhibi-
tor (Perkin Elmer, Branchburg, NJ), 50 mM Tris-
HCI (pH 8.3), 75 mM KCl, 3 mM MgCl,, 1 mM
DTT, 250 uM dNTPs)o}| 200 units Superscript II
RNase™ Reverse Transcriptase enzyme (GIBCOBRL)
& H7tstedd F wkg9l 20 plE Thermal cycler
(Perkin Elmer 480)Z o] &3slod 42T oA 1At
g A7
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3. ANAL-BEE A A EIS 0l 2[5t Tula B}o|
A RNA X

A3 FHEALAH S-S cDNA template 5 pl,
100 pmole outer primer %}, 50 mM Tris-HCl, 50
mM KCl, 1.5 mM MgCl, 200 uM dNTPs, 0.5 unit
AmpliTaq Polymerase (Perkin Elmer) 2 DEPC #
HE FHTE HFT WS 100 e 9E 3
mineral oil & 3 7}3tod Thermal cyclero] A 94¢C
5E 7IEY F 94T 1%, 40T 1%, 12C 1~
3R F712 83 FEZANZ & 94 18, 45T 18,
72T 1~3% F712 353 SZA & HEHo
2 72TA 1023t vkgAI 7T o3} ¥ EA
A RS (nested PCR)S Ui} 28 F A AL
S| A% DNA 5 Wi Ahg3tel 599 572
FAZ F 1.5% agarose gel’doll A 247-bp 27
PCR ’\]’E 2 #2138 v} pCRII plasmid vectorZ

o] 83l E. colio) A thaFro = ujor (TA cloning
kit, Invitrogen Corp., CA, USA)3} 1 QIAprep-spin
Plasmid kit (QIAGEN Inc)E o] &3} plasmid
DNAE A ¥ dye primer cycle sequencing kit
(Applied Biosystems, Foster City, CA, USA)Z A}
&3] automated sequencercl] A w}o] g /\_,] o 7)
XEE AR

4. Tula StElBIO|2{ A9

10 oM

REBH AE 24

LaserGene program (DNASTAR, USA)S ALg-38}
o] Polandell X £-2] @ Tula vlo} 2] A Lodz 3] 4
X DNA®| 97|M & 719 Genebankol] =)
Holle Lol A Frb 2uksls ghelbuto)
#2579 Tula ule] 2} 2 T233 (230945), PH }o]
82 PH-1% (M34011), PUU Sotkamo % (X61035)
5% G971 gL vl mEA 51 PAUP Verson 3.1
(Illinois Natural History Survey, USA)& o] &3}o]
ol F7IMEEY FAYH A%sE Y, B
A gt

5. I ZLF (Microtus fortis) x4%El 9 e}
Bhoj2{ Aof st EHZAL

B71= AAFAA 1998 497} 590 2zt
SHAE AFAAT. ok AW L Sherman trap S
AHgstglon AR 2Ae 0Cd BB
o AFE 2TH 9 Febutol 2 2o Ulg )
Az DAARA G BLAY L o] &5t A3
At Tula, Steh, & L Fural hebufola) &

S EUd o=

Tula Hantavirus

FLEo| = acetone 2 Z-uHAZ) F ke
24494 PBS) 132 & 49 52 84 25
pE 718 3 37CoA 30837 ¥eA7| o Q1A
SFTHEFE 33, THRFE 13 242 355
). A% ¥ FITC-conjugated goat anti-mouse IgG
(ICN, Costa Mesa, CAYE 7}3l] dxpures} 2o
Wi R whgAIZl & FFHuA (100W, Zeiss
Co., Germany)3loll A 4008)2] W& = A x 29
5ol 47 S BFNA Fepvlolg xo)

