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Sheep diseases of invasive and non-invasive etiology are among the restrictive factors for Ukrainian sheep-breeding. The helminthiases 
are among the most widespread parasitical diseases, and particularly strongyloidiasis causes significant losses for sheep farms in cases of 
severe course. Young sheep are the most susceptible, showing growth and developmental lag, and death occurs in cases of high invasiveness 
due to severe pathologies induced by the parasites. Thus the aim of the present work was to study the morphological and histological changes 
in the intestine, lungs and liver of sheep with strongyloidiasis. Results of pathoanatomy showed that under spontaneous sheep strongyloidiasis 
with the intensity of the invasion from 50 to 136 specimens of nematodes, the main pathological changes occur at Strongyloides localization 
sites: intestine and parenchymatous organs (lungs and liver). Particularly, the small intestine showed catarrhal desquamative enteritis. Mor-
phological changes of its mucosa demonstrated necrosis of the apical part of the villi, desquamation of epithelium, constriction and decrease of 
intestinal crypts. At the same time, massive diffusive cell infiltrates were detected in the intestinal mucosa lamina propria with the prevalence 
of eosinophilic leukocytes, inflammatory thickening of villi cylindrical epithelium and its mucous metamorphosis, pyknosis and lysis of 
enterocyte nuclei. In the large intestine, necrosis of the mucosa was detected, with edema, effusion of serum-cell exudate in its canal, diffusive 
infiltration of lymphocytes, eosinophils and plasma cells in the intestinal mucosa lamina propria. Lung tissue demonstrated parasite larvae 
localized in canals of the bronchi and in alveoli. These sites had diffusive hemorrhages in lung parenchyma, signs of inflammation and thick-
ening of interstitial tissue caused by damage to vessel walls due to migration of parasite larvae. Histological changes in the liver of sheep with 
strongyloidiasis showed the development of granular dystrophy and necrotic changes in hepatocytes.  

Keywords: Strongyloides papillosus; invasion; post-mortem diagnosis; internal organs; pathomorphological survey.  

Introduction  
 

For modern farming, restoration and development of sheep-breeding 
may be promising in terms of increasing effective land use, population 
employment rate and supply of the national sector of meat processing and 
light industry with raw material with curative properties (Banerjee et al., 
2009; Anteneh & Yadav, 2017). One of factors that decreases the efficacy 
of sheep-breeding development and causes economic losses is helmin-
thiases, particularly strongyloidiasis caused by Strongyloides papillosus 
(Dimitrijevic et al., 2016; Boyko & Brygadyrenko, 2017, 2019a, 2019b; 
Boyko et al., 2009, 2020). Scientists state that sheep strongyloidiasis is the 
most widespread endemic helminthiasis in the world (Bonfoh et al., 1995; 
Abebe et al., 2010; Balicka-Ramisz et al., 2013; Asmare et al., 2016). 
S. papillosus parasitism has been registered in sheep in Tunis, Egypt, 
Poland, Ethiopia, Nigeria, Gambia, Togo, Sudan, Brazil, Italy (Giannetto, 
2006; Nwosu et al., 2007; Eisa et al., 2017; Dugassa et al., 2018).  

Invasion leads to lag in growth and development in young sheep, de-
velopment of diarrhea, anemia, ataxia and death (at high intensity of inva-
sion) (Nakanishi et al., 1993; Manfredi, 2006; Kobayashi et al., 2009). 
Based on literature data, under conditions of severe experimental S. papil-
losus invasion of goats, approximately 6% of animals died due to anemia 
caused by liver damage. Scientists also stated that with experimental inva-
sion by S. papillosus larvae, they were detected in the lungs, trachea and 
esophagus already in 90 hours, which indicates their fast migration via the 
bloodstream (Nwaorgu & Connan, 1980). Other scientists found larvae in 
the myocardium and mammary glands along with hemorrhagic inflam-
mation of intestinal mucosa during pathoanatomical dissection of sheep, 

experimentally infected by S. papillosus. At the same time, pathological 
changes were absent in other organs (Turner, 1959; Nwosu et al., 2007).  

