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Summary 
A tissue-culture-grown enteric coronavirus infected the whole of the gastro- 

intestinal t ract  and caused enteritis and diarrhoea in a 10-day-old gnotobiotie 
Friesian calf. Diarrhoea occurred 2 days after inoculation and excretion of virus 
in faeces and rectal swabs increased until necropsy at  3 days. Virus growth, as 
detected by  indirect immunofluorescence, virus isolation, and thin section electron 
microscopy, was most extensive in the epithelium of the colon and rectum at  3 
days after inoculation. No virus was detected in other organs or in the pleural, 
peritoneal and oropharyngeal cavities. The origin and host specificity of this 
coronavirus is discussed. 

* 

A number of coronaviruses causing gastroenteritis have been isolated from 
hosts as diverse as calves (19), mice (2, t l ) ,  pigs (9, 16) and turkeys (22). However, 
at  present there is no conclusive evidence involving coronaviruses in human 
gastroenteritis; coronaviruses of man have so far only been shown to cause mild 
upper respiratory t ract  infections (14). In  addition to these animal enteric 
coronaviruses, coronavirus-like particles (CVLPs) have been identified in faeces 
from calves (18), cats (10), dogs (26), monkeys (5) and man (6, 17, 27), but  their 
nature and role in disease is unclear (14). CVLPs have failed to grow in tissue 
culture; the possible exceptions being the reported growth of human (3, 4) and 
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cat (10) CVLPs in organ cultures. The relationship of CVLPs to coronaviruses is 
not clear at present. 

Recently, however, isolates of a coronavirus have been reported from faeces 
of neonates from an outbreak of necrotising enterocolitis in France (29). The 
characterization of these isolates is important  in order to resolve their origin and 
to determine whether they are indeed human enteric coronaviruses. I t  has been 
suggested by some workers tha t  they may be of bovine origin (14), as several of 
these isolates grew in human rectal tumour cells of the H R T  18 line (31), were 
acid resistant and agglutinated erythrocytes, as has been described for bovine 
coronavirus (BCV) (12). Furthermore,  these isolates had closely similar poly- 
peptide profiles to BCV and cross-reacted with antisera to BCV in an indirect 
immunofluorcscence (IIF) test  (LAroRT]S, unpublished results). The behaviour of 
one of these isolates, CV Paris in a susceptible bovine is an obvious prerequisite to 
clarify their identity. 

Fourth passage CV Paris isolate was g r o ~  in monolayer cultures of H R T  18 
cells at  37 ° C as previously described for BCV (13). The monolayers were harvested 
3 days later, frozen and thawed once and stored at  --70 ° C. A New Zealand white 
rabbit  was bled before immunization to provide preimmune serum. A preparation 
of purified virus (109 particles/ml), of density 1.18 g/ml in a sucrose gradient, was 
emulsified with an equal volume of Freund's complete adjuvant  (FCA). One ml 
of the emulsion was injected subcutaneously into the rabbit  at multiple sites. The 
rabbit  was given a further one ml of virus emulsion in FCA intraperitoneally one 
month after the first inoculation and bled out a week later. Both the preimmune 
and the immune sera were adsorbed overnight at  4 ° C with acetone-dried bovine 
liver powder (Sigma Chemical Company Ltd., Poole, Dorset), using 100 mg 
powder/ml serum. 

A Friesian calf derived by caesarian section at 260 days of gestation was 
maintained in a germ-free environment (32). At 10 days of age the calf was given 
orally 10 ml of 5 th  passage H R T  18 grown CV Paris stock, containing 107-a 
PFU/mI.  Faeces and throat,  conjunctival and rectal swabs were taken just before 
inoculation and then daily until autopsy 3 days after inoculation. These samples 
were plated on blood agar for bacterial isolation and inoculation onto H R T  18 
cells for isolation of coronaviruses. 10 per cent w/v suspensions of faeces were 
also examined by negative staining (8). Rectal temperatures were taken daily 
after caesarian section and after virus inoculation. At  postmortem, the trachea, 
lung, tonsil, thymus, spleen, liver, kidney, salivary gland, thyroid, adrenal gland, 
conjunctiva, the submandibular retropharyngcal, pharyngeal and mesenteric 
lymph nodes, and abomasum, duodenum, jejunum, ileum, colon, rectum and 
faeces were collected and stored at  --70 ° C. 10 per cent w/v suspensions were 
prepared from luman contents collected from the gastrointestinal t ract  (GI). 
Tissue samples were thawed at 37 ° C and homogenized with sand in TenBroeck 
grinders to obtain 5 per cent w/v suspensions. The suspensions of the tissues, 
lumen contents and faeces were clarified and t i trated by I I F  in H R T  18 cells 
(15) and/or examined by negative staining. 

