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Passage and Adaptation of Maaji Virus in Hamster
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'Department of Microbiology College of Medicine, 'Institute for Viral Diseases,
Korea University, Seoul 136-705

The methods that make Hantavirus grow consist of inoculation into the experimental animals
and cultured cells. The cultured cells, such as Vero-E6 and A549 cells, have been usually used
for isolation of the virus and the animals, such as mice and rats, are used for large scale pre-
paration of the virus so far. Furthermore, the cell can be used to maintain the virus and assay the
infectivity and the animals can be used for the experiment of viral pathogenicity and challenge for
assessment of vaccine. Apodemus mice, the own natural host of the virus, has been used for chal-
lenge test of Hantaan virus. However it has been pointed out to difficult handling and breeding
the animal in laboratory. Therefore, we attempted to establish a new animal model for challenge
test at the time of isolation of Maaji virus which is a new hantavirus similar but distinct to Han-
taan virus. In suckling hamster, the titer of Maaji virus and the lethality to mice of the virus
were increased gradually in the titer and lethality through passage by intracerebral (IC) ino-
culation. We tried to re-adapt this brain virus to lung of weanling hamster. The brain passaged
virus was inoculated into weanling hamster intramuscularly. Again, the titer of the virus in lung
was also increased by continuous passage of this virus. This facts could regarded as adaptation
to new environment in which the virus proliferates. To identity the virus passaged in hamster
with Maaji virus, both of the virus passaged in hamster brain and lung were compared with
Maaji virus (MAA-I) and Hantaan virus (HTN 76-118) by means of restriction fragment length
polymorphism (RFLP) and slingle strand conformation polymophism (SSCP). As a result, we
conclude that Maaji virus could be adapted successfully to weanling hamster through this pas-
sage strategy. Utilizing this adapted Maaji virus strain, hamster model is able to be used for chal-
lenge test in hantaviral vaccinology and further experiments utilizing hamster system as a rather
available and convenient lab animal are expected.
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AZEF 2¥9Y (hemorrhgic fever with renal syn-
drome, HFRS) [1]9] 994+ 2 FUA L Y&
T4 42 & vhi 28 st v FA17 vlo)
Hagd g3 LAY 1 I NP F2 o}
Alotst F8 2 1| F Qg 3= H A A A
A WY FAe Bt 18 % 293 A A
FRASE Fultste A% 349 =58 AFF
2 (F84 28¢)9 4AAQ T& vho| 7
2% 1976'd Lee} Lee [2]°]l 93] @xolA A5
F 23¢9 dAAEAE 9 AL TAHAL
o 43 o) % 2 F Anel WMol teAA 3
W AZF 299 9AA9 B Be A7t
e SiRom, AAd od A g A
9ol o8l 25 AAFF BAje) Yoz
B $418 dlolg a0 dsdez poge
A717k A= Ak

of Wtel vlolEATE YHRA, WA
AR (34], % BAYELH (567 AT, 2
717} o 100nme) TRl RNA vhol2) 224 A
W £33 W okulo] 2 & (bunyavirus)2] U F ¢ o)
W8 2| A A, A okulo] 8] A 3} (family Bunyavidae)
el 71E A9 &3e FEHE N2 &
o 29 gehulo]d] A~ £ (genus Hantavirus)©.
2 Fd5 A

