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Summary 
Neutralizing (NT) and hcmagglutination-inhibiting (HI) antibodies to calf 

diarrhea, coronavirus (CDCV) and hemagglutinating encephalomyelitis virus of 
swine (HEV) (strain 67N) were detected in high proportions of normal adult cattle 
and pigs in Japan.  Since comparison of NT and H I  titers in the serum samples 
suggested an antigenic difference between the viruses, cross NT and H I  tests of 
these viruses were carried out with autisera raised in rabbits. The homologous 
NT titers were markedly higher than  the heterologous titers. In  H I  tests essentially 
the same results were obtained. These findings indicate the presence of a marked 
difference in antigenic make-up between CDCV and HEV. NT and H I  tests can 
clearly differentiate the viruses, Mthough there is some cross reaction. 

$ 

Coronaviruses have been reported to be divided into two serological groups by  
the aid of the fluorescent ant ibody technique (4). Calf diarrhea coronavirus 
(CDCV) and hemagglutinating encephalomyelitis virus (HEV) 67N of swine were 
classified in one group, together with mouse hepatitis virus type 3 and human 
coronavirus 0C43. The other group comprized feline infections peritonitis virus, 
transmissible gastroenteritis virus of swine, canine coronavirus and human corona- 
virus 229E. Viruses in each group were antigenically related to each other to 
varying degrees, but were antigenieally unrelated to eoronaviruses of the second 
group. 

During the studies on CDCV and HEV we happened to test  some normal bovine 
and swine sera for neutralizing (NT) and hcmagglutination-inhibiting (HI) anti- 
bodies to these viruses and obtained data suggestive of a marked antigenic differ- 
ence between the viruses. Accordingly we conducted a direct comparison between 
the viruses by NT and H I  tests using antisera raised in rabbits. 
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CDCV passaged in  bovine embryonic  k idney  cells (2) was k ind ly  suppl ied  b y  
Dr. C. A. Mebus, Univers i ty  of Nebraska ,  U.S.A.  I n  our l abo ra to ry  the  virus  was 
shown to  read i ly  repl ica te  and  induce cy topa th i e  effect in cul tures  of a cont inuous  
cell line, BEK-1 ,  der ived  f rom bovine  embryonic  k idney ,  thus  provid ing  a sensi- 
t ive,  p rac t ica l  assay  m e t h o d  and a sa t i s fac tory  source of the  vi rus  (1). I n  the  present  
s t u d y  virus  grown in BEK-1  cells was used. S t ra in  67N of H E V  (3) was k ind ly  
suppl ied  b y  Dr. K.  Hirai ,  Gifu Univers i ty ,  J a p a n ,  and  was grown in p r i m a r y  
swine k idney  cultures.  

NT tes ts  were carr ied  out  b y  the  serum di lu t ion  m e t h o d  using tube  cul tures  
of B E K - i  cells wi th  CDCV and  those  of p r i m a r y  swine k idney  wi th  HEV.  Virus- 
serum mix tu res  were incuba ted  a t  37 ° C for 1 hour  before inocula t ion  in to  2 tube  
cul tures  per  serum di lut ion.  The virus  dose per  tube  was 100 TCID50. The ant i -  
body  t i t e r  was expressed as the  reciprocal  of the  highest  serum d i lu t ion  which 
shouted neu t ra l i za t ion  in a t  least  one of the  2 tubes.  An  a n t i b o d y  t i te r  of 2 or 
higher  was t a k e n  as posi t ive.  

