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Summary 
The immunoelectron microscopy (IEM) technique has been used for 

the detection of a rabbit  enteric coronavirus (RECV). Immune serum was 
prepared in guinea pigs; the viral antigen used for the immunization 
procedure was obtained from the caecum of a sick rabbit, concentrated by  
centrifugation and purified on Percoll gradient. In order to identify the 
viral particles used in the immunization procedure, the protein pat tern of 
the particles was determined by  electrophoresis and compared with the 
pat tern of other known coronaviruses. Analysis of structural polypeptides 
of the purified viral particles revealed a pattern similar to that  reported for 
other coronaviruses. These polypeptides cross reacted with two other 
coronavirus specific immune sera (IBV and TGE). IEM assay of fecal 
samples collected from healthy and sick rabbits showed the presence of 
immune aggregates in specimens from both sick and healthy rabbits. Those 
aggregates contained viral particules sharing morphological characteristics 
with other coronaviruses. Furthermore, IEM assay was shown to be more 
sensitive than a direct EM procedure to detect coronavirus particles in 
rabbit  feces. This assay also allowed the detection of a larger number of 
chronic carriers. 

* This study was supported by grants from the NSERC (no. G 0965), Ottawa, 
Canada, and from the Department d'Agriculture du Quebec (no. IAF-84-C-1114). 
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Introduetion 

T h e  e l e c t r o n  m i c r o s c o p y  (E.M.)  t e c h n i q u e  is c o m m o n l y  u s e d  to  d e t e c t  

t h e  p r e s e n c e  of c o r o n a v i r u s  p a r t i c l e s  in  feca l  s a m p l e s  co l l ec t ed  f r o m  d i f f e r e n t  

a n i m a l  spec ies  (3, 8, l l ,  14, 18) i n c l u d i n g  m a n  (13). H o w e v e r ,  in  s u s p e n s i o n s  

of  feca l  m a t e r i a l s ,  n u m e r o u s  p a r t i c l e s  d o  n o t  a l w a y s  e x h i b i t  t h e  t y p i c a l  

c o r o n a v i r u s  m o r p h o l o g y  a n d  c o n s e q u e n t l y  a r e  o f t e n  r e f e r e d  to  as  v i rus -  

l ike  or  c o r o n a v i r u s - l i k e  p a r t i c l e s  (5, 7). Th i s  is p a r t i c u l a r l y  t h e  case  w h e n  

r a b b i t  f eca l  m a t e r i a l  is  e v a l u a t e d  for  t h e  p r e s e n c e  of corona~-iruses .  P a r t i c l e s  

h a v e  b e e n  o b s e r v e d  in  feca l  m a t e r i a l  co l l ec t ed  f r o m  y o u n g  r a b b i t s  w i t h  

c l in i ca l  s igns  of e n t e r i t i s  (6, 11, 12). H o w e v e r ,  v e r y  t i t t l e  is k n o w n  a b o u t  

t h e s e  p a r t i c l e s .  T h e y  s h a r e  s o m e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  w i t h  o t h e r  

m e m b e r s  of t h e  f a m i l y  Coronav i r idae  b u t  m o s t  o f t e n  do  n o t  show t y p i c a l  

s u r f a c e  p r o j e c t i o n s .  T h o s e  s t r u c t u r e s  a r e  e i t h e r  s h o r t e r  t h a n  t h e  r e p o r t e d  

l e n g t h  o r  n o t  c l e a r l y  d e f i n e d  a n d  a p p e a r  as  a f u z z y  coa t .  F u r t h e r m o r e ,  

a c c o r d i n g  to  o u r  e x p e r i e n c e ,  c o r o n a v i r u s  p a r t i c l e s  a r e  o f t e n  p r e s e n t  in  low 

t i t e r  in  r a b b i t  feces.  P r o p e r  i d e n t i f i c a t i o n  is t h e n  d i f f i cu l t  to  a c h i e v e  a n d  

