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ABSTRACT

Background: Neonatal enteritis is an important disease that causes deaths of animals before 3 weeks of age, and results in
significant economic losses. Viral agents can predispose the young animals to secondary infections in the gastrointestinal
tract, especially in lambs and goat kids younger than 21 days. Although the neonatal diarrhea is common in calves, there
is still little knowledge about pathology, pathogenesis and immunohistochemical localization of viral agents that cause
neonatal enteritis in lambs and goat kids. In this study, we carried out investigations with the aim of detecting adenovirus,
rotavirus, coronavirus and herpes virus in the guts of goat kids and lambs with viral enteritis.

Materials, Methods & Results: Adenovirus, rotavirus, coronavirus and herpes virus antisera were applied to paraffin-
embedded intestinal tissue from neonatal lambs and kids that had died from enteritis. In addition, viral agents in the gut
cells were detected and evaluated by electron microscopy. The study material consisted of 15 lambs and 15 goat kids that
were presented for diagnosis. Viral agents were detected by immunohistochemically in 20 out of 30 animals. Rotavirus
was diagnosed in 10 animals, adenovirus in five, herpes virus in three and coronavirus in two animals; and these results
were supported by the electron microscopy. This study showed that viral agents play an important role in neonatal enteritis
in lambs and kids.

Discussion: Bacteria, viruses and protozoa may have a role in the etiology of neonatal enteritis and identifying the etio-
logical agents is not always possible without laboratory studies. In addition, the immune system of the animal and envi-
ronmental factors are important factors for to occurrence of the disease. The ages of the animals in present study varied
between 1 and 21 days, but susceptibility to infection was most commonly observed between the ages of 1 and 12 days,
and the infected animals immediately died after the appearance of clinical symptoms during this period. The most common
clinical symptoms were fever, depression, dehydration, tenesmus, abdominal swelling and loss of appetite. Histopathologi-
cal examinations revealed mild to severe lesions in the gut samples including hyperemia of vessels, submucosal edema,
desquamation, erosion and ulcers of the epithelial layer of the gut, and inflammatory cell infiltration in the submucosa.
Enlargement of mucus-secreting cells was most commonly observed. These results are common in neonatal enteritis and
an agreement with previous studies and classical knowledge about clinical and pathological findings in this study. The
agents of neonatal diarrhea most often isolated in calves are rotavirus, coronavirus, Cryptosporidium and enterotoxigenic
Escherichia coli. A diagnosis of viral agents can be made by immunohistochemical examination of tissue fixed in forma-
lin. This study revealed that the most common viral agents in lambs and goat kids neonatal diarrhea was rotavirus. In this
study, protozoal and bacterial contamination was also observed. Our current study also showed that coronavirus is not an
important etiological factor, compared with other viral causes of diarrhea in small ruminants. However, according to a
previous study by our group, its incidence has increased and may be an important viral agent in neonatal enteritis in the
future. This study showed that viral etiology was very important to occurring of neonatal diarrhea, practitioners must be
taken into consideration when meet this problem. One of the most important prophylactic measurements may be vaccina-
tion pregnant sheep or goat for passive immunity of offspring.
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INTRODUCTION

Neonatal enteritis in goat kids and lambs 21
days of age, or younger, is one of the most common
diseases causing high morbidity and mortality in these
animals [2,10,14]. The impaired growth of neonatal
goat kids and lambs afflicted with enteritis, the expen-
ditures involved in treating these animals, and their
increased mortality all have costly economic losses
[2,10]. Rotaviruses, adenoviruses, herpes viruses, and
coronaviruses appear to be the most common viruses
that cause enteritis in humans and animals [14,15].

Adenoviruses are important agents of enteritis
in humans, cattle, pigs, horses, sheep, goats and dogs
[5,11,13]. Different serotypes are found in different
species, and they are commonly found worldwide [5,9].
Caprine herpes viruses have been isolated from kids in
different countries. These viruses can infect sheep, cattle
and goats, but severe infections only occur in goats. Goat
kids die 1-4 days after clinical symptoms start. Lesions
may occur throughout the gastrointestinal tract [5,9,21].

Coronaviruses may cause problems in calves,
especially those between 4-30 days of age. In our
previous study, we found coronavirus in the gut of one
of the 30 newborn lambs and goat kids that died from
neonatal enteritis [19].