FARH 55 FHSIA
6. = MEZRE
2}l

8o X F Tula BHERIO|
Bl Zhedof 2431 ol 7

19973 14 ~129 9] 32 3an vpol 2] 2 A
Taol GAFGIRBo) d4Fo) ALY
20089 BAWA F BARAFBYAY 2
et whole] 2o A AL FPo= Ay
14349 Ex& Aoz 7FEH Ay
© = Tula, FEa} (K-275), A& (80- 39_r) =2 &
& uho] 2] 2 (76-118F )0l st g stE
skl 7:‘1/\}9&]9 dHEL dREol *1%74
AN Ade] AFee BTN ALD A
olglom Uxr 7 °JE EZAGELD AART)
AZate g5l AAsF TRE A

Tula, e, A& 2 Foet getutolal » g9
gfto| =0 AAAF AT BNYH S 1328
B AR 45t 2 A48 ¥ 25 uE A

2 37T~ 3087 wH-g-A]F) 2 FITC-conjugated
goat anti-human IgG (ICN)Z 7}sle] WEgA]7] 21
FPAv|Z oz Fetutoldfzo] WY FARS

78 B skt

7. SR EEE B Aol ARNAL-F
HELARES 0l o5t Tula SHEtHEIO|ZA HE

of

32 4 B 2O HA ETZ5E RNAzol
(GIBCOBRL) £ A}-85+o] total RNA 2 A
< 98 & diethylpyrocarbonate (DEPC) %}z g+
FHE 3045 pl2 5 AT ol -
FHELAAYHYNE L V]| LEH Tula 2 Kha-
barovsk H}oj Eii: %O] primer setZ Al-8-3lo] 9
TEND F SEAES15%
agarose gl ol A A7 EG Depuiole ~
PCR AHE& #UFt

R

o3}
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1. Tula SIE}B}O|B{A S| S R cdy|MAH E4

= O = Jo

B 7ol %ai7 279 FDE Tul DEpL
o) 211\ Lodz-17} Lodz-252] SEZA 208-bp &7]
MEE BA 27 FAs o BEEE Tula vt
olg129 H71M B FEL T FFZ Lodz13}
Lodz279] G7INEL FYsAqer Lodz-15
ot HAlol, Az R fragefuioliy Eed
Tula vt 2257 A7 MDD vad A B
T 4ol = 35~40709) Mol 2 Kol 80.8~
83.2%2 BHAE BT} (Table 1), 818 ZTah=
of £EFHE Tula vhol 2ol wr EAsHE Sol
g Holz 18707 #AHA =Y o5 187 =F
Al HA 97] (3rd position)?] ¥o] 2 h R E o}n
4 HslE fabelAl 23 silent mutationo] 9
56% (10/18)= transition, 44% (8/18)% transversion
o] At

2. Tula &lE}B}O|2{A

[ =3
SR

Ol

9| deduced O}o| 1 AbA

o

2ol FAE 2539 ZWE Tula sHe}n}o] 7
2y Lodz-13} Lodz25F8] @7IXddA S8
6970 2] olm =AM G & 71 E9] glA)o}, Mz L
Fragete|otil A £ € Tula who] & 2 ofn]x
2@t vl wAH Bete] Figure 19} 2-e AxE
AAct FH=o] E3xEE= et ulo]gf ~9) o}

Table 1. Nucleotide and amino acid sequence sim-
ilarity of the 208-nucleotide region of the S seg-
ment between Tula virus Lodz-1 strain and other
hantaviruses (%)

S segment
Virus strain (Country)

208 nt 69 aa

TUL Lodz2 (Poland) 100 100

TUL T23 (Russia) 83.2 100
TUL M5286 (Czech) 80.8 98.6
TUL C3454 (Yugoslavia) 827 98.6
PH PH-1 (US.A) 73.6 88.4
PUU Sotkamo (Finland) 79.3 92.8
SN NMH10 (U.S.A) 70.2 82.6
SEO HR80-39 (Korea) 73.6 84.1
HTN 76-118 (Korea) 71.2 84.1
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st de) {3 % FHolderm 2Aje}
Tula vo) 2] 29t= FYE A E-& Vel o, A
29 gasey OMIH 2219 Tula o2} 29
= SEA 6099 Threonineo] MethionineC =
(Thr—Met) R Yo}

