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Aim. To evaluate the pathological effect of Eustrongylides excisus nematode larvae (L3–L4) on the organism of labo-
ratory rats, the latter were infected per os by these parasites. The larvae of Eustrongylides excisus were obtained from 
perch (Perca fl uviatialis, Linnaeus, 1758), caught in the Dnipro-Buh estuary – 46°37’48.45” N, 31°51’43.72” E, near 
the village of Dniprovske, Mykolaiv region (Ukraine). Methods. The experimental studies, which lasted for 30 days, 
were conducted using 15 non-linear male laboratory rats, which composed the experimental group by the analogy 
principle, three other animals were used as control. The intensity of the pathological process under the chronic course 
of eustrongylidosis was evaluated by the histological testing of the damaged organs of animals under investigation, 
which were euthanized after the completion of the waiting period. Results. The histological testing found pathological 
changes in the tissues of the brain, lungs, spleen, and organs of the gastrointestinal tract. There was a notable formation 
of non-specifi c granulomas (i.e. the ones, which were not found in the control group of animals), which consisted of 
adipose and connective tissue of mesostenium, mesocolon, and mesogaster. These granulomas had vivid exudative-
proliferative infl ammation and contained the elements of parasitic larvae (remnants of larvae bodies: fragments of 
cephalic and caudal ends, cuticles), which were subjected to considerable destructive changes. The walls of these 
granulomas consisted of fi brin and necrotic detritus. It was found that the animals of the group (the waiting period 
of 30 days) had mostly fi brino-purulent type of infl ammatory reaction with the prevailing exudative-proliferative 
processes and the formation of non-specifi c granulomas. Conclusions. The results of scientifi c studies demonstrated 
necrotic and hypoxic-ischemic changes in the brain tissues; signs of cardiovascular defi ciency, dystrophic and hyper-
trophic changes in the myocardium tissues; purulent infl ammation of pleura and interstitial tissue of the lungs; changes 
in kidney tissues in the form of balloon dystrophy and granular degeneration of tubular epithelium; acute exudative-
proliferative infl ammation of the liver capsule and parenchyma; proliferation of white pulp with necrotic changes in 
lymphoid follicles; the thickness of the walls of gastrointestinal organs was considerably infi ltrated with eosinophils, 
plasma cells, and macrophages. The phenomena of tissue hypertrophy and sclerosis as a pathomorphological response 
of the organism to the chronic course of the disease were determined.
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INTRODUCTION

The Dioctophymatidae family consists of three in-
dependent genera, two of which (Eustrongylides and 
Hystrichis) are mainly found in large granulomas of 
gastric walls in fi sh-eating birds and one species (Di-
octophyma renale Goeze, 1782) mainly parasitizes in 
the kidneys of animals from the families Canidae and 
Mustelidae (Eberhard et al, 2014). The nematodes of 
the genus Eustrongylides pose a potential threat to hu-
man health. This genus also contains the nematode of 
Eustrongylides excisus Jägerskiöld, 1909 (Ljubojevica 
et al, 2015).

The nematode of E. excisus Jägerskiöld, 1909 has a 
complicated development cycle in which the main de-
fi nitive hosts are fi sh-eating waterbirds from the line 
of Ciconiiformes, Anseriformes, Gaviiformes and Pele-
caniformes, which spread the eggs along with feces in 
the water bodies (Novakov et al, 2013). The fi rst in-
termediate hosts for this parasite are oligochaetes from 
the families Tubifіcidae and Lumbriculidae (Limno-
drilus spp.), which swallow the eggs of E. еxcisus and 
in which parasites develop during the fi rst and second 
larvae periods (Karmanova, 1968). The additional or 
second intermediate hosts are predatory, planktivo-
rous, and the species of fi sh and benthos feeders which 
get infected while swallowing infected oligochaetes 
(Measures, 1988; Novakov et al, 2013; Goncharov et 
al, 2018). The agent of eustrongylidosis also poses a 
threat to fi sh farming, using fi sh tanks; for instance, 
there were reports about the infection of Danio rerio 
Hamilton, 1822 (Fusco et al, 2023). The defi nitive 
hosts – fi sh-eating birds – get infected when fed with 
fi sh, infected with nematode larvae of Eustrongylides.

The nematode of E. еxcisus can use some amphibia 
and reptiles as an accidental (fi nal) host: marsh frog 
(Rana ridibunda Pallas, 1771), cane toad (Rhinella 
marina Linnaeus, 1758), Eurasian marsh frog (Pelo-
phylax ridibundus Pallas, 1771), and tesselated snake 
(Natrix tasselat Laurenti, 1768) (Sloboda et al, 2010; 
Melo et al, 2015; Yermolenko et al, 2022). People who 
consume fi sh and fi sh products may also get infected 
with the eustrongylidosis agent (Deardorff et al, 1991).

