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Immune Reaction of the Vaccinated Hamsters with Combined
Hantaan-Puumala Vaccine

Ho-Wang Lee, Yong-Kyu Chu, Long-Zhu Cui, Young-Dae Woo, Chang-Nam Ahn’,
Hoon Kim' and Yang-Seok Jang'

Asan Institute for Life Sciences, Seoul 138-040 Korea, 'Central research institute, Korea
Green Cross Co., Yongin 449-900, Korea

A large number of viruses belonging to Genus Hantavirus in Family Bunyaviridae are
etiologic agents for hemorrhagic fever with renal syndrome (HFRS), or hantavirus pulmonary
syndrome (HPS). Hantaan (HTN), Seoul (SEOQ), Belgrade (BEL), Puumala (PUU) serotype
viruses are well known causative agents for HFRS in Eurasian continent. Among those viruses
Hantaan and Seoul serotypes are well known to cause HFRS in Korea, but there are some
sporadic incidence by other than Hantaan or Seoul viruses. Recently we have developed the
combined Hantaan-Puumala virus vaccine to prevent world-wide occuring HFRS. This combined
vaccine is formalin inactivated, suckling mouse and suckling hamster brain extracts for Hantaan
and Puumala viruses, respectively. Protein contents of this purified candidate vaccine is 27 pug/ml,
which contains 1,024 ELISA antigen units to each virus, but content of myelin basic protein
which is causing experimental allergic encephalomyelitis is less than 0.1 ng/ml. Thirty hamsters
were given twice at one month interval intra—muscularly‘ and bled on 30 days after each
vaccination from retro-orbital sinus vein. Antibody titers were tested against 5 major serotype
viruses, Hantaan, Seoul, Belgrade, Puumala and Sin Nombre viruses by IFA and PRNT. The
mean IF antibody titers on 30 days after primary shot were 78.4, 68.8, 68.8, 37.9, and 15.6;
mean neutralizing antibody titers were 65.4, 12, 6.1, 65.6 and 0.5 against Hantaan, Seoul,
Belgrade, Puumala and Sin Nombre viruses, respectively. The mean IF antibody titers on 30
days after booster shot were 686.9, 567.5, 550.4, 516.3, and 430.9; and neutralizing antibody
titers were 710.8, 41.9, 24.3, 409.9, and 1.6 against Hantaan, Seoul, Belgrade, Puumala and Sin
Nombre viruses, respectively.

Key Words: Hantavirus, Hemorrhatgic fever with renal syndrome (HFRS), Combined Hantaan-
Puumala vaccine

£ 7€ 199589 % AR AN EANEAY HA 42-14 QTFHIA Do) o AA.

-39-



S

NZEFEEF e Fope|#e] dHetutol
%ol &3l ulolH2EO 9dtd LAI=
ARG dgo g AXAH o=z dstn gl
CASFESEE L 80 dARH Aol F
A9 Fx HFEAQC FEIID ZUAE
Abol oA &g Fxl7l W E o] FEE W] A
Zslg on, fElvete] FS IFAPA FF
AAd FEIAE FAZAA £AH A7t
A s AAA QA FAL TA HAG[1] o]
AL feEtaold Fol 2A FPASA £A3
o, gAloldl e FPJA-RY, T34 48
Ae FPAHEEY, e F3FEEY
e FPHEEE, FHOANE FPAAEl
olgo g Agnitk 17| & Eedgoy
198213 MABRAZFE AAGHA G A LA
e FFYPESIELT A A7) AdEe] &
gnjolgja L o] 9 FARRE vpe]} 2ol €3t
dadrhs A g 4353t AFFEEEIl
ooz BY3Y 2]

1976\ d AAHZZ AFFEEIe BLA
Fetutol g 271 o] Foll ofdted FeTt-Fo ol A
AR TEFY HANA EHHA L, AFF
2849 F2HPAY FHE 2% FEH
o] &< mA] Freulolgj A2 BHSHAT [3]
gutol A7t R E o] F Fghutojzix A o
o} RARGE wtolEl e o)t A= AF3
28499 9dgzA MEEA HA D, o199
Eoj o] AW g o 4 e diale
o] 7b3HAl HUet [4]. AR AFFEEE
o] HdAZz <A ulelg &L IA 3749
genetic lineage2 U3 Ut} [5, 6]. Al 125l
= BolA oA g8 553 (Apodemus agrarius)
Bl £ &A4EdeA Eeld FEIAY ol
29 AMAReE B¥3t= A (Rattus nor-
vegicus, R. rattus)l| A 228 A8 F vio)g]
27, 283 FEFEY FasEhote &5
(Apodemus flavicolis)ol A £2]® "Wagol= &
AE vtolg 2 [8]E0] old &£t A 21F
= 89 =3 (Clethrionomys glareolus)oll A
gE FedAY glelzy & [9]9 =] £
(Microtus pennsylvanicus)o| ] 228 ZT2AHE
APAH wlo|g A [10]S0] o]o] &3}t wa

