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Summary. - Adult Wistar rats (Rattus norvegicus), Apodemus agra-
rius, Meriones unguiculaliis, Clethrionomys rufocanus, and Apodemus 
argenteus were inoculated with Rattus-iype (SR-11, KI-262, and TB-
314) or Apodemus-type (Hantaan 76-118) hantaviruses. Production 
of serum antibody to the inoculated virus (IAHA titres of 1:32 to 
1:4 096) was obsersved in all rodent species 10 weeks after virus 
inoculation. Rattus-type virus was detected in some organs of all the 
rodent species employed except of Apodemus agrarius. Apodemus-
type virus was found only in some organs of Apodemus agrarius. 
Newborn Wistar rats induced antibody in high titres to both Rattus-
and Apodemus-type hantaviruses. Rattus-type virus was detected in 
all the organs examined for up to 6 weeks after inoculation, whereas 
Apodemus-iype virus disappeared from all organs except of brain 
and lung tissues. The  virulence of the three Rattus-type viruses to 
newborn rats was different. These findings indicate that the suscep­
tibility of rodents  may vary depending on  the  combination of rodent 
species and virus strains; they also suggest that  the  various species 
of rodents  may be  the  reservoir animals of hantavirus infection in 
nature.  
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Introduction 

Haemorrhagic fever with renal syndrome (HFRS) is a rodentborne viral 
febrile disease characterized by renal disorder in man (Cohen,  1982). T h e  
causative virus was first isolated f rom  Apodemus agrarius coreae in Korea by 
Lee  et al. (1978) and named Hantaan virus. Until now, more  than 50 antigeni-
cally related viruses have been isolated f rom various rodent hosts or  patients in 
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various countries (Yanagihara and Gajdusek, 1987). They are classified in the 
Hantavirus genus of  the  Bunyaviridae family by morphologic (McCormick et at., 
1982; White  et at., 1982) and genetic characteristics (Schmaljohn  et al., 1985). 
Hantaviruses are antigenically further  divided into four  serogroups, each of 
which is closely related to rodent species, such as the  Apodemus type (derived 

of from Apodemus agrarius), the  Rattus type (derived f rom  Rattus noiyegicus), the 
l0n' Clethrionomys type (derived from  Celthrionomys glareolus), and the  Microtus 

type (derived from  Microtuspennsylvanieus). T h e  representative viruses in each 
serogroup are the Hantaan virus, the Seoul virus, the Puumala virus, and the 
Prospect Hill virus, respectively (Sugiyama  et al., 1984; Lee  et al., 1985). 

In China and Korea, it has been reported that Apodemus agrarius and  Rattus 
noiyegicus are reservoir animals of Hantaan virus and Seoul virus, respectively 
(Lee et al., 1978; 1982; Song  et al., 1984); both have caused human HFRS ende­
mics. In Japan, however,  H F R S  outbreaks  have occurred mainly in medical 
institutions and  have b e e n  caused by laboratory rats (Kawamata  et al., 1985), 
and several endemic  foci a m o n g  Rattus noiyegicus wi thout  cases of  h u m a n  
illness were f o u n d  (Morita  et al., 1983; Suzuki  et al., 1984; Arikawa  et al., 1985; 
1986). Epidemiologic studies of  hantavirus infect ion a m o n g  wild rodents  in t h e  
European part of  t h e  U.S.S.R. revealed that ,  in addit ion t o  Clethrionomys 
glareolus, various species of  small mammal s  may  serve as reservoir hos ts  
(Yanagihara and  Gajdusek ,  1987). T o  obtain basic informat ion concerning t h e  
ecology of t h e  hantavirus a m o n g  rodents ,  t h e  susceptibility of  laboratory and  
wild rodents  to  hantaviruses isolated f r o m  A p o d e m u s  o r  Rat tus  was s tudied o n  
the  basis of  t h e  detect ion of  viral ant igen a n d  t h e  ant ibody product ion in expe­
rimentally infected animals.  