This species of parasites is rather widely common. 
The registration of E. excisus was reported in Serbia, 
Romania, Turkey, Brazil, the USA, Italy, Iran, Azerbai-
jan, Czech Republic, and Ukraine (Karmanova, 1968; 
Lichtenfels et al, 1985; Pazooki et al, 2007; Novakov 
et al, 2013; Soylu, 2013; Ljubojevica et al, 2015; Bran-
ciari et al, 2016; Goncharov et al, 2018; Guardone et 
al, 2021).

According to some scientifi c data, the occurrence of 
Eustrongylides nematodes in water basins is a bioindi-
cator of water quality (Biswas et al, 2023).

In Ukraine, E. еxcisus nematodes are mainly regis-
tered among the representatives of ichthyofauna. For 
instance, eustrongylidosis was registered in the Zapor-
izhzhia dam pond in the populations of perch (Perca 
fl uviatilis Linnaeus, 1758), wels catfi sh (Silurus glanis 
Linnaeus, 1758), zander (Sander lucioperca Linnaeus, 
1758) (Sinyaeva, 2014). This species of helminths was 
also registered in gobiids of the Black Sea and the Sea 
of Azov (Korniychuk et al, 2008), and in the Dnipro-
Buh estuary, in the populations of perch (P. fl uviati-
lis Linnaeus, 1758), zander (S. lucioperca Linnaeus, 
1758), pike (Esox lucius Linnaeus, 1758), and roach 
(Rutilus rutilus Linnaeus, 1758) (Goncharov et al, 
2018, Honcharov, 2020c).

Considering that the available scientifi c publications 
did not contain any information about histological 
changes in the organism of rats, infected with E. ex-
cisus nematode larvae, specifi cally under the chronic 
course, we conducted the experimental infection of 
laboratory rats with eustrongylidosis agent.

Previously we received representative data about 
pathohistological changes in the organism of experi-
mental rats under the acute course of eustrongylidosis 
(Honcharov et al, 2022). Still, there is a need to high-
light rather signifi cant differences in the course of path-
ological processes in the organism of sick animals on 
the cellular and tissue levels.

MATERIALS AND METHODS

The study involved the use of eighteen non-linear 
laboratory albino rats (Rattus rattus Linnaeus, 1758) 
of the same age (3.5 months), a bodyweight of 190–
230 g. The animals were kept separately, in cages with 
meshy bottoms to prevent coprophagy. The access to 
feeds and water was ad libitum. Prior to the experimen-
tal infection, the animals were subjected to clinical and 
coprological testing.

Fifteen animals were infected per os with E. excisus 
nematode larvae (Jägerskiöld, 1909) (L3-L4), 10 per 
each animal, using the feeding catheter, type CH08, 
connected to the 2 ml syringe. The parasites were ob-
tained from perch (P. fl uviatilis Linnaeus, 1758), caught 
in the Dnipro-Buh estuary, Ukraine. Ten percent of the 
selected nematodes were fi xed in a special solution and 
processed for the study to determine the taxonomic 
relations (Karmanova, 1968). Three rats were kept as 
control.
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The animals were observed for 30 days. When the 
waiting period was over, euthanasia was administered 
by an intraabdominal injection of thiopental sodium 
solution in the dose of 0.015 g/kg of the bodyweight 
of the animal, and the post-mortem examination was 
conducted.

All the studies were conducted in compliance with 
the European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other Scien-
tifi c Purposes, dated March 18, 1986, the Directive of 
the European Parliament and the EU Council, 2010/63/
EU dated September 22, 20101, “On Protection of An-
imals, Used for Scientifi c Purposes” and the Law of 
Ukraine dated February 21, 2006, No. 3447-IV (with 
amendments as of June 22, 2017 No. 2120-VIII) “On 
Protection of Animals from Cruelty”.

The internal organs of the euthanized rats (brain, 
lungs, heart, spleen, liver, stomach, intestines) were 
extracted and fi xed in 10 % neutral formalin, then they 
were cut into pieces, processed with a series of alcohols 
of increasing concentration and poured with paraffi n by 
the common method. The sections of paraffi n blocks, 
5–7 μm wide, were done on the microtome Leica SM 
2000 R and stained with hematoxylin and eosin. The 
microscopic studies were conducted using Olympus 
BX41 microscope (object-lense x40, ocular lens x10).

This protocol was approved by the bioethics commit-
tee of the National University of Life and Environmen-
tal Sciences of Ukraine (the conclusion of the bioethics 
committee No. 23/22 dated April 05, 2022).

RESULTS

The histological testing of the pathological material 
samples, obtained from the laboratory rats, infected 
with E. excisus nematode larvae, Jägerskiöld, 1909), 
yielded the following results.