it Lo |

1.

R

-40 -

A2 uFo A BT Q2 AW gehuto]
PHa ¥ 237 HIAA AFHutolax
M7t = & 579 £F (Peromyscus man-
iculatus)| A} 228 v} gloh A2 ¥R
vlolg 29 §AA EAAY A 2254 &3
e Aoz BEAY A 32Fde d=9 wH
(Suncus murinus)ol A E-2)g 2epge] ¢ vlo] 2
2 [12]2 Atge] g YL ofx Rud v
ek Zzte] AP HlolH 2o N F3F
A Bolatn, v Ao &3le HiolBA
o digt mxEsIgAGE A AW B2
genetic lineagedl] &8t P Y nlo] g 2E Alo]
AR gtE @& F33A G715 eI [6)

AXAZH ez uid 208t o] 3o AFFEY
gdaxrt BYsE Aoz A den [13),
©gvate] 74 wid o 1,000 7HEe ASF
23982 dAe) Badm n, F2 A 12
£ 9] genetic lineageol] &3l FRHIA Y nio|
29 HLEAY wpolg 2o o7 ez U
7 ot} [14). A FHAA AHEH T = AT
F2Y¥gY dale, F=2FEEE A9
gogoA E2) g getute)e s 841057 FF A
3 48A]7F oluj o] Futo] nlg-20] Hudl HF
31, blelgl 27t o2 Z43e HFE 1t
S 2oz M FGEA7E YeRGr] A1FE 9 upo]
H2rt 249 nk$2e HE AHASA, 484
o AAAZHE L Fee Az FEuto]
g2 AA g3t Walolt} [4]. 2y o] ¥
o SR Y wolH 2oM FAE AR B
YAy nlolgl 29 HMLEHY wvlo]gd 29 ¢
£ genetic lineageoll &8s F2eldAH Y ulo
2o g ) Wojo o B} BuE gt
a8y F2 SPUFGdME f39 AFY A
232893 FAE 9ASLE HolH, 83
8zl o2 A 271§ 2] genetic lineageol] &8t F
BgA Y ulolF 2ol & FAE A=
27} A o7 EA) 5, $ejvEd A A3
3 57 FoME AL HoZ A 2259 genetic
lineageol] &38le Hlojg 2o ZAE A2 9
Ase AA7E A3 2avk Jo [15] &
A AAAA 2 GFE TR Fevtele
o 3le BAE NFFELE S oEEl
93led = A o] = F7}A] genetic lineageol] &3t
Zzte] MEHQ R Futoleiart EFE
W alojofof & Aojth



€ d7oME Ro] ver9) My wFE
FEIRY vpolgjx 3GFF 9} o] P2
9 = W Fd FLeEAY vlolg 2 K27 75
T A7 BA gl s Ay EF
HQAE AFFE P2H FFE T YHHE
HAYAE 5379 FAYutolH 29 Fehuto]
B &, Agutol 22, Wy o] mulol 2 2, Fae}
vlelH 2 a2 JEHeutelHA2sd B 3
ANEE IFFAY 2 T3 ga FHAE
Yoz zAstg o

LT
1. Hjo|2 A
+% 987373E dehilo A3 8282

Y 8xe] AL Vero E6Z AW FM X (Vero
C 1008, ATCC CRL 1586)c]] & Z3s}o] Eajujak
& @elolglx 39FF (1618 BF 199
SPF ICR 3o wl9-2o) 7o) AthujFstQrt.
Hol2j 2 FF F 1080l whu] 2L Ve
€ WE5go] 2% utolyAE 7 At
uh$-29] Mz o2 Y¥H Hof, o] vlo|PAE
THo= 3t g FFIHY ulolyg a2
ko] ICRuH-2 ol A Tk 2 A1

Aote] AZF2EE @A YL Vero
E6 2wl A L of] 3 Fsle] Eajujokat Fal
Hhol 2| & K27FF 1715 A F 19% SPF Al
et ZRuto] FA2Ho| 10t Ahu)FstA ). nio
H2 AF F 108009 vl 23S e =
WEgol g wtolH 2 1000 AdwF3 3
2H9 HzAog RBE A en, o] vlo]zyjx
& THLE 3l thate] FUEldH Y o)y
£F F4214 9.

