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ABSTRACT RESUME

This report is concerned with a consistent
problem of neonatal calf diarrhea (NCD) in a
dairy herd in which, for nearly two years, the
morbidity had approached 100% and the mor-
tality had varied from 20% to 45%. Generally,
diarrhea appeared at three days of age. By the
fluorescent antibody tissue section technique
the two Nebraska NCD viruses (reo-like and
corona-like) were detected in the cytoplasm
of many absorptive cells of the small intestine
from a calf submitted for necropsy. Reo-like
virus antigen was not detected in the absorp-
tive and crypt cells of the colon but coronavi-
rus-like antigen was. An adenovirus was also
isolated from the small intestine of this calf.
The disease was reproduced experimentally in
a two day old colostrum deprived calf with a
bacteria free intestinal homogenate obtained
from the naturally infected calf. Both Nebras-
ka NCD viruses were demonstrated in this ex-
perimental animal. However, the adenovirus
was not re-isolated. Histological lesions ob-
served in the small and large intestines of the
naturally and experimentally infected calves
were similar and because of their good corre-
lation with the immunofluorescent findings, a
combination of the two Nebraska NCD viruses
was thought to be a major cause of the neo-
natal calf diarrhea problem afflicting this
dairy herd.

Ce travail visait a etudier un probleme de
diarrhee neo-natale qui persistait, depuis en-
viron deux ans, dans un troupeau de bovins
laitiers et qui se traduisait par une morbidite
de presque 100%, ainsi que par une mortalite
d'environ 20 a 45%. La diarrhee debutait ge-
neralement chez les veaux ages de trois jours.
L'immunofluorescence permit de deceler la pre-
sence des deux virus de la diarrhee neo-natale
isoles au Nebraska (les virus reo et corona),
dans le cytoplasme de plusieurs cellules ab-
sorbantes de l'intestin grele d'un veau refere
pour necropsie. On ne decela pas la presence
du virus reo dans les cellules absorbantes du
colon, mais on y retrouva le virus corona. On
isola aussi un adenovirus de l'intestin grele de
ce veau. On reproduisit la maladie chez un
veau age de deux jours qui n'avait pas ingere
de colostrum; a cette fin, on utilisa une emul-
sion exempte de bacteries de l'intestin du veau
ayant souffert de l'infection naturelle. On de
montra la presence des deux virus du Nebraska
chez ce veau expe'rimental, mais non celle de
l'adenovirus. Les lesions histologiques de l'in-
testin grele et du colon du veau experimental
et de celui qui avait souffert de l'infection na-
turelle s'avererent semblables. A cause de leur
correlation avec les r'sultats de l'immuno-
fluorescence, on en vint 'a la conclusion que
l'association des deux virus du Nebraska cons-
tituait la principale cause du probleme de diar-
rhee neo-natale qui sevissait dans ce troupeau.
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Neonatal calf diarrhea (NCD) has been
extensively investigated since it is known
to be a major health problem in young
calves (11, 14). For several years Esche-
richia coli was considered to be the main
cause of NCD (7). Other agents including
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chlamydia (13, 15) and viruses such as
bovine viral diarrhea virus (1), infectious
bovine rhinotracheitis virus (12), adeno-
viruses (3, 4), parvoviruses (16) and en-
teroviruses (16) were also suggested as pos-
sible causes of the disease. Recently two
viruses were isolated from cases of NCD
on Nebraska ranches (6, 7, 8, 10). The first
one was a reo-like virus which induced
diarrhea generally within the first 96 hours
of life (5, 7, 10). Incubation period was
very short (13 or 14 hours) and the diar-
rhea was characterized by yellow and liquid
feces. In uncomplicated cases or when
gnotobiotic calves were infected with the
virus recovery usually occurred within 24
hours after the onset of diarrhea (7). The
second virus isolated was a coronavirus-
like agent which was reported to infect
calves between five days and six weeks of
age (7, 8, 9, 10). Gnotobiotic calves infected
experimentally with this virus suffered a
diarrhea, which persisted for several days,
and finally died (7).
The purpose of this report is to describe

clinical observations, gross and microscopic
lesions, virological and immunofluorescence
observations on a case of neonatal calf diar-
rhea in a dairy herd where a combination
of the two Nebraska viruses was thought
to be a major cause of the problem and to
describe the experimental reproduction of
the disease.

