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Since Hantavax™, formalin inactivated Hantaan virus vaccine (10,240 ELISA units/ml), has been
developed in 1990 to prevent against haemorrhagic fever with renal syndrome (HFRS) caused by
Hantaan or Seoul virus, it has been commercially available in Korea.

Twenty-one healthy people were booster shot once and twice after primary basic vaccination
with Hantavax™. Seroconversion rates were measured by immunofluorescent antibody technique
(IFAT), enzyme-linked immunosorbent assay (ELISA), high density composite particle agglutination
(HDPA), and plaque reduction neutralization test (PRNT).

Seroconversion rates of 21 vaccinees at one year after primary basic vaccination were 52.3%,
95.2%, 0.0%, 47.6%, and 28.6%, and 13 vaccinees at one month after 1st booster vaccination
were 100%, 100%, 30.7%, 100% and 100% by IFAT, ELISA (IgG, IgM), HDPA and PRNT,
respectively.

Seroconversion rates declined slightly by twenty months, and they were 84.6%, 92.3%, 0.0%,
84.6% and 69.2% by IFAT, ELISA (IgG, IgM), HDPA and PRNT, respectively.

Seroconversion rates of 9 vaccinees at three months after 2nd booster vaccination were 100%,
100%, 0.0%, 100%, and 88.9%, and 16 vaccinees at one year after the 2nd booster vaccination
were 87.5%, 93.8%, 0.0%, 87.5% and 81.3% by IFAT, ELISA (IgG, IgM), HDPA and PRNT,
respectively.

Based on the above result Hantavax™ has proved a vigorous anamnestic response after the 1st
and the 2nd booster vaccination and has persisted higher fluorescence, agglutination and neutralizing
antibody titers in vaccinees.
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4155 2Y Y (Haemorrthagic fever with renal sy-
ndrome, HFRS)-& Bunyaviridae $}2] & elnto] 8] &
B < Hantavirusd] £33 vlo]a] 2o 93]
e B4 284 2%t 221 A FEYE S
A uj g2 ol xe] F24-& &y 1 [7],
WA FEAE 2T EHGH Adho] 753}
A =0l getutolej 2Eo] MM A ) XS Q)
£ AXF9 4 E5E (Insectivore)ol] ZA)3t1 Sl
o] LAAA ARX [26).

ASFEELEE Yod|= dAupol B AEL 3
A, AAEY 7 [19.28] R EABE G AT
[22]o &}3l Bunyaviridae #:}2] RNA Hlolg} A2
FAHA D, A= A 2o] &Y Y Hantavirus B
o2 EFHEH, o] HolE Holx 87 |49 ¥
33 oz F3lo] 785 & Hantaan (HIN), Se-
oul (SEO), Puumala (PUU), Prospect Hill (PH), Thai-
land (THAI), Thottapalayam (TPM) 2 Belgrade &
& Dobrava (DOB) 18] 31 Sin nombre (SN) virus %
of &= o] Uth [1,24,29) HZ o} 2 e}l A
= ARl M Al e = Hsts o] fefutold 2 b
FFTE& 427l = dul2nto] # A (Andes virus)
E BANESH o2 FYHAD [21].

ASF2dY ¥4 Fdgoze 2w
% ZeAY (indirect immunofluorescent antibody
technique, IFAT) [17]0] 7}% &} o] &5H 3 glo
™, 1 &Jo] WY EAZH Y (enzyme-linked immu-
nosorbent assay, ELISA) [8], Z &3 74 F3lA1 8
(plaque reduction neutralization test, PRNT) [4], &
T-& 3 A A 98- (hemagglutination inhibition, HI)
[23], & western blot analysis [18] S-°] Ut} F
< WA GG EL FAo] Hold nw|FYA
(high density composite particle, HDP) [20}2 3}
Grbolelz Relol Haso] A $10S
(high density composite particle agglutination, HDPA)
< AlFete AP ol AEHAT [25]. 1 9o