Tissue sections (8 ~m in thickness) were fixed in acetone and then examined 
by I IF .  The sections were incubated with rabbit  CV Paris antiserum or control 
serum at a dilution of 1/100 in Dulbecco's phosphate buffered saline (PBSA) (Oxoid 
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Ltd. ,  Basingstoke,  Hampsh i re )  and  then  wi th  f luoresce in-conjugated  sheep ant i -  
serum to r a b b i t  immunoglobul in  G a t  a d i lu t ion  of 1/30 in P B S A  and  counter-  
s ta ined  with  0.1 per  cent  E v a n s  blue. Controls  were uninfected  cells t es ted  as 
above  and  infected cells t e s t ed  wi th  (a) p re - immune  r a b b i t  serum and  (b) r a b b i t  
an t i se rum to bovine  v i ra l  d ia r rhoea  virus  (BVDV) and  (c) r abb i t  an t i se rum to 
herpesvi rus  of bovine  ma l ignan t  ca t a r rha l  fever  (MCFV) (23). F u r t h e r  controls  
inc luded t issues f rom two convent ional  calves infected with MCFV tes ted  aga ins t  
CV Par i s  an t i se rum and t issues f rom the  CV Par i s  infected calf t es ted  with  (a) 
p re - immune  r a b b i t  serum, (b) r a b b i t  an t i se rum to BVDV and  (e) r a b b i t  an t i se rum 
to  MCFV. The immune  CV Par is  serum had  a t i t re  of 1/1000 b y  I I F .  

No  fever  was recorded in t he  calf f rom b i r th  unt i l  a u topsy  3 days  af ter  v i rus  
inoculat ion.  The  an imal  refused its feed on the  2 n d  d a y  af ter  inocula t ion  and  
the rea f te r ;  the re  was also an  obvious change f rom da rk  brown tenacious  faeces 
to  yel low a t  th is  stage. The an ima l  had  b r igh t  yel low fluid faeces pr ior  to  necropsy  
on the  3 rd  d a y  af ter  inoculat ion.  

Gram nega t ive  rods  and fr inged par t ic les  were de t ec t ed  in faeces from 2 days  
onwards  af te r  hys t e ro tomy .  Bo th  these agents  were considered to  be non pa tho-  
genic con taminan t s  since no clinical abnormal i t i e s  were de tec ted  before the  calf 
was inocula ted  wi th  CV Par i s  a t  10 days  of age. No virus  was i so la ted  from faeces 
or recta l ,  con junc t iva l  and  t h r o a t  swabs t a k e n  before inoculat ion.  

No virus  was isola ted f rom t h r o a t  or eon june t iva l  swabs t a k e n  1, 2 and  3 days  
af te r  v i rus  inoculat ion.  Increas ing  amoun t s  of infect ious coronavirus  par t ic les  
were de tec ted  b y  I I F  in faeces and  rec ta l  swab washings  t a k e n  1, 2 and  3 days  
af ter  v i rus  inocula t ion  (Table 1). However ,  coronavirus  par t ic les  were f irst  
de tec ted  b y  EM in faeces t a k e n  jus t  before nec ropsy  on the  3 r d  d a y  af te r  v i rus  
inoculat ion.  Faeces  conta ined  3.8 × 109 par t i c les /ml ;  t hey  had  a s imilar  morpho logy  
to the  vi rus  inoculum (Fig. 1) and  were agg lu t ina ted  b y  CV Par i s  an t i se rum.  Virus 
par t ic les  were also observed in rectal ,  a b o m a s u m  and  i leum contents  a t  necropsy;  
b u t  no par t ic les  were seen in the  contents  of the  duodenum and  j e junum (Table 2). 

Table 1. Excretion o/ in/ectious virus in the gnotobiotic cal] inoculated with C V  Paris  a 

Days after infection 

Sample b 1 2 3 

Conjunetival swab -re -ve -ve 
Throat  swab -ve -ve -ve 
Rectal  swab -re  1.4 x 104 2.6 × 105 
Faeces 5.2 × 10 2 4.4 × 10 8 2.0 × 10 7 

a Infectious virus was determined by I I F  and calculated as PFU/ml  
b Swabs were washed in 1 mi RPMI maintenance medium. Preinoculation samples 

were negative for infectious virus 

Pathologica l ly ,  no macroscopic  abnormal i t i e s  were observed  in the  GI  t r ac t ,  
a l though  the re  was a loss of ep i the l ium f rom the  t ips  of the  shor tened  villi  of the  
i leum. Foc i  of necrosis occurred  wi th in  the  submueosa l  l y m p h o i d  t i ssue  a t  th is  
level wi th  a mig ra t ion  of neut rophi l s  in to  the  mucosa  and  lumen.  I n  the  colon a 

