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Vi ra l  Ca l f  Enter i t is  I 

INTRODUCTION 

The problem of calf diarrhea in a herd may 
be continuous and affect all calves, may affect 
only calves from first calf heifers, or may occur 
after introduction of new animals. Calf diarrhea 
can be devastating when a newly assembled 
herd calves. 

In the past, most cases of calf diarrhea have 
been diagnosed as colibacillosis. Strains of E. 
coli isolated from diarrheic calves have usually 
been resistant to available antibiotics. Other less 
frequent diagnoses have been salmonellosis, clos- 
tridial enteritis, and coccidiosis. Control and 
treatment methods based on bacteriological 
findings generally have not been satisfactory. 

At the University of Nebraska we have 
worked with a reovirus-like agent (13, 18) and a 
coronavirus (15, 22) isolated from diarrheic 
calves and developed diagnostic methods (14) 
for detecting these agents in outbreaks of calf 
diarrhea. Detection of these viruses assists in 
making a specific diagnosis and, more impor- 
tantly, helps locate those herds where unknown 
agents are involved. 

Animals in research on calf diarrhea have 
been naturally-born colostrum-fed calves, colos- 
trum-deprived calves in isolation rooms, and 
gnotobiotic calves. In the search for new 
pathogens, colostrum-derived calves are a valu- 
able aid because they normally lack antibodies 
to the common bovine diseases. However, 
deprivation of colostrum does not  make a calf 
susceptible to agents not  normally pathogenic 
for the bovine. If a colostrum-deprived calf is 
susceptible and a colostrum-fed calf resistant, 
this means the colostrum-fed calf has obtained 
passive protect ion from colostrum. In the study 
of intestinal diseases, the use of gnotobiotic 
calves is the most satisfactory way of  proving 
the pathogenicity of an agent because the flora 
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in these calves can be determined. 
Results from using the reovirus-like and 

coronavirus calf diarrheal agents in colostrum- 
deprived and gnotobiotic calves have helped to 
understand the disease as it occurs in the field. 

REOVIRUS-LIKE AGENT 

REO is an acronym for respiratory, enteric 
orphan. The first viruses of this group were 
isolated from the respiratory and enteric tracts 
of animals. However, because they could not  be 
associated with disease, they were called or- 
phans. 

The calf diarrhea reovirus-like agent belongs 
to the family REOVIRIDAE (5, 23, 24, 25) on 
the basis of  morphology, cytopathogenici ty,  
resistance to lipid solvents, stability at pH3, and 
presence of double straned RNA. An important  
practical property of the calf reovirus-like agent 
is its stability. Feces kept at room temperature 
for 7 mo still contained viable virus (7). 

The recent association of  a reovirus-like 
agent with acute nonbacterial gastroenteritis of 
infants and young children in many parts of the 
world has stimulated extensive studies (1, 2, 3, 
4, 6, 10, 11). As a result of these studies, we 
now recognize a group of morphologically 
similar enteric viruses: reovirus-like agent of 
calf diarrhea, human reovirus-like agent of  
infantile gastroenteritis, reovirusqike agent of 
porcine diarrhea (26). epizootic diarrhea of 
infant mice (EDIM) (21), simian SA 11 virus, 
and O agent from sheep and cattle (12). The 
calf reovirus-like agent is related antigenically 
to the human reovirus-like agent (8, 9, 10), 
porcine reovirus-like agent, and epizootic diar- 
rhea of infant mice (8, 9, 10) and serologically 
unrelated to reoviruses 1, 2, and 3 (9). These 
viruses are called reovirus-like agents. 

Clinical Signs 

The incubation period after oral inoculation 
of a gnotobiotic calf with 10 ml of feces 
containing virulent calf diarrheal reovirus-like 
agent was as short as 12.5 to 13 h. When a low 
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viral t i ter inoculum was used, the incubation 
period was longer. The animal became de- 
pressed, anorectic, had a few strings of thick 
saliva hanging from its lips and developed a 
diarrhea. The diarrheic period lasted 5 to 6 h, 
and the animal passed about 300 ml of liquid 
yellow feces. The volume of feces depended on 
the amount  of milk consumed. Twenty-four 
hours after the onset of diarrhea, the gnoto- 
biotic calf appeared fairly normal, suckled, and 
had pasty feces (17). 

