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ABSTRACT
The aim of the performed field and laboratory investigations was to determine the commonest enteropathogens in 

neonatal and juvenile lambs and goat kids, as well as induced macro- and microscopic alterations in the different digestive 
system compartments. The study comprised a total of 850 newborn and juvenile lambs (600) and goat kids (250) from 9 
private dairy farms (3 goat farms, 6 sheep farms). The age of animals was from 24 hours to 20 days. The following rapid 
antigen detection tests were used: (Rainbow calf scour 5 BIO K 306, Monoclonal Antibody anti-Coronavirus аnd Rotavirus 
FITC conjugated, BIOX Diagnostics, Belgium). Gross anatomy and histopathological examination of tissue samples was 
performed on 21 carcasses (9 goat kids and 12 lambs) from animals that died with signs of gastroenteritis. The main detected 
agents of intestinal infections were Cryptosporidium parvum, rotaviruses, coronaviruses and Escherichia coli.
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INTRODUCTION

Gastrointestinal diseases in lambs and goat kids 
are a complex multifactorial syndrome (1). Their 
occurrence is directly related to the susceptibility 
of animals to diseases, the nutritional and immune 
status of the flock, environmental factors, farm 
management, and the synergic action of diverse 
infectious agents. All of these factors are prerequisites 
for the occurrence of intestinal illnesses (2, 3). 
Neonatal diarrhea observed in goat kids and lambs up 
to 21 days of age is one of the most common diseases 

associated with high morbidity and mortality rates in 
this category of livestock (4), which vary from 25% 
to 50% depending on housing conditions and farm 
management (2). Retarded growth and development 
of newborn goat kids and lambs suffering from 
gastroenterites increase treatment costs, whereas 
high morbidity and mortality rates incur substantial 
economic losses to farmers (5, 6).

The most common etiological agents of diarrhea 
in lambs and goat kids during the first month of 
life are Escherichia coli, Cryptosporidium spp., 
Giardia spp., Salmonella spp. and Clostridium spp. 
Among viral agents, rotaviruses, adenoviruses, 
herpesviruses and coronaviruses have been detected 
(7). Аdenoviruses were reported in intestinal 
diseases in humans, pigs, horses, sheep, goats and 
dogs (8). Affected animals die within 1 to 4 days 
after clinical manifestations, with macroscopic 
changes in the gastrointestinal tract (9).

Observed clinical signs of enteritis in goat kids 
and lambs include depression, inability to move, 
and in some animals – prolonged recumbency. The 
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feces can be soft, watery, yellowish, sometimes 
mixed with mucus and blood, and foul-smelling. 
Dehydration, loss of skin elasticity, perianal area 
stained with diarrhoeic feces, ruffled hair, dry 
nostrils, fever, accelerated heart and respiratory 
rates are frequently observed (10).

Described gross pathology changes in intestines 
consisted of hyperemia of mesenteric blood vessels, 
mesenteric lymphadenopathy, ballooned small 
and large intestines. The intestinal mucosa was 
oedematous and spattered with hemorrhages (11).

Histopathological changes in intestines 
were vascular hyperemia, submucosal edema, 
desquamation of the epithelium (without intranuclear 
inclusion bodies), erosions and ulceration of the 
epithelial lining with infiltration of inflammatory 
cells in the submucosa. In some cases, total necrosis 
of intestinal villi along with infiltration of propria 
mucosaе with neutrophils was reported (4).

Based on literature data analysis and the 
importance of the problem, our investigations aimed to 
identify etiological agents of gastrointestinal disorders 
in neonates and juvenile small ruminants and to 
perform detailed pathomorphological examinations.

MATERIAL AND METHODS

The study was carried out on 850 neonate and 
juvenile lambs (600), and goat kids (250) from 9 
private dairy farms (3 goat farms, 6 sheep farms). 

The age of animals was from 24 hours to 20 days. 
Clinical and epidemiological examinations were 
performed onsite at the farms.

