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ABSTRACT : Hantaan (HTNV) and Puumala (PUUV) viruses cause hemorrhagic fever with renal syndrome
in human. In the present study, the repeated dose toxicity of the HTNV-PUUV combination vaccine was
evaluated in Sprague-Dawley rats. Animals were injected subcutaneously for 28 days with dosages of O,
0.017, 0.17 and 1.7 dose/kg body weight per day, respectively. No any significant changes of body weight,
Jood and water consumptions were shown. There were no death and clinical findings during the experi-
mental period. In both male and _female rats, there were not significant changes in hematological and
serum biochemical analysis, urinalysis, and ophthalmoscopic and histopathological examinations. These
results indicate that the HTNV-PUUV combination vaccine may have no toxic effects and no observed
adverse effect level (NOAEL) may be over 1.7 dose/kg/day at subcutaneous route in rats.
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I. INTRODUCTION

Hantaviruses, forming a separate genus of the Bun-
yaviridae family, are enveloped viruses with negative-
sense single-stranded RNA genomes and are the cau-
sative agents of several human diseases with similar
clinical symptoms, commonly referred to as hemor-
rhagic fever renal syndrome (HFRS) on the Eurasian
continent and currently hantavirus pulmonary syn-
drome (HPS) on the American continent (Nichol et
al., 1993; Schmaljohn et al., 1985). Several sero-
types have been described from human and at least
five are pathogenic to human: i) the prototype Han-
taan virus {HTNV) which is mainly documented in
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blood cell;: RBC, red blood cell; Hgb, hemoglobin; Het,
hematocrit; MCV, mean corpuscular volume; MCH, mean
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APTT, activated partial thromboplastin time; ALT, alanine
transaminase; AST, aspartate transaminase; ALE alkaline
phosphatase; BUN, blood urea nitrogen; GGT, y-glutamyl
transpeptidase; LDH, lactate dehydrogenase; TG, triglycer-
ide.
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Asia, ii) Seoul virus (SEOV) with a world wide distri-
bution, iii) Puumala virus (PUUV) which is predomi-
nantly endemic throughout Europe, iv} Dobrava virus
(DOBV) which is recognized in eastern and central
Europe, and v) Sin Nombre virus (SNV) which is doc-
umented in the Americas (Avsic-Zupanc et al., 1995;
Hjelle et al., 1994; Lee et al., 1978). Each virus has a
specific rodent host and transmission of virus to
human occurs via aerosolized urine, feces, saliva and
excreta of infected animals: i) the striped field mouse
Apodemus agrarius for HTNV, ii) the commensal rats
Rattus norvegicus and rattus for SEOV, iiij the bank
vole Clethrionomys glareolus for PUUV, iv) the yellow-
necked field mouse Apodemus flavicollis for DOBV
and v) the deer mouse Peromyscus maniculatis for
SNV (Meyer et al., 2000).

Lee et al. (1989) developed a formalin-inactivated
HTNV vaccine (Hantavax'") derived from suckling mouse
brain available commercially in 1991 in Korea. HTNV
84/105 strain isolated from blood of a HFRS patient
was used as the vaccine seed virus in Vero-E6 cells. In
addition, it was confirmed in HRFS patients infected
with PUUV in Korea. PUUV exists not only in Europe
but also in Asia, eastern part of Russia and Japan
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(Horing et al., 1996; Kariwa et al., 1995). Therefore,
an effective combination vaccine against HTNV and
PUUV infection has been needed urgently. Recently,
Korea Green Cross Co. (Yongin, Korea) developed a
formalin inactivated PUUV vaccine derived from suck-
ling hamster brain to prevent PUUV infection and a
HTNV-PUUV combination vaccine to prevent HFRS
caused by HTNV and PUUV infection in the world.
The PUUV K27 strain isolated from a HFRS patient in
Ufa, Bashikiria was used as the seed virus (Lee et al.,
1997).

The aim of this study was to evaluate the repeated
dose toxicity of the HTNV-PUUV combination vaccine
in rats according to the guideline for toxicity tests of
drugs proposed by Korea Food and Drug Administra-
tion (1999).

II. MATERIALS AND METHODS
1. Test substances

The HTNV-PUUV combination vaccine (Yongin, Korea)
was diluted with phosphate buffered saline {PBS).
Sterile PBS was used as the carrier and control. The
test substance was acceptable to the quality assur-
ance criteria and stored at 4°C in the dark before use.
The lot number of the test substance used for this
study was VI-005. Other chemicals and reagents were
purchased from Sigma-Aldrich Chemical Company
(St. Louis, U.S.A.).