Materials and Methods 

Cell culture and virus. T h e  E6  c lone  o f  Ve ro  cells ( A T C C  C1008, C R L  1586) was  grown in Eagle 's  
min imum essential  m e d i u m  (Eagle 's  M E M ,  Nissui ,  Co . ,  Tokyo ,  J apan)  supp l emen ted  with  5% 
foetal calf s e r u m  (FCS)  and  2 mmol /1  o f  L-glutamine.  T h e  fol lowing hantavi ruses  were  u s e d :  1. 
Hantaan virus strain 76 - 118, derived f r o m  Apodemus agrarius coreae (Lee  et al., 1978); 2. Seoul  
virus strain SR-11 (Ki tamura  et al., 1983), derived f r o m  laboratory Wis ta r  rat;  3. s t ra ins  TB-314 and  
KI-262. derived f r o m  Rattus noiyegicus captured  at d u m p i n g  g r o u n d s  in Tokyo  Bay in T o k y o  a n d  
Kami-iso town in Hokkaido ,  J apan  (Arikawa  et al., 1985; 1986). Viruses  were  inoculated in to  t h e  
Vero E6  cell mono laye r s  a n d  main ta ined  with t he  s a m e  m e d i u m  descr ibed above  with  a reduced  
amoun t  o f  F C S  (3%). 

Animals. Six-week-old o r  n e w b o r n  specif ic-pathogen-free  Wis ta r  rats  ( JCL,  Shizuoka  Labora­
tory Animal  Cen t re ,  Shizuoka,  Japan)  were  u sed  in th i s  exper imen t .  Adul t  Meriones unguiculatus 

• 1 and Apodemus agrarius jejensiswere kindly provided by Dr. H. Tamura o f T e i k y o  Medical College, 
Japan, and Dr. K. Tsuchiya o f  Miyazaki Medical College, Japan, respecitvely.  Clethrionomys rufo-

1 h e  canus bedfordiae and  Apodemus argenteus w e r e  captured in a forest  in the  s u b u r b s  o f  Sapporo, 
a b y  Japan. They w e r e  bled by tail cut us ing the filter paper method (Arikawa  et al., 1986). Before the  
e n i -  experiment, the  animals were  checked for  seronegativity to hantavirus. All  the animals inoculated 

j n  with hantavirus were  kept in isolators equipped with a HEPA filter. T h e  experiments  were  carried 
out in a room with class P3 facilities. 
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Experimental infection. All animals were  inoculated by intraperitoneal (i. p.) route with 0.1 ml o 
v irus  suspension (104  0 focus-forming units, FFU/ml). Serum specimens were  obtained f ron 
newborn rats on days  0,21, and 42 after  virus inoculation or f rom 6-week-old rats on days  0, 7, 14 
21, 28, 42, and 70 after  inoculation. 

Detection of viral antigen in organs from infected animals. Internal organs f rom infected animal 
were  collected and fixed with 4% paraformaldehyde for  the detection of  viral antigens using thi 
immunohistological method (Zhang  et at., 1988). Formalin-fixed internal organs were  embeddei  
into paraffin by standard procedures. Tissue  sections (4 n m each) were  deparafTinized in xylem 
and incubated with 0.25 % trypsin PBS at room temperature for  30 min to activate antigenicity b; 
the method of  Hondo  et a/. (1982). Viral antigen was  detected by the  avidin-biotin complex (ABC 
method (Vectastain ABC Kit, Vector Laboratories, Inc. Burlingame, C A .  U.S.A.) with immun 
rabbit antiserum to strain SR-11. 

Immune adherence haemal/urination (I AH A) test. Antibody litres of animal sera were  measurei 
by the IAHA test using essentially the  same method a s  described previously (Sugiyama  et at 
1984). 