There is, however, little known about the etio-
pathology and localization of viral agents of neonatal
enteritis in lambs and kids. In this study, we used
pathological examinations, immunohistochemistry
and electron microscopy to examine gut samples from
goat kids and lambs with neonatal enteritis with the
aim of evaluating the roles of adenovirus, rotavirus,
coronavirus and herpes virus in the etiopathology of
the disease and localization of viral agents in intestines.

MATERIALS AND METHODS

Samples

In this study, 15 goat kids and 15 lambs that
died of enteritis at the age of 21 days or younger were
examined for rotavirus, adenovirus, herpes virus and
coronavirus by immunohistochemical methods. All of
the goat kids and lambs were obtained from farms near
the Burdur, Turkey. All of the lambs and goat kids were
from house reared family crowded farms and under lo-
wer hygienic conditions. Different ages group animals
were keep together and in higher mortality cases the
main problem was the porter and big animals. A total of

30 animals were in study group and ages of the animals
were between 3 to 21 days but, 18 animals were under
the 10-day of age. The guts of five neonatal goat kids
and five neonatal lambs that died from other causes
were used as controls. During necropsy, gut contents
were also collected for parasitological examination.

Histopathological analysis

Gut and mesenteric lymph node samples were
collected and fixed in 10% buffered formalin. After
routine processing, tissues were embedded in paraffin
and sectioned to 5-um thickness. Tissue sections were
stained with Hematoxylin-eosin (HE) and examined
microscopically. Morphometric analyses such as thi-
ckness of the gut wall, increase of the mucus secreting
cells and size of the cells were examined. Morphome-
tric evaluation was made by using the Database Manual
Cell Sens Life Science Imaging Software System'.

Immunohistochemical analysis

Gut samples were then immunostained with
adenovirus antiserum [adenovirus type 5 antibody
(ab6982), 1/100 dilution]?, rabbit polyclonal antibody
to novel coronavirus (HCoV-EMC/2012) nucleocapsid
protein (catalog number 100211-RP02; 1/100 dilu-
tion)?, rotavirus antibody, (rotavirus polyclonal antibo-
dy, catalog number MBS534886, 1/100 dilution)*, and
herpes virus antiserum (polyclonal rabbit antibody to
herpes simplex virus type I (HSV 1); catalog number
RP 018; 1/100 dilution)®, according the manufacturer’s
instructions by using a routine streptavidin-biotin pe-
roxidase technique. Expose mouse and rabbit specific
HRP/DAB detection THC kit (ab80436)* was used as
secondary antibody. All the slides were analyzed for
immunopositivity for the viral agents. The five goat
kids and five lambs’ guts that died from other causes
in the neonatal period were used as controls. Positive
controls were used for each viral agent. Primary an-
tibodies were not applied to the negative controls for
immunohistochemistry.

Electronmicroscopical analysis

Gut samples were also processed for trans-
mission electron microscopy (TEM). They were fixed
in 2.2% glutaraldehyde and post-fixed in 1% osmium
tetroxide (OsO4) prepared in 0.1 M phosphate buffer
solution. The samples were dehydrated in a graded
alcohol series and embedded in Araldite CY212.
Ultrathin sections were taken from the plastic blocks,
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stained with uranyl acetate/lead citrate, and examined
with a JEOL JEM 1220 model TEM.

RESULTS

The ages of the animals varied between 1 and 21
days, but susceptibility to infection was most commonly
observed between the ages of 1 and 12 days, and the
infected animals immediately died after the appearance
of clinical symptoms during this period. According to the
owner’s anamnesis, the newborn goat kids and lambs that
died at an age less than one week had presented either no
clinical signs, or mild enteritis, whereas those newborns
that died when they were more than 1-week old had
continuous diarrhea for 1 or 2 days before dying. The
most common clinical symptoms were fever, depression,
dehydration, tenesmus, abdominal swelling and loss of

appetite. Hypothermia commonly occurred before death.
The diarrhea was characteristically watery, and with a
yellowish-white hemorrhagic guts content. Mortality
rates depended on management and breeding conditions
and varied 25-50%. Hyperemia in the mesenteric vessels,
mesenteric lymphadenopathy, and gas and watery fluid
were commonly observed in the small and large intestines
during necropsy (Figure 1). Generally serous fluid was
seen in the abdominal cavity, and abomasal bleeding
was seen in most of the cases. Edema and hemorrhages
were commonly observed in the gut mucosae. Giardia
intestinalis was found in three cases upon fresh feces
examination, and Cryptosporidium parvum was found in
eight cases after the gut contents were stained with carbol
fuchsin. In some cases, multiple types of bacteria were
observed in the contents of the gut.