The investigation of the brain structure found that 
most vessels of the brain and cerebellum did not con-
tain blood; only some vessels contained erythrocytes. 
The cerebellum matter had a notable expansion of 
perivascular and pericellular spaces; some cells of the 
granular layer were necrotically altered. The process 
was characterized by uneven disintegration of the brain 
axis matter, swelling of some neurons, and expansion 
of perivascular and pericellular spaces. There is some 
proliferation of ependyma in cerebral ventricles. In 
some places, subependymally, neuroglia were intense-
ly disintegrated in the form of mesh structures. Some 
single vessels of the vascular net contained erythro-
cytes, some – groups of leukocytes.

Thus, there were morphological features of hypoxic-
ischemic damage to the cerebellum matter in the form 
of necrotic changes in the granular layer cells, swelling 
of the cerebellum matter, hypoxic-ischemic damage to 
the brain axis matter in the form of the swelling of mi-
croneuroglia and brain axis matter (Fig. 1).

The investigation of the heart found mixed knots in 
the left and right ventricles. Single chordae tendineae 
of the left ventricle were thickened and fi brous. The 
thickness of the wall of the left ventricle (in its thickest 
part) exceeded that of the right ventricle (in the thinnest 
part) four times. The epicardium was preserved, un-
evenly infi ltrated with leukocytes, and the visible ves-
sels of the epicardium were unevenly fi lled with blood; 
the vascular walls and their perivascular spaces were 
unevenly soaked with disintegrated accumulations of 
erythrocytes. The myocardium walls did not have the 
even blood fl ow; some vessels had dissociation (sepa-
ration) of blood, the myocardium arteries were mostly 
spasmodic, did not contain any blood, the nuclei in 
their walls were reoriented. There was uneven disinte-
gration of the intermediary and perivascular tissue. The 
disarray was noted in the myocardium in rare fi elds of 
vision (Fig. 2).

The cardiomyocytes were unevenly stained, some 
cardiomyocytes of the left ventricle were enlarged, in 
some places, the groups of cardiomyocytes were frag-
mented.

Thus, we determined the signs of acute cardiovascu-
lar defi ciency in the form of acute impairment of the 
blood circulation in the epicardium vessels, the spasms 
of myocardium arteries, uneven swelling of the inter-
stitial tissue in the myocardium, and focal fragmenta-
tion of cardiomyocytes. This pathological process was 
also characterized by morphological signs of hypertro-
phic cardiomyopathy in the form of uneven hypertro-
phy of the myocardium of the left ventricle and uneven 
cardiosclerosis.

The histological testing of the lungs demonstrated 
that the pleura was preserved, disintegrated, and un-
evenly infi ltrated with lymphocytes, leukocytes, rare 
eosinophils, macrophages, and plasma cells. The stro-
ma vessels and the vessels of the interalveolar septa had 
uneven blood fl ow, the walls of some vessels and their 
perivascular spaces were unevenly soaked with disin-
tegrated accumulations of erythrocytes up to the falling 
of the latter into the lumen of alveoli groups. Blood 
dissociation or mixed knots and accumulations of leu-
kocytes were registered in some vessels. The bronchi 
were partially spasmodic, the epithelium of small bron-
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chi was preserved. There was some disintegration of 
perivascular stroma and groups of leukocytes, lympho-
cytes, eosinophils, rare macrophages, and plasma cells 
in the interstitium of the lungs. The dystelectasis was 
noted in some alveoli; other alveoli were sharply em-
physematously dilated up to the rupture of interalveo-
lar septa, with small, disintegrated hemorrhages in rare 
rupture points (Fig. 3, 4).

Some alveoli had pink liquid and air vacuoles. In 
some places along the bronchial trunk, there were reg-
istered lymph nodes with impaired stratifi cation; the 
cortical and cerebral layers were not distinguished, 
lymphoid follicles of the cortical layer were absent, and 
there was slight necrosis in some parts of the lymph 
nodes. Some vessels of lymph nodes had uneven blood 
fl ow, small diapedetic hemorrhages, and accumulations 
of leukocytes.

Thus, under experimental eustrongylidosis, the ex-
perimental animals had morphological features of 
acute purulent pleurisy, acute purulent interstitial pneu-
monia, and acute pulmonary patchy emphysema. We 
also registered acute impairment of blood circulation 
in pulmonary vessels with the formation of patchy in-
traalveolar hemorrhages, and uneven swelling in the 
interstitial pulmonary tissue.

The investigation of kidneys demonstrated that the 
capsule was partially preserved, unevenly thickened, 
and there were fi brosis signs in the thickened areas. 
There were fi brin layers on the surface of the capsule in 
some fi elds of the vision, the leukocytic infi ltration was 
uneven: there were rare eosinophils and macrophages, 
groups of plasma cells. Most renal vessels did not con-
tain any blood, and erythrocytes were only in some ves-
sels of the juxtamedullary area. The capillaries of the 
mesangium of glomeruli contained erythrocytes. There 
was shunting of the vessels in the juxtamedullary area 
with the formation of small perivascular (diapedetic) 
hemorrhages. The nephrothelium of the cortical matter 
was unevenly swollen and stained, with granular cyto-
plasm, the nuclei were unaltered (Fig. 5).

