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Pathomorphological changes in the large intestine
of rabbits parasitised by Passalurus ambiguus (Nematoda, Oxyuridae)
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Passaluriasis is a common infestation of lagomorphs, which clinically manifests in intense itching around the anus, various
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disorders of digestion and loss of weight. We performed a study of infested rabbits of the seryi veleten breed, which were kept
in individual farms in Poltava Oblast (Ukraine). During the autopsy, in the cavity of the large intestine, there were found small,
spindle-like helminths of white colour. Out of 10 rabbits, 846 nematodes were extracted (369 males and 477 females, identified
as Passalurus ambiguus (Rudolphi, 1819) Dujardin, 1845. It was determined that the extensity of infestation in female rabbits
reached 56.4%, male rabbits — 43.6%. The results of metric parameters of the nematodes are as follows: mean body length of
males equaled 4.6 + 0.4, females — 9.7 £+ 1.21 mm, and maximum width — 257.4 + 17.8 and 546.2 + 37.1 pm respectively.
A common feature of mature nematodes of this species is the presence of a rounded extension (bulbus) at the end of the
esophagus. During chronic course of passaluriasis in rabbits, pathomorphological changes developed in the large intestine.
The upper epithelium of the large intestine was damaged in some places, certain epithelian cells were found in the lumen of the

intestine. The intestinal glands are widened, filled with slimy content of mostly dark blue-violet colour, especially in the upper
sections of the glands. In the deep sections of the glands, slime was almost transparent. In deep sections of the glands the slime
was almost transparent. In the epithelium cells of the glands, slimy granules were also of basophilic colour. The muscularis
mucosae of the mucous membrane, especially between the intestinal glands was swollen, had practically no colour, the collagen
fibers were stretched, thinned-out. Edemas were also recorded in the tela submucosa. In some preparations, the muscularis
mucosae was notably infiltrated by lymphoid cells and histiocytes. On large extensions, we found some signs of hypersecretion
of slime in goblet cells of the intestinal glands as accumulations of granules of slime in the cytoplasm, which had poorly
developed colouration. On the side of the muscular and serous membranes, no pathological changes were found.
The information presented here indicates the relevance of passaluriasis infestation as an etiological factor of occurrence of

chronic catarrhal colitis with lymphohistiocytosis.
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Introduction

Diseases caused by protozoans and helminths are classified as in-
vasive or parasitic diseases (Ola-Fadunsin & Ibitoye, 2017). Pathogens
of these diseases have evolutionally adapted to parasitizing in the orga-
nism of animals and people. Pathological processes recorded in the
course of parasitic diseases occur under the effect of certain factors
(Pehlivanoglu et al., 2016), including: condition of the animals, specific
virulent effect of the parasites; capacity for adaptation, a certain compe-
titiveness due to quick tempi of breeding; presence of factors which
condition manifestation of the pathogenic properties of the parasites,
species of animals, breed, type of feeding and maintenance (Zon, 2005;
Emerya et al, 2016).

The organism of animals reacts to introduction of pathogens by a
complex of pathophysiological and immunomorphological reactions.
Protective forces of the organism are orientated to elimination of the
pathogen and repair of structural and functional damage incurred during
the infestation. The character of impact of parasites on the host orga-
nism of is extremely broad, and the same parasite can often act in diffe-
rent ways. According to the extent of the effect on the host, parasites are

divided into more pathogenic and less pathogenic parasites. For this
characteristic, notions of virulence are used. As we know, the extent of
pathogenicity depends on the intensity of infestation (Eira et al., 2007;
Edwards et al., 2016).

Any disease of infectious as well as non-infectious etiology causes
damage to the internal organs and the systems of the organism. For de-
termination of the impact of a pathogen on living animals, clinical and
laboratory studies are conducted (Lello et al., 2005). In turn, pathoanato-
mical autopsy makes it possible to identify macroscopically manifested
changes of the internal organs and the tissues. Pathomorphological
assessment also allows analysis of the character of changes of damaged
organs/tissues at the histological level. As a result of the undertaken
experiment, one can develop objective orientations of treatment against
parasitoids (Laakkonen et al., 2006; Jabbar et al., 2013).

Numerous publications indicate the distribution of invasive diseases
of wild and domestic rabbits (Bordes et al., 2007; Siirsal et al., 2014;
Okumu et al., 2014). It was proved that they can be infested by a num-
ber of parasites: helminths, protozoans and ectoparasites (Fernandez-
Aguilar et al., 2013; Ola-Fadunsin et al., 2018). According to Ili¢ et al.
(2018), infestation of rabbits with parasites in Serbia equaled 82.7%.
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Endoparasites (Eimeria spp., Trichostrongylus spp. and Passalurus am-
biguus) and three species of ectoparasites (Acari of Sarcoptes, Psoroptes
and Notoedres) were found. The authors emphasize that the young
animals suffered coccidiosis (50.6%) to a higher extent, and the older
age group — trichostrongyliasis (39.1%). According to other scientists,
the parasitofauna of rabbits is represented by Eimeria (78.8%), nemato-
des (16.4%) and cestodes (5.5%) (Szkucik et al., 2014).