Al Gebifol s o) vlojE ~E L B2
Z4 Z31A 8 (plaque reduction neutrlization test,
PRNT) ¥ 78 W ¥3gAY (differential im-
munofluorescence, DIF) [8,9]2.2 FT&E 4 Y&
G949 Aolol te} Aol a7kx) 79 18,
= 3Y (erotyte) 22 YETh F @24 5EF
(Apodemus agrarius coreae)2. £ 8] H 22 E@
gretulo) 2] 2 (Hantaan virus)9 AF (Rattus rattus)
oA B2l A& npolg A (Seoul virus) [10] L
EfgdA YoM 25 & bank vole (Cletbrionomys
glareolus)ol A E2d Fo& Hhoj 2 2
(Puumala virus) [11], 228z 1] =Z¢] Frederick,
Mayrland9ll 4] 2]% 3 meadow vole (Microtus
pennsylvanicus)ol A A& EE@ ZzAdEF
ulo] 8 & (Prospect Hill virus) [12]9] 4714 ¥ A
Fol etk o Y= e} Thailand
(THAI) virus [13], 91X=9| Thottapalayam virus
{14}, fr&ou)ol9] Belgrade virus [15] 281
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n] Z¢] Four Comers virus [16]7} 71&2] gekn}
olg 2 AYIe AWA £FE thEH npol
A2 AR £33 2el7) le ARE FF7H viol
HAEE A4H 3 gl

A A= B3, vA oM 28T FEH
oA Eel® wpx|ulo]2 A (Maaji virus) EF ¥
ghatol g 29 A A &FE FHFAT FEA
9 BExinlo]g A8ty fFAME BHE zolE
el A2 272 283 99 [17,18,19].

gehutolgi 2o AESY A F 399
FAANA Fuigle AHLL foA AFF uhA
d, @39 w2ty 59 (host range)e] ¥
3 g2de Holth Feute|y 29 AAA &
FE ol AAFYddE FEIAT AP
wal £FHor F So]A (species specific)S
Btk & SEFHAE e gzt £
FEY AL Hlolg|2E EHA ged o9

&AM e Fehutolgia AP uhE 14
& 5 e T 503U 5 FE&AU HAF
A Eo ZA)5-E 2] g

Fehulojgi 29] ojA AR dA AH, 7Y
g, 7], 28 2L {43 AEF BN T
gulol A E wdete 42 §o)3HA &t 3
gulol g x0 Ag, AAYutf-2o] HY HEE
g Wgol 55 EFE 43 JHAAZ I F
geulo] HAE A F 48A171 ] A4 (new born)
g2 Hulo] HZ2eE 235 Fofl 4 wilg
A HP o2 AlgEte, A vpp2o] Hole
gehuto)d A7) O S48 [20]). o) F APEE
op$-20] ¥ RHAE npex Yo A&FHoR
Adshd 977 A2 F7HEY, Ayl A2
F & vhg29) AMgEo] Frbetn £ whsF Y
e AIZME A2 FolA A 564 ool ut
v 7l deldt ol welgart 3 §F &
Aol A5 7l Aoz N E Yk

AP4 8F (at)oll 4 =§ gehuto] 2] 29] Hj
ol 43Rz ofAA ) Lee [21] T& &t
o|2] 29| sx}#] ¢} blind passageE 3 2| 7
A & 97tz FAHE A HEHE (rat
adapted)@Hehuto] 2} 2 9] straing &Y g 6t 3ot

o)XA Al ©A Frgulojxo] wjFUS
& AHgEe AP35 ES AFHY FH =0,
ol 7x] AAA &£FQ SEHAE THF F2
g2 AP E oA IFekuto) g 2o o] Apg
Ao 5Y &7 AW E dodle TELS ¢



A YA @ by 29 2 ARA A 2
< F2% ghulol| 2ol WYAA (pathogenesis)
ATE & FE modelo]t} WAl ATE g3
H}E B E system o}7 gl

