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Abstract

Hantaan virus(HTNV) causes hemorrhagic fever with renal syndrome(HFRS) with a case fatality rate ranging
from <l to 15 % in human. Hantavax® is a vaccine against the Hantavirus, which has been conditionally
approved by the Ministry of Food and Drug Safety(MFDS). However, only 50 % of volunteers had neutralizing
antibodies 1 year following the boost. Effective antiviral treatments against HTNV infection are limited.
Hantaviruses generally cause asymptomatic infection in adult mice. On the other hand, infection of suckling and
newborn mice with hantaviruses causes lethal neurological diesease or persistant infection, which is different from
the disease in humans. The development of vaccines and antiviral strategies for HTNV has been partly hampered
by the lack of an efficient lethal mouse model to evaluate the efficacy of the candidate vaccines or antivirals. In
this report, we established a lethal mouse model for HTNV, which may facilitate in vivo studies on the evaluation
of candidate drugs against HTNV. The median lethal dose value of HTNV was calculated by probit analysis of
deaths occurring within two weeks. Five groups of ten ICR mice were injected intracranially with serial 2-fold
dilutions (from 50 to 3.125 PFU/head) of HTNV. Mice injected with HTNV began to die at 8 days post-infection.
The lethal dose required to kill 50 % of the mice (LDsy) was calculated to be 2.365 PFU/head.
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(family Hantaviridae) 2] SHElo] 2] 2~ 45 (genus
Orthohantavirus)oll 43= AX|&F wj7) wle]lg==2 &
HA dom, gtefutole] s £of nlo]Y 252 747t
Tulth af ofd AAFE AAAL FFE 4ta
ATH g-Euel sheputo] 2 Fhle] giRES 2
ABkaL Q= HINVE £719] 72290 %E AHAdh= &
ZF(Apodemus agrarius)°l 28] =2 AFE T HINV
19761 o]k HRAte] ofe AFom AFFrEd
de] Al HAAR Waxow, o]F AAA =
NA F 65 MR FHEpHtol 2 ~-gHek(1976), A&
(1982), Z=%(2006), F5+2007), 37(2009), A|5(2012)-
S skl

stefuolg = FEiH o & A7 100~120 nme] T3
olth. FAlF-ol= 37§ RNA FHAe} o] =2t o
oz FAE 2RI Tl (ribonucleoprotein, RNP)
TE7F QAL ©o] RNP EE 5 nime] A HoleSdt 3
el Gl, G27t AL Tk dhepatole] o]
AA= w7l () RNAR RNA )& RNA $384
(RNA dependent RNA polymerase, RdRp)S ¢35 3}5}+=
Large(L/*3 7t size: 6.5 kb), Y2 (Glycoprotein Gn and
Go)S 4% 8lsl= Medium(M/¥ 3 size: 3.6 kb), 7w
A A= A (nucleocapsid protein)S & 8}eH=
Small(S/3 1 size: 1.6 kb)2] 371 HH=2 4= o] 9l

T HINVE AbelAl 38718 &3 s
EAo] a1, XA Egh ol AES FU|R AMEE
7Fs/dol 7] Wil o ® O Xm wiale] sjdo]

-

AR AArA] AdEe] AgslE X EA=
glow, Aokxjo A ZAEGAS W ofulAdl
EPFAR Sz E MARE 1d Folls WA Fo
who 2Rt 50 %ol AR FshEA7E G
ASEEdEe] AAAES dASA TFaATIA K
oh mEg oA mm AokH o QIZFE WhE A mH
= Aeolt). A HINVE A4 ZH vpg2u) Al
A AR AEE AQstae AALEF] §17] wiEel
WA B X EAE dete] Hrksked ojEswol
cHL A mhela B ot A= HINV 76-118% ©]&-3)
o AAEES et aal gk