Results 

A monolayer culture of Vero E6 cells infected with strain SR-11 was fixei 
with acetone and examined for the presence of viral antigen by the IFA or b 
the ABC technique. Both techniques gave a well-defined, dot-like cytoplasmi 
staining with the anti SR-11 rabbit immune serum (Fig. 1). Since virtuall 
similar patterns and intensities of staining were obtained with the tw 
methods, they were considered to have similar levels of specificity and sensiti 
vity for the detection of viral antigen. Using formalin-fixed tissue sections a 
antigen, the IFA test required at least twice as long incubation period with th 
primary antibody to obtain the same intensity of staining as the ABC metho 
(data not shown). Therefore, the ABC method was applied for the detection c 
viral antigen in tissues of experimentally inoculated rodents. Fig. 2 show 
examples of the immunohistological detection of viral antigen in nerve cell; 
alveolar cells of lung, glomerulus of  kidney and gland cells of salivary glands c 
newborn rats experimentally infected with strain SR-11. 

T o  examine the susceptibilities of various species of  field rodents, adult A 
unguiculatus, C. rufocanus, and A. argenteus were inoculated i. p. with strai 
SR-11, KI-262, TB-314 or Hantaan 76-118. A t  ten weeks  post-inoculation (p. i 
the production of serum antibody and the presence of  viral antigen in tissue 
were compared with those in the adult Wistar rat and A. agrarius. A s  shown i 
Table 1, all the animals formed antibody to each hantavirus inoculated and vir; 
antigen was also detected in some organs of the Wistar rat, A. agrarius, A 
unguiculatus, and C. rufocanus but not in organs of  A. argenteus. Antibody titre 
and the distribution pattern of antigen in the organs varied depending on th 
combinations of animal species and virus strains. Thus,  Wistar rats develope 
higher antibody titres to all the  Rattus-type virus (SR-11, KI-262, and TB-31< 
than to  Apodemus-type strain Hantaan 76-118. In the Wistar rats inoculate 
with strain SR-11 or strain TB-314, one showed viral antigen in the lung tissue 
In one rat from those inoculated with strain KI-262, viral antigen was found i 
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Figs. 1 - 6  
Strain SR-11 virus antigen in Vero  E6 cells (1 and 2) and in t issues o f  newborn rats 25 days  a f ter  
intraperitoneal inoculation (3 through 6) detected by immunohistological methods.  Infected 
Vero E6 cells were  fixed with acetone and w e r e  stained by the indirect immunofluorescent  anti­
body t echn ique  (1) o r  t h e  avidin-biotin complex  (ABC)  m e t h o d  (2). Deparaf f in ized  t issue sec t ions  
were treated with trypsin be fo re  t h e  A B C  staining.  Ant igen  is s h o w n  in epithelial  cells a n d  
alveolar macrophages  o f  t h e  lung  (3), epithelial  cells o f  g lomeru lus  (4), Kupf f e r  cells (5), and  
neurons  o f  t h e  h ippocampus  (6). Original magnif ica t ion,  x400 (1 and  2), x200 (3, 4, 5, and  6), 

reduced  t o  0.65 fold 
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the lung, heart, liver, and spleen. However, no virus-specific staining wa: 
detected in any organs from rats inoculated with strain Hantaan 76-118. 

T w o  of the  A. agrarius inoculated with strain Hantaan 76-118 had IAHAanti  
body titres of  1:128 to a homologous strain but  Rattus-type virus (strain SR-11 
could induce antibody with low (1:32, 32, 64) titres though only Hantaar 
76-118 viral antigen was detected in some organs o f  A. agrarius. Thus,  Rattu. 
norvegicus and  A. agrarius were found to b e  more highly susceptible to thei 
original isolates than to heterologous ones. 