RS

ment of the mesenteric lymph nodes.

Histopathological examinations revealed mild
to severe pathological changes in the gut samples. The
most common findings were hyperemia of vessels, sub-
mucosal edema, desquamation, erosion and ulcers of the
epithelial layer of the gut, and inflammatory cell infiltra-
tion in the submucosa. Enlargement of mucus-secreting
cells was observed in 28 of 30 gut samples. In severe
cases, total necrosis of the mucosa was observed. Des-
quamation and infiltration of the propria mucosa were
noted in all cases (Figure 2). Only mild pathological le-
sions were observed in those animals that died suddenly
and were less than 1 week old, and inflammation was
generally due to neutrophil leucocytes. The intestinal
villi of goat kids and lambs more than 10 days old were
commonly observed to be shortened and fused. Enlarged
lacteals, swollen goblet cells and regenerative cells were
observed in mild cases. No inclusion bodies were ob-
served in this study. The pathological findings diagnosed
in lambs were similar to those diagnosed in goat kids. It
was not possible to diagnose a viral etiology with only
a histopathological examination. In eight cases a viral
etiology was combined with Cryptosporidium parvum

Figure 1. A- Gross appearance at necropsy of the guts of a kid with neonatal enteritis. B- enlarge-

infection and in five cases numerous bacterial colonies
were observed. Infection with a combination of proto-
zoa and bacteria increased the severity of the lesions.
Lymphadenopathy and neutrophil infiltrations were
observed in the mesenterial lymph nodes.

Immunohistochemical examinations revealed
rotavirus in 10 animals (33.3%), adenovirus in five
animals (16.6%), herpes virus in three animals (10%)
and coronavirus in two animals (6.6%).

For the rotavirus-positive cases, differentiation
from columnar epithelium to cuboidal epithelium and
villous fusion were common findings. The immunoposi-
tive cells were localized in the small intestines, espe-
cially in the ileum, and there was an immunopositive
reaction of the inflammatory cells. Histopathological
examinations of the rotavirus-positive cases revealed
focal areas of vacuolar degeneration of the epithelial
lining, mainly at the tips of the villi, in the jejunum.
Cytoplasmic vacuolization was observed in the ileum.
Lesions were generally localized in the small intestines
and slight inflammatory reactions occurred in the propria
mucosa (Figure 3A).
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Figure 2. Histopathological appearance of the gut of a lamb with neonatal enteritis. A- Desquamation of the villus

(arrows). B- Fusion of the villus (arrow) [HE. Bar= 100 um].

Figure 3. A- Rotavirus immunoreaction in the enterocytes (arrows) [Bar= 100 um]. B- Adenovirus-positive cells in the
guts detected using the streptavidin-biotin-peroxidase method [Bar= 50 pm].

Adenovirus-positive immunohistochemical reac-
tions were observed in three goat kids and two lambs.
Adenovirus was detected in enterocytes, crypt epithelial
cells and inflammatory cells. Adenovirus-positive reactions
were localized to the small and large intestines. Desquama-
tion of adenovirus-positive cells and severe inflammatory
reactions of the propria mucosa were common findings of
the histopathological examination. Neither inclusion bodies
nor villous fusion were observed (Figure 3B)

Immunopositive reactions for herpes virus were
observed throughout the gastrointestinal tract, but were
severe in the cecum. These reactions were evident in en-
terocytes and lymphoid cells, and were marked in goblet
cells. Erosive and ulcerative lesions were observed in both
the small and large intestines in histopathological exami-
nations of herpes virus-positive cases. Neither inclusion
bodies nor villous fusion was observed (Figure 4A).

Coronavirus-positive immunoreactions were ob-
served both in the small and large intestines but were mainly
localized to the jejunum. These reactions were evident in
enterocytes, crypt epithelial cells and macrophages in the
propria mucosa. This agent generally localized in the api-

cal portion of the cells. Desquamation and erosion of the
enterocytes and degeneration of goblet cells were observed
during the histopathological examination (Figure 4B). There
was no viral immunopositivity observed in lymph nodes.