2.1 M=Ze} dio|{A
HTNV 76-1182 0] 217 F;l A E(Vero E6 cell;

ghehatol 2] 2~ 76-118% ©]&-

ATCC 1586)°1 4 Hjslglon, Zalg Ao s o
7F 54E S8l £ A7 Ef HINV 76-1189]
97b= 2x10° PFUMLE 9718 i20]7] 918 HTINV
76-118 °J°“% ICR Efvhg-2 Ho] HFate] 12¢

¥, Zdol TRE EHOES2 W 21S 435l §
e WSy, Ea gawE Agele] e
-3t} o 4x10° PFUMLO] oM, Fxof o

__.Il\l'é-{

}.
Al A ske] ARSISITE frAl e THAl Vero E6 cell
HEste] Mg A HINV 76-1189] 937k= 5

10" PFUMLE =4It} nlo]gAs ko] oA 3
Mate] ALgsiolh. vlolels AE WG AP 2T
AEQHA3SH AIE(BL-3)NA eHEAl st

B AT A= HINV XA BEs 37] 98] Alg]
S =5 Y=E e ok 99 ICR vH-2, BALB/c
ulg-2~, 958 CS57BL/6 w}9-2=o HINVE Foisial
% 2 HARE #@RIseith 2B = S Beijing
Vital River Laboratory Animal TechnologyAlZ-E] -
z‘s}oﬂ , ICR "}9-2, BALB/c w}-$-2 C57BL/6 wF9-2~

FAC’*‘EB}OlOOM Tty FEAHS S
JJHSPO#?* TEddaesl s S9le Wil ABL-3
ol Al 4=3Y 3} tHADD-IACUC-20-09).

Fl

2.2.1 Al2lgh Z2E AR XAF =0l Al

Alget =5 F2HA HINV 76-118°] thdk XAk
= ey flste] 579 A Aol =€ A
£ o]&3ate] Table 13 o] 157 G Fol&ds A4
3Fod 100 pL* intraperitoneal(IP) F<3}3iTh.

Table 1. Challenge of 5-week—old hamsters

Group HTNV N(.)' of B(.)ute. of
(PFU/head) animals injection
Gl 0 2
G2 1 x 10' 2
G3 1 x 107 2
G4 1 x 10° 2 P
G5 1 x 10* 2
G6 1 x 10° 2
G7 5% 10° 2

oAl e el 7| 283 X A4 A3E021d 6Y) /349



22k Ao R Aol mE ztel S Blsly] 9l o2 35% vh§-2ol Table 59k o] 15 F Fol8
24947 TR At &5 Y2EE o] &3to] Table 2 FS A43te] 100 Ly 1P Tl
o} Zo] a7 3 TS AAste] 100 ulLA 1P
Tttt Table 4. Challenge of 5-week—old BALB/c mouse
HTNV No. of Route of
Table 2. Challenge of 24-day—old hamsters Group (PFU/head) animals injection
Grou HTNV No. of Route of Gl 1 x 10 2
P (PFU/head) animals | injection
5 G2 1 x 10° 2
Gl 1 x 10 2 P
4
G2 5 % 10° 5 a3 >0 2
4
G3 1 % 10° 5 P G4 5 % 10 2
G4 1.5 x 10° 5
Table 5. Challenge of 3-week—old BALB/c mouse
G5 2 x 10° 4
Grou HTNV* No. of Route of
P (PFU/head) animals | injection
3 APz AEd mE Aols Fshs] 9Astel - 1 ;
- x 1
559 AF Algel FE @AEE o]835}e] Table 33
2ol 1 T FoAL=FS AAe] 100 uLy 1P Fof G2 2 x 10° 2 P
313 5
G3 4 x 10 2

Table 3. Challenge of 5-week—old female hamsters

Eroln HTNV Nq. of .R(.)ute. of
(PFU/head) animals | injection
Gl 0 6
G2 1 x 10 6
G3 1 x 107 6
G4 5 % 107 6 P
GS 1 x 10° 6
G6 5 % 10° 6
G7 1 x 10* 6