21"  
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Fig. 1. Two n e g a t i v e l y  s t a i ned  v i rus  par t ic les  found  in  t h e  faeces t a k e n  3 days  post-  
inocu la t ion .  No te  t he  sho r t  set  of surface  p ro jec t ions  (arrowed),  5 - - 1 0  n m  long, a n d  
t h e  longer  se t  17 -.23 n m  long. A p p r o x i m a t e l y  ha l f  of the  par t ic les  h a d  b e t h  sets  of 

projec t ions .  Ba r  represen t s  100 n m  

s imi l a r  a g g r e g a t i o n  of n e u t r o p h i l s  in  t h e  c r y p t s ,  a s s o c i a t e d  w i t h  a c h a n g e  f r o m  

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

MEBUS et al. (20). H o w e v e r ,  t h e s e  h i s to log i ca l  c h a n g e s  i n  t h e  co lon  w e r e  n o t  

a l w a y s  p o s i t i v e  b y  I I F .  

Tab le  2. Presence o] C V  Paris in the gastrointestinal tract o/ the gnotobiotic cal] killed 
3 days a/ter inoculation 

I n f e c t i v i t y  
~ i r u s  

Tissue F luo re scen t  feel in  par t ic les  
Sample  suspens ion  a L u m e n  b t i ssue  sect ions  e in  l u m e n  a 

A b o m a s u m  4.5 × l0  s -ve Very  occasional  3.4 × l0  s 
D u o d e n u m  1.7 × t04 -ve Occas ional  N.O. e 
J e j u n u m  2.3 × 104 - re  OceasionaI  N.O. 
I l e u m  4.7 × t04 -ve Occasional  5.5 × 106 
Colon 7.0 × 106 6.6 × 106 F r e q u e n t  N . D J  
R e c t u m  6.8 × 106 8.2 × 106 F r e q u e n t  6.9 × I0 ~ 

Loglo PFU/g wet tissue; determined by IIF in 10 per cent. w/v suspension 
b Loglo FFU/ml Imnen contents; determined by IIF in I0 per cent w/v suspension 
c An t igen -pos i t i ve  eetls were r e s t r i c t ed  to  t h e  vi l lous ep i the l ium.  Occasional  foci 

~ 2 - - 5  f luorescent  cells per  3 or more  fields of view, f r e q u e n t  feel ~ 3 - - 4  foei of 
5 - - 2 0  f iuoreseent  cells pe r  f ield;  v iewed a t  a magn i f i ca t i on  of 200 × 

d Virus  pa r t i c les /ml  l u m e n  c o n t e n t s ;  d e t e r m i n e d  us ing  l a t ex  spheres  on 10 per  cen t  
w /v  suspens ions  b y  e lec t ron  mic roscopy  

e N.O. N o n e  obse rved  
r N.D.  N o t  done  



Coronavirus Infection of a Calf 323 

The results of the virus isolation are summarized in Table 2; only the 
GI tract was infected. The colon and rectum yielded about 107 PFU of 
virus/g wet tissue and approximately 104 PFU of virns/g wet tissue was recovered 
from duodenum, jejunum and ileum. The abomasum contained a very low titre 
of virus. 

There was good correlation between the detection of virus by E~{ and I IF .  
Using I IF ,  occasional loci of 2 to 3 antigen-positive epithelial cells were seen in 
the villi of the duodenum, jejunum and ileum: very few infected cells were seen 
in the abomasum. Most virus replication was seen in the colon and rectum; 3 or 
4: fool of 4 to 20 infected cells per field of view were seen at a magnification of 
200 × .  At these sites, infection usually involved the apical half of the villi (Fig. 2). 
Infected cells contained virus antigen distributed diffusely thoughout the cyto- 
plasm (Fig. 2), No fluorescent staining was seen in tissue sections tested with 
preimmune rabbit serum or with MCFV or BVDV rabbit antisera. Furthermore 
no fluorescence was seen in the duodenum, jejunum, ileum, colon or rectum from 
two conventional calves infected with MCFV and tested with CV Paris antiserum. 

Fig. 2. Fluorescent loci of CV Paris-infected epithelial cells of the colon, where loci 
are usually seen in the apical half of the villi. Magnification × 180 

Virus particles were found by EM in the cells of the epithelial layer in the 
colon and rectum. The epithelium of the jejunum and ileum contained no virus 
particles. Cells containing virus were found in the intact epithelium of the colon 
and rectum and also free in the lumen of the rectum, but goblet cells and epithelial 
cells contained virus particles. The virnsdnfected cells were focal and each focus 
consisted of one to ten cells. 