Studying the mechanism of instant death of calves by strongyloidia-
sis, scientists performed a set of pathomorphological researches to estab-
lish the impact of nematodes on infected organisms. Their data indicates 
no visible macroscopic changes in internal organs excepting minor in-
flammation signs in the lungs. Histology showed infiltration by cellular 
cardyomyocytes. Biochemical and hematological methods showed no 
crucial physiological deviations, which made it impossible to clarify pa-
thological mechanisms of calf instant death by strongyloidiasis (Taira, 
1992; Tsuji et al., 1992; Ura et al., 1992; Ura, 1993). Subcutaneous tissue 
edemas, catarrhal enteritis, dystrophic changes in the liver and kidneys, 
lung edema and interstitial pneumonia development were found in goats 
experimentally infected by S. papillosus. Besides that, allergic dermatitis 
developed at the skin sites of larvae application or injection of their meta-
bolites. Pathognomonic symptoms of goat experimental strongyloidiasis 
were anemia and hypophosphatemia, mostly expressed in young animals 
(Pienaar et al., 1999). However, human S. stecoralis infection causes only 
insignificant intestinal damage developing asymptomatically during many 
years. Patients receiving prolonged corticosteroid therapy with undiag-
nosed strongyloidiasis often developed hyperinfection with high registered 
lethality (up to 87%) (Ericsson et al., 2001; Beknazarova et al., 2016). 
Available literature provides enough information on the distribution, dis-
ease course, diagnosis and therapy of sheep strongyloidiasis. Some au-
thors studied clinical manifestations and pathoanatomical changes in 
organs of animals under spontaneous and experimental infection. But 
there is a lack of detailed pathohistological studies of internal organs of 
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sheep infected with spontaneous strongyloidiasis, which indicates the 
relevance of the selected topic. For this reason, our work was aimed at the 
study of morphological and histological changes in the intestine, lungs and 
liver of sheep with strongyloidiasis.  
 
Materials and methods  
 

The research was conducted during 2018–2020 at the Laboratory of 
Parasitology of Poltava State Agrarian Academy and the Educational and 
Research Laboratory of the Department of Normal and Pathological 
Morphology and Forensic Veterinary Medicine of Lviv National Univer-
sity of Veterinary Medicine and Biotechnologies named after S. Z. Gzycki. 
Pathological material was collected at slaughterhouses from East Friesian 
sheep, aged 6–8 months, infested with S. papillosus nematodes, which 
came from farms in the Poltava region. For pathohistological examination, 
pieces of the small, large intestine, liver, and lungs of sheep infested with 
S. papillosus were selected at an infestation intensity of 50 to 136 speci-
mens of nematodes. In total, pathological material was selected from 27 
infested sheep.  

Organ fragments were fixed in a 10% aqueous solution of neutral 
formalin, washed and dehydrated in an ascending row of alcohols, fol-
lowed by paraffin filling according to conventional methods. Slices 7 μm 
thick were made from paraffin blocks on a MS-2 sled microtome. De-
waxed sections were stained with Mayer’s hematoxylin and eosin (Ro-
meis, 1954; Kiceli, 1962; Merkulov, 1969).  

Pathohistological examinations, light microscopy and microphotogra-
phy of the obtained histopreparations were performed using a Leica DM-
2500 microscope, a Leica DFC 450C camera and Leica Application Suite 
Version 4.4 software.  
 

Results  
 

Microscopic survey of the small intestine of sheep showed changes 
in the mucosa: diffusive thickening, edema, minor hyperemia, local 
spot-like hemorrhages. Duodenum content was viscous and dirty-yel-
low, with easily removable grey layers of admixtures. Histological stu-
dy of the duodenum showed minor vessel reaction. Intestinal villi varied 
greatly and were deformed and flattened; crypts were shortened 
(Fig. 1a). The apical surface of the majority of villi was desquamated: 
enterocytes and goblet cells were peeled off in the intestinal canal. 
S. papillosus larvae were not detected among the epithelial cells at dif-
ferent stages of decay and mucous catarrh in the duodenum canal. In-
tensified mucous metamorphosis was characteristic. The number of 
enterocytes with acidophilic granules (Panetta cells) was notably de-
creased. Dystrophic changes were expressed also as cylindrical epithe-
lium thickening to flattened forms with unclear contours, pyknosis and 
nuclei lysis, constriction of intestinal crypts. In mucosal lamina propria, 
edema and diffusive cell infiltration were detected (Fig. 1b, c). Duoden-
al crypts were distinct by depth. The muscle layer of duodenal mucosa 
was somewhat thickened and made of smooth muscles diverging at the 
sites of outlet ducts of Brunner’s glands. Secretory cells of these glands 
were filled with mucin, their nuclei localized basally, the entire apical 
part filled with secretory granules. Mucus secretion intensified due to 
adaptive and compensative reaction (Fig. 1d).  