= ZTHELAY -3 (polymerase chain reaction, -

PCR)E 5@ A Y@M DNA 5202 7
2 o] vl¢ Hol = FAA 42T 5 A o
Ak [27)

AZF2YL) 498 9940 5L A7
& Zg okgolA BEIE 29, A5 F2EY
Thig A Qe 5418 AE B, A0E 83
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F32¥9 W40 WdYRHA A7

g AHgEE AR 274 2 SRALA, A5
of UE B/ BANLE 44 Baste 2

272, 125499 FUAG O ki3, BA),
g, BT P BUE AF b AREI [10]

AEFTE2EY A EF3te 93543 A
T S tesiy, 9 2oL WUy, 2k
Sis 28 & 2 ARA Fo] s, BV
o 2~3F0 ) 44 B 2U714] kst (6]
AZFEEYE 329 JAA = Headg gy
Fdel wat 247 3~79), AL 2¥), B
%7] 3~7%), o1V (FU~FF) L 387 2
~370¢¥) 59 5712 Y&} [18].
CAZFEYIA BT Fupol A X
B e AR ALEA £ Fejo)y, 3
2 JFQoYe s XNRE 3ln Y& AH ot} o
A fEvEke) 2o) AEFEEdol Wil 73
3 A Gole FAHOE HAE 53 oAl
ol Fasiet.

E AFedA e oty e A 2835
492188 ez AZZFSFE ddaal
ol et (Hantavax ™M)E 1) 7] 2 H 28 1270
4 T 13 F28 HE U1 3, 2) o 20709
ol A F agm 3) 23 RAH FEINE F
oh 12709 Fof WA HER o] AR 277
& JFAT, ELISA, HDPA 127 PRNTZ XA}3}
At

HA T oo SF3E
HE o g S-S AASH T
BE BHL 9 HEAY A 9 Zo) et
oj g} A o[HhH A (Hantavax™, (Bk)354] <}, Korea)
0.5 ml (10,240 ELISA units/m))E 2§ F& 33}
FALG gt T T oS FLEH 2
A A 718 UHETE AT 718
dqEE 12709 F 13 F2H HEE AAEA
I, 2% 20/ o] I F 22 R2E HFS
AA A o}

2. & 8

FEb 2 o FAL F 7R PR E 12719
T 12 R2H JAF F €Y, 2F 2071 €0)
A% F, 283 23 B8 JE F 34499 12
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e Fol ABsAem Add d42 A4 E

(2,000 rpm, 10 min)3}d FA & AL§- A 71A| -80T
o) Basigch
3. I HAY YA Y (FAT)
HFBIAY L Lee 5 [17)9] WH o2 HA

BTt 1EFs] AW s grehutol B A7k AS49
M EE 12~18A)3t Wi okal spot slideS %2} o}
AELZ 1087 AT T & 13 wrge 7}
wellell &3 & 20 WA 713 % moist chamberoﬂ
go] 36.5T oA 3083 WA AT WtE Q4
@54 d4 (PBS; 0.01 M, pH 7.2)2 33] & A2
I, FHTE 13 AL O 2ol AxA
Zc}. 23} W3- FITC goat anti-human IgG (KPL,
Maryland)E 8~16 unit2 273 st 20 ply 7}
F 1% Wes YW PO WA F A
3} A Z 35t mounting mediaZ 7}8t1 S € )
£ 9ol YB3 A (Zeiss, Germany) 0.8 E-o] §
P& &F (X 400) AT

4.