MATERIALS AND METHODS

ANIMALS

Two years ago a Holstein breeder ex-
perienced problems with calf diarrhea but
strict observation of a herd health program
and antibiotic therapy satisfactorily im-
proved the condition. Six months later the
farmer complained that calves, born and
raised on pasture, presented acute enteric
problems during their first week of life.
Morbidity reached almost 100% and mor-
tality 45%, although preventive and thera-
peutic treatments were undertaken. Several
survivors manifested rough coat, chronic
enteritis and slow growth. Since that time
this diarrhea has been a consistent problem
in the calves born in this herd with a mor-
bidity rate nearing 1001% and a mortality
rate varying from 20 to 40%. Generally

diarrhea appeared at three days of age.
The first sign was a small thread of blood
on the surface of nearly normal feces. This
was followed by a watery yellowish diarrhea
which severely dehydrated the calf within
24 hours. Antidiarrheic therapy prevented
the appearance of diarrhea within the first
week of life in some calves but most of
them suffered from diarrhea at the second
week of age. Mortality at this age was low
but calves remained thin with rough coat
and chronic enteritis for a prolonged period.
Necropsies had been performed on some of
these calves and a nonhemolytic E. coli
strain resistant to all common antibacterial
agents except the nitrofurans and chlore-
xidine had been isolated from their small
intestines.

In the present study a four day old calf
from this dairy herd was presented alive
for necropsy, 24 hours after the beginning
of profuse, watery and yellow diarrhea. A
two day old colostrum deprived calf was
used in an attempt to reproduce the disease
with a bacteria free intestinal homogenate
obtained from the naturally infected calf
and was necropsied 24 hours after the onset
of diarrhea.

NECROPSY

Calves were electrocuted and exsanguin-
ated. The abdominal cavity was opened im-
mediately and specimens were collected
from the upper, middle, lower jejunum and
colon. They were fixed in 10% neutral buf-
fered formalin and processed for paraffin
tissue sections according to conventional
methods. Sections 6.0 ,u thick were stained
with hematoxylin, phloxin and safran
(HPS) (2). Intestinal specimens obtained
immediately adjacent to those saved for
histopathology were frozen rapidly at -40°C
for immunofluorescence studies. Specimens
from the upper, middle and lower jejunum
were submitted for aerobic (blood, Mac-
Conkey's, SS agar plates and selenite broth)
and anaerobic cultures. Gram stained direct
smears of mucosal scrapings from these
specimens were used to evaluate their bac-
terial population.

FLUORESCENT ANTIBODY TECHNIQUE

The fluorescent antibody tissue section
technique (FAT) was used to search for
the reo-like virus and the coronavirus-like
agent. The two conjugates specific for these
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viruses were obtained commercially'. Pieces
of jejunum and colon were embedded with
OCT embedding medium2 on the cryostat
specimen holder and the gut samples were
oriented to obtain longitudinal sections of
the villi. Sections were cut 8.0 ,u in a
cryostat at -30°C. The slides obtained were
allowed to dry for ten to 15 minutes at 37°C
and were fixed in acetone at room tempera-
ture for 15 minutes. After fixation they
were dried for five minutes at 37°C, flooded
with conjugate and incubated in a moist
chamber at room temperature for 30 min-
utes. These slides were subsequently washed
through three changes (two minutes each)
of a carbonate-bicarbonate buffered saline
solution pH 9.0 (17). The slides were al-
lowed to dry and a coverslip was mounted
on the sections with buffered glycerin (one
part of glycerin to nine parts of carbonate-
bicarbonate buffered saline, pH 9.0). Spe-
cificity of the fluorescence produced by the
conjugates was tested in the following man-
ner: frozen sections from the small in-
testine and colon of newborn calves without
signs of enteric disorders, when stained
with the fluorescent antibody preparations,
failed to show fluorescence similar to that
seen in the naturally and experimentally
infected calves of the study reported here-
in. Intestinal sections from the infected
calves were stained with anti-transmissible
gastroenteritis conjugate. Fluorescence
similar to that produced by the conjugates
specific for the Nebraska NCD viruses was
not observed. Fecal smears were made from
diarrheic feces obtained from another calf
in the herd within five hours after the be-
ginning of diarrhea. These smears were
used for detection of reo-like virus by im-
munofluorescence and the staining proce-
dure was the same as that described for the
intestinal sections.

EXPERIMENTAL REPRODUCTION OF THE
DISEASE

A 20% intestinal homogenate in phos-
phate buffered saline (PBS) was prepared
from jejunal segments and their content
obtained from the naturally infected calf
submitted for necropsy. This homogenate
was centrifuged at 10,000 RPM for 30
minutes. The supernatant fluid obtained

1Reovirus Conjugate and Coronavirus Conjugate. Norden
Laboratories, Lincoln, Nebr. 68501.