Epithelium with vacuolated cytoplasm was registered 
in some parts of subcapsular tubuli, There were granu-
lar or hyaline casts in some tubuli of the juxtamedul-
lary area. Therefore, under eustrongylidosis of rats, 
there were registered morphological features of shock 
reaction in kidneys in the form of shunting the vessels 
of the juxtamedullary area and insuffi cient blood fl ow 
in the cortical and cerebral matter of kidneys. The path-
ological changes in renal tissue were determined in the 
form of present hyaline and granular casts in some tu-

buli of the juxtamedullary area and the balloon dystro-
phy of the epithelium of the tubuli of subcapsular parts.

Under eustrongylidosis, the liver was characterized 
by a preserved, thickened capsule, unevenly infi l-
trated with lymphocytes and accumulation of leuko-
cytes, some fi elds of vision on the surface of the cap-
sule had noted layers of fi brin, and single eosinophils, 
macrophages, and plasma cells. Some fi elds of vision 
contained subcapsular granulomas, containing multi-
nuclear cells, in the area, perifocal from granulomas –
hemorrhages, presented with small dense accumula-
tions of erythrocytes, without any cellular reaction. In 
the liver, subcapsularly, hepatocytes were noted with 
a necrotically changed cytoplasm, the membranes of 
hepatocytes were absent. Some veins of portal tracts, 
triades, and some sinusoid capillaries had uneven 
blood fl ow, there was accumulation of leukocytes in the 

Fig. 1. The swelling of brain neurons and their neurobiosis 
(magnifi cation ×400). There were rare instances of neuron 
enlarging

Fig. 2. The disarray fi gures in the ventricular septum of the 
heart (magnifi cation ×400)
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lumen of some single veins. The structure of hepatic 
plates was not impaired, hepatocytes had granular cy-
toplasm, the nuclei were unaltered. There was uneven 
expansion of perisinusoid Disse’s spaces, where single 
eosinophils, lymphocytes, leukocytes, and plasma cells 
were localized (Fig. 6).

Centrolobularly, hepatocytes were rapidly swollen, 
with lighter granular cytoplasm, the nuclei of hepato-
cytes were swollen, vacuolated, and the nucleoli were 
visualized in the nuclei. In some sections, the adipose 
cellular tissue with hemorrhages and newly formed 

granulomas was adjacent to the hepatic capsule. The 
hemorrhages contained lumps of formalin pigment.

Thus, under this parasitosis, there were morphologi-
cal signs of acute exudative-proliferative hepatitis with 
necrotic changes in hepatocytes, the formation of non-
specifi c granulomas, swelling of the interstitial hepatic 
tissue, and acute exudative-proliferative infl ammation 
of the hepatic capsule.

The histological testing of the spleen noted the pres-
ervation of the capsule. The red pulp had insignifi cant 
blood fl ow. There was a proliferation of white pulp 
with necrotic changes in lymphoid follicles (Fig. 7).

There were changes in the pancreas, which had signs 
of expressed autolysis.

All the layers of the gastric wall were preserved. The 
mucous layer and the very plate of the mucosa, sub-
mucous, and muscle layers did not have any pathologi-
cal changes. The serous coat of the stomach and small 
intestine were often infi ltrated with leukocytes, mostly 
eosinophils, macrophages, and plasma cells. In some 
places, the elements of mesentery in the form of adi-
pose tissue were adjacent to the serous coat, the vessels 
had uneven blood fl ow, and some vessels had dissocia-
tion (separation) of blood. The mesentery was infi ltrat-
ed with leukocytes, eosinophils, lymphocytes, single 
plasma cells; some fi brin strands were also noted.

The mucous coat of small intestines was autolytical-
ly altered. There were some parts of the wall of small 
intestine, where all the layers were preserved, except 
for the serous coat; the mucosa layer was unevenly in-
fi ltrated with lymphocytes, leukocytes, accumulation 
of eosinophils, plasma cells, and rare macrophages 
(Fig. 8).

The vessels of the mucosa layer and the muscle coat 
did not contain any blood. The vessels of the submu-
cous coat had uneven blood fl ow. The serous coat of the 
small intestine was often infi ltrated with leukocytes, 
mostly eosinophils, macrophages, and plasma cells.