D

#OI'

o4 o Z X i (ELISA)

1) ELISA IgG

ANSF2EE A9 doA] L8] 7 ghekn}
o]# 2 (ROK 84/105%) [11]2 79 A7) Vero E6
M EE 747 vl & sonicationdte] THE &9 -2
AR Q1akekEA A4 (PBS; 0.01 M, pH 7.2)
2 11100002 3] A 35le] 100 WE 96 well polyvinyl
U plate (Dynatech LAB, Virginia)2] Z} wellol] %l o]
EXF F 4ToA 12~244 3t B3 FolEdch
% 0.1% Tween 205 F713 QA E Qe
33 AHE F AAL hE A& 5% skim mik2
11005 Alg 34 8ha] A7) wello] 100 pr &
F8k 36.5TAM 45~60%3 vkgAIA T B
gk B o2 Al Hsle] 1:1,0000.% 3 A ¥ peroxi-
dase conjugated anti-human serum (KPL, Maryland)-2-
100 Wy EF3te] ¥-gAIZ] 3 AJA A5 ABTS

71449 (KPL, Maryland) 100 p& 7}ste 36.5C

oA 3083t Whe-& F ELISA a4 (MCC/340,
Finland)Z 405 nm 33}l A ODZH-E &4 s} Th

2) ELISA IgM

gtghulo] 2] A~ ROK 84/105F% suckling ICR mo-
uses] ¥l HFshe] kel 7t W shE 6~897
A 9 REHoR 2Ase QRN wole) 2
29) Az [0 wheh ve)H 28 HA BF
33 F PP o A}83to] IgM-sandwich'd [14]
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° 2 AlPeAct ANEZ2 4 (PBS; 0.01 M,
pH 7.2)Z 1:5002.2 3|84 Goat anti-human IgM
(Tago, California) 100 plE 96 well polyvinyl U plate
(Dynatech LAB, Virginia)2] 2z} wellol] Yo} =33
% 40oA 12~24A13F B2t BA]3E 01% Tween
08 A/1E AREFAL5E 38 AR D F 3
Al A " AL 5% skim milkE 1:1005-E A 3]
23t} A7) wello]] 100 pl B-F8}11 36.5°C oA
45~60% 3k uk-&- ARG FLE PR o2 AN

% 8~16 unit®] AL 7 welld]] 100 pl¥ B33}
OC] 4719 BdT o2 WA F AF S
of 1:1,0002.3 3]21 ¥ hamster anti-Hantaan serum-S
Z} wellel] 100 pl ¥-3=3)o] ¥hgA1Zl & A& 3t
St 1:1,0002 2 3] 3} peroxidase conjugated anti-
hamster serum (KPL, Maryland)-& 100 pl¥% 2335}
o] WHEAIZ) 3 A2 392 ABIS 7289 (KPL,
Maryland) 100 plE 713l 36.5°Col| A 3083t ¥
3+ & ELISA 337 (MCC/340, Finland)Z 405 nm

Bop3yol 4 ODZEE 274 31 -

Xl

5. 1d| SRS /LS (HDPA)

Aol 22 debwolel s

44 FA YA HDP)o|| ZARAIZ &
4 iﬂlﬁ OM FEA 3k gentol Bl & g9}
o] FA-FA-gol o FHAGE #FFo R
A AAN Y grebutol e 2o Qg FA {FFE
w4 [25]ste @A kel gebt] o} (Hantadia™,
(FeyrsA A}, Korea)s AH8-3lo] A 28| Aloll A AW
g ol what A S o

V& 96 well microplate (A&T Co, Tokyo)oll 7 A}
td A S 12002 5431 X F F wellof] A
217} 25 pid 3313 39 A wellRE HE well
7R A 3 8& ik gentolH A o g
ZFAA A 2 = HDPY 25 pid & X5 well
of Zyz} ¥-Fetx etdlol X FAE HDPY
L 2¥ wellFE H 2 well7bA] 25 Wy B33 &
microplate-‘_i microplate mixerE Al-8-3}o] °F 10%
b kgl & 6087 Ao AR 3 F ARE o
= 0}93\‘:}-