M. unguiculatus produced high (1 024 to 4 096) I A H  A antibody titres wit !  
similar levels for both  Rattus- and  Apodemus-type hantaviruses.  C. rufocanu. 
and  A. argenteus showed similar but  low IAHA antibody titres to all the strain: 
inoculated. Viral antigens of  Rattus-type strains could be detected in som< 
organs of  M. unguiculatus and  C. rufocanus rodents whereas no Hantaan 76-111 
antigen was found in any organs from these rodents. 

T o  see  the difference in virulence between  Rattus and  Apodemus-typ*. 
hantaviruses, newborn rats were inoculated with one of  the three strains of  the 
Rattus-type (SR-11, KI-262, and TB-314) or one strain of  the  Apodemus-typt 
(Hantaan 76-118) hantavirus. T h e  distributions and persistence periods of  vira 
antigens in various internal organs were examined immunohistologically an< 
the results summarized in Table 2. All the  Rattus-type viruses were detected ii 
every organ examined and persisted for at least for  42 days post inoculatioi 
except in the case of  strain SR-11 since all the inoculated rats died on day 25. Ii 
the rats inoculated with strain Hantaan 76-118, viral antigen was also found ii 
various organs at least for 21 days p.i. However, the intensity of  immunohisto 
logical staining, which may reflect to the amount of  antigen, was apparentl; 
weaker than those obtained from  Rattus-type strains. Also,  only brain and lun] 
t issues retained antigen for 42 days p. i. 

IAHA antibody titres were measured up to 42 days p. i. Antibody titres oi 
day 42 are listed in Table 2. Newborn rats produced high antibody levels t< 
Apodemus-type as well as to Rattus-type hantaviruses. Although no differenci 
was  seen among the antigen distribution patterns in the organs from the rat 
inoculated with different strains of  Rattus-type hantaviruses, strain KI-26! 
could induce IAHA antibody titres at least 16 t imes higherthan those from rat 
(1:512) inoculated with strain TB-314. 

Discussion 

T h e  use  o f  the IAHA method and ABC technique has enabled a bette 
understanding of  the infection of rodents by hantaviruses and has demon 
strated the high susceptibilities o f  various species of  rodents to Apodemus- an< 
Rattus-type hantaviruses. Previous studies in Europe have shown that C 
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Table 2. Antibody litres and distribution of virus antigen in organs of newborn rats inoculated 
with Raltus- or Apodemus-type hantaviruses* 

Virus 
strain 

Days 
after 
inocula­
tion 

Tissues** examined for  viral antigen 
IA H A 
an t ibod j  
titres 

Virus 
strain 

Days 
af ter  
inocula­
tion 

Br. Lun.  Hea.  Kid. Spl. Liv. Sal. 

IA H A 
an t ibod j  
titres 

SR-11 21 + +  + + +  + + + + + + + +  + +  256 
+ +  + + +  + + + + + + + +  + +  256 
+ +  + + +  + +  + +  - H -  + +  + +  128 

25 + + +  + + +  + +  - H -  + +  + + +  + +  1024 
+ + +  + + +  + + + + + +  - H - f  + +  512 
+ + +  + + +  • H -  + +  + +  + + +  + +  512 
+ + +  + + +  + + + + + +  + + +  + +  N.T.  
- H - +  + + +  + + + + + +  - H - +  N.T.*** N.T.  
+ + +  + + +  + + + + + +  + + +  N.T. N.T.  

K1-262 21 + + +  - H - +  + + + + + +  + + +  + +  512 
+ + +  + + +  + + + + + +  + + +  + +  512 
+ +  + +  + + + + + +  + + +  + +  512 

42 + +  + +  + + + + + + + +  + +  > 4 0 9 6  
+ +  + +  + +  - H -  + +  + +  + +  > 4 0 9 6  
+ +  + +  + + + + + + + +  + +  > 4 0 9 6  
+ +  + +  + + + + + + + +  + +  > 4 0 9 6  

TB-314 21 + + +  + + +  + + + + + +  + + +  + +  256 
+ + +  + + +  + + + + + +  + + +  + +  256 
+ + +  + + +  + +  - H -  + +  + + +  + +  256 