If colostrum deprived calves were contami- 
nated with E. coli before or when inoculated 
with the virus, up to 50% died. If calves were 
inoculated with whole feces from field cases, 
some died before diarrhea began. Most colos- 
trum-deprived calves contaminated with E. coli 
after the diarrheic period lived. Feces from a 
diarrheic gnotobiotic calf were liquid but not  
watery. Watery feces, feces which after collec- 
tion quickly separated into watery fluid and 
small amount of solids, were characteristic of a 
severe secondary bacteria, viz. E. coli infection. 
These calves dehydrated rapidly. 

Pathology 

The changes caused by the reovirus-like calf 
diarrhea agent were studied by inoculating 
gnotobiotic calves orally and examining them at 
necropsy, about .5 h and 4 h after the onset of 
diarrhea. Grossly, all tissues appeared normal. 
The stomach usually contained curdled milk 
and thick saliva. The contents of the small 
intestine and colon were liquid. At the onset of 
diarrhea, most of the small intestine was lined 
by immunofluorescent tall columnar villous 
epithelial ceils. Within 4 h after the onset of 
diarrhea, the immunofluorescent positive tall 
columnar intestinal villous epithelial cells were 
lost and replaced by low cuboidal cells. 

On the basis of the light, immunofluores- 
cent, and electron microscopic findings in this 
series of gnotobiotic calves, the following path- 
ogenesis of diarrhea was proposed (17). The 
reovirus-like agent replicates primarily in the 
mature villous epithelial cells. At  the onset of 
diarrhea, the intestine is lined by morphologi- 
cally normal epithelium, but  the cells contain a 
large quantity of viral antigen. The viral infec- 
tion of the villous epithelial cells redirects the 
cell function from absorption to virus produc- 
tion, and the digestive fluids and partially 
digested milk accumulate in the intestinal lu- 

men. The infected epithelial cells have an 
accelerated migration toward the tip of the villi, 
are shed from the ends of the villi, and are 
replaced by an immature epithelium. 

CORONAVIRUS 

The prefix corona is used to designate a 
group of viruses with a particular morphology. 
Viruses in this group viewed by electron micros- 
copy have a central round core surrounded by 
projecting pear-shaped petals. When this type of 
particle was first observed, the radiating projec- 
tions were thought to resemble the corona of 
the sun, hence, the name coronavirus. 

Clinical Signs' 

The incubation period after oral inoculation 
of 10 ml of coronavirus-infected feces is about 
20 h. The calf usually is not as depressed as 
with the reovirus-like infection. Initially, the 
feces are liquid and yellowish, with the volume 
depending on the amount of  milk fed. After the 
initial diarrhea, the liquid feces contain curds 
and mucus. The main clinical difference be- 
tween the reovirus-like and coronavirus infec- 
tions is that the coronavirus infected calf 
continues to have diarrhea for 5 to 6 days (16). 
Bacteriologically sterile calves have become 
moribund or died 48 to 62 h after the onset of 
diarrhea. These calves had blood packed cell 
volumes of 45 to 50%, indicating severe dehy- 
dration. 

Pathotogy 

Grossly there was no lesion except liquid 
intestinal contents in calves necropsied 4 h after 
onset of diarrhea. At  48 h after the onset of 
diarrhea, there was submicroscopic villous atro- 
phy. 

The histologic lesions in calf diarrhea coro- 
navirus infection were studied with gnotobiotic 
calves. Lesions occurred in the small and large 
intestines. At the onset of diarrhea, the small 
and large ineestines were lined by morphologi- 
cally normal epithelium which contained a large 
quantity of viral antigen. Calves killed 48 to 96 
h after the onset of diarrhea had severely 
shortened small intestinal villi covered by a 
cuboidal epithelium. In the large intestine, the 
colonic ridges were atrophied and were covered 
by a cuboidal epithelium; scattered colonic 
crypts were dilated and lined by squamous to 
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cuboidal  epi thel ia l  cells. These  calves h a d  ex ten-  
sive i m m u n o f l u o r e s c e n c e  in the  colonic  ep i the-  
l ium (16) .  

The  m e c h a n i s m  for  ini t ial  d ia r rhea  in coro- 
navirus  in fec t ion  is bel ieved to  be  similar  to  
t ha t  p roposed  fo r  t he  reovirus-l ike agent ,  w i th  
the  c o n t i n u o u s  d ia r rhea  resu l t ing  f r o m  severe 
villous a t r o p h y  and  p ro longed  damage  to  the  
in tes t ina l  ep i the l ium.  