H I  tes ts  were carr ied  ou t  b y  the  micro t i te r  me thod  (5, 6). Infec t ious  cul ture  
f luid was used as H A  ant igen.  F o r  H I  tes ts  the  serum was inac t iva t ed  a t  56 ° C for 
30 minutes  and t r e a t e d  with  Kao l in  to  remove  non-specific inhibi tors  and with  
packed  chicken e ry th rocy tes  to remove  an t ibodies  to  the  e ry throcytes .  The ant igen-  
serum mix tures  were incuba ted  a t  room t e m p e r a t u r e  for 1 hour, mixed  with  chicken 
e ry th roey t e  suspension and  incuba ted  a t  room t e m p e r a t u r e  for 1 hour.  The H I  
a n t i b o d y  t i t e r  was expressed as the  reciprocal  of the  highest  serum di lu t ion  show- 
ing complete  H I  and  t i ters  of 2 or higher  were t aken  as posi t ive.  

Serum samples  f rom 10 norma l  adu l t  ca t t le  and  59 pigs were tes ted  for NT and  
H I  an t ibodies  to  CDCV and  HEV.  Many  of the  bovine and  porcine serum samples  
conta ined  N T  and  H I  an t ibodies  to  these viruses,  i nd ica t ing  d i ssemina t ion  of 
the  viruses or an t igen ica l ly  re la ted  viruses in these animals .  Fu r the rmore ,  the  
bovine  sera had  m a r k e d l y  higher  N T  t i te rs  to  CDCV t h a n  HEV,  while the  porcine 
sera showed s imi lar  N T  t i ters  aga ins t  bo th  viruses;  NT t i t e r  ra t io ,  t tEV/CDCV,  
ranged  from 1:64 to 1:4096 with  bovine  sera and  from 1:1/4 to  1 : 16 with  porcine 
sera. Represen ta t ive  resul ts  are shown in Table  1. H I  t i t e r s  of bovine sera were 

Table 1. Neutralizing ( N T )  and hemagglutination-inhibiting ( H I )  antibodies against 
c~tl] diarrhea coronaviru~ (CDC V ) and hemagglutinating encephalomyelitis virus (HE  V ) 

in representative bovine and swine sera 

Serum ~.~T t i ter  with H I  t i ter  with 

Animal No. CDCV HEV CDCV H E V  

Cattle 

1 32,768 32 640 40 
2 512 8 80 t0  
3 32,768 8 160 20 
4 32,768 32 1,280 80 
5 2,048 8 320 20 

Swine 

1 512 2,048 20 40 
2 512 5t2 20 40 
3 512 32 10 40 
4 t28 i28 l0 40 
5 128 128 40 40 
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also higher to CDCV than HEV, although they were low; HI titer ratio, HEV/ 

CDCV, ranged from 1:2 to 1:16. HI titers of porcine sera were very low to both 

viruses. HI titers of representative sera are also shown in Table i. These results 

suggested that there are antigenic differences between these two viruses. 

Therefore, we conducted a direct comparison between CDCV and HEV by 
cross NT and I-II tests. The antisera used were prepared in specific pathogen free 

rabbits with virus grown in cultured cells and concentrated by ultracentrifugation 

(i). The animals received an intravenous dose of the virus suspension, followed 

at 3 and 6 weeks intervals, by two intramuscular doses of the virus suspension 

mixed with Freund's complete adjuvant, and sera were obtained 3 weeks after the 

last dose. The results are summarized in Table 2. The homologous NT titers were 
much higher than the heterologous titers. In HI tests similar results were also 

obtained. All the serum samples obtained before the immunization were in- 

variably negative in these tests. 

These findings show the presence of a marked difference in the antigenic make- 

up between these two viruses. NT and I-II tests can clearly differentiate the 

viruses, although there is some cross reaction. 

Table  2. Cross neutralization ( N T )  and hemagglutination-inhibition (HI)  tests with 
hemagglutinating encephalomyelitis virus (HE V) and call diarrhea coronavirus (CDC V) 

N T  t i ter  wi th  H I  t i ter  wi th  

An t i se rum H E V  CDCV H E V  CDCV 

H E V  
No. 1 65,536 64 320 40 
No. 2 >65,536 512 1,280 160 

CDCV 
No. 3 4 2,048 10 160 
No. 4 4 1,024 t0 80 
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