2. Animals and maintenance

Five-week-old specific pathogen-free Sprague-Daw-
ley (SDJ) rats of both sexes were purchased from Dae
Han Laboratory Animal Research Center Co., Litd.
(Eumsung, Korea). Animals were housed in an ani-
mal room maintained with 12 hrs (07:00~19:00)
light-dark cycle at a constant temperature of 23+2°C
and a relative humidity of 50+5%, and were used
after 1 week acclimation period. Forty males, weigh-
ing 200 to 220g, and 40 females, weighing 156
to 176 g, were employed in this study. All animals
were housed in polycarbonate cages (260 Wx420 Lx
180 H mm) and given a commercial solid diet (Samy-
ang Feed Co., Ltd., Wonju, Korea) and tap water ad
libitum.

3. Experimental design

Four study groups, each consisting of 10 male and
10 female SD rats, were received subcutaneously the
vaccine at doses of 0.017, 0.17 and 1.7 dose/kg body
weight in PBS daily for four weeks. One dose of
HTNV-PUUV combination vaccine contains both 5,120
units/ELISA of HTNV and PUUV antigen in 1.0 mi.
High dose level (1.7 dose/kg) is equivalent to 100-fold
of a dosage (0.017 dose/kg) used clinically in human
when the body weight is assumed to be 60 kg. These
doses were selected from the results of single dose
toxicity test {data not shown). The administration vol-
ume was daily calculated according to the increasing
body weight (2 ml/kg body weight).

4. Observations and examinations

The clinical signs were observed at least twice daily,
before and after injection in all animals during the ex-
perimental period. The body weight, food consump-
tion and water intake were measured once a week
during the treatment period. Opthalmoscopic exami-
nation was conducted to all rats at the final week of
experiment. Ocular region and the anterior portion of
the eye were observed with an opthalmoscope (RC-2;
Kowa, Japan). Then, the pupil was dilated with a
mydriatic (Midorin P; Japan) and fundus was ob-
served using an ophthalmoscope. Urinalyses were per-
formed using the fresh samples collected in 24 hrs of
the final treatment, and were measured specific grav-
ity, pH, leukocyte, nitrite, protein, glucose, ketone,
urobilinogen, bilirubin, blood and hemoglobin using
urinalysis stick (Comber-'’test®; Boehringer Mannheim,
Germany). Blood was collected from posterior vena
cava in EDTA-contained tubes. Hematological param-
eters including white blood cell (WBC) count, red
blood cell (RBC) count, hemoglobin (Hgb) concentration,
hematocrit (Hct), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC} and platelet
(PLT) count were examined using a hematological
autoanalyzer (Celltac o; Nihon Koden, Japan). WBC
differential counts were determined from blood smears
stained with Wright-Giemsa. The whole blood smear
samples were also stained with new methylene blue
for the quantitative determination of reticulocytes. Pro-



thrombin time (PT) and activated partial thromboplas-
tin time (APTT) were determined using a blood co-
agulation analyzer (ACL 100; Instrumentation Labo-
ratory, Italy) in plasma samples treated with 3.13%
sodium citric acid. Serological parameters such as ala-
nine transaminase (ALT), aspartate transaminase (AST),
atkaline phosphatase (ALP), cholesterol, glucose, total
protein (T-protein), albumin, blood urea nitrogen (BUN),
calcium, creatine kinase, creatinine, y-glutamyl tran-
speptidase (GGT), inorganic phosphate, lactate dehy-
drogenase (LDH), total bilirubin (T-bilirubin), triglyc-
eride (TG) and A/G ratio were analyzed with a
automatic blood chemistry analyzer (Express Plus;
Chiron, USA). Chloride, sodium, and potassium con-
centrations were also determined using an automatic
electrolyte analyzer (Chiron, USA). The major organs
and tissues including testes, epididymis, prostate
gland, ovary, uterus, pituitary gland, brain, thymus,
heart, lung, liver, spleen, kidney, and adrenal, thyroid
and submaxillary glands were weighed, and fixed in
10% neutral buffered formalin (except the eye and
Harderian gland, which were fixed in a mixed solu-
tion of formaldehyde-glutaraldehyde before formalin
fixation) for histopathological examination. The fixed
tissues were trimmed and embedded in in paraffin
prior to sectioning at 4 um with a microtome (Leica,
Germany), and stained with hematoxylin and eosin.

5. Statistical analysis
All results were represented as mean=S.D. and ana-

lyzed using analysis of variance procedure (ANOVA)
with post hoc analysis by Dunnett’s t-test. A probabil-
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ity level of p<0.05 and p<0.01 was taken to indicate
a significant difference between the control group and
the experiment groups.