ROLE OF BACTERIA  IN ENTERIC 
V I R A L  INFECTIONS 

Bacter ia  viz. E. coli compl i ca t e  and  f r equen t -  
ly increase the  severi ty  of  these  viral  infec t ions .  
As n o t e d  above,  t he  viral i n fec t ions  a l ter  
n o r m a l  d iges t ion and  a b s o r p t i o n  f r o m  t he  
in tes t ine .  Therefore ,  I believe t h a t  it is the  
a l tered phys io logy  and  resu l t an t  increase in 
par t ia l ly  digested mi lk  in the  in te s t ine  t h a t  
enables  the  bacter ia l  p ro l i fe ra t ions  to  occur.  
The  damaged  in tes t ina l  e p i t h e l i u m  t h e n  allows 
bac te r ia  to  en t e r  the  body .  A l t h o u g h  the  
p r imary  in fec t ion  ma y  be viral, rapid dehydra -  
t ion  and  dea th  wi th in  12 to  24  h af te r  the  onse t  
of  d iar rhea  are due to  bacter ia .  

BIOLOGICAL  CONTROL OF REOVI  RUS-LI KE 
A N D  C O R O N A V I R U S  D I A R R H E A  

Both  viruses have been  a d a p t e d  to grow in 
cell cu l tu re  and  have been  a t t e n u a t e d .  T he  
reovirus-l ike agen t  is commerc ia l ly  avai lable as 
an oral vaccine.  The  coronavi rus  is cu r ren t ly  
being field t e s t ed  as an oral vaccine.  Ini t ial  
p r o t e c t i o n  by  these  vaccines  is appa ren t ly  by  an 
in te r fe rence  p h e n o m e n o n ,  and  at 5 to  7 days 
pos t -vacc ina t ion  p r o t e c t i o n  resul ts  f r o m  locally 
p roduced  a n t i b o d y  (15,  20).  

In b o t h  the  reovirus-l ike and  coronavi rus  
infect ions ,  c i rcula t ing  a n t i b o d y  does no t  seem 
to be protec t ive .  

FUTURE RESEARCH 

The  d iagnos t ic  t e c h n i q u e s  deve loped  dur ing  
inves t iga t ion  of  the  reovirus-l ike agen t  and  
coronavi rus  are be ing  a d a p t e d  for  use in o t h e r  
o u t b r e a k s  of  calf  d iar rhea  as an  aid in de t ec t i on  
of  new agents .  

REFERENCES 

1 Bishop, R. F., G. P. Davidson, I. H. Holmes, and B. 
J. Ruck. 1973. Evidence for viral gastroenteritis. N. 
Engl. J. Med. 289:1096. 

2 Bortolussi, R., M. Szymanski, R. Hamilton, and P. 
Middleton. 1974. Studies on the etiology of acute 
infantile diarrhea. Pediatr. Res. 8: 379. 

3 Bruce White, G. B., C. I. Ashton, C. Roberts, and 
H. E. Perry. 1974. "Rotavirus" in gastroenteritis. 
Lancet 2:726. 

4 Conldin, R. H., H. L. DuPont, M. C. Goldschmidt, 
and J. T. Rodriquez. 1975. Occurrence of "viral 
particles" in diarrhea: Houston, Texas and Guate- 
mala. N. Engl. J. Med. 292:644. 

5 Fernelius, A. L., A. E. Ritchie, L. G. Classick, J. O. 
Norman, and C. A. Mebus. 1969. Cell culture 
adaptation and propagation of a reovirus-like agent 
of calf diarrhea from a field outbreak in Nebraska. 
Arch. Gesamte Virusforsch. 27:364. 

6 Flewett, T. H., A. S. Bryden, and H. Davies. 1973. 
Virus particles in gastroenteritis. Lancet 2:1497. 

7 Flewett, T. H., A. S. Bryden, and H. Davies. 1975. 
Epidemic viral enteritis in a long stay children's 
ward. Lancet 1:4. 

8 Flewett, T. H., A. S. Bryden, H. Davies, G. N. 
Wood, J. C. Bridger, and J. M. Derrick. 1974. 
Relation between viruses from acute gastroenteritis 
of children and newborn calves. Lancet 2:61. 