2.2.2 BALB/c OIA AL &l Al

BALB/c v}$-2204 HINV 76-1189l T3 2A}S
gQst7] flate] 558 G2 vh-2E 0]8-59] Table
49} o]l 1F & Fo&FS HAS 100 pLA 1P
Fofapith

22k Alg o 2= ZHo] ulg-229] Hof] HINV 76-118

g Rojeln 79 ® nles ¥ 0] YAl

350/ Sh=rAt el )8k s| X)) A24d A3E (2021 6Y)

*Brain homogenates of HTNV 76-118 infected mice

2.2.3 C57BL/6 OFRA X[AF =l AlY

C57BL/6 WH9-2olA] HINV 76-1189l] that XALES
lsl7] flste] 973 Y vl E o]8-5o] Table
63} Zol IF F Fol&FS AASY 100 pL¥ 1P

Folagic.

Table 6. Challenge of 9-week—old C57BL/6 mouse

Greup HTNV No. of Route of
(PFU/head) animals | injection
Gl 1 x 10* 5
1P
G2 2 x 10* 5

2.2.4 ICR OF2A XA} =0l AlH

ICR v}9-2=0A HINV 76-118°] tigt X|AE &<l
a7] $1to] 1595, 20905, 3% ICR vp$% o
835F0] Table 7-10% o] 15 B Fol &3S AAs)
o] 100 uL® IP i, 20 uL # intracranial(IC) 1,
W 20 pl? intranasal(IN) 713}tk
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Shatol 2 2~ 76-118% ©]&-

Table 7. Challenge of 15-day-old ICR mouse

2.2.5 ICR 02 HheRIARZE A AlE
ICR w}$-220l 4] HINV 76-118°] teh uk|AlaS:

G HTNV No. of Route of o .
U1 (PFU/head) animals | injection AAE] Sfske] 2047 ICR vhy2E o E3ke] Table
117 o] 11§ S AAste] 20 uL¥ IC
Gl 1 % 10" ] EJ’}'_i] 9 Fo8H 7 3k BL=
Folskith
G2 5 x 10 8
IC
G3 1 x 10? 8 Table 11. LDsg test of 20—day—old ICR mouse
G4 5 x 10 8 Grou HTNV No. of Route of
P (PFU/head) animals | injection
Table 8. Challenge of 3-week—old ICR mouse Gl 0 10
2 12 1
Grou HTNV No. of Route of G 3125 0
P (PFU/head) animals injection G3 6.25 10 c
I
Gl 0 5 G4 12.5 10
G2 5 x 10" G5 25 10
G3 1 x 10% 5 G6 50 3
IC
G4 2 x 10° 5
G5 5 x 10° 5
3. &1}
G6 2 x 10° 5
3.1 Alg|et ZE #AE XAl ol A" Za}
Table 9. Challenge of 3-week—old ICR mouse 12} Algol| A 578 A AAEHE o]&35Fe] HINV
7]-0:] ‘4%}‘—‘—3 vk HAF A7} DA
Grou HTNV No. of Route of 76-118 ]ﬂ v];]i;}ﬁ?l -j }EHXﬂ };E o
P (PFU/head) animals | injection A RStk T 249d® 5l FAEE o8] A
Gl 0 5 e S A T A HAF A7 BASA] 2ok
ot A4 WA5E uiAIEH] flste] 558 A siaH
G2 5> 10 5 oM HINV 76-118 24X 9& a3kl At a4} )
G3 1 x 10° 5 A7y LAYsHA] ekt
P
G4 2 x 10 5 . .
3.2 Balb/c O}2A x|Al &l AlE Za}
G5 5% 10° 5 Al = o = 1o
12 AlgelA 558 wu-2~E o]&3sle] HINV 76-
G6 2 x 10° 5 118 A EES AR AL A7 LAYEHA]