Epithelium of the duodenum and jejunum was diffusively desqua-
mated due to influence of S. papillosus. Villi were considerably shortened, 
edema and small hemorrhages were characteristic. The surface of the 
mucosa was covered by a significant amount of mucus and cellular detri-
tus. Intensified desquamation of epithelium lead to the necrosis of apexes 
of the villi, and intensive polymorphocellular infiltration was detected in 
the sites of parasite localization (Fig. 2).  

 

a  b  

c  d  

Fig. 1. Duodenum of sheep infected by S. papillosus: a – desquamation of villi epithelium (1), expressed infiltration of mucosal lamina propria (2);  
b – cellular infiltration of mucosal lamina propria; c – edema and cellular infiltration of crypts with prevalence of eosinophilic leukocytes;  

d – hypertrophy of Brunner’s (duodenal) glands; haematoxylin and eosin  
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a  b  
Fig. 2. Jejunum of sheep infected by S. papillusos: a – desquamation of mucous (1);  

b – edema of mucous lamina propria (1), necrosis of apex of villi (2); haematoxylin and eosin  

Histologically the colon was shown to have: mucous necrosis, desqu-
amation of mucocellular exudate in the intestinal canal (Fig. 3), diffusive 
infiltration of lymphocytes, eosinophils and plasma cells of mucosa lami-
na propria with its edema.  

 
Fig. 3. Colon of sheep infected by S. papillosus:  
mucous necrosis (1); haematoxylin and eosin  

Macroscopic survey of sheep lung indicated small hemorrhages in the 
pleura and the organ coloration from dark-red to scarlet; surface of cutting 
oozed with foamy liquid of reddish colour. Histology showed the inten-
sive blood supply of lung vessels and capillaries, lymphocytes, histiocytes 
and macrophages infiltration in interstitial tissue, especially in perivascular 
and perobronchial (Fig. 4b). Small Strongiloides larvae were clearly visi-
ble in the canals of the alveoli and bronchi (Fig. 4a). Blood vessels were 
highly dilated with thinned walls and locally loosened; the canal was filled 
with plasma and erythrocytes, which caused edema in some damaged 
lung lobes. Alveolar canals had homogenic light-pink edema liquid with 
erythrocytes in places (Fig. 4c, d). Some of the alveolar epithelium was 
degenerated and desquamating (desquamative catarrh). It should be noted 
that inflammatory reaction with further interstitial tissue thickening were 
characteristic precisely on the tracks of larvae migration to the bronchi and 
in sites of their penetration into the alveolar canal. Macroscopic examina-
tion of the liver of sheep revealed a slight increase, the colour – from light 
brown to dark brown, from the surface of the incision anemic, dull. Histo-
logically, the beam structure is preserved, hepatocytes are round, tightly 
adjacent to each other, intraparticle capillaries are compressed, around the 
central artery there is a cellular infiltration (Fig. 5).  

Cytoplasm of the hepatocytes was unequally enlightened with well-
developed granulation. Nuclei of the majority of hepatocytes were round 
with abundant chromatin with 1 or 2 nucleoli. However, there were hepa-
tocytes with pyknotic or lysed nuclei. So, the main pathological changes 
of the spontaneous sheep strongyloidiasis were found in the intestine, 
lungs and liver, which indicates the development of inflammatory, dy-
strophic and necrobiotic processes in these organs.  

Discussion  
 

Analyzing scientific papers we can state that strongyloidiasis is the 
widespread invasion of different species of young animals; humans are 
also susceptible (Ericsson et al., 2001; Asmare et al., 2016). Most authors 
indicate an asymptomatic course of invasion, but there are data on instant 
calf death caused by strongyloidiasis (Ura et al., 1992; Ura, 1993). Thus 
establishing the pathological changes which develop in the sheep organ-
ism under S. papillosus invasion is a relevant and understudied question. 
We showed that with S. papillosus invasion at intensity of from 50 to 136 
specimens of nematodes, pathological changes develop in the organisms 
of sick sheep not only in the parasites’ locality, but in the liver and lungs as 
well. So, there were histologically detected catarrhal-desquamative in-
flammation and spot-like hemorrhages in the small and large intestines, 
dystrophic and necrotic signs in the mucosa. Interstitial pneumonia signs 
and lung edema were detected at the same time. Similar data were ob-
tained from pathoanatomic study of a 10 week puppy affected by S. ster-
coralis. Particularly, the moderate edema was detected at the cutting 
around the anus, and the small intestine, especially duodenum, was swol-
len and had a significant amount of stinking yellowish mucous. The large 
intestine was moderately dilated and filled with a little amount of liquid, 
mucosa was thinned and hyperemic, with diffusive spot-like hemorrhages. 
A large number of small nematodes and larvae were detected microscopi-
cally among cellular infiltrate in the duodenum. The large intestine had 
dystrophic and necrotic changes, with necrosis of mucosa villi and he-
morrhages. Moderate interstitial pneumonia developed in the lungs. The 
alveolar septa were thickened; peribronchial connective tissue had cellular 
infiltration of lymphocytes, histiocytes and macrophages, but without 
larvae. The moderate delymphatization was registered for the spleen and 
lymphatic nodes of the large intestine. Damage to other organs was not 
detected (Dillard et al., 2007).  