£ AFE geutol A #A Agd glojA
i) 29 ol s (potency)S A 737] 95t
challenge A} @ojl o] 88 F & systemS &Y3lx
AF 8k Aojth. wakA] o] f7] (weanling)g 2 E
of wAjuto]lB A& challegesty] UF YA
system& &Y317] Y3 HA, A G2 HUY
AW Wik (brain passage) S8 P2Ele] Mo
HEAA 4 A 2B NN F 8k viA
HolE & F (strain)E Y30 H 1Yolr} o]
Hlo] H 28 thA] o] f7] PAE S 28UE F
Atste] $=3b#| o] Sl Al il & (lung passage)o.
E wolg2g ol|7] YaE] HgA 7 nat
ST BT o] MY AL AT FE AYlA
o ANE AFshe AFFTT Loje £ Y& 8
F9] Holg 2 4 2 € fduto)Yy 2~ Y
e nAdE AEHQY A¢ AFHE FRY
49 7tede WA =G At olA
LYPSAE BE vl 2 Ae 44 W
ol U3 Adl 4 = £ ¥ A 2 A
A R ol #7] A2HdN Y AW F A B
228t S A1 v} 2} 25 9] genomic RNAS)
54 97) ¥98 RT-PCRE 0| &3l ZZ A7)
¥, ©l & restriction fragment length polymorphism
(RFLP) ¥ single strand conformation polymorphi-
sm (SSCP)2.2 9139 ¥F wix|ujo]d 29} v
R, AR

Mz oy
L stolaa % stulz
ANE BRE NP @Y 523

(Apodemus agrarius coreae)o| X £2)@ n}x} u}o)
2] 2(Maaji virus) [17]9} ebuto]e] & (76-118%)
22X & 484N s 0Tl 2R F
Q utelH At vlolE 2 Z43} At ALS
® A EE Vero-E6 cell (CRL 158) (ATCC, Rock-
ville, MD)°|Rl o, 22 Wg fAdE 5%
CO7t #FH+ waterjacketed 37°C incubator
(Cell Staysl X S3u)FSHAT wholH 2o} W)
%FL- passage S~passage 15 Alolo] k& & Ale)
o AZ2A A F 70~80%2) ©3o] BAE
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Ao FEZ G5 7--1098 7+ w3t 1 A
FHjgd g FHale] EF ulolg 22X YaH
HE AHga o

o}

2. FAE U Hlo| A Alch & B

mix)uto] g 20 ANE Y3 A (newborn)
9 o] f7] (weanling age)2] 3 ~E] (syrian hamst-
enE AFEI T AN 2B A2 I o
& T FHEA AFLEFEAEH, 5 &
)% e FEANN BN A7 E 2L o
AR AT A7 7 BOILE AE 48N
ojufe] AA F2E (new bom)ol] HWHZFY
(intra-cerebral inoculation, IC)2. 2 ¥ & u}o] g
2E 002m¥ FFsn 7-14Y Fo HE A
3t ol HFHAQ stA] niy] o 75 A3}
At AHY o d¥ = PBSE 10% suspen-
siong 7HEo] A F2E o thA] HUH F 8l
AN3Ft}t. Y™ 2] 2] brain suspensionS A &
& 2% % (ELISA)ol &gt o2 2e] 971 24
< 58 FAAFE ZAMER Y, 23 AHE
Hol ynx] gL YF AHCR TEo UH
VY FPAPOZ upo]Z20] F2 4R E B
23 ot vpoj 2l 29 Y 2E Hf F4e] &
HE £akE o Ad ¥, ol 7] 2FHe 2%
W HZY (intremuscular inoculation, IM)©. 2 0.
1Imy HEE g, 2-3 F F FuolA 9] uto] g
29| F24& NPV PR GAY o2 FAEIA
=3

3. PEHAYBBHY

fluorescence assasy, IFA)

AHT ¥ L HAZF L cryostatd) A YEAH
g =0 slide Aol £ H cold aceton® 2
1087 23 AIZ . o] 2F o anti-Maaji virus
rat serum (1:200)& 7FgF 3 37CelA 3083 v
$A17) 3, 914k % 21944 (phosphate buffered sa-
line, PBS, PH 74)2 A&t A% F FITC<on-
jugated goat anti-rat I[gG (Kpl, USA) (1:1000)Z 7}
sted G g FAEFH PHOZ AN o
+ A3, dxdte] FFEA (100W, Zeiss Co,
Germany)©.2 4004) ¥ &2 ZAUe] So] B