6. Z2t3 A

= 31A <

H

Zs}AI8 (PRNT)
A 2 A7HE S48 Aetd

s FHAUS Chu 5 [ Wi oz 2
AT, WA AER WA A S

1:10 o] om b 28 Al At HF S



Al

f4d 5 4
Az4 FHAEE AAEA. AE HA 100
el 200 plaque forming unit (PFU)S| &-ghnlo] g
28 T RS F 4T PA A 1642 F
A7 oh, Bl E] F£H) 3 6-well plate (Linbro™,
Virginia)ol| 4] ©% wj %3} Vero E6 A X A B &
100 pi¥ & A F38}to] 36,57, 5% CO, Hj k7] o) A
60F 3t F-2A1 A o)

EFAE FF F 13 FH FHMAE 2 ml H
78] 238 o 36.51T, 5% CO, ¥ %7 ol A 7d
3t w3}t a, 5% neutral red S 3H-§-3F 23} 94 =
HUAE 1 mt F7H F 2~390) 44 Yet
= @gulolgl 20 EEtAY & A4tsio S
S AE DA AT S3FA e vhol# A~
EH3E 50% )4 A2 E 3 M5
qFEH A A

y

2 o
1.712 ME 1270 F 15} A8 H

171E o HAptg vl

Ol
o

FERA PEEEA F V1R HF 1219 9
12 B8 FF VY F 2h2 219 3 139 o A
AEst] Frgtutol e zo) UF A FHYEH B
T A 9718 AV e Th (Table 1). 7] 8 52

ZF2YY WA RAYRLH A7

12749 3 9] IFAT, ELISA (IgG, IgM), HDPA 1
2|3 PRNTZE gehuto] 2] 2o gt &5 A&
2 z}+z} 52.3% (11/21), 95.2% (20/21), 0.0% (0/21),
47.6% (10/21) 12] 1. 28.6% (8/9)°) o™, 15} 1
28 HZ V1Y Fdle 47 100% (13/13), 100%
(13/13), 30.7% (4/13), 100% (13/13) 2] 32 100%
(13/13)01 o™, BF A Frte 718 HE 12
AY 3 77} 131, 1,161.9, 0, 120 8] 12 499]
Qom 174 22H 4= 17}9 T= 023, 18,985,
107.7, 784.6, 18] 31 196.20] ¢tk 13} B 2H A
T T T3 A qUtE vehiie S48 719
A g ykgo] #F=H ) (Figure 1).

5 jojd}

— =

21X} BAE HE = 2074Y

olo

12 F28 HF & 20702 Ad 135l
st ghehutol @) 2o Uigt A I EL Y
A 9718 A8 T (Table 2). @gknjole]x
o A& FA FPEN BT FA Arte 44
IFAT; 84.6% (11/13), 280.6, ELISA IgG; 92.3%
(12/13), 6,546.2, ELISA IgM; 0.0% (0/13), 0, HDPA;
84.6% (11/13), 235.4 18] 3 PRNT; 69.2% (9/13),
30.80)tt. 12} F-2¥ FF F 20719 Fo g&
vpol 2ol gt A FHES vwd A F

AH R JH= B3

120
100 ¢ 100

100 | 95.2
= 93.8
X 87.5
2 80 | 9 81.3
©
fo
% 680 } 52.3 69.2 —&— IFAT
% —— ELISA IgG
§ 40 | 476 —A— ELISA IgM
g —»X— HDPA

20 | 286 —X— PRNT

0 0 0
0 . — . & L A
12 Mon. 13 Mon. 33 Mon. 36 Mon. 43 Mon.