i t  h a s  b e c o m e  n e c e s s a r y  to  d e v e l o p  a m o r e  s e n s i t i v e  a s s a y .  F o r  t h a t  p u r p o s e ,  

we c h a r a c t e r i z e d  t h e  s t r u c t u r a l  p o l y p e p t i d e s  of t h e  v i r a l  p a r t i c l e s  in  r a b b i t  

feces  a n d  we  a d a p t e d  a n  i m m u n o e l e c t r o n  m i c r o s c o p y  ( I E M )  t e c h n i q u e  t o  

e v a l u a t e  t h e  p r e s e n c e  of r a b b i t  e n t e r i c  c o r o n a v i r n s  ( R E C V )  in r a b b i t  feces.  

Materials and Methods 

Specimens 

Heal thy  rabbits  were obtained from a commercial colony with a tow incidence of 
enteritis. S i ck  animals were randomly selected among the specimens submit ted  to 
The Labora tory  Animal Diagnostic Service of the Armand-Frappier  Inst i tute.  

A total  of 30 fecal samples were examined. Seventeen were collected from heal thy 
animals and 13 were obtained from young rabbits  showing clinical signs of enteritis. 
The samples were collected from the caecum diluted in phosphate buffered saline as 
a 20 per cent suspension, centrifuged at  3000 × g for 30 minutes in a refrigerated 
centrifuge and the supernatant  frozen at  - - 7 0  ° C until  used. 

Virus Puri]ication and Characterization 

Fecal mater ial  collected from the caecum of a sick rabbi t  was prepared as above, 
purified and characterized. 

For  purification procedures, the materiM was first di luted 1:5 in NTE buffer 
(0.15 ~ NaCI, 0.05 M Tris HC1, 0.001 M EDTA,  p H  7.4) and examined by  E. M. for the  
presence of viral  particles. Aliquots (100 ml) were clarified by  low speed centrifugation 
and banded isopycnically oa Percoll TM self generating isoosmotic gradients (Pharmacia, 
Uppsala, Sweden) adjusted at  1.1 g/cc. Centrifugation was carried out in a type  30 
rotor  (Beckman, Palo, Alto. Co.) at, 30,000 rpm for 30 minutes at  4 ° C. Sucrose gradient  
centrifugation was carried out on 20--50 per cent gradient to determine part icle  
density, using an SW 40 rotor. The HA act ivi ty  was used to monitor  the presence of 
viral particles in the fractions. The assay was done in U- type  microplates using rabbi t  
erythrocytes  as previously described (1 t). Peak fractions were stored a t  - - 7 0  ° C until  
further use. An aliquot of peak fractions showing an elevated I-IA act ivi ty  and con- 



An Enter ic  Coronavirns  of the  R a b b i t  243 

ta ining R E C V  as observed by EM was used to de termine  the  prote in  pa t t e rn  of 
the  viral  particles.  

Electrophoresis and Immunodeteetion 

Elect rophores is  under  dissocating condit ions was carried out  using the  discon- 
t inuous  buffer  sys tem described by  LAEMMLI (1970). Stacking and resolving gels 
consis ted respect ive ly  of 3 per  cent  acry lamide  (0.08 per  cent  bis-aerylamide)  and  
10 per  cent  ac ry lamide  (0.32 per  cent  bis-acrylamide).  Elect rophores is  was carried 
out  a t  65 mA.  Separa ted  proteins  were  then  t ransfered e leet rophoret ieal ly  on nitro- 
cellulose sheets (20). Blo t t ing  was per formed a t  50 v for 2 hours  in buffer. Ni t rocel lulose 
sheets  were then  prepared  for immunode tee t ion  by  washing wi th  buffer  and incuba t ing  
wi th  guinea  p ig  i m m u n e  serum specific for R E C V  prepared  in our  laboratory .  Bound  
specific ant ibodies  were de tec ted  using a f luorescent  goat  ant i -guinea  pig IgG serum 
(Miles Labora tory ,  CA, U.S.A.).  Bands  were visualised by  direct  i l luminat ion  by short  
wave  U V  l ight  (Chromato-vue  cabine t ;  U V P  Inc.  CA) and  pho tographed  wi th  a 
Polaro id  t y p e  107 fi lm using a 480 filter. 