III. RESULTS
1. General observation

During the study, there was no effect on mortality.
All animals survived to the end of experimental period.
No notable clinical signs were observed among con-
trols and the groups given the vaccine throughout the
dosing period. No other vaccine-related signs were
observed in any of the groups.

2. Body weight, food consumption and water intake

Mean body weight changes of male and female rats
during the experiment were shown in Table 1. Signifi-
cant changes in body weight were not observed
throughtout the dosing period by the vaccine. Food
consumption and water intake were not affected by
the vaccine (data not shown).

3. Ophthalmoscopy and urinalysis

In ophthalmoscopy and urinalysis (Table 2) tests,
no vaccine-related changes were observed throughout
the treatment periods.

4. Hematological analysis (Table 3)

In male rats, significant decreases in MCH (p<0.05)

Table 1. Changes of mean body weights in the rats injected subcutaneously with the HTNV-PUUV combination vaccine for 4

weeks (Unit : g)
Sex Dose Days after injection
(dose/kg) 0 7 14 21 27

o) 213.2+6.94 228.0+12.51 265.8+8.87 302.9%+11.67 333.8£14.50

Male 0.017 210.6£8.80 222.9+13.93 260.0+12.79 301.5+16.81 332.6+£27.41

0.17 210.2+£9.31 229.9+11.19 262.1+7.94 307.6+14.43 331.9+23.83

1.7 211.3+8.96 230.2+7.33 260.6+9.11 302.4+19.49 327.1£26.99

0 166.7+9.99 180.5+10.17 199.7+10.88 210.7+12.59 224.2+15.62

Female 0.017 166.7+£9.04 186.9+11.32 204.3+12.73 215.7+£10.46 225.8+13.41

0.17 166.3+9.79 180.8+10.81 197.2+10.94 206.0+10.97 216.4+11.68

1.7 166.8+6.12 179.1+12.36 196.1+11.97 207.8x13.31 217.8+14.48

Values were expressed as mean+S.D. (n=10).
No significant differences were found between the control and treated groups.

HTNV : Hantaan virus: PUUV : Puumala virus.



142

Table 2. Urinalyses in the rats injected subcutaneously with the HTNV-PUUV combination vaccine for 4 weeks

Sex Male Female
TItem dose/kg 4] 0.017 0.17 1.7 0 0.017 0.17 1.7
No. of animal 10 10 10 10 10 10 10 10
1.005 4 0 o] 0 6 0 6] 4
Specific 1.010 4 6 2 5 1 0 0 0
gfr’avity 1.015 0 2 4 3 0 0 2 2
1.020 2 2 4 1 3 6 8 4
1.025 0 0 0 1 0 4 0 0
5.0 0 0 0 0 0 2 0 0
6.0 0 0 0 1 3 2 4 2
pH 7.0 4 2 8 3 7 6 4 2
8.0 6 8 2 5 0 0 2 6
9.0 0 0 0 1 0 0 0 0
negative 10 10 8 6 10 6 6 10
Leukocytes
(leuko/ul) 10~25 0 0 2 4 0 2 2 0
75 0 0 0 0 0 2 2 0
Protein negative 2 6 5 2 3 5 5 4
(mg/dl) 30 8 4 5 8 7 5 5 6
negative 5 2 4 8 5 0 0 6
Blood 5~10 1 6 0 2 3 6 0 0
(RBC/ul) 50 4 2 4 0 2 4 4 2
250 0 0 2 0 0 0 6 2

HTNV : Hantaan virus; PUUV : Puumala virus.

and increases in APTT (p<0.05) were observed in
the 1.7 dose-treated group. However, no significant
changes in the numbers of WBC and all differential
leukocytes, and the number and percent of reticulo-
cytes were observed in other rats received the various
doses of vaccine.

In female rats, significant changes in WBC (p<0.05),
MCYV (p<0.05) and MCHC (p<0.01) were observed in
the 1.7 dose-treated group. Also, the significant changes
in RBC, Hgb, Hct and MCHC in the 0.17 dose-treated
group, and WBC, RBC, Hgb and Hct in the 0.017
dose-treated group were observed at p<0.01. How-
ever, PT and APTT values were in normal range.

5. Blood biochemical analysis (Table 4)

In male rats, significant changes of LDH (p<0.01),
BUN (p<0.05), creatinine (p<0.05) and T-protein (p<
0.01) were observed in the 1.7 dose-treated group. In
0.17 dose-treated group, LDH level was significantly
decreased (p<0.01), while other biochemical parame-
ters were not changed.