Rapid tests were used for the detection of five 
agents, Rainbow calf scour 5 BIO K 306 was used 
for detection of Rota, Corona, E. coli F5, Crypto, 
and Clostridium perf. in the bovine stool (BIOX 
Diagnostics, Belgium). Twenty-one carcasses (9 
goat kids and 12 lambs) which prior dead manifested 
enteric disorders were submitted to gross anatomy 
studies. Tissue samples (1х1 сm) were collected 
from affected compartments of the proximal and 
distal gastrointestinal tract: abomasum, duodenum, 
jejunum with mesenteric lymph nodes, ileum, 
caecum, colon and rectum – with 2.5 cm length. 
Specimens were fixed in 10% neutral buffered 
formalin for 48–72 h and embedded in paraffin. 
From paraffin blocks, 4 μm sections were cut on 
a Leica RM 2235 microtome and stained routinely 
with hematoxylin-eosin (H/Е). Tissue samples 
were obtained from lungs and intestinal segments 
(abomasum, duodenum, jejunum with mesenteric 
lymph nodes, ileum, caecum, colon and rectum) 
for immunofluorescence assays. A monoclonal 
conjugated antibody - Monoclonal Antibody anti 
Coronavirus аnd Rotavirus FITC conjugated 0.5 ml 
(20X), BIO 023, (BIOX Diagnostics, Belgium) 
was used. Tissue samples were also submitted to 
immunohistochemical tests using Coronavirus pan 
Monoclonal Antibody (FIPV3-70): sc65653, 1 mg/ml, 
(Santa Cruz Biotechnology, Germany).

Figure 1. Positive results for presence of rotavirus and coronavirus antigens in faecal samples from 223 diarrhoeic 
goat kids and lambs (blue arrow: control line; red arrow: positive result)
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RESULTS

The epidemiological studies performed on 9 
farms (3 goat farms and 6 sheep farms) proved 
the presence of gastroenterites in newborn, 
growing lambs and goat kids. The clinical 
findings included dehydration, weight loss, 
prolonged recumbency and stained perineal areas 
with diarrhoeic feces.

Antigenic tests
The performed antigenic tests proved that 50% 

of the detected cases with gastroenteritis were 
associated with complex infections including virus, 
protozoan and bacterial agents (Cryptosporidium 
parvum, rotaviruses, coronaviruses and Escherichia 
coli) (Fig. 1).

In 35% of the cases, only Cryptosporidium 
parvum was detected, whereas in 15% - corona- 
and rotaviruses were detected (Table 1).

Table 1. Results of the screening for the enteropathogens

Pathogen Positive samples

Cryptosporidium parvum, rotaviruses, 
coronaviruses and Escherichia coli 50%

Cryptosporidium parvum 35%
Rotavirus and coronavirus 15%

Pathoanatomical examinations
Twenty-one carcasses (9 goat kids and 12 lambs) 

with clinical manifestations of gastrointestinal 
diseases were necropsied. The external appearance 
of bodies revealed dehydration and emaciation. 
The perianal region and tail-base were stained 
with yellow-green and bloody diarrheic feces. The 
investigation of abdominal organs demonstrated 
macroscopic changes in the digestive organs. Small 
and large intestines showed changes specific for 
catarrhal to catarrhal-hemorrhagic enterocolitis, 
and in cases of cryptosporidiosis–hemorrhagic 
colitis. Intestinal wall serosa was hyperemic, 
extremely thinned with intestinal content that filled 
the intestinal lumen along its entire length (Fig. 2).

Mesenteric lymph nodes were edematous and 
affected, while vessels were filled with blood. 
Incision of the intestinal mucosa showed that it was 
very thinned and lined with mucinous yellowish 
content, and the abomasum was dilated and 
overfilled with milk coagulum in cases of rotavirus 
enteritis (Fig. 3).

In coronavirus enteritis, intestinal content had a 
greenish color, with gas bubbles and feed particles. 
Incision of the thoracic cavity along the periphery of 
lungs revealed pale areas crepitating upon palpation – 
emphysema. The trachea and main bronchi were filled 
with white fluid mixed with air bubbles–edema. No 
changes were found on the pericardial sac, except in 

Figure 2. Gas-filled small and large intestines – meteorism. Hyperaemic and strongly thinned intestinal wall with 
prominating whitish-yellow intestinal content in goat kids with coronavirus enteritis 
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Figure 3. Hyperaemic and loose small intestinal wall. Mucinous yellow-coloured intestinal content filling the lumen 
of small and large intestines, yellowish mushy caecal content and overfilling of the abomasum with milk coagula, 
lamb with rotavirus enteritis

Figure 4. Catarrhal-desquamative inflammation of small intestine with profuse amount of mucoserous exudate, 
submucosal oedema and intensive vascular hyperaemia in the propria (arrows), jejunum, lamb with coronavirus 
enteritis, Н/Е, Bar=10 µm
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complicated cases with involvement of Escherichia 
coli where petechial hemorrhages on the epicardium 
and hematomas on the bicuspid heart valves were 
found. There were no changes in the larynx, pharynx, 
nasal cavity mucosa and paranasal sinuses.