3. Tula BHEIE}O[B{A o] A S 2 A

r°“ e

PAUPH ¢l w2} FRE Lodz-1 2 Lodz-23 9}t
Aol AZ B fuLetvlofol s EelE Tula
vtolgj ~FEe] SEAA 208-bp P7IAHel
A3t Figure 29} & AS4E A4 sH.
A%<t mid-portion rootingdl] 2} 2}AstH o
Bl Z} branch@] 3}¢ho] = bootstrape] &2 3 Al
E= 38l Adede 7] A3 AFE &
A&t ch. 2t branche] Zo)= g7)o] W3} A4
of Hldglste] TAIERon] G7IG] & Al
%= 1000 resamplingol] 2] &+ bootstrape} &5
< BA R

Q7N E 8 BAE AEFo ad =
Ao B¥3t3 9l Tula vlol 8] AFE54 A

Table 2. Immunofluorecence (IF) antibody titers of
Korean Hemorrhagic fever with renal syndrome
patients against hantaviruses

IF antibody titers against

Code No.
SEOV PUUV TULV
KHF97-374 - 32 - 128
KHF97-964 - - 128 128
KHF97-1630 32 - 32 128
KHF97-1647 128 - 32 128
KHF97-1667 32 - 32 32
KHF97-1893 32 32 - 32

KHF97-166 8192 2048 128 512
KHF97-501 8192 8192 2048 8192

KHF97-599 512 128 512 128
KHF97-1532 128 - - 32
KHF97-1562 128 - 128 32
KHF97-1587 32 128 32 32
KHF97-158% 512 128 32 32
KHF97-1612 512 - ~ 128
KHF97-1664 512 32 128 128
KHF97-1686 128 - 32 32
KHF97-1820 512 128 - 128

KHF97-1861 128
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Figure 1. Alignment and comparison of deduced amino acid sequence of the 69 amino acids region of the
nucleocapsid-encoding S genomic segment of hantaviruses. Comparison is made between Tula (TUL) virus
Lodz-1 and Lodz-2 strains isolated from Microtus arvalis captured in Lodz, Poland in 1995 and other TUL
strains from Russia (T23 and T53), Serbia-Yugoslavia (C3454), and the Czech (M5286 and M5293) Reoublics,
as well as other hantaviruses, including Hantaan (HTN/76-118), Seoul (SEO/80-39 and SR11), Puumala (PUU/
Sotkamo and Tobetsu)) and Prospect Hill (PH/PH-1), Sin Nombre (SN/NM-H10) viruses.

ot X1 Ut Tula who|HAFEL 7}7)
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Figure 2. A majority-rule consensus phylogenetic
tree, rooted at the midpoint, generated by the max-
imum parsimony method using PAUP, based on the
208-bps region of the S segment of Tula (TUL)
virus Lodz-1 and Lodz-2 strains harbored by Mi-
crotus arvalis from Lodz, Poland, and TUL virus
Cacak strain by Pitymys subterraneus from Cacak,
Serbia-Yugoslavia (C3454), and by M. arvalis and
M. rossiaemeridionalis in Russia (T23 and T53) and
Czech Republic (M5286 and M5293), showing phy-
logenetic clustering according to their geographic ori-
gin. The phylogenetic positions of Puumala (PUU/
Sotkamo and Tobetsu strains) virus, Prospect Hill
(PH) virus, El Moro Canyon (ELMC) virus, Thot-
tapalayam (TPM) virus are also shown. Branch
lengths are proportional to the number of nucleotide
substitutions, while vertical distances are for clarity.
The numbers in italics at each node are bootstrap pro-
babilities (expressed as percentages), as determined
for 1,000 iterations by PAUP version 3.1.1.

4, DU ZHLF (M. fortis) 2] SHENELO| A 2t

1998 493 549 AYH 2L 25
35 o DHVAFFTAY R 132 I A
Hj ol A Tula, @8 A& g F2a} blelglx &
4% 9| gepvpolgy 2oy i3t g ld/\} Az 3
Sl A = Tula vhol g} 26 +/- g3 VYrjr] &
T 230k AN FEF LA NSPo R

% Tula StEfulo]ed 2~

Tula wlo] 2} 2o g7} 1:328] Mol A +/~
g ZwrAe] HzAed HE Tula Hiolgl&
RNA §AAE ZA8 A3 Tula gHE}Blole 2~
= ZZ5 A &skd.