An t i  I B V  (avian infect ious bronchitis),  and ant i  T G E  (porcine t ransmissible  
gastroenter i t is  sera were obta ined  f rom the  Centre de recherche en mddecine v6tgrinaire,  
I n s t i t u t  Armand-Frapp ie r .  F luorescen t  ant isera  to guinea pig, chicken and porcine 
IgG were obta ined  commerc ia l ly  (Miles Laborator ies ,  CA, U.S.A.) .  

Production o] Guinea Pig Immunoserum to REC V 

Percoll  g rad ien t  peak fractions showing an e l eva ted  H A  ac t iv i ty  and conta in ing 
purif ied R E C V  as observed by  E M  were used to immunize  two guinea pigs. The  animals  
were first b led f rom the  venous  orbi tal  sinus to ob ta in  p re - immuniza t ion  serum and 
then  immunized  wi th  0.5 ml  of the  H A  fract ion mixed  wi th  an  equal  a m o u n t  of 
comple te  F r e u n d  ad juvan t .  The  p repara t ion  was inocula ted  subcutaneous ly  and  the  
animals  were bled six weeks af ter  to  de te rmine  the  presence of specific hernagglut inat ion 
inhibi t ing (I-II) an t ibody  t i ters  (11). The  sera obta ined  were frozen a t  - - 7 0  ° C. Whole  
unhea ted  serum was used th roughou t  the  eva lua t ion  procedure.  

Electron Microscopy Examination 

Aliquots  (25 ~l) of fecal suspensions and of peak  fract ions used for immuniza t ion  
procedure  were deposi ted onto the  surface of an  agar  mierowell  to concent ra te  the  
samples and a c a r b o n - F o r m v a r  coa ted  copper  gr id was placed face downward  on top  
of the drop. After complete extraction of the aqueous phase into the agar phase, the 
grid was picked up, stained with 3 per cent phosphotungstic acid (PTA) pH 6.8 and 
examined with a Philips EM 300 electron microscope. Each specimen was examined 
for I0 minutes or less if viral particles were observed. 

Immunoelectron 2Viiero,~copy Examination 

H A  fractions f rom the  Percoll  gradient  used for immuniza t ion  and fecal samples 
col lected f rom hea l thy  and sick rabbi ts  were eva lua ted  for the  presence of RECV.  The  
specimens were first  f i l tered th rough  a 0.22 n m  filter to e l iminate  na tura l  aggregates .  
T w e n t y  five ~1 of the  f i l t ra te  ob ta ined  were then  mixed  wi th  an equal  quan t i t y  of 
specific an t i serum di luted 1/40 and deposi ted on an agar  well as described above.  A 
carbon  fo rmvar -coa ted  grid was over la id  on top  of the  drop and after  a lmost  comple te  
hydroex t rae t ion ,  the  grid was s ta ined wi th  P T A  and  examined  by EM. Control  grids 
were prepared  using p re . immuniza t ion  serum sample.  Each  specimen were examined  
for 10 minutes  or less if i m m u n e  aggregates  were observed.  

Statistical Analysis 

The exac t  F isher ' s  tes t  (t) was used to analyse the  results obtained.  
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Results  

RECV banded isopycnieally at a density of 1.06 g/co on Percoll gradients 
(Fig. 1). The presence of complete viral particles in the peak fractions 
{9---12) were identified by  HA assay (Fig. 1) and confirmed by  EM exami- 
nation (Fig. 2 a). On sucrose gradients, the viral particles banded at a density 
of 1.18. 
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Fig. 1. Isopycnic  pur i f ica t ion of R E C V  in Percoll  self genera t ing  gradient  (p ~ 1.1 g/ee). 
Centr i fugat ion was carr ied out  in a t ype  30 rotor  (25,000 rpm,  45 minutes  4 ° C). 
Frac t ions  of 1 ml  were collected and assayed for hemagglu t ina t ing  ac t iv i ty .  Dens i ty  

was de te rmined  using cal ibrat ion beads (Pharmaeia)  