The formation of a conglomerate in the form of ne-
crotic detritus (exudative-proliferative infl ammation) 
with admixtures of the masses of leukocytes, nuclei of 
destroyed leukocytes, sediments of fi brin, accumula-
tion of eosinophils were registered between the loops 
of the small intestine and the gastric wall. The forma-
tion of granulomas was noted here as well. The cen-
ters of single granulomas had holes of irregular form, 
the walls of which were coated with necrotic detritus, 
fi brin, groups of leukocytes, and nuclei of destroyed 
leukocytes. Single multinuclear cells with fl uffy, bright 

Fig. 3. The signs of acute impairment of blood circulation in 
the lungs of the rat (magnifi cation ×400)

Fig. 4. Eosinophils in the interstitium of the lungs of the rat 
(magnifi cation ×400)
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pink cytoplasm were visualized perifocally from gra-
nulomas.

The testing of the conglomerate, formed due to the 
joining of soft tissues of the abdominal cavity, found 
expressed exudative-proliferative infl ammation, mani-
fested by vivid cellular infi ltration of soft tissues (leu-
kocytes, lymphocytes, eosinophils, plasma cells, single 
macrophages) with the formation of non-specifi c gran-
ulomas. The central parts of single granulomas had 
elements of connective tissue fi brils, and small, disin-
tegrated hemorrhages. Some granulomas had the inclu-
sion of helminths of round shape, red-brown color, and 
granular structure. Single vessels of soft tissues had un-
even blood fl ow, and small, disintegrated hemorrhages 
were found in some areas of the conglomerate stroma. 
Most other vessels of soft tissues did not contain blood.

The testing of the large intestine found that all the 
layers were preserved. The mucous coat in basal areas 
was unevenly infi ltrated with single lymphocytes, leu-
kocytes, and eosinophils, the vessels of basal areas had 
full blood fl ow. It was sometimes noted that the mu-
cous coat was autolytically altered, the superfi cial ar-
eas were partially desquamated, and goblet cells were 
clearly visualized in the glands. The submucous layer 
was sharply disintegrated, and infi ltrated with the ac-
cumulation of plasma cells, single macrophages, and 
eosinophils. The vessels of the submucous layer had 
uneven blood fl ow, with small perivascular hemor-
rhages, there were fi brin clots in single vessels, some 
vessels contained the accumulations of leukocytes. The 
muscle layer did not have any changes. Most vessels of 
the muscle layer did not contain blood. The serous coat 
was unevenly disintegrated, unevenly infi ltrated with 
leukocytes, lymphocytes, eosinophils, plasma cells, 
and macrophages. There were focal hemorrhages in the 
form of fl uffy and dense accumulations of erythrocytes 
in the serous coat. The adipose tissues, adjacent to the 
serous coat, were unevenly infi ltrated with the accumu-
lations of lymphocytes, plasma cells, and single mono-
cytes. The visible vessels of the adipose tissue did not 
contain blood.

Between the loops of the intestine, there was adipose 
and connective tissue (intestinal mesentery) with ex-
pressed exudative-proliferative infl ammation (leuko-
cytes, lymphocytes, eosinophils, plasma cells, macro-
phages, and non-specifi c granulomas). In the central 
area of one granuloma, there were areas of necrotic de-
tritus; in the granuloma wall there were elements of the 
parasite larva under considerable destruction, which 
looked like a single red-brown sediment with a granular 

Fig. 5. Necrosis features in the cortical matter of rat kid-
neys. Karyopyknosis and karyorhexis were noted in the cells 
(magnifi cation ×400)

Fig. 6. The accumulation of leukocytes in perisinusoid spac-
es of the rat liver (magnifi cation ×400)

Fig. 7. Necrotic changes in lymphoid follicles of white 
pulp of the rat liver. The features of «septic spleen» 
(magnifi cation ×400)
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structure. Some veins of soft tissues had uneven blood 
fl ow, sometimes they contained accumulations of leu-
kocytes. Most arteries of soft tissues did not contain 
any blood, the walls of single arteries were thickened 
and had fi brosis. In the places with adjacent muscle tis-
sue (elements of the abdominal wall), the muscle fi brils 
were sharply swollen, with homogenized or granular 
bright red cytoplasm, and had necrotic changes. The 
stroma between them was disintegrated, some stroma 
veins had uneven blood fl ow, and most arteries of the 
stroma did not contain blood.

Thus, under experimental eustrongylidosis, the labo-
ratory rats had acute exudative-proliferative infl amma-
tion of the mesentery of the small and large intestine 
and the formation of non-specifi c granulomas therein, 
the formation of non-specifi c granulomas in the liver 
and acute serous-purulent enterocolitis.

Thus, under the chronic course of eustrongylidosis, 
notable is the syndrome of systemic infl ammatory reac-
tion, which is the response of the organism of rats to the 
long-term impact of powerful, diverse factors (allergic, 
mechanic, inoculatory, and toxic impact of parasites on 
the organism).