In female rats, no significant changes were observed
in the blood chemistry parameters, although K' level
was significantly increased in the 0.17 dose-treated

group (p<0.05).
6. Organ weight (Table 5)

In male rats, absolute and relative weights of most
organs were not changed except submaxillary gland
(p<0.05) in the 1.7 dose-treated group.

In female rats, absolute weight of left ovary (p<
0.05) in the 1.7 dose-treated group, and brains in 1.7
(p<0.05), 0.17 (p<0.01) and 0.017 dose-treated groups
(p<0.05) were significantly changed. Only relative weight
of spleen (p<0.05) was significantly decreased in the
1.7 dose-treated group.

7. Gross postmortem findings

In the autopsy of animals at the end of experiment,
unusual findings were not observed.

8. Histopathological findings

As shown in Table 6, cell infiltraion of renal intersti-
tial tissue was microscopically observed in rats, 1
male at the 0.17 dose/kg group or control groups of
both sex, respectively. Vacuolation of renal tubules



143

‘stuA efeumnd : ANd ‘STJIA ueejueH : ANLLH
‘10°0>d 4 10 GO'0>d 4 T8 [00U0D WO JUIIIJIP APUERIHIUSIS
(01 =U) ‘q’'STUBIW Sk pPassaxdxo 21oM Sanfep

80FG6'1 L0TF91 1L°07€70 9'0+50'2 89'07S1'C TLOTFSTT 99 1F6'% 8 178'Y {9) apfoouoy
¥6'07S1°€6 62 TF69'C6 yIFS126 91'1+¢'26 [0 17GL'T6 1607526 ST 17E8'16 GO ITS 16 {9) s1ooyduk]
0 0 0 0 0 0 0 0 (%) Tydoseq
9207520 905530 TV 0F€0 92'0%¢'0 GE0FE0 SE°0792°0 ZF0+¢0 207620 (%) Tudoursoxy
9R°0FSE'S 8T’ 1F8'C 9'0F6G'e €0'1FSLE Z8'0F0E LLOFTE L60FV'E 6'0FS6'S (%) parouEg
1L07€T COTFLT £9'0768'1 L90FLT L9'078'T 88°0F6'1 99'0%1'C 99'076'1 {%) pueg
mydonnan
FG1F6L e 1729 =19 1768 LT1799 ST PFE 01 9e' T+ 11 v62+6'8 £OTT66 (/.01 %) Odm
1917012 ST'IFL12 S6'079°1% 8G' 1TV 1T +8' 17913 81TV 12 96'2F961 86TV 61 (098) L1dV
LLOFTVI [GAET R4t B Al 69072 %1 CLOFETI LOFE¥I 69°0FC¥T PROFL VI {09s) Ld
8007601 90207601 69107601 a1 0F20'1 681°0FST'T 681°0760'1 SST°0F90°T 98107801 {9) ufdomonay
£'870°98. T LOTFYCIL 9'18F¥'088 6'€9FGS 1L COVIFH'GoL S001F6'1€8 9 1GF0¥6L 861170182 (M 01x) I'ld
=8V’ 07298 «+CL' 07698 v oFL6e 6£°0FL°GE 00 179'9¢ ST 0T LE LEOTFL9E 99'0F1°L8 (1p/3) OHOW
2T 070'1% 99'072' 1% 190F¢°12 9107013 «C90FC 00 PG0FL 0T 29°0F+'02 SG0F2 0% (8d) HOW
OTTFELS P 17689 66’172 6S £ 1+8'8G £ Eate £V 179°GG 8G' 1¥G'GS S8 17659 () ADW
6T VTSIV #8170V «16 1767 Y6070 1% 8L GF6TY 62'€F6Ch SO IFG 1¥ P6'eF9 ¥ (%) PH
SE 1FH'G1 ++£9°070°91 «x12°0F091 GE'0F9 VI 82 ¢F¥ 91 8T 1F6'GT 19'0¥2°S1 08’ 17G°GT (/8) dsy
TLOFE L »EF0FGL 150792 120702 oV 1F8L 690FLL TT0FG L 89'0FGL (M/,01) D9
1 L1°0 2100 0 L1 LT°0 L10°0 0 (S/asop) ssoq
rewdy AN %3G

SY99M  I0J SUIOOBA UOTIeUIqUIOd ANNJ-ANLH U} YA A[SNOdUeInogns pajoafur sjel 9y} ur sasA[eue [eo130[0JeWdH g I[qRL