BAE AFT P2HoNe FANLE =
Abet7] 98t Vero E6:2Z v ok M| o)) Hj 9kat
detutol 2l 2 Tt 3 [16], A 2nfol 2] 2 80/
3975 [7], Aad ol =ulol B A 175 [8], F2&
ghatol )2 K278F [17] 23 AFHd o]
2|2 &7 F (18] AL&-st ).

2. iAo Mo} 2 &s}

gdrutolglx TFFF9 Futeluio) g
K273 57 3oz F4 4 o] £E9 o
Ag JqagEgAoz 10% LHRL BE T
Z2EREH7E AHES] HAH 4o A 1527

RN

-41 -

3¥ 9] sonicationdt Th YA AR 7]A 6,000g
2308 AFE ANAY 9AF e 29 S
Z2ell AiolE ¥ 422 Asld o F
BAL AAT o 24433 RA D &5
H71E AT ARG S AAF F MK 4%
qNA 01% =LA oz oF 30Ut Heldt] B
g3 A . E831A71 A1 500 pg/mlo] Alu-
minum hydroxide B g X 2 4] ¢} £33}t

3. WA o) chuyg

2k A

HAFe F A &L Bicinochoninic
(BCA) WY [19]e2 ZA}sl 21, spectropho-
tometerE AH-§-3t] 562 nme] oA HE313]
t}. ¥4 %9] myelin basic protein- double-antibody
sandwich ELISAYPH [20]2 A}&3te) 24519
t}. Rat o-myelin basic protein monoclonal antibody
£ 8 pg/mlZ 3] 23}l 96 well microplatec]] 100
uly B33 FZAIZ T 1% Tween 20-PBS
#F8qo R 33 AHF F 108 FFHAIZ Y
AQAL 100 WA B33k IPCAA 1413 5
$A F £ Yo AT F 23 A
21,0009} 3|23l rabbit a-myelin basic protein
serumS 100 pul¥ B33} 37°ColA 1A 7+ ¥
A7 F 93 b oz A8l goat o-Rabbit
HRP conjugateZ 100 pl® EF3lo] 37°Co A
307 7F Wk A7) ¥ Tween 20-PBS gtEg.9jo
2 53 AH3st4r}. ABTS 712892 100 pIy
EFote] A2oA 3083 ¥gAl L 1N
H;S04 713l E4H3-2 AHXAZ1 % 405 nm
ez FREE FANA.

o o

4. Immunoblot

AAE HFAYA-L SDS7} FE 12% Poly-
acrylamide gelo] 4 A9 [211& A7 & A
4ol EE8d oA 9 Towbin & [22]9]
W& o] £-3}] nitrocellulose membrane (0.2 pwm,
Bio-Rad, Richmond, CA)o. 2 RAAIA A ) FALR
ZE & 5% skim milk7} FH-2 AirFE9 3
Aglom Ao AL F<E blockingA] 7!

T, AFFEEY 357 aREH] e
gMojoz AN 7oA FAZLFL WA
71 3 0.1% Tween 200] &% olalgbZ g o 4
Aoz AAsYct 1:5000.2 3 A% HRP
conjugated anti Human IgG @3 2 2 A4 37%4)
A A ZHEQL ¥ES-AlIZ 3 0.1% Tween 20°0]