CAEFEHE FAHYYX S Tula FHEELO
2

BIAY 2 T volejzo] O
o A OU 9.; T 14390 RS g
2 Tula, T2z}, A& 2 3ter wlolg] 2o dis}
o] ZA7HE 245 A7 69 oA = Tula vlo] &
2o dg FA7It 7 wdon 123 s
Tula vlo] ) 2o e g)7te} gl Al ==
Zutg} blo| gl o) A3 A 717F 2 AV A7}
Zre) zbol b 4w ojul o} (Table 2). 9]¢} 18
o AL ez GHA-FRELAYNY
© & Tula ¥lo]2] 2 RNA SARAE %A A%
Tula @ebubole2e 18% £ FHE FZHA
e skt

K
izt

A 597 negetn o e oy
A, vhole 2y AT hel GA7k 9D 4
g4 A% 23} 53309 F 12% (649%)7F W
ﬂ‘%‘%‘c}ﬂl%ﬂl/ﬁfﬂ gheh npole o) A FA
o= e [7]. 8 % AL violg 29
A7A e 2 SAZE BaHAge ¥
g} vlo}e} 2o ELISAY O 2 4u)o] 4 &L IgM
GANE Holx Bx7F A FAd A oF 4%t
Hol el Bl E ASFEEEA F
PR JEo A &z e vlo) A
st A& nio)3 2 o B2 7] Fehulo]y
zal ole) @yt T e AHsAel WS ¥
4 199430) 2] A ohe) Tulax 9] §-2bA] ok
% (M. arvalis, M. rossiaemeridionalis)Z.%-€] Tula
shelel 27k [1], Y2 BAES NFRA (Ce
thrionomys rufocanus)= -6 F¢at ulolz] ~9]
A =9 Tobetsu F7} <AL ??g}j{/\d(,ﬂ]ﬁkc’—
o2 AL (8], A2l dr=s] vl ¢
B Aok FTEA LN A8 2L (M.
fortis) 2.5 €] Khabarovsk (KBR) ulojgj A7} £
A (6] AL E5Zo7) 118~162 mm,
mwe)Zdo] 40~69 mmz & JHe 2 ol
& 59 W0t 2, 25, P, 297

L

N\N' 2
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&9 AN F2 M43 F2 do] B
3 Aol B, Selte 2853 A B
23 [9).

A5TF ADEY Afd Tr Jowa
YA FaMold 97 Ang B

Az EA8 Yod B QAo w2
LA ot AHFSe] Aol X Skd
A2E Aoz olFaAy 4dAe das
AQA &79 371 5¢ B A= WAA
=59 15k 25U RBT,. Q9
3} Sin Nombre Hlo} 2] 2o i3t IgG A7} =7}
T FAR v Fo)Ho}l 1959 KEF FollA
AP 3BAE FA g edE Balel %
HAeH o|HA Feulolz ] 2§ Agho]
LY ANEH Hv] digd EA5a RSN =
F 2o Ao} L&} o]-8-= El Nino 42 2 63
e} 7% Aol 19939 AR Hol W g
&2 H7t 5 g o] e gebuto] 2o
39 ALEFH Adho) 108 712 Z7lEm A
AFE el vtoly 2l AvE &3 24 L
T3] A AEol T WE JUstd AR
o AEE 71571 gold e MAE £F
g vlolglart 3E712 B3t AlRoA A
sol vehd Aoz 393 gl (10, 11).
FEbuto] 8y 2= Bunyaviridae¥}o] thE 2:0)
Bunyavirus, Nairovirus, Phlebovirus, Uukuvirus$}
w2 7R 2 envelope 2 #od 3 TR E7] (sur-
face projection)E 7}2 °F 100 nm=A7]19) 734
ZAA2A (12, 131 42 27 x 10°, 1.2 x 10° 2 0.6 x
10° KD 27] 9 Large (L), Medium (M), Small (S)
9] 3709 B ZF RNA genomeS 2ty glow
ol 7 BH27H fal¥ transcriptased} G1, G2
glycoprotein ¥ nucleoprotein®. 2 v}lo) & A7} F
BHE 8L 3 o 14, 15, 16]. 28y
getutol g}~ AT} polypeptidee] A7
FTEA % 3uvte] 471 MY (3AUCAUCAUCU-