144

STUIA elewmng : ANNd SNIA ueejuey : ANLH
‘10°0>d . 10 G0'0>d , e [0TIU0D WOIJ JUAIIP AQUEIYIUSIS
(0T =U) ‘q°'SFUBIW sk Passaidxs 319Mm sanfep

91°'0¢+€°S01 €C¢IF00IT 88CI+¥'66 €'91+0201 CO'E1+8'8L 11°01+€.8 S6°01¥6°06 PG a1F.L'e8 (1rowra) 1D
1L 1+6'F +8C1+V'G 69°0+SP TLOFVY S9'0F0'% 19'0F79'% 98'0F¢€V S6°0F7€¥ (71ouwrn) y
I¥'91+¥9¥%¢C1 LY 1C+Sv¥1 SLB8I+T'1€1 G0'TC+E'CE1 e 6TIFF V01 L8 FIF6'LIT 6L V1I+E€TC1 GL'GC+0'SIT (1/1ourta) eN
I7'0+%'1 £0+€’1 ET'0+¥'1 Yo O0+%'1 ee0+¥'1 8Y'0+6'1 9€0+L'1 SP'0+9'1 oner H/y
TOI+T'1L 9'01F0°¢L 6'8FP gL 0'01+2'89 2'CC+T'C9 9LIFC 1L I'81+8'GL €C0C+998 . (1p/Sw) DL
12°0+2°0 €C°0¥¢0 ¥¢'0+€0 cl'0+30 60020 1’0520 L0'0¥¢ 0 60°0+¢C°0 (1p/8w) wrqnamg-L
8CCY+0'0861 L'8GE+C'IC8T €'VeC+V'00C8C G'8LIF8'EB0T *+E TSV FL GO8T «x9'80F+C 1681 GQ'GYL+GLCYC L'669+L°CLIT (Y1) HA'1
96'0¥6°L 1I0°T+G'L LB0F8L Y90FEL €8°0F1°9 81 1+0L L8 OFEL ¥ 1¥99 (1p/8w) sno1oydsoyd
L0'0¥C0 L0'0+20 L0°0+C0 80'0¥¢C0 1€°0+90 £€0%9'0 62°0+L°0 LT'0FL0 (/0) LoD
€0'0F% 0 T'0+%0 90'0F¥'0 €0°0+F¥ 0 *1'0FG0 1T°0%€0 80°079°0 11°0%9°0 (1p/8w) sutuneaI)
9'0GTFELGCT 6'98C+V 9E¥T L LCI+6'8SET  E£'SLIFL06C1 £CSr+0'L8ST 9'€9EF6'10L1 89SVYFIOFVIST S ¥6C+1'88GT (/) 9seuny aunesr)
LCCTFL6 16 1+2°01 8%’ 1+0'6 €1'6+8'6 £€G'C+4'6 Y8 I+1°01 99'0+¢€'6 N@.Nﬂo.ﬁﬁ (1p/Sw) wmpe)
69 1F9°G1 2OCF191 G6'1FL91 12'€¥6'G1 +E€'E€F091 T€F¥'L1 16 ¢+1'81 6 C+8'61 (1p/8un) NNd
LT 0FCE SP'0FEg 120+€¢ 8¢ 0+C'¢ 92'0%9'¢ 6L0¥8'¢E A VB A 8¢ 0F¢G'E (1p/8) wumqry
GG 0FL'S 9€°'0+6'S €€°0¥8'S 65°0+¥9'G «¥90F29 98'0¥8'S g'0¥9'9 €9°0+%6'S (1p/8) w3014~
L'S1F€98 €CI+¥'9L G01¥C'18 6 CIF108 CE1F6'S8 ¥'8¥1¥'98 1'STF3 6L 1'ST+6'98 {1p/8w) asoonH
0'61+0'8S 6'91F0¥S 1$¢+2¢ €9 G'GTF6'19 6'01+2¥9 V'EeI+8¢L 9¥v1+€£99 9'8I+¥'EL (1p/8w) [0I138910YD)
6'SE+9¥CC G'SEFE 01T L'9€*6°0CC 6'1C+¢'C¢eC 8°€8+L'€0¢ 6'1G+¢'€0¢ PLITFO980C 6'9CIFT1'19¢ (¥n) d1v
€B6IF9°LLT 8'81F2 €81 6'11+2'C81 0'01+2'G81 9LYF0'ELT LeyFe 981 ¢'LY¥6'90C 8'0Y+¢L0T (V) 1SV
8VY+T¥C £2'870'9¢C GE'C+8'¥C YE'¥+2'9¢ T'ElF¥¥E SLLFY'GE 18°L¥80¢ £6'8%¥'9¢ vn) L'v
L1 LT°0 100 0 LT LT0 L10°0 0 (8¥/9s0p) asoq
areuay e X9G