Coronavirus particles (Fig. 2 a.) appeared as spherical enveloped particles 
with a diameter ranging between 40 and 50 nm without peplomers. An 
inner tongue shape and a double shell envelope were also seen in a large 
number of particles. Peplomers between 10--12 nm in length were observed 
but  were often broken. Fractions 13 to 22 contained mostly viral fragments 
or aggregated hemagglutinin. 

H I  antibody titers were found in guinea pig serum following immuni- 
zation procedure. No detectable titers were observed in pre-immune serum. 
When an aliquot of diluted immune serum was reacted with the viral HA 
fraction used for immunization, immune aggregates were observed by 
IEM (Fig. 2b). The immune aggregates formed showed the presence of 
numerous coronavirus particles of variable sizes surrounded by  antibodies. 
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Electrophoresis pattern reacted with guinea pig anti-RECV revealed 
8 structural proteins ranging from 100,000 to 34,000 molecular weight: 
7 were associated with the envelope (100,000, 82,000, 81,000, 76,000, 

Fig. 2. A Coronav i rus  par t ic les  obse rved  in  f r ac t ions  9 - - 1 2  of a Pereol l  g rad ien t .  N o t e  
t h e  sho r t  surface  p ro jec t ions  seen in few par t ic les  (arrow).  B I m m u n e  aggrega tes  
obse rved  b y  I E M  fol lowing r eac t i on  of a n  a l iquo t  of d i lu ted  s e rum w i t h  t h e  vi ra l  
H A  f r a c t i o n  used  for i m m u n i z a t i o n .  C Coronav i rus  par t ic les  as obse rved  in  r a b b i t  
fecal  samples .  Sur face  p ro jec t ions  (arrow) are genera l ly  poor ly  defined.  D I m m u n e  
aggrega te  obse rved  b y  IE1V[ in  r a b b i t  fecal sample .  I m m u n o g l o b u l i n s  a p p e a r  as  a 

fuzzy  coa t  s u r r o u n d i n g  t h e  v i ra l  par t ic les .  B a r - ~  100 n m  

17 Arch. ¥irol. 84/3--4 
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7i,000, 65,000 and  34,000) and one wi th  the  nueleoeapsid (54,000) (Fig. 3A 
and  Table  t). Immunob lo t t i ng  of the same prote in  profile with a chicken anti-  
I B V  serum, permi t  the  identification,  by  crossed reaction,  of only 6 of the 
polypept ides :  5 associated with the  envelope (100,000, 82,000, 76,000, 
71,000 and 34,000) and the  54,000 nucleoprotein  (Fig. 3B and  Table  1). 

Fig. 3. SDS PAGE analysis of RECV. After electrophoresis proteins were transfered 
to nitrocellulose membrane and reacted with specific anti-eoronavirus serum. Imrnuno- 
blots were revealed with matching fluoresceine labelled goat anti IgG probes..4 Traek I : 
tl~ECV blot reacted with guinea pig immune se4"a revealed with goat anti guinea pig 
IgG labelled with fluoreseeine. Track 2: Standard molecular weight proteins: phos- 
phorylase B(92K), L e n s  c u l i n a r i s  leetin (49K) and trypsinogen (24K) revealed with 
rabbit immune sera and goat anti*rabbit IgG fluorescein probe. B Track 1: RECV 
blot revealed with a specific pig anti-TGE serum (Transmissible Gastroenteritis Corona- 
virus) ; Track 2 : I~ECV blot reveMed with a specific avian anti-IBV sera (infectious 
bronchitis eoronavirus) ; Track 3 : control lgECV revealed with specific g~ainea pig anti- 

I~ECV 

Immunob lo t t ing  of the  IIECV profile with the  an t i -TGE serum identified by  
cross reaction,  5 polypept ides :  4 associated with the envelope (100,000, 
82,000, 76,000, 34,000) and the  54,000 nucleoprotein.  