GAGG) Sol TE &3 = #3 U= Al e Ho)

3 v} [13) @ wheli A= 5EF (A agrarius)
o YA} ELH A peninsulae)7t AAA A &
Ti —ri ﬂ% 3‘ T TEAGAA FF A

Ng woleze 33
(Ratzus norvegzcus)Q} e@g% ## (laboratory
g S5 5n AAAZ s BXsie AS
JGAEFZEEL dove= Ao gAY

l‘lt‘

[17, 18] %2 voje) ~E Zheiiylobst 5
FEA oA LBt T AF A S (Nephr-
opathia epidemica)®] AT thFHH (bank
vole, Clethrionomys glareolus)7} 8 &3 2 <4
Z glon [19], Prospect Hill (PH) vlo]| & A& 2
WA (meadow vole, M. pennsylvanicus)g& &2
3t [20] ool /=B gl vlolH Ay =T
54%‘4 (Yellow neck mice, Apodemus flavicollis)E

ZF2 3} (21]. Thailand (THAI) sloj & 2 F
U]“»]H (Bandicota indica)E &2 3F1 [22],
Thottapalayam (TPM) Wlole] A= WZEHF (musk
shrew, Suncus murinus)E 452 sl+=d|, TPM u}
ol2l 2 A FAZHA Abgel 3 WA FF
849 F9EA g2 Ao 23]

19933 u} e} Four corners A Fojjr] vt 2
4@ Fepurols 2 AZFEE (24] B (>39T),
285, o So| ZAL Hol: w7 (febrile
phase, Bt 4~5)E Ao 3led FF, 2
N, BE 5L A% BRID. olo] TFE, B
5F U ANLTZE So} 2L Ve AN
%7] (pulmonary edema)E AA AZYA (myo-
cardial depression) ¥ <ro] el &= A
Solle wan FHF glo] SAsA s RdTh
19931 A eEA ol 1998 3Y7tA wE
297) Fell A 1787 ] etutol e 2 HASFT &
Z7F At o] F 44%7F Atdetied B
A &= Four comers (FC), Muerto Canyon (MC), Con-
vict creek (CC) vto]2] 2 L Sin Nombre (SN) H}
olgj~ F TFd olgor Z3 dEuteld
27} ASH ZEE B2 S D [25], 19943 New
York F¢] Shelter Island®] #1'3%A# (whited-footed
mice, Peromyscus leucopus) 2 ¥-E New York (NY)
npol g} A~ 71 -2 {2t} (26]. 12) 31 Florida 2]
23512 (cotton rat, Sigmadon hispidus) = 5€ Black
creek canal (BCC) vlol 2] A7} B89l 1 271 &
Z] (rice rat, Oryzomys palustris)Z H-E] Bayou (BAY)
upol 24 [28]7F Bl & At 29l o npele 27t
BEHR e FUAT FHEL AL (pol-
ymerase chain reaction, PCR)2. 2 7] M go] 4t
7 geelg ~ERE vEEs
harvest mouse, Reithrodontomys megalotis)& %