42 + +  + +  + + + + + + + +  + +  512 
+ +  + +  + +  + +  + +  - H - + +  512 

Hantaan 21 + +  - H - + + +  + +  + + 1024 
76-118 + +  + +  + 4 4 -  + +  + + 512 

+ +  ++ + + +  + + + 256 

42 + +  + _ _ _ _ _ 2048 
+ +  + - - - - 2048 
+ + " " - - 2048 

' N e w b o r n  r;its were inoculated i.p. with I04 F F U  o f  Apodemus- or  W«//i/i-derived hantav 
ruses. Internal  organs  were collected 21 or  42 days p.i. Viral antigen in tissues was examine 
by I he ABC method  and scored as negative, + :  weak positive, + + :  positive, and I I I 
s t rong positive. 

**Hr. - brain, Lun.  - lung. Kid. - kidney, Spl. - spleen,  Liv. - liver, Sal. - salivary gland. 
***N.T. - Not tested 
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glareolus is t h e  main reservoir  o f  a Clethrionomys-type hantavirus  (Puumala  
virus), b u t  several  o ther  species  o f  rodents  w e r e  a l so  f o u n d  t o  b e  seroposi t ive  or 
antigen-positive (Yanagihara  a n d  G a j d u s e k ,  1987). T h e  epidemiologic  f indings  
and studies  reported h e r e  s u g g e s t e d  that  a variety o f  rodent  species  could b e  
involved a s  reservoirs  o f  hantav i ruses  in nature.  

Since no  viral antigen o f  strain SR-11 w a s  detected in any  organs  o f  experi­
mental ly  inocu la ted  A. agrarius a n d  A. argenteus, t h e  i n fec t ion  w a s  c o n f i r m e d  
only f r o m  t h e  serological  e v i d e n c e  o f  l ow I A H A  a n t i b o d y  t i t r es  (1:32 t o  64). 
N u z u m  etal. (1988) r e p o r t e d  in  t h e i r  a n i m a l  e x p e r i m e n t  t h a t  i .m.  inocu la t ion  o f  
1 .3xl0 6 0  P F U  o f  inac t iva ted  s t ra in  H a n t a a n  7 6 - 1 1 8  c o u l d  i n d u c e  on ly  negl igible  
ant ibody t i t res .  I n  o u r  e x p e r i m e n t ,  a n i m a l s  w e r e  inocu la t ed  wi th  on ly  l.OxlO3 

P F U  o f  t h e  vi rus .  T h e r e f o r e ,  t h e  low I A H A  a n t i b o d y  t i t r es  h a d  t o  b e  i n d u c e d  by 
t h e  actual  in fec t ion .  

Y a m a n o u c h i  et at. (1984) r e p o r t e d  t h a t  s t ra in  H a n t a a n  76-118  de r ived  f r o m  
A. agrarius h a d  h i g h e r  v i r u l e n c e  t o  suck l ing  m i c e  t h a n  t o  suck l ing  ra ts ,  w h i l e  
Rattus-derived s t ra in  B - l  w a s  m o r e  v i ru l en t  t o  suck l ing  ra t s  t h a n  t o  suckl ing  
mice  o n  t h e  basis  o f  mor ta l i ty ,  pe r s i s t ency  o f  viral a n t i g e n  in  t h e  t i s sues  o r  ga in  
of  body  weight .  O u r  p r e s e n t  s t u d y  u s i n g  suck l ing  ra t s  a s  wel l  a s  a d u l t  W i s t a r  
rats a n d  A. agrarius a l so  d e m o n s t r a t e d  t h a t  Rattus a n d  A. agrarius s h o w e d  
higher  susceptibi l i ty  t o  t h e i r  o w n  isola tes  t h a n  t o  s t r a ins  isola ted f r o m  d i f f e r e n t  
r oden t  species .  T h i s  d i f f e r e n c e  m a y  re f lec t  t h e  passage  h is tory  o f  t h e s e  s t ra ins  
in Rattus o r  Apodemus spp. o f  r o d e n t s  in  n a t u r e .  