Months after primary basic vaccination

Figure 1. Changes of seroconversion rates after 1st and 2nd booster vaccination with Hantavax ™ by IFAT,
ELISA IgG, IgM, HDPA and PRNT (Arrows indicates 1st and 2nd booster vaccination).
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Table 1. Comparison of immune responses of vaccinees with Hantavax'™ on pre and post 1st booster
vaccination against Hantaan virus

One year after primary basic vaccination One month after 1st booster vaccination
ELISA  ELISA ELISA  ELISA
IFAT TeG TgM HDPA  PRNT IFAT 1gG M . HDPA  PRNT
*11/21 20/21 0/21 10/21 6/21 13/13 13/13 - 4/13 13/13 13/13
’ (523%) (952%) (0.0%) (47.6%) (28.6%) (100%) (100%) (30.7%) (100%) (100%)
°131.0 1,161.9 0.0 120.0 49.0 923.0 18,985 107.7 784.6 196.2

a: Total no. of positive/ total no. of tested, b: Seroconversion rates, ¢: Geometric mean titer

Table 2. Immune responses of vaccmees w1th Hantavax™ on twenty months after 1st booster vaccination
against Hantaan virus ' : o

Immune responses on twenty months after 1st booster vaccination by

IFAT ELISA IgG ELISA IgM HDPA PRNT
*11/13 12/13 0/13 11/13 9/13
® (84.6%) (92.3%) (0.0%) (84.6%) (69.2%)
©280.6 65462 0.0 235.4 30.8

a: Total no. of positive/ total no. of tested, b: Seroconversion rates, c: Geometric mean titer

Table 3. Comparison of immune responses of vaccinees with HantavaxTM on after 2nd booster vaccination
against Hantaan virus

Three months after 2nd booster vaccination One year after 2nd booster vaccination
ELISA  ELISA ELISA  ELISA
IFAT 1gG 1M HDPA  PRNT IFAT 1eG IgM HDPA  PRNT
*9/9 9/9 0/9 9/9 8/9 14/16 15/16 0/16 14/16 13/16
® (100%) (100%)  (0.0%) (100%) (88.9%) (875%) (93.8%) - (0.0%) (87.5%) (81.3%)
“654.2 13,356 0.0 568.9 45.5 . 348 6,650 0.0 345 46.3

a: Total no. of positive/ total no. of tested, b: Seroconversion rates, ¢: Geometric mean titer

3.0} HAE| HE = 348 S0 12748 ol 16), 0.0% (0/16), 87.5% (14/16) ~1.2] 1 81.3% (13/

HoulS H| T 16)c1 e, Fit FA 7t N8 F 47
654.2, 13,356, 0, 568.9 18] 11 45.50)Q1 2.9 127}
FEEE PTG T 22 R2E AEE R 9 5= 348, 6,650, 0, 345 853 4639k &
3 F 9o g 12709 Fo)l 169 Y A FAE o] FHFIA = 12.5%, ELISA IgG
sto] gentol g xo) R A YR EL 2A} E 62%, SRGAE 12.5%, 2853 7.6% 7+
5}t (Table 3). 379 F2] IFAT, ELISA (IgG, A38tg om ELISA [gM& 2% A o2 Vet
EM), HDPA 1212 PRNT @advtolel o o o) igure 1), 3k BT 94 97kl ZHLA,
g A FIELS 24 100% (9/9), 100% (9/9), ELISA IgG$ SR8 = 50% 7438195, 3}
0.0% (0/9), 100% (9/9) L8] 1 88.9% (8/9)°} L. FAlE §25 5 QAch

™, 12709 Fol & 2z} 87.5% (14/16), 93.8% (15/
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AZF2Ede] HAAQD dduto] 27} Lee
9} Lee [15]9) 93t 1976 &7 9 HA%H
NN A HAE ol F o] P A9 AFFE
dQeo) 934 @A), dantoleae AETH, ¥
AR ESE A7rF AA=H Ao [22], o) AW
gZo e Al 2F PHAEH o E A H =
7ol A #eElsta o oA 7kx] EREQl X
2ol A BY L MLHRA £ FH el [9],
19890l &= ol 4L T35 A5FEEY
g4 dYo iy Felg ddujolzi A ROK 84
~1055% suckling mouse H oA oz &
A7) g Bl AE A Bl AAT F
005% 3o BEF3tA7) oAl (10,240
ELISA units/ml)o] 7}d=] 9t} [11].