2 3} El Moro Canyon (ELMC) ®}o] 8] A [29],
A =42 (Rithrodontomys mexicanus)e &
23}= Rio Segundo (RIOS) ®fel 2]~ [30], West
virginia®] A}&# (Cloudland deer mouse, Peromy-

d

F (western
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scus maniculatus nubiterrae)E 43 Z 3} Monon-
gahela (MON) w}o] ] 2 [31] o v]th el
EAH D Yo FoldN e Bapd, ol2 ey,
setato], A B -2 e] FollA Frelutoly
£ HSFT B SAHAEY o2 A E e
El Bolsonoll 4] 1995'd ]l tefute]a] 2o 2+ 5
o] Abdgh ghate] H e} 3t A 0 BHE A HA}-
FTHELAYNEYP o2 B SoA et
ol HFEFT S dodl: FEutolgAEH
AR ukol 2 27} FZ o] Andes (AND) nlo]
A2 WWE A [32] Oligoryzomys longicau-
datus (long-tailed pigmy rice rat)7} <52 dha] 2]
2, B&--2}ol 9] Calomys Laucha (Vesper mouse)
& & 3% Bl Laguna Negra (LN) ulo] 2] X, o}
23 E}e] Oligoryzomys flavescens (Pigmy rice
rat) & 5% 3 Lechiguanas (LCH) v}o] 2| ~,
olZ e} }e] Akodon azarae (grass field mouse)
& &F 2 3l+ Pergamino (PGM) Blo] ] 2, ol =
€l }e] Bolomys obscurus (dark field mouse) &
&3 2 3k Maciel (MCL) vlolg] 2~ So] Yol
AEAA 2R D Yot [33]. F H2 5~633
H27 107] o] N2 3P FEinio)
g 2go] AR glE Aol

HT Pehbole| 2o Y A7E N2L 8
¥ vlolel 2 A Ay AL, BAAY
of gk A 3 A5 oke) sfLa o iAo 7)
A5 agsA AgH don ERRASH
A HIHo] ol A7 2L FAd T 9
t}. 1986'd Schmaljohn 5 [14]°] ¢)&) gk wlo]
220 SEAd g F7|Mdo] Hx= Bad
ol Fetutele] 2 &o] o2 AP T o
71X ge] AEAe g FHEHALH FrIMHol
02 2 bfol2 2o AFF BAL J|F9 ¥
g EF dAEE ol GrINE B
A A3E BW o2 dehel AL 7] &
AR oz et 2 )9 B Jehl
I en 3 sFFES BHNA dBH gL
e Ae ¢ F U Tepto|B 2] £FBEE
< Thottapalayam H}o] 2] 2:9] &3Q] 2} & Bo) &
e AR E Adstae AR A Muridae)ol
ZFAY Al 1549 ofgr} EREw 9
o] GA7HA getuto] 2] 2 HolH (Murinae),
W ol3} (Arvicolinge), o}HlE) 7} 3 ot} (Sigmo-
dontinae)®] 37 ofseld =T ebutol
B @A) He) AHE AT AN 7
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5o 2Xde FolHE £FEERE 3= 3
Elulo] 2 A5 At Fol X3 olnE 1A
olihe £FEEE S Fehjold 3, a7l
I FUE 2 AQE 5 ¥t 2F ot
g $7E22 s dEptoldage 2 o
EATIELE BEeHA TREY. F FUS
#e9 AoRE £32 = VY, AL, Bl
grade B}o} 2] & P Thailand ¥lo] S AE 0] E214
A AZTZES At 1o, A& e
vlol 8] 2~ & o] 3= Sin Nombre Hle] 2] A5 £
et ol el FHF ol o A E2jd A= e}
vtolg{ AEe] EOE A8 AE2ES B4
3ta, U E 2 Aol BF B E3= BF o}
Fhol A fejd Fdeh vloleis, Z2sAEY
vl S& FUE 2 AUse) A4 54
o @AIgle] Z2& Lol fef wiolyAE0]
2 =49 ASIES AT olH@
Bebupol 2l 28] 2449 vho| 2 27} # 3}
23 #Hel TES ) BPste] B3l
Al @Al e B 9 oo Uy
F3E) o) § gepulolel 29 F
13t 78 -2 TollA Faletn e &
olgl 2 gl A& nlele] 9] HrIAE o
B4 Aoz Zvebdoh AA 2
Folatel diE AN T i TEHE
2 3te @& mtolejzol A7 g B4
| &7l A Sejvtel A Gol #3Lst
U= TE vto| P AES TFoA Eeld 3
@ vtolgl 2 W EE A FRE TE g
Holg 2~ el X e A Bxo B2 523
9 P E BogFa o, ehbto]
FollA FdaA AAAAc=zr EEsa =
A& vlolg)29] A B RN AM = e HlolE 2
o] AFEN dnoes g A 9A o Bele
AW FAE FAQ JFIT AFY o) Bl ot
FHEANM AR Fo2 o] F3Yn A= 7}
T 5Tl Bt AMAHZ ol Fstn
Ue A 2%, A2, 48Y 9 2o
DHS AAAEE e gl [11, 33, 341
Fotaol XN FE sF2 st Fepulolel 2
A e B AT T2AHEY, I
2}, Sin Nombre 2 Tula $te}ntolgj A HEF L
7} AFE FHEbstel gl A 5 olv g 7} ol o}
Holst BA{E £F 2 st FEhutolelx F
oA o]Z2 o8 ZA 3+ o)X} ORF (open read-
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ing frame)°l] ©] ¢+ NSx (nonstructural protein)e] 4l
A EA ARG 7 7% & Hpolg 20 A staty
< W7l e M A A o)A Feputo] gl 2o
quasispeciesol] Th3 A= M Fojt} 3w
H2 AAA L A@Ao)H A2 k2 SN 1}
Hx FE (CC1073F 2} NMR11F) Ao o & 2}
A (genetic reassortment)o] Uojito] B uE
ok 16 (35] Fo) ZAGHE e 4L vhol
H2 P A2 e gAY Debuto)g i 7t
o= o 2L WAl Aol 2o gt
Hrol2e] fEW AU T receptors] Z )
AA dF=ojol @} Jln B A7 E 3
FoA 227} s A2 e BEuole) 2
Y Tula whoje] 2 2+d 842 Fohhx] E3x
T AAA 59 YAY 24 52 2y o
EA7L Fdoz old e B} BWsin
B713ke) A7t NFE Aot
2 £
€ A7) ER=old HYE Fafalopurz
(Microtus arvalis)2%-E] ®2]3 Tula vlo) 7] ~
Lodz 59 S £ 947|149 & JAX-28E L4
gugos FERA A%S £4E B Tua
Betvtolel 29 G Gk 9 Z5d) oo
AR FW AEFTZ2EYE B2 = Tula T}
Htolg 2 gl &4 2 2 e (M. Jortis)
9| Tula £-& Khabarovsk &He}ulo)d] o] )3t
#4432 zAlsa .