$}99Mm ¥ I0] JUIOJBA UONBUIqUIOd ANNd-ANLH U3 Y1m A[Snoaueinoqns pajoafur sjel o) ur sasATeue [eorwsydorq poord '+ 9[qelL



‘SnUIA BreUmnd : AN11d ‘SnIa ueejuey : ANLH '10°0>d ,, 10 go'0>d , 18 [0u00 woy JuaIsHIp ARuedyIudis (01 = U) ‘q'SFUBIUI se passoidxa aIom sonfep

145

810'0+C0 LE00+12°0 GC0'0F¢C 0 8C00+1¢0 [4VRESS AV £20'0+S¥'0 1S0°0+9V°0 $S00FGH'0  puefs Arefxewqng
100°0¥¥00'0 100°0€00'0 T100°0F¥00°0 T00°0+¥00°0 ¢00'0¥800°0  Z2OO'0F900'0 <TO0'0F8000 TOO0FL000 () pue(s proiAyL
¢00°0+¥00'0 100°0F€00°0 T100°0F¥%00°0 100°0+¥00°0 900'0¥F800'0 200'0+9000 TOO'0F800'0 COO'0F8000 (7) pue(s pro1AyL
£00'0FG10'0 800'0FZ10°0 TO0'0+910°0 z00'0+910°0 900°0+2%€0'0 LIO0FLE0'0 POO'O+¥ELO0'0 SGOOOFEE00 (1) pue(S reua1py
Z00'0FSTI0'0 €00'0FZ10'0 €00°0¥9100 €00°'0+410°0 ¥00'0+%E€0'0  900°0FSL0'0 LOO'OF¥E0'0 SO00'0FSL00 (1 puefs euaipy
9€0°'0F8¢0 £€0'0+6£°0 £€20°0+6€°0 ¢c0'0+8€0 L0'0+80 S¥0'0+18°0 G0'0*+¢80 160°0+180 () Soupry
6€0°0+8€°0 G20'076¢€°0 920'0F8¢€°0 920'0+8¢°0 890°0+8°0 8¥0°'0+18°0 GGO'OFI80 990°'0+08'0 (1) ASupry
+120'0+€0 1¥0'0F€0 $Ye0'0+1€0 ¢0'0+2¢0 £80°0¥€9°0 160'0+€9°0 1,0°0F7S9°0 ¥0'0+.L90 usordg
IG1°0+SL'C 612°0+G8'C 8YZ0+.6'C L82°0+S6'C 9.% 0F18°'S 165°0+€0'9 €LG°0+9C'9 867 0+V2'9 JoAr] arewad
6¥1°0+180 £€60°0+GS°0 S0'0+450 L¥0'0+1G°0 £€TE0+60'1 6IT0+LT'1 ¥60°0+61'1 S60°0+12'1 guny
Ge0'0F8E0 610°0+8€°0 €0'0+8€°0 9€0'0+8€0 960°0+64°0 ¥€0'0+18°0 $S0'0+18°0 ¢80'0+80 e
£€0'0+vc 0 GE0'0+¥2C 0 ¥0'0+€¢'0 Ye0'0+v2°0 8L00+50 1200750 €80°0+.L%0 CLO0F1S0 snwAYL
80°0+6°0 ¥¥0°'0+26°0 8%¥0°0F¥6°0 G0'0+960 *8CT'0+6'T ++£G0°0FF6'1  «CG0°0F86'1 G0'0+€0'¢C ureiq
100°0¥S00°0 TOO0'0F900°0 T100'0+S00°0 T00'0+G00°0 G00'0+110'0 T100'0*%TI0°0 ©TOO'OFIIOO0 ©GTOO0O+TI100 stsAydodAH
[T1°0%€20 GO01'0+42C°0 690°0+46¢°0 860°0+8¢°0 €C6°0+50 L12°0+950 6ET°0FCL0 ¥81°0+650 sna]
L00'0+6¢0'0 900°0+2£0'0 SO00'0+€E0'0 ¥00'0+¥€0°0 GT10'0+290°0 €10°0¥490'0 600°0FL00 800°0+2L00 (1) AreaQ
€00°0+8¢0'0 S00'0+€L0'0 S00'0+LEL0'0 S00'0+2E00  +L00°0%6S0°0 10'0+20°0 IT0'0F690°0 600°07190°0 (1) AreaQ
YO'11I+g'11C G9'6+1'C1C G9°L¥I'IIE  SS11FZ3Ig swdm Apoq reuld