Transmission electron microscopy (TEM) re-
vealed viral particles in the enterocytes of immunoposi-
tive cases (Figures 5 & 6). Degenerated organelles and
numerous granules were observed in virus-infected cells.
In rotavirus positive cases, especially in the jejunum and
ileum, some necrotic villus epithelial cells, and a small
number of virus particles in the cells, were observed. The
viral particles in the gut epithelial cells were located in
the basal cytoplasm of the cell. Adenoviruses were rec-
ognized as particles in the cytoplasm of enterocytes and
caused degeneration on cytoplasmic organelles. TEM
examination of herpes virus positive cases revealed viral
particles, such as capsids or enveloped virions, in the
cytoplasm of the enterocytes. The coronavirus positive
cases revealed morphological features of cytoplasmic
structures. Small numbers of virions were seen at various
stages of budding from the plasma membrane or free
viral particles in the cytoplasm.
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Figure 4. A- Herpesvirus-positive immunoreaction in gut cells (arrows). B- Coronavirus immunoreaction in the entero-
cytes (arrows), detected using the streptavidin-biotin-peroxidase method [Bar= 50 um].

Figure 6. A- Coronavirus-positive particle (arrow). B- rotavirus-positive particle (arrow) observed using transmission
electron microscopy. [Bars= 0.2 um].

DISCUSSION

Neonatal enteritis is a significant disease that
causes deaths of animals 21 days of age or younger,
and results in significant economic losses. There is still
no effective treatment available to control enteritis in
newborn animals. Identifying the etiological agents is
not always possible, and field and laboratory studies
have shown that there is no single agent in the etiol-

ogy of neonatal enteritis. Enteropathogenic bacteria,
viruses and protozoa, as well as the immune system of
the animal and environmental factors, all play roles in
the disease. It is also not always possible to clinically
distinguish between the various etiological factors
of neonatal diarrhea [3,4]. The agents of neonatal
diarrhea most often isolated in calves are rotavirus,
coronavirus, cryptosporidium and enterotoxigenic
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E. coli. [3,8,16,17,21]. This study revealed that the
most common viral agents in lamb and goat kid neo-
natal diarrhea was rotavirus. In this study, protozoal
and bacterial contamination was also observed.

Acute illness due to neonatal enteritis may be
characterized by progressive dehydration, and death
sometimes occurs in a period as short as 12 h. In the
subacute form of the disease, diarrhea may continue
for several days, which can result in malnutrition and
weight loss. The principles of the pathophysiology and
treatment of enteritis in lambs and goat kids are the same
as those for calves [12]. Altogether, however, relatively
few immunohistochemical investigations have been
reported regarding neonatal diarrhea in these animals.
This study showed that goat kids and lambs were more
susceptible for neonatal enteritis than calves.

Thus, our aim was to conduct a survey of the
prevalence of selected viral etiological factors of enteri-
tis in neonatal goat kids and lambs, and we found that
there was an important viral etiology in these animals.
We investigated the prevalence of adenovirus, corona-
virus, herpes virus and rotavirus in lambs and goat kids,
and described the specific clinical and pathological
manifestations of each of these infections. We gained
valuable information on the etiopathological factors
of neonatal enteritis in these animals. Rotaviruses
and adenoviruses were found to be the most common
etiological viruses causing diarrhea in the neonatal
lambs and goat kids we studied.

The occurrence of enteritis in the neonatal
period is due to various enteropathogens and the fre-
quency and importance of these enteropathogens varies
geographically. However, the most common infections
in many parts of the world involve Escherichia coli,
rotavirus, coronavirus and Cryptosporidium parvum.
Neonatal diarrhea is frequently caused by more than
one of these pathogens, and severe outbreaks usually
have multiple causes. Identification of sources of out-
breaks is very important for effective treatment [6]. We
observed similar findings regarding the development of
the diarrhea. We found that neonatal care and feeding
conditions are important factors affecting the severity
of the disease. In the herds that had poor sanitary and
hygienic measures and care in place, high mortality
was observed, and in these flocks a combination of
Cryptosporidium and Giardia was noted.