Changes in the lungs of strongyloides-infected sheep developed due to 
larvae migration through the lung tissue, which was confirmed by their 
presence in histological slides. Fast migration of S. papillosus larvae through 
the bloodstream was evidenced by the presence of strongyloides larvae in 
the lungs, trachea and esophagus 90 hours after experimental infection of the 
sheep (Nwaorgu & Connan, 1980). Also, we established the histological 
changes in the liver of sheep sick with strongyloidiasis. They were characte-
rized by dystrophic changes, particularly granular dystrophy in hepatocytes 
and focal pyknosis of their nuclei. Changes in the liver of goats and sheep  
with experimental strongyloidiasis were also noted by some authors. Clinical 
manifestations in animals infected by S. papillosus included profuse diarrhea, 
dehydration, anorexia, cachexia, bruxism, foaming at the mouth, anemia and 
nervous symptoms such as ataxia, stupor and nystagmus. Pathoanatomical 
dissection revealed enteritis, encephalopathy, hepatosis causing liver rupture, 
nephrosis, lung edema, interstitial pneumonia. Approximately 6% of goats 
died due to liver rupture (Pienaar et al., 1999). Other works on sheep with 
experimental S. papillosus infection showed inflammation of intestine 
mucosa with absence of damage to other organs (Turner, 1959; Nwosu 
et al., 2007).  
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a  b   

c  d   

Fig. 4. Lungs of sheep infected by S. papillosus: a – Strongyloides larvae in canals of the bronchus and alveolus (arrow),  
desquamation of villi epithelium (1); b – expressed perivascular and peribronchial cellular infiltration (1); c – edema (1);  

d – interalveolar septums dilated and filled with enterocytes (arrow), accumulation of edema liquid in alveolus (1); haematoxylin and eosin  

 
Fig. 5. Liver of sheep infected by S. papillosus:  

granulated dystrophy of hepatocytes; haematoxylin and eosin  

So, having analyzed the results of histological studies of particular or-
gans from animals with spontaneous strongyloidiasis, we can state that the 
established morphological changes indicate mechanical, toxic and aller-
genic influence of the parasites, overall organism intoxication by nema-
todes’ metabolites, connected to ontogenesis features of S. papillosus in 
the definitive host organism.  
 
Conclusion  
 

Histological examinations of individual organs of sheep infested with 
S. papillosus at the intensity of the invasion from 50 to 136 specimens 

found that the parasite causes morphological changes, not only in the place 
of their localization – in the small intestine, but also in the large intestine, 
where pathological changes are characterized by inflammatory, dystro-
phic, and necrotic processes of the mucous membrane. This leads to the 
appearance of indigestion in sick animals, “syndrome” of impaired ab-
sorption of nutrients from food, and, as a consequence, the development of 
anemia and cachexia. In addition, pathological changes in the lung tissue, 
characterized by edema, thickening of the alveolar walls, and infiltration of 
cellular elements of the bronchioles and blood vessels occur as a local 
reaction to the migration of the parasite through the lung tissue. At the 
same time, changes in the liver were observed, which were histologically 
characterized by the development of granular dystrophy and the appea-
rance of necrobiotic phenomena in hepatocytes, which is a consequence 
of metabolic disorders and general intoxication of sheep by the products of 
Strongyloides. Our data on pathohistological changes in the body of sheep 
infected with S. papillosus indicate a negative impact of nematodes not 
only in their location, due to mechanical damage to the mucous mem-
brane, but also to other organs and tissues such as the lungs and liver due 
to larval migration, allergies, and intoxication of animals. This should be 
taken into account during treatment, where in addition to anthelmintic 
therapy symptomatic treatment should be used.  
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