Table  2 summarizes  the  results obta ined by  EM and  I E M  techniques  
for detec t ion of I~ECV in sick and hea l thy  animals. By  EM technique,  
4 out  of 17 hea l thy  rabbi ts  (23.5 per cent) and 3 out  of 13 sick animals 
(23 per cent) were found  posi t ive for the presence of RECV. Using the  I E M  
procedure,  14 out  of 17 hea l thy  rabbi ts  (82.3 per cent) and 10 out  of 13 sick 
animals (76.9 per  cent) were found  positive. In  the  posit ive specimens 
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Table 1. REC V structural proteins as identi]ied by a guinea pig anti REC V sera, and by 
cross reaction with. anti I B V  and TGE sera a 

Guinea pig ant i -REC Chicken ant i -IBV Porcine anti-TGE 

100,000 100,000 100,000 
Envelope 82,000/81,000 82,000 82,000 

76,000 76,000 - -  
71,0O0 71,000 7t,000 
65,000 - -  - -  

Nucleoprotein 54,000 54,000 54,000 

Matrix 34,000 34,000 34,000 

a Data  compiled from Figs. 3A and B 

Table 2. Detection o] REC V in ]ecal material collected ]rom healthy and sick rabbits using 
E M  and 1 E M  procedures 

N. positive/totM N. (%) 

Procedures Heal thy animals~ Sick animals b 

EM 4/17 (23.5) 3/13 (23) 
IEM 14/17 (82.3) 10/13 (76.9) 

Significantly different (p=0.004) 
b Significantly different (p = 0.023) 

observed by EM, the viral particles were difficult to identify. They were 
in limited number not well defined and the surface projections were generally 
damaged (Fig. 2c). However when the IEM assay was used, immune 
aggregates were easily detected (Fig. 2d). These aggregates were formed 
by  particles of various sizes surrounded by immunoglobulins. Although 
the surface projections were short and most often covered by  antibodies, 
they were distinguishable in some particles. The results of the statistical 
analysis indicate a significant difference (p=0.023) between the number 
of positive specimens collected from sick animals. A significant difference 
was also obtained (p=0.004) between positive specimens collected from 
healthy animals. 

Diseussion 

For some time now, a coronavirus has been implicated in the etiology 
of rabbit  enteritis (11). Morphological evidence based on EM studies of 
fecal samples had lead to this hypothesis. Data are now presented to support 
our preliminary report of a coronavirus enteric infection in rabbits. 

Viral particles purified from fecal material collected from the caecum 
of a rabbit  showing clinical signs of enteritis were purified on Percoll gradient. 
Their morphology and antigenicity were well preserved. Particles banded 

17" 
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at the same density reported for other enveloped viruses (17). In  sucrose 
gradients, virus banded at a density of 1.18, as reported for other corona- 
viruses (16). Furthermore, a specific antiserum was prepared in guinea, pigs 
and was used to identify the structural proteins of the RECV by immune- 
detection of virus protein blots on nitrocellulose and to develop an immune- 
electron microscopy assay for the rapid diagnosis of this specific virus in 
rabbit feces. 

The eleetrophoretic profile of the structural proteins confirms that  these 
virus particles had the same structural protein profile as member of the 
family Coronav ir idae .  The pattern of structural proteins should be exem- 
plified by the group prototype, IBV which has been shown by Cavanagh 
(1981) to contain three membrane proteins of 94,000, 84,000 and 30,000 
and a nueleoprotein of 54,000 molecular weight. The pattern of enveloped 
protein of RECV is more complex consisting of five proteins 100,000, 82,000, 
81,000, 76,000, 71,000, 65,000 while good agreement is reached for tile 
nucteoprotein at 54,000 and the matrix protein at 34,000. Since we already 
known, by EM studies, that  the viral peplomers are damaged, it is not 
unexpected that  we find multiple bands in the 82,000 to 65,000 molecular 
weight which could be broken peplomers. 