+»P10°0+61°0 ¢c0'0+81°0 920'0FL1°0 GTO'0+FLT10 +¥90°0+¢9°0 890°0+8G'0 6L0°0F.S0 9007650 pueld Arefxewqng
0+¢00'0 100°'0%+€00°0 +0+€00°0 T00'0+€00°0 100°'0¥600°0 €00'0¥800°0 100°0¥800°0 GOO0OFT100 (1) pue|S proidylL
100°'0¥€00'0 T100°0+€00'0 T100'0F+E£00°0 100°0+€00°0 £€00°0+100 $00°0+600'0 Z00'0+600'0 TOO'OFI00 (") puelS proyL
T100°0+800°0 CO0'0¥900'0 TO00'0F100°0 100°0+800°0 ¥00'0FS20'0  S00'0+1200 €00°0¥c0°'0 $000+F¥C00 () puels reuaipy
100'0+800°0 100°0*%Z00'0 T00'0+800°0 100°0+800'0 €00°0F¥20'0  ¥00'0F€200 S0O0'0+¥S20'0 €00'0FSTO0 (1) pues feuapy
£¢0°0F.LE0 810'0+6€°0 970'0+9¢€'0 L10'0+8€°0 660'0+2'1 101°0+9C'1 SP1'0+8T'1 80°0+GT'1 () £ouptyi
$20°0F7L8°0 120°0+8€°0 8Y0'0+9¢€°0 910'0+8¢'0 S60°0F6I1°1 £60°0FVT’1 691°0+61°1 690°0F1¢T'1 (1) Aouprs
6€0°0+.2°0 c0'0+¥%C0 €0'0+49C0 £€0'0+92°0 121°0+98°0 ¥80°0+8L°0 C1'0F¥8'0 G01'0+€8°0 uaoidg
GLT0+8'C ¥0C'0+¢c0'¢ S0V 0+68'C SYC'0+96'¢C 98L°0+10'6 196°'0+18°6 YOS 1+95°6 98G'0+S'6 JOATT
cLO'0F9%0 9¢0'0+¢¥'0 9%0'0+€E¥'0 TT00+EV0 202°0+8Y'1 el 0+v'1 EG1°0+¢V'1 660'0+8¢"1 Suny —
L80°'0+LE0 920°0+¥%£'0 S€0°0+€€°0 8¢0'0+v€°0 £€€T0+T'1 GIT'0+60'1 EIT0+80'1 260°0+60'1 HEe3H
Ge0'0+81°0 G10'0+81°0 GE0'0+81°0 G20'0+61°0 980'0+89°0 £€G0°0+LG0 1€T°0+19°0 €L0'0%19°0 snudy,
8¥0'0+¥9°0 6%0°0+¢9°0 LS0°0+€9°0 690'0+2¢9°0 ¢L0'0+G0C 660°0+%0'C 1€1°0+80°¢C P12°0+0C urexq
0F€00°0 T100°0+€000 T100°0+£00°0 100°0+€00°0 100°0+60°0 ¢00°'0+100 ¢00'0+100 c00'0+100 sisdydodAyg
SY0'0+E1°0 ev0'0+G1°0 890°0+¢1°0 9%0'0+91°0 cv1'0+2¥v 0 G91'0+G0 9€C° 0+ 1¥°0 EV1'0+G'0 pue(s a1e1501d
L10°0+¥%1°0 SI0°0+¥%1°0 €10°0+€1°0 T100+¥1°0 8€0°0+%¥'0 LEO'0FSF0 €20°'0+¥1°0 8€0°0+9%°0 (1) stwAprprdy
GGO00+¥10 910°0F%1°0 Gl0'0+€1°0 910'0+%1°0 9G0'0F9%°0 9€0'0F¥¥'0 610°0+¥¥'0 160°0+¥¥'0 (T) studpipidd
8¥0'0+249°0 LG0'0F1S0 G0'0+S0 ¢0'0¥2S90 880°0+99°'1 CS1'0+499°'1 10T°0+¥9°1 ¢1'0%69'1 {(q) snsaL
8G0°0+2CS0 S0°0F2S0 e¥0'0+6%°0 ¢c0'0+¢<S0 811'0+99°'1 ¥c1'0+99'1 £90°0+29'1 Pc10¥89°1 (1) smsaL,
16'€C¥6'328 98'0CFC¥2E TL'9TFE 1SS IIHIF6'SE  sIysem Apoq reurd
L1 L1°0 L10°0 0 L'l L1°0 L100 0 (8) suedio ©
(%) 2amreIoN (8) amjosqy (8¥/9s0p) 9sod S