DISCUSSION
The nematodes of genus Eustrongylides pose a threat 

to the health of people who consume fi sh and fi sh prod-
ucts that have not been subjected to suffi cient cook-
ing (Guerin, 1982; Gunby, 1982; Eberhard et al, 1989; 
Wittner et al, 1989; Narr et al, 1996). These invasions 
were characterized by gastritis, perforation of the intes-
tinal wall, peritonitis, and the formation of non-specifi c 
subcutaneous granulomas (Panesar et al, 1979; Dear-
dorff et al, 1991; Eberhard et al, 2014).

After penetrating the organism of the fi nal host, the 
agent of eustrongylidosis does considerable mechani-
cal damage to the tissues, disrupting the integrity of 
hollow and parenchymal organs, causing hemorrhages, 
infl ammatory processes in the peritoneum, and general 
septic phenomena. These pathologies may often result 
in the death of the host (Karmanova, 1968).

While estimating the capability of the eustrongyli-
dosis agent to infect rabbits per os, Shirazian D et al 
(1984) and Barros LA et al (2004) registered some 
pathological changes: the infl ammation in the peritone-
um, the formation of granulomas on the surface of the 
liver, and abscesses in the abdominal cavity, the pres-
ence of parasites in the thoracic cavity. There were also 
histological changes in the gastric wall: intense infl am-
matory reaction in the gastric wall with the prevalence 
of eosinophils in the tissues, damage to the mucous and 
submucous layers, hemorrhages; there was necrosis and 
infl ammatory infi ltrate in the muscle layer. There were 
various infl ammatory reactions with the prevalence of 
mononuclears, necrosis, and abscesses in the depth of 
the abdominal wall. According to different data, ex-
perimentally infected rabbits had clinical symptoms of 
eustrongylidosis (some animals even died) (Barros et 
al, 2004), but as per other researchers (Shirazian et al, 
1984), no visible clinical signs of eustrongylidosis and 
cases of death were registered.

Under experimental infection of laboratory rats with 
E. excisus nematode larvae (which were extracted from 
perch – P. fl uviatialis), the changes in the clinical state 
of laboratory rats were registered: poorer appetite and 
mobility, inhibition of the general state, tachypnea, 
painful abdominal wall (Honcharov, 2019). The post-
mortem examination demonstrated serofi brinous and 
purulent-fi brinous peritonitis, perforation of the wall 
of the gastric-intestinal channel, and infl ammatory 
phenomena of the wall of the stomach and intestines. 
There were also microabscesses under the hepatic cap-
sule, secondary pathologies of kidneys and thoracic or-
gans. Alive larvae and larvae without any signs of life 
were found in the lumen of the intestines and directly in 
the abdominal cavity (Honcharov, 2020a). The impact 
of E. excisus larvae, extracted from roach (Rutitlis ru-
tilis), on the organism of laboratory rats was somewhat 
less signifi cant as compared to those, extracted from 
predatory fi sh. The abbreviated course of the disease 
was registered: spontaneous recovery with improved 
clinical state. The post-mortem examination registered 
mainly serofi brinous peritonitis and single cases of 
purulent-fi brinous peritonitis. Some animals had sple-

Fig. 8. Purulent infl ammation of the serous coat of small in-
testine of the rat. Signifi cant leukocytic infi ltration of tissues 
(magnifi cation ×400)
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nomegaly. Dead nematode larvae and their elements 
were found in the abdominal cavity and the lumen 
of the stomach and intestines. It should be noted that 
nematode larvae, which were developing in the body 
of roach – non-specifi c intermediate host of E. excisus, 
caused less manifested pathological changes in the or-
ganism of laboratory rats as compared to E. excisus lar-
vae, extracted from predatory fi sh (Honcharov, 2020b).

In nature, the clinical and post-mortem changes are 
most frequently registered among fi sh-eating birds. The 
post-mortem examination of sick birds registered con-
siderable mechanical damage to the gastrointestinal or-
gans up to the loss of integrity of the latter, which often 
led to the development of peritonitis and severe patho-
logical states that often resulted in death. There were 
also reports on the complete obturation of the intestines 
of the birds by helminths (Locke, 1961; Franson et al, 
1994). The post-mortem examination of gannets that 
had eustrongylidosis demonstrated the degenerated Eu-
strongylidosis larvae in the depth of the gastric wall 
of the birds. In the places, where helminths penetrated, 
there were registered hemorrhages and ulcers, the for-
mation of granulomas at different stages of the infl am-
matory process, which consisted of fi brous connective 
tissue components (El-Dakhly et al, 2012). A similar 
case of registering eustrongylidosis in fi sh-eating birds 
was reported based on post-mortem examination: the 
perforation of the gastrointestinal tract, peritonitis, and 
the formation of fi brous granulomas with necrotic con-
tent and nematodes inside (Cole, 1999).