< #F3A-

4, HHFAEX (enzyme linked immunosor-
bant assay, ELISA)

(indirect immuno-



H 2 H AdA] vtel# & FHo g E 24
Yl ulo]2l 2 F9)7] (antigen titer)e] W3} o] & A

daiEPYor ZAenA} IgM-sandwichy [22] |

22 AgaAnt. Q%S¢ (PHIHE 3
A3 (1:500) goat anti-human IgM (Kpl, USA)S
96-well polyvinyl U plates]] 4C, 12-24A|1 25 W
X3}t coatingd} 31, washing solution (0.1% tween
20 in PBS)C. 2 33] M3 Fo] AZ523E B
A @A L 7hal 37TolA 3087 A AT B
LT PHoZ AHF F, viold A 2F 249
< 1:2-1:80007}%] 2-fold2 dilution buffer (0.1%
tween 20 and 2% BSA in PBS)E 3] A 3lo] A}7)
plate®] wellell 100p1® EF8l3m 37Co|A] 45-
60E EAZ e oz AHE F,
%419 anti-Hantaan rabbit 83 (1:2000)& 7}8}c
WEAF1L Al A ohE peroxydase con-
jugated anti-rabbit Igs (Kpl. USA) (1:1000)Z 100p1
A 7hsted ¥HEAIZTh A F Fo ABTS 7|2 &
% (Kpl, USA) 100p1E 7}3te] 24 4| 7] o} EL-
ISA readerg Al£3<] 414mmoA] OD.gE =
ARt

5. ZEE AN (polymerase chaing reaction,
PCR)

1) Primers

EE AU dold = e 8F9 mlolg A
el mat 2F g% 9L Yoyl ARE Fslo
dojg & & vlolH 2 |7] g Wzt &
Zdsty] e o8] Fgulel A FolA g &
mhA wpol el o) ARE HolR oz Qx| ool
ZZA)F)E primer O 2 A H2707} H583% AL&
BTk [23] o]¥ A st FEHE e vm
A A7) MEe Wolst Bo] dojule Aow o
A FEHA coding F-H2A, 0|9 AFES
A& B o 284S vinstna g

2) Hlo|2{A RNAZ2| £2|

EE vpAHlol g 2~ ¢ ghehulo] 8] 28 Vero-E6
A (T-25 cm’)ol] ZFE A A 8-124 7 wiFg o
= THV]EZIA Y2 vlolg 29| F4] o
2 8% F A S &8, A&93T 4=
Aoz rE, 1283 He AW A slelg e
Y28 Aot Aol A A ol AHE e 5
£ PBSo] 10% suspension®. ZH & RNAE Eg
=2

RNA2| #32) & Chirgwin®] "$-& ¥ ¥ st A}
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£33 Tt [24]. $1¢] 7t sample 150419 GIT buff-
er [6M guanidine isothiocyanate, 27.5mM Na-ci-
trate (pH 7.0), 0.75% sarkosyl, 150mM b-mer-
captoethanol, 1.5pg/ml yeast -RNA] 300pE Y11
2 42 t}h2, 1/10 volume?] 2M Na-acetate (pH 4.
0)Z 718t 32 phenol-chloroform2 2 3ld], &
o 1587 AN FA 2 F A4 Relsted 4
ZF9& 23, AHA3tn 7)o 4009 isopro-
panolZ 713t 70Tl A 243t o] B XA
L & €3 RNAE FAAAS. o]
RNA HAAHEL 70% ethanol2 A 8o} vaccum
dryer2 ZAZA|7)13 50p2] diethyl-pyrocarbonate
E AIgd £F%4 (DEPCHO)E Adgstd
RNA templatesZ A}&31 % T}

3) cDNAZ2| &4

DNA 3§42 & primer2& 919 primer pair
Zo| A downstream primer (H583)E A}l-&3}4th
100p1 volume?d RNA template 10pl, 50mM KCl,
10mM Tris-HCl (pH 9.0), 2mM MgCL, 200mM
dNTP (Pharmacia LKB), 100 pmol primer, 10 unit
2] RNase inhibitor (RNasin, Promega), AMV re-
verse transcriptase (2unit) (GIBCO, BRL)2} &4
2 37T A 2A1 7t ¥H-$-A) 3 reverse trascriptionA]
7o, Za RNA, RTase, primer <& 10N
NaOH SpE 21 94TolA SEZ 719, A A
t}2 PCR templates 2 AF-8-313 0} [25).