AZZTEYYGE A s7] A& deute)y
o bl A Q1 et (Hantavax V)7F AAbE o] 9
ol A48 o) TEbEb29] R T gl wiale]
bR 0] QAN BE Bt BuE X [13,24]
SAE Aloldl A BaAE HEe WA AV,
YA FEA 53] ok 4R ddte] 2
FES =] Hojsith 18u H2 A5FE
dE FIA I Fageyol g5 ot &
Bl 20 oke] AAAIE A Fepr s FET
1900 M & & @ o] = T EA] e nk
A W27 2,00000 M & 201 9] Sz}t LA B
greput o) Figo] Rud w3l 3]

A E7A e QTR o 3hA [12,24] gHehu}
olgl 2 WAL 17l F o2 23] 7| & o
Z e o] gevole 2o 3 FFILA] ¥
AEL 9%6.1~97%=2 ¥Ale Addgdo] wis &
HA4Q Aoz eyl B 7|2 AEET 6
NE Fole A FPEC) 8% FaH7] A
Zake], 13719 Foll & 33%29] I &S Yehfo
A&H o2 FasE Aoz ey

E AT E AT Fol TAE A7EF
o) B} AP L FES Po| UFE oYY
Fetd 74 A7 2 AF4 A LES FEpufo]
P& g9 P oz iE BEE] 5o et
282 A EE AA S FAu-Sg HAEE
FAG & HASS B 4o A&
Hz gehulolgx WHTE HA TR o 44
o7} B3 FA7A 87 Aol dNHETE
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L 1235 WY NAEAYH AT

worth. Ao et upe} o] 23]q] AA g
et AE V| EAHE & o YAYA FHE R
BF A7 o] A Fo AREL
o) 4 g A7AY [512,4]15% AR AL &
F A9t 7128 E ¥ 12719 ¥4 13 F2H
A2 % 1Y 283 20/ Qo] ARG Fo] P
B FA 8-S 247 52.3%, 100%, 84,6%°] 1
123 BaE HE 5349 T 12709 F9
B3 FHEL 242 100%, 87.5%= 12.5% 7
A5o] $AH D Y AL BAIHIG. =T 9
A AEAANAY A FPE L F33A
7t AR I, §2 HF o2 234 AA 7]
EAE 512709 F9 13 228 ZFE T V)
4 3o A ¥ EL 47 28.6%, 100%°) A 1L
oF 207 Qo] Aatet Fo AP7 WA HFA |
Aol 281 FPEL V2% T FAE L
gon 12 28 A F 20749 e] A 23t ¥
28 BFE AYE 3 3709 T} 124D AA ¢
318 ¥ ES 247} 100%, 81.3%2 A& EH 1
AL B

a7 ® & g(eF oA e 7BHF
T 1209 39 13 B2 HF F Y a8ln
20/ Qo) AT T o] ELISA IgGe) AR &L 7
z} 95.2%, 100%, 92.3%°) |31, HDPAS] A &2
ZvZ} 47.6%, 100%, 84.6%°) Q0.7 23} 22E
z= 3 393 1209 39 22 100%} 93.8%
28] 31 100%S} 87.5%% 6.2%S} 12.5% 74w ol
FAHI PSS FFA.

wpebA] 22 RAH AE F ES 1A B2 J
ZA 9 o] AT FFH F3IA Qrte F
HE B % glo] Bald o7 SR
FAgd 5 Uged 23 BaAE HE F 2L F
A& B dP &l #AHE AE 328 F 3
At

Grgntol gl 2 Walo]l AR H2E FFo o
g A7 MG aARI FAHEA, =T S35
AT A&Ao2 FAHEAE B3t o
BE 7t WA A$0,1, 67142 33 7]&
W & 5ds o] RaE FFL she AH 2ol
getntol B 2 RN E A7)k A7) gl
of & Ao Atg ¥
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