2Tissue-Tek, Ames Co., Elkhart, Indiana.

was passed through a 0.45 pu grid mem-
brane' and tested for the absence of bac-
teria. Calf testis cell cultures were used to
search for IBR, BVD viruses and adeno-
viruses. Ten ml of this supernatant fluid
were given orally to a two day old colostrum
deprived calf.

RESULTS

LLINICAL SIGNS EXHIBITED BY THE
EXPERIMENTALLY INFECTED CALF

At 30 hours postinoculation small threads
of blood were seen on the surface of normal
feces from the experimentally infected calf
and six hours later diarrhea occurred. De-
hydration was very severe 24 hours after
the onset of diarrhea. Rectal temperature
reached 103.8.

3Nalgene Filter Unit. Nalge Sybron Corporation, Roches-
ter, N.Y. 14602.

Fic. 1. Section from the middle jejunum of the naturally
infected calf. Epithelial cells covering the upper part
of this villus are undergoing degeneration and desqua-
mation. HPS X240.
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more blunt than normal and covered by
0--ta'' Sffl. vacuolated low columnar epithelial cells. In

several areas of the same segments the
* columnar absorptive cells were undergoing

*Afi wX \ s,. desquamation (Fig. 1) and the upper halfq>Kts s>t3*\;a1 Mt or the tip of several villi was completely
denuded (Fig. 2). Several other villi were

-i ; also blunt and the epithelial cells covering
; them were cuboidal in shape and had a poor-

ly developed brush border (Figs. 2 and 3).
** 'wp4; <X$: *Several of these villi were moderately

shorter than normal and in both denuded
iand non denuded villi there was an increase
in the number of recticulum cells in theirlamina propria. In the lower jejunum and
ileum there were large numbers of desqua-

v. .sZiX.t | 1g:P;Nlmatedcells in the lumen. Intestinal villi
were very atrophic and lined by cuboidal

.i§!F w ii;1 rRi j or squamous epithelial cells (Fig. 4). In
^1rsS 5 l * fE [j !l some areas of the colon, absorptive cells

were undergoing degeneration and desqua-mation, whereas in other areas these cells
were cuboidal in shape rather than
columnar.

4 | g | By the FAT reo-like virus antigen (Fig.

Fig. 2. Section from the upper jejunum of the naturally
infected calf. Notice villi more or less denuded and more
blunt than normal. One villus is completely covered by
cuboidal epithelial cells. HPS X100.

GROSS LESIONS

The naturally infected calf presented for
necropsy was very dehydrated. The small
intestine, cecum, colon and rectum were
distended by a watery, yellow content.
Milk curd was also present. In the lower
jejunum and ileum there was a large amount
of mucosal debris free in the intestinal con-
tent and there were whitish membranes at-
tached to several areas of the intestinal
mucosa in these regions. Gross lesions were
not seen in other organs.

Macroscopic lesions similar to those de-
scribed above were observed in the experi-
mentally infected calf. However, the amount
of mucosal debris in the lower jejunum and
ileum was smaller and whitish membranes
were not observed.

HISTOPATHOLOGICAL AND IMMUNO-
FLUORESCENCE STUDIES

In the upper and middle jejunum of the Fig. 3. Section from the middle jejunum of the naturally
naturallyinfected calf several villi were infected calf. This villus is more blunt than normal andnaturally infected calf several villi were covered by cuboidal epithelial cells. HPS X240.
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of the naturally infected calf were not ob-
served.

BACTERIOLOGICAL STUDIES

Gram stained direct smears from the
upper, middle and lower jejunum of the
naturally and experimentally infected calves

. revealed a very poor bacterial flora. A small
S -s, number of nonhemolytic E. coli was iso-
_I 2%"lated from the jejunum of both calves. Ana-

erobic cultures gave negative results.

r TISSUE CULTURE STUDIES FOR DETECTION OF
IBR, BVD VIRUSES AND ADENOVIRUSES

An adenovirus was isolated from the in-
testinal homogenate obtained from the
naturally infected calf. However, this virus

_i was not reisolated from the intestinal tract
of the experimentally infected calf.

Fig. 4. Section from the lower jejunum of the naturally
infected calf. There is a severe villous atrophy and re-
placement of the columnar absorptive cells by squamous
or cuboidal epithelial cells. Notice the large number of
desquamated cells in the intestinal lumen. HPS X100.