4) SHELANELE (PCR)

GolH BHG 2 whole 29 DNAE tem-
platesZ 3} & 100pl reaction volume@ 50mM
KCl, 100mM Tris-HCI (pH 9.0 at 25T), 0.1%
Triton X-100, 1mM~3.5mM MgCl,, 200mM
dNTP, primer 50pmol, 1 ml template, 2.5 unit Taq
DNA polymerase (Promega)e] ZA2Z A
PCRS &35ttt PCRE& 94T 40sec, 55T
40sec, 72C 2min 30secE 3+ 7|2 Twin Block
power cycler (Elicomp, USA)Z Al-§3lo] 303] 9
thermal cycling A A} F, @E& 72T A 1083t
YAEPNE o AN olold 2%
Nusieve GTG 1:3 agarose (FMC) Aolx A7149 %
& FZ 25 BAH

6. PCR A S0 1T B4

1) Prestriction profile length polymorphism
(RFLP)

o]|2A ZEZH 7z} cDNAZS L A SFFLEAM
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Fig. 1. Brain passage of Maaji virus. Using cell
cultured Maaji virus, the Maaji virus was inoculated
into suckling hamster intracerebrally. After 1~2
weeks, the brains were harvested and assayed by
ELISA for testing the virus titers.
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Fig. 2. Lung passage of Maaji virus adaptated in
suckling hamster brain. Using Maaji virus of brain
passage 7, the virus was inoculated into weanling
hamster intramuscularly. After 4 weeks, the lungs
were harvested and assayed by ELISA for testing
the virus titers.

p3

kA Geneclean kit (Bio 101, La jolla, CA.,, USA)
ol &3t FA AT FAH 7} wpolg 29|
PCR HAHAESLS o8 A|FEAL (Taql, Alul,
Rsa [ )2 37Tol|A 2A17F E<t digestionA] 71 ©h

=2

=71 -

5

Fig. 3. PCR amplification of hamster adaptated
Maaji virus from brain passage 4, brain passage 7
in new born hamsters and lung passage 3 in weanl-
ing hamster. Using Hantaan specific primer (270~
583 of M segment), viruses of each passage were
amplified by RT-PCR. All were amplified suc-
cessfully showing 314bp sized PCR products which
are predicted at priming site. L: 100bp ladder
(Gibco,BRL), 1: brain passage 4, 2: brain passage 7,
3: lung passage 3, 4: standard Maaji virus (Maa-I),
5: Hantaan virus (76-118).

&, 4% Nusieve GTG 1:3 agarose gel 7]
A A1Ete] A g3 (restriction fregments)2)
2712 )@, 2o

2) Single strand conformation polymorphism

9E
P
0

Y2 lo

(SSCP)
9le] PCR ¥hgo 2 A& YAEL oA
& A A& ¥ denaturation solution (95% formamide,

20mM EDTA, 0.05% Bromophenol Blue, 0.05%
Xylene Cyanol FF)©.2 100°Coll A 10837} dena-
turation A|Z k. 1 ¥ o] & 6% polycrylamide gel
o) 4] TBE buffer2 A 7|4 %73 (Novex, USA)Z
Ab8-3te] 200VE H7]FF8ta o]ofA] gel silver
staining3} <] band patternS #2315 T} [26].