Histopathological examinations
Histologically, lesions were detected along 

the entire length of the gastrointestinal tract 
(abomasum, duodenum, jejunum, ileum, caecum, 
colon and rectum) as well as in the mesenteric lymph 
nodes. The alterations were comprised of vascular 
hyperemia in varying intensity in the mucosa 
and submucosa, submucosal and intermuscular 
edema with crypts dilatation and glandular 
hypersecretion. Microscopic villous lesions were 
indicative of degenerative necrobiotic processes 
with desquamation, severe atrophy and villous 
fusion. In coronavirus infection, intestinal lumen 
exhibited numerous desquamated necrobiotic 
epithelial cells from the villous surface mixed with 
mucoserous exudate and intestinal content (Fig. 4).

In rotavirus enteritis, microscopic lesions were 
in the jejunum and ileum, located in the middle part 
of the villi and crypts which were strongly dilated, 
and the propria was infiltrated with numerous 
lymphocytes. The medullary part of mesenteric 
lymph nodes was characterized with intense 
hyperemia in all studied specimens.

Virological examinations
The used direct immunofluorescence test 

confirmed the presence of coronavirus and rotavirus 
antigens in colonic and jejunal tissue sections  
(Fig. 5 and Fig. 6). Data from these tests confirmed 
the results from field antigenic tests positive for 
corona- and rotavirus intestinal infections in tested 
goat kids and lambs.

DISCUSSION

The analysis of results from performed 
clinical, etiological, pathoanatomical and 
pathomorphological investigations in the neonate, 
juvenile lambs and goat kids in 9 farms (3 goat farms 
and 6 sheep farms) gave evidence that involved 
etiological agents of diagnosed gastroenteritis in 
these animals were Cryptosporidium parvum, 
rotaviruses, coronaviruses and Escherichia coli.

We support the findings from previous studies 
(4, 11) that the etiology and epidemiology of 
gastroenteritis in the neonate, juvenile goat kids, 
and lambs were closely associated with several 
factors: the predisposition of neonate goat kids 
and lambs to intestinal illnesses, nutrition type, 
and rearing conditions for neonates (goat kids and 
lambs), hygiene, the immune status of dams in the 
flock, environmental factors, farm management 

Figure 5. Positive result in direct immunofluorescence test (arrows) for coronavirus antigen in the colon  
of a 238 lamb with neonatal diarrhea 
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and various infectious agents (bacteria, viruses, 
and protozoa).

Our results referring to the etiology and 
epidemiology of enteritis in small ruminants are 
largely similar to those of other researchers in this 
field (7). We also agree with the hypothesis that co-
infections can increase the appearance of clinical 
signs, macro- and micro- lesions, and morbidity 
and mortality rates (10).

The observed gross changes in the abomasum, 
small and large intestines of 21 examined carcasses 
contributed to the elucidation of the pathogenesis and 
localization of causative agents (Cryptosporidium 
parvum, rotaviruses, coronaviruses, Escherichia 
coli) in the different intestinal compartments. 
These results are in partial agreement with our 
previous studies on gastrointestinal diseases in 
newborn and growing calves (12, 13, 14), as well as 
with the results of other authors working in the field 
of gastrointestinal pathology (5).

The performed histopathological studies 
allowed affirming that coronavirus enteritis 
affected the superficial part of villi along the 
length from the duodenum to the colon, resulting in 
catarrhal-desquamative inflammation (15).

The discussion of results from performed 
field and laboratory tests allowed affirming that 
Cryptosporidium parvum, coronaviruses, rotaviruses 
and E. coli K99 were the main etiological agents of 
intestinal infections in the neonate, juvenile lambs 

and goat kids. Coinfections with these pathogens were 
also observed. We also agree with other reports that 
the rapid field tests along with immunofluorescence 
tests were reliable and objective diagnostic methods 
for the detection of gastrointestinal diseases both in 
small and large ruminants (10, 15).

CONCLUSION

The established pathoanatomical and 
histopathological alterations in the gastrointestinal 
compartments for colibacteriosis, cryptosporidiosis, 
coronavirus, and rotavirus infections in this study 
have high diagnostic value and could aid in making 
a differential diagnosis with eimeriosis (coccidiosis), 
giardiasis, anaerobic dysentery, salmonellosis and other 
gastrointestinal illnesses in this category of animals.
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