Viral pathogens are very important in the cau-
sation of neonatal diarrhea. Among these, rotavirus is

the most common viral cause of diarrhea in calves and
lambs. Rotaviruses are classified into groups “A” and
“B”, and group A is the group that most commonly
causes infection. Several different clinically significant
virulent serotypes have been isolated from cases of
rotaviral enteritis. Rotavirus functions by multiplying
in the cell, then breaking down the cell and infecting
adjacent cells. The shedding of the virus in groups of
cells causes new cells to become infected. Loss of in-
testinal absorptive cells, i.e., enterocytes, especially in
the small intestine, leads to a decrease of mature cells.
Enterocytes are lost when infected by virulent rotavirus
strains at a rate that exceeds the regenerative capacity
of the intestinal epithelial crypt, and clinical effects
result. There is a decrease in the intestinal absorptive
surface and villus height, with a resulting decrease
in the total activity of intestinal digestive enzymes
[12,15,20]. Similar findings were observed in our
study, in which cell loss was commonly observed in
coronavirus-infected intestines. Such cell loss has been
most frequently observed in rotavirus-infected cases.
Coronavirus diseases create problems at any
age, but especially in young ruminant animals between
four and 30 days old. Their lesions are located in the
gut. Coronavirus has been observed to cause degrada-
tion of absorptive epithelial cells in the small intestine
and to produce severe villous atrophy. Pathological
lesions are common in the spiral colon, and they some-
times result in colitis that is clinically characterized by
blood and mucus in the stool [7,17]. Similar pathologi-
cal findings were observed in our current study and
coronaviruses were detected in two of the animals.
As described in the introduction, coronaviral en-
teritis is clinically characterized by dehydration, weight
loss, yellowish, viscous, watery, and at times, bloody,
diarrhea, depression and anorexia. The course of the
infection is more prolonged and the clinical symptoms
are more extensive in coronaviral enteritis than in the
rotavirus-induced disease, and diarrhea was observed
to occur 2 to 4 days after the tissue was first damaged.
The gross lesions produced by coronavirus enteritis are
indistinguishable from those of rotavirus enteritis. The
small and large intestines are swollen and filled with
a moderate amount of yellowish content. Coronaviral
enteritis has been microscopically observed to start in the
proximal small intestine and spread to the villous epithe-
lium of the colon. Immunofluorescence studies showed
that viral antigen was present in all the cells surrounding
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the villi with the onset of diarrhea. After the onset of
diarrhea, viral antigen is present in the crypt epithelium
and remains there for 3-4 days. Within the first 48-96 h
of the disease, the epithelial cells become necrotic and
are transformed into immature cuboidal or squamous
epithelium cells surrounded by markedly shortened villi.
The superficial epithelium of the colon is replaced by
immature cells. In the crypt, the lumen degenerates and
necrotic cells are found. Focally hyperplastic crypts and
numerous lymphocytes and plasma cells are observed in
the part of the epithelium below the surface. Fibroblasts,
histiocytes and infected endothelial cells are observed
in reduced numbers in the lamina propria and focal ne-
crosis is seen in these areas. Paracortical sinuses of the
regional lymph nodes are filled with nuclear particles
of lymphocytes, plasma cells and macrophages. The
hemorrhagic form of coronavirus enterocolitis affects
the colonic mucosa. Whether this is a very virulent strain
of the disease, or whether other pathogens are involved
to result in this hemorrhagic state is not known [4]. Our
study showed a coronavirus positive reaction in two
patients, and this was observed as granular structures
within the enterocytes. We did not observe coronaviral
immunopositivity in the lymph nodes.

A diagnosis of coronavirus can be made by
immunohistochemical examination of tissue fixed in
formalin [6]. Coronavirus is an important etiological
factor in calf diarrhea but is less important in the neo-
natal diarrhea of lambs and goat kids [1,7,8,16]. Our
current study also showed that coronavirus is not an
important etiological factor, compared with other viral
causes of diarrhea in small ruminants. However, ac-
cording to a previous study by our group, its incidence
has increased and may be an important viral agent in
neonatal enteritis in the future.

There are many published studies that have
aimed to identify the etiological factors of neonatal
diarrhea in lambs and goat kids, and most of these
studies have generally involved electron microscope
examinations of fecal samples [1,8,12,16,18]. How-
ever, there are few immunohistochemical studies of
etiological factors of neonatal enteritis. The pathologi-
cal examinations reported here of adenovirus, corona-
virus, herpesvirus and rotavirus in neonatal lambs and
goat kids presenting diarrhea showed rotavirus to be
the most common agent. The study also noted that the
occurrence of neonatal enteritis is very much dependent
on the hygienic measures taken.

CONCLUSIONS

In conclusion, this study showed that viral
etiology was very important to occurring of neonatal
diarrhea, practitioners must be taken into consideration
when meet this problem. One of the most important
prophylactic measurements may be vaccination preg-
nant small ruminants for passive immunity of goat
kids and lambs.
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