Our results with the two other coronavirus specific sera (IBV and TGE) 
is even more interesting. Since both these sera recognized the 34,000 matrix 
protein, the 54,000 nuc]eoprotein and the 100,000, 82,000 and 71,000 
molecular weight envelope protein. Both the t00,000 and 82,000 are 
recognised peplomer proteins (4, 16) and a protein between 60,000 to 
70,000 has been described for mouse hepatitis, bovine coronavirus and 
porcine haemegglutinating encephalitis virus. Our results are in good 
agreement with the typical coronavirus profile. The 76,000 molecular weight 
protein reeognised by the chicken anti-IBV is somewhat of a puzzle: it 
could be a higher molecular weight protein that  has been partially degraded, 
since EM observation confirms that  the spike protein is broken, but  it is 
difficult to understand why the porcine anti-TGE does not recognize it. 
However, the data obtained support the h)xpothesis that  this is indeed a 
coronavirus, and that  there are cross reactions with two other coronaviruses. 
I t  is to be noted that  by blotting we are identifying antibodies that  recognise 
mostly primary and secondary structure epitopes which are likely to be 
more conserved that  tert iary and quaternary epitopes. Those at the surface 
of the viral particle could be recognized by blocking biological activity such 
as infectivity or by IEM. This specific virus has not yet  been cultured 
i n  vi tro.  However, its presence can still be easily detected by IEM assay. 
The results of this study indicate that  this procedure is a useful method for 
the detection of I~ECV. The observation of immune aggregates not  found in 
controls, the diameter of the particles observed and the presence of short 
peplomers indicate that  these particles are coronaviruses. The electro- 
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phoresis s tudy  per formed in the  viral  particles used for the  immuniza t ion  
procedure  confirm their  identif ication.  When  these particles are observed 
by  EM alone, t hey  are found in l imited number  and are often difficult  
to  identify.  The use of specific ant iserum contr ibutes  then  to facil i tate the  
diagnosis of RECV by  eliminating the  ambiguit ies on the identif icat ion of 
this specific virus and by  reducing the  observat ion t ime reques ted  for  its 
identif ication.  The  coronavirus particles are readi ly  found in aggregates 
sur rounded by  antibodies and the  observer  does not  have to re ly  only on a 
specific morphology  for identification.  Fur the rmore ,  the results of statist ical  
analysis confirm, as expected,  the super ior i ty  of IEM over  EM. The 
IEM assay is used in the diagnostic field to evaluate  the  presence of virus 
in specimens f rom various sources (9, 15). In  our  l abora tory  it  is used for 
the  detect ion of human  viruses in fecal mater ia l  submi t ted  for diagnosis 
purposes (2). I t  allows the  identif icat ion of specific viruses and also the  
detec t ion of viral  part icles present  in l imited numbers.  The results of the  
present  s tudy  indicate t h a t  this assay is also a valuable  procedure  for 
detect ion of RECV in rabbi t  feces. 

H e a l t h y  carriers have  also been de tec ted  in the rabbi t  populat ion.  
Posi t ive specimens in hea l thy  animals were de tec ted  with both  procedures 
used. However  I .E.M. seems to detect  more hea l thy  carriers t han  E.M. I t  
is not  surprising to find hea l thy  carriers since theyse  have a l ready been 
repor ted  in different  species (3, 8, 19) including man  (13). However  it  is 
the  first  t ime t ha t  hea l thy  carriers of coronavirus are repor ted  in the  rabbi t  
species. These carriers are quite likely responsible for the  persistence of the  
infect ion in certain colonies where mortal i t ies due to  enterit is  are high. The 
IEM then  becomes a useful tool to recognise the  infect ion and to p reven t  
the in t roduct ion  of infected stock in a colony. The results of the screening 
of all new animals in t roduced  could contr ibute  to the  control  of enteri t is  
due to  coronavirus and thus  considerably decrease the  economical loss due 
to high mor ta l i ty  rate.  
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