I

1. MM 9 o|R7| HAE{oA 2] o}X|HlO|2 A
o] Z4 U MZ okl

A Ao W Aldle 2 AidEE A
QELERYA g3 F71E vlws A Al
7V AFESFE AR 9t Folste %S

B} Fig. 1914 B5o] Azt AL=EA A

T Al A 2 Q7 800022 Y S
47tg B2Y & Atk A=Y 47t F7h



Alul

264bp—»

50bp—»

Rsal
L12345L

Fig. 4. Restriction fragment length polymorphism (RELP) of cDNAs from viruses from brain passage 4,
brain passage 7 in new born hamster, lung passage 3 in weanling hamster. Using Hantaan specific primer
(270~583 of M segment), viruses of each passage were amplified by RT-PCR. The PCR products were dig-
ested with Alu I, Rsa I, Taq [ and electrophoresised, silver stained. L: 100bp ladder (Gibco,BRL), 1: brain pas-
sage 4, 2: brain passage 7, 3: lung passage 3, 4: standard Maaji virus (Maa-I), 5: Hantaan virus (76-118).

© BEHA Fghon, matA ARFHQ gL F
4g Bt

B o] f7] 2HelA Y Hul A gA A
QI Hiel#d & HA7LE Ho AYE dazgs
£ o) f7] 28 o A nlojgjxe] F4
Eo] Hat zolA A 30 AelA & 16.0009] o
7t YeEh o (Fig. 2).

2. 5 AlhE £

utolgj 9] ) ARE AFEH Al o]
E77A dEle Aol HAHor @EEn
2AALE I Fold S ¢ 5 AU (Fig. 1). =
A Ad Al e = AR ey Az A
FEFE AAMEC] 718k A7d AN e
90% o|/¢el XAIES JERNG o 2]Alo)] o] =
= ANTE 149 o) oM F7d 2 G5 At

E3 A AAEHY AALEL HW F2] Hio

st Al

= e

4 2B 9 ALE BT}

-72-

2ol 97l Zrhstk Giel F7bsHe B
vheh Tt (Fig. 1)

3. SetEAdMeS 9
C§ B}0|2J A cDNAS| ZE

o 3 AZ A

ro

b=,

ME A RF vpx)vfol g 20} Ghetdlo) 2~
a5 5 2 o Al vlelg A= FE ] DNA
€ FEELAHNEE Bl BF SEHJ
), ZZ35 DNAY Z7]E primimg siteo]A] o
g UARD vEAR F 314 base pairith (Fig.
3).

4. PCR MME2 H|TE 24

99 FEZHE ¥ 2 g A sle]AE RH
cDNA+ A& A X2l SSCPe] A2 ®&F
et g nixulol g A8 aAH v wFoe =M
2 -&H vlolg A7t EHgle viA bl 2Y &



SSCP

Fig. 5. Single strand conformation polymorphism
(SSCP)of cDNAs of viruses from brain passage 4,
brain passage 7 in new born hamster, lung passage 3
in weanling hamster. Using Hantaan specific primer
(270~583 of M segment), viruses of each passage
were amplified by RT-PCR. The PCR products
were heated with denaturation buffer to make single
strand and electrophoresised, silver stained. L:
100bp ladder (Gibco,BRL), 1: brain passage 4, 2:
brain passage 7, 3: lung passage 3, 4: standard
Maaji virus (Maa-I), 5: Hantaan virus (76-118).

HdSskzt A

1) Restriction profile length polymorphism (RFLP)

52 5 2 # A wlo] 29 cDNAE
EFE viAlupol2i 29} gehutol g 2o cDNAS}
A AFEL Taql, Alul R Rsal & )3t
23}, Fig 404 2 vpA 3 ek 2 npx]blo) g
2 7179 grINGEEEH Jg48s 279
digestsol] 2|8t A2 T} restriction profiles& 1}
BT 9 2 A AT Holel Ak mhAHho) 22
o FUdT a2y Feulolgagke THE profiles
& VehiozA AsEod Z4shE soe &
L LS EECEECE T