=9
EEs=



e AEFEY AHAos HHFAG. A
3 ¥ DAB LA = 2o 3087 ¥rgA7)
F FRFE AYSA S FAANI L FNF
o AZzAIAh

5. WAMZ o SaEe £

Azd YAFe Feutolz]2et F@atulo

2 20] FAFEF-E 1gM capture ELISAHY [23]
& Agdlol ZRIAUT. Y F ANL2 8
o] 3143t Goat o-Human IgM-2 96 well micro-
plated]] well'd 100 ¥ E-F3lo] F2AA7] & =
7] AFFEdE #xre] AL 5% skim milks}
3-4-¥ Tween 20-PBS $+3§-90] 3lHdoz 8
wnit= Al 323t welld 100 p1¥y £F§ o}
37°Coll A 1A|ZF w2 A A t}. Tween 20-PBS &=
Edo2 34 AH T Az JAFHEAS
4719 BMdog Tl Al Aste] 37°Col A
A AT 5L wyez Ay F
271 Ao 8 unit® 3] 2} % Rabbit a-Hantaan
X+ Rabbit a-Puumala serumS 100 ul¥ £33
The 3TCAA 1A AT $A BH O
2 AR 4] S 1 pymisiA B4 P
goat o-Rabbit HRP conjugateZ 100 ul¥ £33}
37°Co| A 1A] 7t 8+-8-A17] ¥ Tween 20-PBS ¢+
S0 F 538 AZ3}a, ABTS 7]&L£4-2 100
W sl A eo)N 087 WA THE 1
N H,SO: 7}8t1 405 nm Ao 2 FBEE 23
3t

6. EBWAl po W PoiBHI| 5F
6853 9] SPF A1t YaE o] 282 27

of AH MAE FFRAT A% B3 e
F Y26 A RFo2TE 1mio) YL
AAstz, ol 28 HFS Sk ol A

Z 99 3 Y goz AL AFs9 &
AL 238 e AAd AL o 74A 95
80% WEaol HASAT P 231 2
Zea g4 $3IAY [23]02 HAAE FAY
71E FA e
=R EURSES
1. MA = ealo| 225 HA

gretulolg 2~ 34 FE v o3 wto] whg-
29} Fkghutolg A K277 FE wj s 3 uto]
Y2eo] HzA oA oF wFd vl 2E
A4tgkE golo) 20%E A BHHE THES 22
ElRl dHolEs gt E FoE AP thF £
N&EAY 9L EFAAE F F x2Udes B
gslA et Az YAFHEZ ] B33 o
2E A7) st} zpzte) FAAEES A7
HMANZREAL Vero B6 TR H|YAN X0 HE
149 Ao 2 34 A gstdch e Ale]
223 Q] At AF 1Y #H ko]
ICR¥}--28 AbE3tglon, Fdefyre] 28
32 237) Ast] AF 148 3o} At
P2E 2 AT HU 2 Zzbe) v ga s
AZsl 149 g o2 3 Adugstad. =
Ak £ AP EEM 2] vlo]d 2 F2]qo
2 AP oz zARIG oY, HEd 48
FE9] o]y a FAo 9§ v PGS HA
3to] B3 B8 AHY I H T A FA T}
HAEE 438589 HzFA A2 F9 Hio
A2 FUAEAGRE ERl3 AF F13} 2004
8} Zro] ntol 20 F2& HQ1E = gl

2. WAIZ o] chugtat ZA}

WA o] 299 FF-S Bicinochoninic (BCA)

Table 1. Determination of inactivation of the formalin inactivated vaccine in Vero E6 cells

Inoculum

Days after infection Antigen

Formalin inactivated HTNV vaccine
Formalin inactivated HTNV vaccine
E6-pl
Formalin inactivated HTNV vaccine
E6-p2
Formalin inactivated PUUV vaccine
Formalin inactivated PUUV vaccine
E6-p1
Formalin inactivated PUUV vaccine
E6-p2

D-14
D-14

D-14

D-14
D-14

D-14
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Table 2. Determination of inactivation of the formalin inactivated vaccine in suckling animals

Killed on days after

No. antigen positive/

Inoculum Animal n . No. total tested
inoculation :

Brain Lung
HTNV vaccine ICR mouse d-14 0/4 0/4
HINV vaccine mouse-pl ICR mouse d-14 0/4 0/4
HTNV vaccine mouse-p2 ICR mouse d-14 0/4 0/4
PUUV vaccine hamster d-14 0/4 0/4
PUUV vaccine hamster-p1 hamster d-14 0/4 0/4
PUUV vaccine hamster-p2 hamster d-14 0/4 0/4

Table 3. Total protein, myelin basic protein and antigen content in formalin inacticvated vaccine