M. unguicuratus s h o w e d  h i g h  ( m o r e  t h a n  1:1 024) I A H A  a n t i b o d y  t i t r es  t o  
b o t h  Rattus- a n d  Apodemus-derived s t ra ins .  I t  h a s  b e e n  r e p o r t e d  t h a t  Meriones 
shows  h ighe r  suscept ibi l i ty  t o  Rattus-type, Apodemus-type a n d  Clethrionomys-
type han tav i ruses  ( Z h u  et al., 1984; Y a n a g i h a r a  et a/., 1985). O u r  r e su l t s  a lso  
con f i rmed  t h a t  t h e  a n i m a l  w a s  h ighly  suscep t ib l e  t o  Rattus-type s t ra ins  i so la ted  
in Japan .  C. rufocanus a n d  A. argenteus, o n  t h e  o t h e r  h a n d ,  d e m o n s t r a t e d  t h e  
poo r  ability t o  p r o d u c e  a n t i b o d i e s  t o  b o t h  Rattus- a n d  Apodemus-type han tav i ­
ruses.  T h u s ,  suscept ibi l i t ies  o f  r o d e n t s  m a y  vary acco rd ing  t o  t h e  c o m b i n a t i o n  
of  r o d e n t  spec ies  a n d  v i ru s  s t ra ins .  

All n e w b o r n  ra ts  i nocu l a t ed  w i t h  s t ra in  SR-11 d i e d  o n  day  25 p .  i., wh i l e  
s trains KI-262 a n d  TB-314  did  n o t  c a u s e  a n y  s y m p t o m s  in  n e w b o r n  rats .  
F u r t h e r m o r e ,  s t ra in  KI-262 i n d u c e d  a n  a n t i b o d y  t i t re  i n  ra ts  m o r e  t h a n  16 t i m e s  
h igher  t h a n  t h a t  o f  s t ra in  TB-314,  a l t h o u g h  t h e  d i s t r ibu t ion  p a t t e r n  a n d  q u a n ­
tity o f  an t i gen  in t i s sues  w e r e  s imi lar  in  t h e  t w o  s t ra ins .  T h e s e  r e su l t s  ind ica ted  
tha t  v i ru lence  a m o n g  Rattus-type h a n t a v i r u s e s  was  h e t e r o g e n e o u s .  

I n  t h e  p r e s e n t  s t u d y ,  w e  app l ied  t h e  A B C  m e t h o d  f o r  t h e  d e t e c t i o n  o f  viral 
ant igen in  t h e  o r g a n s  o f  expe r imen ta l ly  i n f e c t e d  an ima l s .  S ince  viral an t i gen  i n  
t h e  formal in- f ixed  t i s s u e  s e c t i o n s  w a s  act ivated b y  br ie f  t r e a t m e n t  w i t h  t ryps in  
a n d  de t ec t ed  easily b y  appl ica t ion  o f  t h e  avid in-b io t in  s y s t e m ,  t h i s  t e c h n i q u e  
provided a q u i t e  accura te  a n d  s a f e  p r o c e d u r e  f o r  t h e  d iagnos i s  o f  i n fec t ion .  I n  
addi t ion,  t h e  I A H A  t e s t  d o e s  n o t  e m p l o y  t h e  compl i ca ted  s y s t e m  necess i a t ed  
by t h e  species-specif ic  s e c o n d  a n t i b o d y  u s e d  in  t h e  I F A  t e s t .  T h e  c o m b i n a t i o n  
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o f  immunohistological  and serological t echniques  may b e  a u s e f u l  tool f o r  
epizootiological s tud ies  o f  viral zoonos i s  a m o n g  d i f f e r e n t  rodent  species.  
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