The changes observed were consistent with coronavirus morphogenesis reported 
elsewhere (1, 24, 30). Cells containing virus had lost their microvilli and the rough 
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endoplasmie ret iculum was distended and contained amorphous material. Virus 
particles were found in the distended eisternae of the smooth endoplasmie retieulum 
(Fig. 3a), near and within the dilated eisternae of the Golgi apparatus,  in intra- 
cytoplasmic vesicles and occasionally free in the cytoplasm. The virus-eontMning 
vesicles were either scat tered randomly  th roughout  the cells, or si tuated at the 
base or the apex of the cells. The vesicles found in goblet cells appeared to  coalesce 
with the mucous droplets whereas those in the  epithelial cells appeared to be 
released by  cell lysis. The virus particles were similar to those previously reported 
in t I R T  18 cells (14) (Fig. 3b). No "virus factories" or tubules were observed (7), 

Our results show t h a t  CV Paris induced diarrhoea in a gnotobiotie calf and tha t  
3 days after inoculation the whole of the GI  t rac t  was infected, in part icular  the 
colon and rectum. However,  as we only examined one infected animal, the relative 
susceptibility of the epithelium at  different sites in the GI  t rac t  is unclear. Ear ly  
BCV replication occurs in the middle small intestine al though the virus sub- 
sequently spreads to the colon (19). 

Fig. 3. Micrographs of CV Paris-infected epithelial cells. Tissues were fixed in glutara- 
dohyde, post-fixed in osmium tetroxide and stained e n  b l o c  with uranyl acetate. Ultra- 
thin sections were stained with lead citrate, a Virus partieles within extensive distended 
smooth endoplasmic reticulum. Bar represents 5 Bin. b Virus particles, surrounded by 
a trilameltar membrane, seen wit, hin the distended cisternum of the smooth endoplasmic 
reticulum. Budding may be apparent (see arrowed particle). Bar represents 100 nm 
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Our results showed that  CV Paris had a predilection for the GI tract since 
there was no evidence of virus growth in other tissues. There was no detectable 
infection of the epithelia of throat, trachea, lungs and mesenteric lymph nodes. 
BCV has been isolated from lungs and mesenteric lymph nodes of experimentally 
infected calves (19) and TGEV has been isolated from many organs of infected 
pigs (D. J. G~mwEs, personal communication). However, it is not possible to 
exclude the possibility that  earlier low grade infection had cleared from other 
tissues, particularly the mesenteric lymph nodes, by the time that  the calf was 
examined. Similarly, it might be argued, tha t  the cuboidal epithelium of the 
mieroabscesses in the colon was a regenerative lesion in the pathogenesis of 
infection and would not therefore be antigen-positive by I IF .  The pathology of 
infection and the distribution of virus at 72 hours after inoculation is similar to 
that  expected for BCV (20). 

The definition of CV Paris presents difficulties. The virus was an isolate from 
the faeces of a human neonate with necrotising enterocotitis (29). Fringed particles, 
not typical coronaviruses, were seen by EM in fmeeal samples from this child (29). 
Samples of this material were passaged in HRT 18 cells and after several passages 
infectious CV Paris particles were obtained. Three other isolates were made on 
different occasions from other children during the same outbreak of neerotising 
enterocolitis using new batches of medium and serum as control diluents (L~voRTE, 
unpublished results). CV Paris closely resembles BCV in its growth eZaracteristics 
in tissue culture, its agglutination of erythrocytes and its polypeptide profile (12; 
LAPORTE, unpublished results). 

The study described in this paper still does not identify the origin and nature 
of CV Paris but provides us with further usdul  information concerning this virus. 
Its replication in a gnotobiotie calf followed the typical pattern observed for 
enteric coronaviruses, and resembles that  described for BCV. We conclude that  
CV Paris is either BCV or a human enteric coronavirus both having specificity for 
at least two hosts. The recent observation of a case of possible transmission of 
BCV from calves to man (28) is perhaps indicative of a wider host range of BCV 
than has previously been recognized. Several other studies have identified 
alternative hosts for eoronaviruses. ])'or example, TGEV can infect cats (25) and 
dogs (21) as well as pigs, and feline and canine coronaviruses can infect newborn 
pigs (33). In  order to resolve further the origin and nature of CV Paris, studies 
are required to see if CV Paris can produce enteric disease in man. 
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