5 ) and coronavirus-like antigen (Fig. 6)
were detected in the cytoplasm of many ab-
sorptive cells in all segments of the small
intestine examined but were not detected
in the epithelial cells lining the crypts of
Lieberktihn. Reo-like virus antigen was not
(letected in the colon samples examined,
whereas the coronavirus-like antigen was
demonstrated in the cytoplasm of absorp-
tive and crypt cells in several areas of the
same specimens (Fig. 7). Reo-like virus Or
was demonstrated by immunofluorescence
in the cytoplasm of numerous intestinal I

epithelial cells in smears from the fecal
sample collected from another calf in the
herd five hours after the onset of diarrhea.
The coronavirus was not demonstrated with
this method. _

Histopathological and immunofluor-
escence observations on the experimentally
infected calf necropsied 24 hours after the
beginning of diarrhea were similar to those Fig. 5. Fluorescent antibody stained section from the
made on the naturally infected calf. How- middle jejunum of the naturally infected calf. Notice

the number of absorptive cells with reo-like virus anti-
ever, severe lesions of villous atrophy like gen in their cytoplasm. Eosinophils present in the lamina
those observed in the lower small intestine propria produce a bright nonspecific fluorescence (ar-
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presence of a severe infection by the two
viruses in the NCD problem reported here-

- in, as demonstrated by the FAT, large num-
bers of columnar absorptive cells in the
small and large intestine were undergoing
degeneration and desquamation, several

- ~ villi were denuded, while several others were
covered by cuboidal cells with a poorly de-
veloped brush border. These extensive dam-
ages to the digestive absorptive surface of
the small intestine and the absorptive
surface of the colon were responsible for
the severe diarrhea and dehydration suf-
fered by calves in this herd.

While it is felt that the Nebraska NCD
viruses were the major etiological agents in
this case, the possible participation of other
infectious agents has not been ruled out.
The significance of the adenovirus isolated
from the intestinal tract of the naturally in-
fected calf is not known. Adenovirus infec-
tion in calves is usually a respiratory di-
sease which can be accompanied by diar-
rhea (3, 4). Calves in the herd under study

Fig. 6. Fluorescent antibody stained section from the
middle jejunum of the naturally infected calf. Notice -
the large numbers of absorptive cells on the villi with
coronavirus-like antigen in their cytoplasm. Xi50.

DISCUSSION

In the NCD problem reported in this
paper the two Nebraska NCD viruses and
an adenovirus were demonstrated. The di-
sease was reproduced experimentally in a
colostrum deprived calf fed with a bacteria
free filtrate from the small intestine of
the naturally infected calf. Both Nebraska
NCD viruses and lesions similar to those
observed in the naturally infected calf were
demonstrated in this experimental animal.
However, the adenovirus was not reisolated.

It has been reported that the reo-like
virus and the coronavirus-like agent infect
the columnar absorptive cells of the small
intestine and cause their degeneration and
desquamation (5, 7, 9, 10). The coronavirus-
like agent also infects the absorptive and
crypt cells of the colon (7, 9, 10). The in-
fected cells are replaced by cuboidal epithe-
lial cells which are just derived from the
crypts of Lieberktihn. Lesions caused by
the coronavirus-like agent were reported Fig. 7. Fluorescent antibody stained section from the
to be more severe and persistent than those colon of the naturally infected calf. Notice the large
caused by the reovirus (7). Because of the numbers of absorptive and crypt cells with coronavirus-cauedbyhereoirs ().Because ofte lk nirni their- CVOam X200.
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didn't have any respiratory problems and
it is well known that adenovirus infection
is rarely observed in calves less than one
week old (3). Some strains of this virus
have been isolated from apparently healthy
animals (3, 4). Parvoviruses have been
isolated from fecal samples of calves af-
fected with an enteric disease (16). This
virus was not searched for in the present
case. It is well established that chlamydial
agents infect the intestinal tract of clinic-
ally normal cattle (13). In some experiment-
ally infected young calves diarrhea has
occurred (15). BVD virus was not isolated
with the cell culture system used. However,
the possible presence of a noncytopathic
strain of the virus has not been ruled out.

This case report emphasizes how complex
the etiology of NCD can be. In order to de-
monstrate the presence or absence of the
Nebraska viruses in a case of NCD the
fluorescent antibody technique would seem
to be the best method when specific con-
jugates can be obtained. Histological lesions
in the mucosa of the small intestine and
colon could be of some help to suggest the
presence of one or both Nebraska viruses.
However, this has to be confirmed by the
FAT, as mentioned earlier or by electron
microscopy examinations (10). It is im-
portant to remember that microscopic le-
sions similar to those described in this
paper could be induced by other injuries to
the absorptive surface of the small and
large intestine.
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