Our experimental work demonstrated that the main 
mechanism launching the pathological process in the 
organism of an animal that had eustrongylidosis, was 
perforation of the wall of the gastrointestinal tract and 
the penetration of the intestine content and parasites 
themselves into the abdominal cavity, mechanic dam-
age to the tissues of parenchymatous organs and the 
development of peritonitis.

For instance, it is known that peritonitis does infl am-
matory damage to the peritoneum, which is accom-
panied by intestinal paresis, endogenous intoxication, 
and homeostasis impairment, against the background 
of which there are impairments in systemic and region-
al blood circulation, pulmonary gas exchange, func-
tional state of the liver and kidneys with the following 
prominent syndromes: systemic infl ammatory reaction, 
endothelial dysfunction, enteral insuffi ciency, and in-
traabdominal hypertension (Clements et al, 2021).

The described processes lead to acute pathological 
states: purulent-fi brinous infl ammation of the peritone-

um with expressed necrotic component. A severe toxic 
state is a consequence of peritonitis, which occurs in 
the organism of the rats, develops in the course of the 
disease, and has a general impact on the tissues and 
organs of animals. In particular, this is confi rmed with 
pathological changes in the cells of the liver, heart, kid-
neys, etc. (necrotic changes in the cytoplasm, loss of 
cellular membrane, fragmentation of cells, re-orienta-
tion of nuclei).

While comparing the results of histological testing 
of the pathological material selected from rats under 
the acute course of eustrongylidosis (Honcharov et al, 
2022), it should be noted that under the chronic course, 
the proliferative processes with considerable connec-
tive tissue and fi brous components prevailed. Notewor-
thy is the presence of a high number of eosinophils in 
the leukocytic infi ltration, which was not registered by 
us under the acute course. Under the chronic course of 
eustrongylidosis, there was a noted formation of non-
specifi c granulomas with the elements of necrotic detri-
tus and some features of autolytic processes; also there 
were signs of hypertrophy and sclerosis of the tissues 
of parenchymous organs.

We described the formation of non-specifi c granulo-
mas, localized in the tissues of the abdominal cavity, 
under eustrongylidosis in laboratory rats. The fi ndings 
of the study demonstrated the elements of parasite lar-
vae in a state of considerable destruction inside such 
granulomas. Some researchers believe that a parasite 
has its life strategy, which lies in a specifi c impact on 
the host organism, thus activating different immuno-
logic factors (Rohlenová et al, 2011). The formation of 
capsules and granulomas in the host organism is a re-
sult of mutual adaptation between the immune system 
of the host and the parasite and the element of strategic 
compromise between both organisms for the survival 
of the latter (Bruschi et al,2011).

The formation of granulomas under eustrongylidosis 
is widely common among other intermediate hosts for 
this type of parasite – fi sh. The post-mortem of fi sh, 
infected with E. еxcisus larvae, registered the signs 
of infl ammation around the encapsulated larvae: hy-
peremia, induration of adjacent tissues, and swelling. 
Especially vivid infl ammatory phenomena were found 
in the tissues of mesentery and muscles (Goncharov et 
al, 2018). The histological testing of the muscle tissue 
of perch (Perca fl uviatialis) demonstrated that nema-
tode larvae were surrounded by a capsule. The foci of 
necrosis were noted in the places where the parasite 
penetrated the tissues. The muscle tissue was in a state 
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of degeneration. There was a considerable aggregation 
of macrophages and the formation of multifocal fi bro-
epithelial granulomas in the thickness of the capsule 
at the ends of the spindle-shaped capsules (Dezfuli et 
al, 2015). Our studies demonstrated the prevalence of 
proliferation processes and the formation of connective 
tissue granulomas in the organism of rats, which had 
eustrongylidosis. These granulomas seem to be the re-
action of the animal’s organism to the penetration of 
the xenogenic object to the tissues of the internal en-
vironment. There were dystrophic and morphological 
changes in the tissues as a result of the secondary im-
pact of parasites on the host organism. The formation 
of granulomas and capsules in the animal’s organism 
is a mechanism of defense and localization of the in-
ternal environment of the host from the parasite. These 
infl ammatory processes are accompanied by the aggre-
gation of the cells of the leukocytic and macrophagic 
series.

It should be noted that under the chronic course, 
there was a prevalence of proliferative processes with a 
considerable connective tissue and fi brous component. 
Noteworthy is the presence of a high number of eosino-
phils in the leukocytic infi ltration, which was not reg-
istered by us under the acute course. Under the chronic 
course of eustrongylidosis, there was a noted formation 
of non-specifi c granulomas with the elements of ne-
crotic detritus and some features of autolytic processes, 
the signs of hypertrophy and sclerosis of the tissues of 
parenchymous organs.