Table 10. Challenge of 20—day—old ICR mouse

Grou HTNV No. of Route of
s (PFU/head) animals | inoculation
Gl 1.2 x 10! 10
G2 12 x 10° 10
IN
G3 12 x 10° 10
G4 1.2 x 10* 10

kit 23 Aol A 358 vl9-2~o HINV 76-1182
AN Efukg-2s ¥ FAAS o] gt AAAE

< FHSARE A HAL A= A EUTh

3.3 C57BL/6 OFRA X|A} =40l AlE Zo}

957 vhY2E ol 83tel HINV 76-118 49N 8-S
FASIGA AL AR By ekt

3.4 ICR ok RIA Sfel Alg A3

159% vk-2E o]g3lo] HINV 76-118% IC o
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Fig. 1. Body weight change of 15-day—old ICR mouse.
Mice were injected intracranially with HTNV
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Fig. 3. Body weight change of 3—-week—old ICR mouse.
Mice were injected intracranially with HTNV
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80 | —® Gl(Media)
& “& Gll (50pfu/head)
5 60 o
< GlII(100pfu/head) 1
I \
2 a0 | -e-GIV(200pfu/head) | > e oo o @
4 L e L e L L
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n
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GVI(2000pfu/head)
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= 60.0
g Fig. 4. Survival rate of 3—-week—old ICR mouse. Mice
S W | ey | were injected intracranially with HTNV
2 —+GlII(100pfu/head) 4
20.0 —eGIV(500pfu/head)
Table 13. Challenge Results of 3—week—old ICR mouse
0.0 *—o o &
0 2 4 6 8 12 14 16 HTNV" Mortality
DAY POST INOCULATION Graup (pfu/head) Dead/Total rate (%)
Fig. 2. Survival rate of 15-day—old ICR mouse. Mice Gl Media 0/5 0
were injected intracranially with HTNV I 5 % 10! 15 20
G3 1 x 10 3/5 60
Table 12. Challenge Results of 15—-day—old ICR mouse )
— o—— G4 2 x 107 3/5 60
ortality
Ci7el (pfu/head) Dead/Total rate (%) G5 5 x 10 23 66.7
Gl 1 x 10" 7/8 87.5 G6 2 x 10 5/5 100
G2 5 x 10 8/8 100 *Injection route: 1C
G3 1 x 10 8/8 100 i
- 154504 #AF AR ERIEAAR | 2 A
Al N R i 1% AAE delei 2l AT ANE AASP) A 57

*Injection route: IC
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AE A(Fig. 3), &4 As), 4
So] Ao, T°4 74 TTH e A
A Zfsle] Fol 8d THE AL A7 HASESI T
(Table 13), (Fig. 4).

a3y T 8ES
< dolle AT T 59 o] ddHA sk
HAF ] @A ekt

358 RS-0 A HINV 76-118 IC Fo] Al A}
MAZF A= AR R, 358 vl JHA] dE Ao
(20- 220131)7}_ o]o] )\184,] X%i]—)dil ,AsH X—ltﬂo] u}_
G5 2097 BAS}E A AR & 204 %l
o2 RE EYste] A8E F7 st 2097
vl$-2o] HINV 76-1182 IN £o138S w A% 74
o A o] TEHA &R HAF FA] B

A Sk

Table 14. LDsy Results of 20—day—old ICR mouse

Group (p;ﬂm:; d) Dead/Total mgt?%
Gl Media 0/3 0
QG2 3.125 6/10 60
G3 6.25 7/10 70
G4 12.5 9/10 90
G5 25 9/10 90
G6 50 10/10 100

*Injection route: IC
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Fig. 5. Body weight change of 20—day—old ICR mouse.
Mice were injected intracranially with HTNV
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Fig. 6. Survival rate of 20—day—old ICR mouse. Mice
were injected intracranially with HTNV