2) SSCPol| 2|5t o} X|H}o| A9 =X

Fehuto]g A9 BF nix)Hlo) 2] A 9] migration
patterns= Fig. SollA By v g Az 23
ggon, £g ol vlwd ¥ L AW A ul
o] 8] 2 9] SSCP patterns-2 n}x| vlo]e] 29 1A
3 BAsT. weiA o] FAohe 9e) RFLPY
23t v Eo] AAgo) JFHoE A, B
¥ Aol 435 0.2 ol 27} shalvho] 8 =
ol AGF=H AT
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O

A g Ue Fehlolg 2% (B)dle 3
o e Mg, FLE Y T2 AAEY npo
2o W7k 3 Fo] EAg) o] =
FALSA R £ o2 gA e, AP Ee
HQ 543 ok HETH EHE AdY. ©
o AAANA Y o5 Feulolgrg HFE
7t @AYol wet HE 1 2& gt

SEve 2 F2& 3 FolAlol A Y
B S5% 28X QAN AFFE 29I S o)
& ufol} 29l Gebutolel 2k AAANN 57
# (Apodemus agrarius coreae)E =F 2 A =
49tk aemz volese) MEe A A3
T=°l gHHY] olFde A48 FEIJANT T
SFE ol &3t ulol o] wjYgo] o] FoH
o 2 ¥ Fehupeleiso] wjokel] AF 4847k
oltie] AN (new bom)rt-¢-22] 3 Yo o]y
2Z 3 AFste ol FHEHAT of vk
A A wh-2g 235 Fof Ag wiule} g
HE L2 A, APGE vh-2o] Ho &= o
o] mlo)lg 27} F%o] Rud ¥ 3o} [20)
o), A%l \f A 4=l ELISA o
7te)l F7HE FLEA A EolA wjekald uiol
ezo) mhese) Wyl BF 2718 vk vl
e AEH Ave) A%, e ELSAY 7}
(8000 o] 4)E vEhAgT ol e WL AY
HAGARA vhe 2l W BN A &
e HiolH 2 Aol A9 (selection)e] B
3}, whzel uolrel £ % Yol &
= vlelBl A F (stain)2 2]-¢ (adaptation)d
Ao HNE ¢ gl

wpxlutol2) 24 vhol el 28t4 Ao glo] B
ghulo] 2y 29} w)-$ H-A}8LA| ¢k nucleocapsid pro-
tein (NP)ol] thgt WA o2 ©3]2) Prospect
Hill vlo]lgj 29t {AHAE eEbATE [17]. Pros-
pect Hill ¥}o] 2] A 3= Puumala H}o] &) 2 9}t= 3¢l
H % o doldata gael W fAD
v}, in vivo W) ¥A o] 21o] A Puumala vlo) 8 A=
Mongolian gerbil-2 ©] &3} Hj ko] 715319 [27]
E3 A2EHAME FAdt [29]. whalA] blA]
wlolejze] AREBANY T4 o] Puu
mala whejg}xo) aA% FAIZAE REQE
g stol ARBERA 2T LeiA ow o g



o] Y ALHE A3y, AA AQ A~
Bl AA o]§7] (weanling age)Z o] AL E
3 o] #7] f2Elo A <] ¢ (adaptation)d A=
3ot

& Hiolgize) A4 ulgA FAA A Y
gue 54 F v, 29 upg20 o BE
H& o] nle-29] Hud FFaA ANE
A&sHA vy Al 74A) 288 71z
o] AR FolAa, vy R ApddlE AA ST
A2 golve @3l npAutolg 2] A2
B AN &3 =3 A4 nlsA F474
o} FLF Aoz Yelygt) oo & mhx]u}o]
B2 invitroo]| A 9] Wl ¥ T E Feuloly A
£33} vlR7IX] 2 African green monkey kidneyol]
A el e Vero E-6 M EE ©]-&3td 71%8ic).
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