CONCLUSION

The fi ndings of the histological (microscopic) studies 
of the biological material, selected by us from the in-
fected laboratory rats, demonstrated severe pathologi-
cal changes in organs and tissues with features of the 
syndrome of general infl ammatory response. This fact 
is conditioned by the specifi city of pathogenesis under 
the chronic course of eustrongylidosis. In particular, 
we registered pathological changes in the organism 
of rats, which occurred directly due to the mechani-
cal damage to the tissue by the helminth at the time 
of their migration, and also the secondary changes due 
to endogenous intoxication and impaired homeostasis. 
The mechanically injured tissues had infl ammatory 
phenomena, mainly of a purulent nature, and there was 
considerable cellular infi ltration with the prevalence of 
neutrophils, eosinophils, lymphocytes, plasma cells, 
and macrophages. We determined the signs of purulent 
pleurisy, acute purulent interstitial pneumonia, acute 
exudative-proliferative infl ammation of the liver and 

its capsule, the signs of autolysis in the pancreas, acute 
exudative-proliferative infl ammation of mesostenium 
and mesocolon, serous-purulent enterocolitis. At the 
same time, there were registered hypoxemic-ischemic 
changes, dystrophies, and necroses in the tissues of 
the brain, heart, kidneys, spleen, and liver as a conse-
quence of endogenous intoxication, occurring against 
the background of purulent peritonitis development. 
The phenomena of hypertrophy and sclerosis of heart 
tissues were also noted under the chronic course of eu-
strongylidosis.

The formation of non-specifi c granulomas was reg-
istered in the extraenteric space. The elements of hel-
minths were found inside these granulomas. The gran-
ulomas were characterized by exudative-proliferative 
infl ammation and manifested cellular infi ltration with a 
considerable necrotic component.

A more detailed study of the agent biology and patho-
logical changes in the host organism are urgent objects 
of further scientifi c research.
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Мета. З метою оцінки патогенного ефекту личинок не-
матоди Eustrongylides excisus (L3–L4) на організм лабо-
раторних щурів, останніх заражали per os зазначеними 
паразитами. Личинок Eustrongylides excisus отримували 
від окуня (Perca fl uviatialis, Linnaeus, 1758) виловленого 
в акваторії Дніпро-Бузького лиману виловленого в ак-
ваторії Дніпро-Бузького лиману – 46°37’48.45» N, 31°
51’43.72» E, поблизу села Дніпровське, Миколаївська 
область (Україна) Методи. Експериментальні дослід-
ження, що тривали 30 діб, проводили на нелінійних 15 
лабораторних щурах (самці) із яких і було сформовано 
дослідну групу за принципом аналогів; окремо три 
тварини були використані в якості контролю. Оцінку 
глибини патологічного процесу за хронічного перебігу 
еустронгілідозу проводили методом гістологічних дос-
ліджень уражених органів дослідних тварин, яких по 
закінченню термінів очікування піддавали евтаназії. 
Результати. За результатами гістологічних досліджень 
було встановлено патологічні зміни у тканинах го-
ловного мозку, легень, селезінки та органах шлунково-
кишкового каналу. Відмічали утворення неспецифічних 
гранульом (тобто таких, що не були виявлені у 
контрольній групі тварин), що складалися із жирової 
та сполучної тканин брижі тонких та товстих кишок 
і шлунку. Зазначені гранульоми були з вираженим 
ексудативно-проліферативним запаленням та містили 
елементи личинок паразита (залишки тіла личинок: 
фрагменти головного та хвостового кінців, кутикули), 
що були піддані значним деструктивним змінам. Стін-
ки таких гранульом складалися із фібрину та некро-
тичного детриту. Встановлено, що у тварин групи (тер-
мін очікування 30 діб) реєстрували переважно гнійно-
фібринозний тип запальної реакції з переважанням 
ексудативно-проліферативних процесів та утворенням 
неспецифічних гранульом. Висновок. За результатами  
проведення наукових досліджень виявлено некротичні
та гіпоксично-ішемічні зміни в тканинах головного 
мозку; ознаки серцево-судинної недостатності, дистро-
фічні та гіпертрофічні зміни тканин міокарду; гнійне 
запалення плеври та інтерстеційної тканини легень; 
встановлено зміни тканин нирок у вигляді балонної та 
зернистої дистрофії епітелію канальців; гостре ексу-

дативно-проліферативне запалення капсули та паренхі-
ми печінки; відмічали проліферацію білої пульпи з не-
кротичними змінами лімфоїдних фолікулів; товща сті-
нок органів шлунково-кишкового каналу значно інфіль-
трована еозинофілами, плазмоцитами та макрофагами. 
Також було встановлено явища гіпертрофії та склерозу 
тканин, як патоморфологічна реакція організму на хро-
нічний перебіг захворювання.

Ключові слова: Eustrongylides excisus, щури, експери-
ментальне зараження, гістологічне дослідження, хро-
нічний перебіг. 
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