S¥aam P 10J SUTOORA UOTIRUIGUIOD ANd-AN.LH 31 Ulm A[snosueinogus pajoafur sjel aup ur s)ySiom UedIo sATje[21 PUR )N[OSQY 'G I]qRL



146

Table 6. Histopathologic findings in the rats injected subcutaneously with the HTNV-PUUV combination vaccine for 4 weeks

Sex Male Female
Organs Dose (dose/kg) 0 0.017 0.17 1.7 0 0.017 0.17 1.7
No. of animal 10 10 10 10 10 10 10 10
Kidney
Cell infiltration in interstitial tissue 1 0 1 0 1 0 0 0
Vacuolation of renal tubules 0 0 1 1 0 0 1 0
Spleen
Hyperplasia of lymphoid follicles 1 0 1 3 2 1 1 0
Liver
Microgranuloma 1 0 1 2 1 0] 1 2
Vacuolation of hepatocytes 0 1 0 1 0 0 0 0
Cell infiltration in Glisson's sheath 0 1 0 1 0 0 1 0
Lung
Thickening of alveolar wall 1 0 0 1 1 2 1 0

HTNV : Hantaan virus; PUUV : Puumala virus.

was also observed in 1 male at the 0.017 dose/kg, 1
male at the control and 1 female in the 0.17 dose/kg
group. In liver, microgranuloma in sinusoid was
observed in 2 males and 2 females at the 1.7 dose/kg,
1 male and 1 female at the 0.17 dose/kg and 1 male
and 1 female at the control group, respectively. In
addition, cell infiltraion in Glisson’s sheath and vacu-
olization of hepatocytes were observed in each 1 male
in the 0.017 and 1.7 dose/kg/group. However, those
were only observed in 1 female of the 0.17 dose/kg
group. Hyerplasia of lymphoid follicles were observed
in 1 male of the control, 1 male of the 0.17 and 3
males of the 1.7 dose/kg group, and 1 female of the
0.017 dose/kg group, 1 female of the 0.17 dose/kg
group and 2 females of the 1.7 dose/kg group. No
other abnormal lesions were found.

IV. DISCUSSION

Recently, some combined vaccines are available; the
combined live inactivated virus vaccines against mea-
sles, mumps and rubella, and against Japanese en-
cephalitis and Hantaan virus. The combined vaccines
have many advantages over the corresponding mono-
valent vaccines in the practical use such as manufac-
turing costs, storage and administration. Korea Green
Cross Co. Ltd. developed a HTNV-PUUV combination
vaccine to prevent HFRS from HTNV and PUUV in
human. Total amount of protein and myelin basic
protein of Hantavax™ and PUUV vaccine are 10 pg/ml
and 0.01 ng/ml, respectively. These amounts, cause of

toxic effects, are far less than the WHO-required lim-
its. The potential usefuless of the combined vaccine
has been confirmed (Lee et al., 1999). Previous study
confirmed that Hantavax™ vaccine is safe in humans
following a dose schedule of two doses within one
month. The general and local side effects such as
mild itching, induration and swelling at the site of
injection were registered, and onset of symptoms
after vaccination was mostly within a day (Cho and
Howard, 1999). However, there has not been any de-
tailed investigation of safety of an inactivated HTNV-
PUUV combination vaccine in preclinical study.

In the present study, repeated dose toxicity of a
combined HTNV and PUUV vaccine was investigated
in male and female SD rats. Test substance was
injected subcutaneously to rats at dose levels of O,
0.017, 0.17 and 1.7 dose/kg once a day for 4 weeks.
This dose level is equal to 1, 10 and 100 times of a
dosage used clinically in human. No mortality was
observed in rats injected with the combined vaccine
in the study. During the observation period, there
were no abnormal clinical signs related to the com-
bined vaccine in animals. The body weights of rats
injected with the vaccine were not statistically signifi-
cant differences. In addition, food consumption and
water intake did not appeare to significant changes
following injection of the combined vaccine. Even
though some items in hematologic and blood chemi-
cal parameters were shown significant differences in
animals treated with high dose of the combined vac-
cine, these parameters were mostly in the normal



range physiologically. These parameters were not
revealed evidence of specific toxicity related to the
combined vaccine following dose-dependent injection.
At autopsy, all organs were examined for gross find-
ings and histopathology. However, the combined vac-
cine did not induce any abnormal changes at the
doses used in the study.

In conclusion, the HTNV-PUUV combination vac-
cine against HTNV and PUUV may have no signs of
the repeated dose toxicity and it is considered to have
no toxic effects in the SD rats under the current study
condition.
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