1. FRE= Tula Febutol 2] 2 Lodz-13} Lodz 25
o SEH F¥L ¢ FFE Lodz-13 Lodz2%
o 9ALE FLARCH Lodz 1% 4]
oh A% R Feeulole} Tula vo)e 253}
80.8~83.2%2] FAA L By}

2. 29X Tula vpol ) Aol ut ZA)5= 187 <)
o7t AFHAew 25 A WA E7) (3id po-
sition)®] o] Z silent mutation®] Q] 31, 56% o/
18)+= transition, 44% (8/18)+ transversion®] ¢} t}.

3. ZYE Tula vlo] | 2FEL g Aol Ex
32 € Tula wlolBl 2352 74y) Zxp8 o
2 A58 Fgoz Waah) Truded o
Aok} Tula wholej 2% Bohe §u2eh o} 3
A=) Tuk vlolz) 253 ABRHez o 7
7Yom BE Tula vpo]g ASL

223 fe€ 22 ¢ 4 U

Tula Hantavirus

4.1998d S AP¥E 2LF 3545 A
QBB FAY = Fetutol 20 I FAE
A A3 25 240
5. HAAEBLAYLZ Tula vlo] ] 2o
& A7 7 =AY Tula vlo) 2] 294
T, N2 B Foet vlolg 2@ b ¢
FA 719k Tula whol2{ 2ol i3t g7} kel
1 7b 4v) o] iAE 18%e) AL tiides

AAL-ZE 22wty o2 Tula vlolg] A
RNA FRAE 2AVE 23 Tula Sepulol )
€ 18% F IHE FFHR Lyt

! £
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