3.5 ICR OFA Hix|AlE AP Za}

20¢ % ICR Pl$-25 o] &3)o] HINV 76-118% IC
Fol Al Fof 8o W2 AT 7A(Fig 5), 54 A
al, Ay} 22 Y FAdol ERIEHJUTE Fol &
utet 89 FHE HAL 7Hiﬂ 7h 2AY5ES Al(Fig. 6), Gl
A= Hlolg 2 T F 9d T BT HARIT
(Table 14). 20¥ % ICR "}§-229] HTNV 76-1189] ®H
H|A}eFS probit analysisZ 413t 27} 2356 PFU/head
2 A E AT

4 P2 Y DY
B AT debutele o] Uid AN mag
SHgial] Slstel W2E, ThsE ggon teke

H
B 5 dHolA Fo] AFS Stk
- BuFE vl ©EW 610 58 A2k 32E
HTNV 76-118 10° PFUZ IM(intramuscular) o] 3)<
T4 Aoz Happ wAskA] okt 2
AellAe 2495, 579 Al F2He| HINV
76-118 2x10°~5x10° PFUS IP Folglx o1 A3} ¢
2 o] WA kgal HAF GA] TS| Sk
t}. 20023 85 % BALB/c "}9-2=¢} 858 C57BL/6
w920 HINV 76-118 10° PFUS IPE Fo3S o
HAR s Bazh UAXRHE 1 F 200619
Klingstrom 5°] 6-85% BALB/c P}9-2=o] HTNV
76-118 8x10° PFUS IPE Fol3le uwe} C57BL/6 T}
$-2~0] HINV 76-118 10° PFUS IPZ TS uf =
dard 2 wApE BAEA] erstthar Hargiop

1
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HTNV 76-118% IP AZ 2 FoI3} S u Klingstrom
o] Bagk wpe} wpHAR AT A 5o I
o] HEHA Fkar HAANE TS| U F
TS0 7 TE A vkt vlo]gls Aoz o3k
2AF 73S ER1sH] 918k 35% BALB/e W
220l HINV 76-118 ZHAIZ] Efvlg-2=9] -4
(N4><105 PFU)% o] &3l ZAAXNHE st ot
Aol A] wljFet mlole] =9} wi AR QA FA
2 HARE SR eEstkeh Blojd A 24413F o
o] BALB/c W}$2o] HTINV 76-118% IC & IP ¥
e w 222 %2 E%W%% HYtHE B kgl
ICR P}-2=9] - =4 F 72A17F o je] #wo] u}

920 HINV 76-118% TS A9 Fo] AE(C,
IP, IM, 22]aL SC)oll A#gle] 100 % AF= W
I7F YA, B Ao = 15, 2099 ICR vH-
29} 359 ICR 7}$-20 IC ZEF HINV 76- 118%
Fo3lEs woll= ARSI e sk 358
ICR "}9-2=0 HINV 76-1185 IP A& Toq o}%ﬂg
o} 2028 ICR "F9-2=o HINV 76-118<% IN A=
2 FoJgls wel= 4 wd 9 dAxpr 2As)
A v AE Rl 208¥ o] ICR PH-
2z Aol whe-ok= ThEJ] HTINV 76-118 7]
A2 wE}t HARBAY HAbeA] e AS E11s

T HINV 76-118% IC FoigdS wf np9-~
o] &zl w} XALEo] WolAE AL 9l

TR FFF HINV] thet 54 AL A &
d AALRES JfEslazl ATE 33t
B Aol HINV 76-1189] 20€# ICR w}-$-2
Fo] "kEx|ALEES 2365 PFU/Mhead® A = QAT
AEE B3t gEE AFEAIE HINV 76-118
Al ZAHo|7} opd w920 A WEREXALEES AL
3 Hx AYE XAZA a7 & =g 9
=2

£ |

B o= AT A AAI(IAEE: 912664201)
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