9 Kapikian, A. Z., W. L. Cline, C. A. Mebus, R. G. 
Wyatt, A. R. Kalica, H. D. James, D. Van Kirk, R. 
M. Chanack, and H. W. Kim. 1975. A new 
complement-fixation test for the human reovirus- 
like agent of infantile gastroenteritis using the 
Nebraska calf diarrhea virus as antigen. Lancet 
1:1056. 

10 Kapikian, A. Z., H. W. Kim, R. G. Wyatt, W. J. 
Rodriquez, S. Ross, W. L. Cline, R. H. Parrott, and 
R. M. Chanock. 1974. Reovirus-like agent in 
stools: Association with infantile diarrhea and 
development of serologic tests. Science 185:1049. 

11 Konno, T., H. Suzuki, and N. lsbida. 1975. 
Reovirus-like agent in Japanese infants in gastro- 
enteritis. Lancet 1:918. 

12 Lecatsas, G. 1972. Electron microscopic and sero- 
logical studies on simian virus S.A.11 and the 
"related" O agent. Onderstepoort J. Vet. Res, 
29:133. 

13 Mebus, C. A., M. Kono, N. R. Underdahl, and M. J. 
Twiehaus. 1971. Cell culture propagation of neo- 
natal calf diarrhea (scours) virus. Can. Vet. J. 
12:69. 

14 Mebus, C. A., M. B. Rhodes, and E. L. Stair. 1971, 
Laboratory techniques for demonstrating Nebraska 
calf diarrhea virus. US Anim. Health Ass. 75th 
Ann. Meeting Proc., 599. 

15 Mebus, C. A., E. L. Stair, M. B. Rhodes, and M. J. 
Twiehaus. 1973. Neonatal calf diarrhea: Propaga- 
tion, attenuation and characteristics of a coronavi- 
rus-like agent. Amer. J. Vet. Res. 34:145. 

16 Mebus, C. A., E. L. Stair, M. B. Rhodes, and M. J. 
Twiehaus. 1973. Pathology of neonatal calf diar- 
rhea induced by a coronavirus-like agent. Vet. 
Path. 10:45. 

17 Mebus, C. A., E. L. Stair, N. R. Underdahl, and M. 
J. Twiehaus. 1974. Pathology of neonatal calf 
diarrhea induced by a reo-like virus. Vet. Pathol. 
8:490. 

18 Mebus, C. A., N. R. Underdahl, M. B. Rhodes, and 

Journal of Dairy Science Vol. 59, No. 6 



1 1 7 8  MEBUS 

M. J. Twiehaus.  1969. Calf diarrhea (scours): 
Reproduced with a virus f rom a field outbreak.  
Nebraska Agr. Exp. Station, University of  Nebras- 
ka, Lincoln. Nebraska Res. Bull. 233. 

19 Mebus, C. A., N. R. Underdahl,  and M. J. Twie- 
haus. 1975. Isolation uni t  used in studies on 
neonatal  calf diarrhea. Amer. J. Vet. Res. 33:2335.  

20 Mebus, C. A., R. G. White, E. P. Bass, and M. J. 
Twiehaus. 1975. Immuni ty  to neonatal  calf diar- 
rhea virus. J. Amer. Vet. Med. Ass. 163:880.  

21 Much, D. H., and  1. Zajac. 1972. Purification and 
characterization of epizoodc diarrhea of  infant  
mice virus. Infect. Immun.  6:1019.  

22 Stair, E. L., M. B. Rhodes,  R. G. White, and C. A. 
Mebus. 1972. Neonatal  calf diarrhea: Purification 

and electron microscopy of  a coronavirus-like 
agent. Amer. J. Vet. Res. 33:1147.  

23 Welch, A. B. 1971. Purification, morphology,  and 
partial characterization of  a reovirus-like agent 
associated with neonatal  calf diarrhea. Can. J. 
Comp.  Med. 35:195.  

24 Welch, A. B., and T. L. Thompson .  1973. Physio- 
chemical characterization of a neonatal  calf diar- 
rhea virus. Can. J. Comp. Med. 37:295. 

25 Welch, A. B., and M. J. Twiehaus.  1973. Cell 
culture studies of  a neonatal  calf diarrhea virus. 
Can. J. Comp.  Med. 37:287. 

26 Woode, G. N., and J. C. Bridger. 1974. Causes o f  
piglet enteritis. Vet. Rec. 95:71.  

Journal of  Dairy Science Vol. 59, No. 6 