Myelin basic protein

vaccine Total protein content Antigen content
content
Hantaan vaccine 6.9 ng/mil 0.01ng/ml 1024 unit/ml
Puumala vaccine 16.7 pg/ml 0.01ng/ml 1024 unit/ml
Combine Hantaan- 13.8 pg/ml 0.01ng/ml HTNV: 1024 unit/ml

Puumala vaccine

PUUV: 1024 unit/ml

Y& AHEst A& 23 il 6.9
pg/ml, FEEHA A 16.7 pg/ml, T YA &
T YA ANA 13.8 pg/ml o)Ak A 2E )
AFEEAFO Feutolgjxel Fhdaiulo]y
2.9] 93%F-E IgM capture ELISAYYH 2 AHg-
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Z9] Myelin basic proteinS A ¥ EE9] 7 V¥ 7}
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2 g3 A gtk HAZFE B2 59| myelin basic
protein 3% ELISAMPHo g 238 4% ¥
304 o] RE WAFE EFZ] myelin
basic protein FZ-& 0.01 ng/mle) 32, NARA
717} American Hospital Fomulary Service Drug
Information™} Physicians' Desk Referenceol] A @3
3t E83l9A A ZA] myelin basic protein $
= 1 ng/ml ] &}2] 10089} 19 AR n| &3l ¢
S AAE HAE RS

3. HHA|

b L)

Fo| gietuolpa TxET U

A E RAFE AT gEupol s 72
G A S AQ187] Aste, Fekutol s A
FEREAN FUuteld s AT RELS 7
B AGAE 2 12% SDS-PAGER M A7 D95 &
3 ¥ Eeld @92 Coomassie briliant blued

_43 -

oz gustd B A3 deuael 35
41 KDa=7] 9] A (nucleocapsid protein),
53 KDaz7]¢] G2 3227} 68 KDazi7]¢] Gi
Fand s #d ¢ UV (2¥ 1). SDS-
PAGE}IA A79EL 3t £ejd @9d S
NC filters] 7 th& @3 &8Y 357 84
o] 3 o2 immunoblot testE A A3l B 23}
By FREAFY deuolds FRENe
sare duwd, G2 2o, G e
202 A2 5 AYT (2 1. FLuiol
2 WAle] 7% oF 43 KDa7 o] e, 50
KDaz27]9}] G2 g d z2]u 68 KDaz7| 9]
Gl 2a9ad g AT & UAAUH (O 2. F2
ghuolz) 2 A& SDS-PAGEROIN 719 %
& 8o Bald @A & NC filtero] &7 oh&
g Aol AZTFEEE I EY] A9 B
© 2 immunoblot test® AA}Ste] B Az} wiA
FTRERAZO Genlolg s FRIEYAL FF
S G2 e, Aadyd, 61 YA «
o2 A2¥ F YA (2 2). 2HY T
2499 #A9 ¥AH L 285t immunoblot test
£ ANSYE HelE 43 KDazsl9) Bey
Awe ¥ 45 99tk o geutolds Wy
o goiE BNAS PG Alole AFFEYY
3 &7 gxte] 3 02 immunoblot testE A A|
39S Hol= 43 KDaz7]9| #idudzts
2 % At



Fig. 1. SDS-PAGE (A) and immunoblotted (B)
protein bands of HTNV HW infected suckling ICR
mice brain. 1) concetrated after treatment with pro-
tamine sulfate twice and ethanol, 2) concentrated
after protamine sulfate treatment of 20% brain pool.
Transfered protein bands were reacted with Korean
HFRS convalescent patient's serum.

Fig. 2. SDS-PAGE (A) and immunoblotted (B)
protein bands of PUUV K27 infected suckling Syri-
an hamsters' brain. 1) concetrated after treatment
with protamine sulfate twice and ethanol, 2) con-
centrated after protamine sulfate treatment of 20%
brain pool. Transfered protein bands were reacted
with Nephropathia Epidemica patient's convalescent
serum.

Table 4. Immune response of combined hantaan-puumala vaccine in hamsters against 5 serotype hantaviruses

Primary vaccination

Booster vaccination

Virus Mean antibody titers by Mean antibody titers by

IFA PRNT IFA PRNT

Hantaan virus Howang 78.4 65.4 686.9 710.8
Seoul virus 80/39 68.8 12 567.5 41.9
Belgrade virus 1 68.8 6.1 550.4 24.3
Puumala virus K27 37.9 65.6 516.3 409.9
Sin Nombre virus New York 15.6 0.5 430.9 1.6
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