Among parasitoses of rabbits, passaluriasis occupies a significant place.
The disease is caused by Passalurus ambiguus, a rounded helminth of the
Oxyuridae family, which parasitizes the large intestine (Georgieva et al.,
2005). In rabbits aged up to one year, extensity of infestation equaled 5.8%,
which increased in the adults to 23.3% (Ili¢ et al., 2018). These rabbits
were observed to have decrease in appetite. Active movements of female
pathogens in the large intestine and irritation of the receptors in the area of
the anal aperture lead to overexcitement of the nervous system, and, as a
result, cause itch and scratches. In the area of the anus, inflammatory
processes are diagnosed. At the same time, disorders in the digestive
processes occur, causing loss of weight of the animals. High intensity of
infestation can cause death (Florian, 1997; Rewatkar et al., 2013; Eslam-
panah et al., 2014).

The objective of the study was to research pathomorphological
changes in the large intestine of rabbits with passaluriasis and determine
the peculiarities of morphofunctional changes in the tissues of animals
with a chronic course of the disease. For achieving this, we set ourselves
the following tasks: to conduct pathoanatomical autopsy of rabbits with
passaluriasis, and to study macroscopic and microscopic changes in the
intestine of animals with this disease, because there is only a limited
number of publications on the pathomorphology of this disease.

Materials and methods

The study was carried out during 2017-2018 at the premises of the
Department of Anatomy, Histology and Pathomorphology of Animals
named after V. H. Kasianenko (National University of Life and Envi-
ronmental Sciences of Ukraine) and the scientific laboratory of the
Department of Parasitology and Veterinary-Sanitary Expertise (Poltava
National Agrarian Academy). All manipulations with the animals in the
experiment were conducted with correspondence to the ethical norms,
and therefore to the international and Ukrainian legislations. The rabbits
were maintained in individual farmyards of Poltava Oblast. The material
for the study was the large intestine of compulsorily slaughtered seryi
veleten rabbits, taken from 5 males and 5 females.

Fig. 1. Passalurus ambiguus on the mucous membrane
of the large intestine: bar — 1 cm

Pathoanatomical autopsy was conducted using the method of com-
plete helminthological dissection of separate organs according to K. I. Skria-
bin’s method (Goral'skyj et al., 2005; Zon, 2005). The selected sections
were fixated in 10% neutral solution of formalin. Histosections were
prepared according to classic method in NM-440E (Russian — HM-

440E) sledge microtome, stained used Carazzi's hematoxylin and eosin.
Microphotographs were taken using a micros meq 2000 light binocular
microscope with system of analysis of image using Video Test pro-
gram. General structure, appearance of the tissue, and specific morpho-
logical changes were examined at *100, *400 magnifications.

After anatomical dissection of the large intestine, 846 nematodes
(369 males and 477 females) were extracted for determining macromet-
ric and metric parameters. The species of helminth was identified using
the guide by Gvozdev et al. (1970). The specimens were examined and
identified using the light microscope Zeiss Axio Imager M1 at I. I. Schmal-
hausen Institute of Zoology (Kyiv, Ukraine).

Statistical-mathematic analysis of the obtained results of the research
was conducted on a personal computer using Statistica 10 program
(StatSoft Inc., USA, 2011). The parameters were expressed as an ave-
rage arithmetic value + SD (standard deviation). For comparison of
morphometric parameters of length and width of body of males and
females of Passalurus ambiguus, we used the Mann-Whitney U test.
For comparing number of males and females in one organism of infes-
ted rabbits, we used the Willcoxon criterion. The differences between
the parameters in the groups were considered significant at P < 0.05.

Results

During dissection of the rabbits (Oryctolagus cuniculus), we found
small, spindle-like white helminths in the cavity of the large intestine
(Fig. 1). According to the results of parasitological studies, the nematodes
isolated from the animals were identified as P. ambiguus. In male rabbits,
the number of collected helminths ranged within 46 to 105 specimens,
against 68—142 for females.

‘While measuring the females and males of P. ambiguus in rabbits
of different sexes, we determined their different ratio on average (Fig. 2).

It was determined that nematodes are characterized by a specific
morphological structure. Accordingly, the common feature for mature
males and females of the species was the presence of a rounded enlarge-
ment (bulbus) at the end of the esophagus. At the same time, the head
end had narrow lateral wings and a simple mouth with a small mouth
capsule (Fig. 3a). In morphological structure, nematode females have a
well-developed ovijector, in which elongated oval asymmetric eggs are
concentrated (Fig. 3b). The vulva is in the anterior part of the body.
The tail process of females is narrow and long with ring-like thicke-
nings of the cuticle (Fig. 4b). Imago forms of the male nematodes are
characterized by the following morphological species features: peculia-
rity of the shape, presence of one spicule (Fig. 4a).

We determined the main metric parameters of the P. ambiguus spe-
cimens of seryi veleten breed rabbits in Poltava Oblast (Ukraine), which
allowed us to update the information on species features of mature
helminths (Table 1). The results of the studies revealed that parameters
of length and width of the body of females of P. ambiguus reliably
differed from the males (P < 0.001). The variation coefficient, according
to the data in the tables, indicates that the selection had low and average
extent of variability.

We also macroscopically determined the average level and below-
average level of the nutrition state of the rabbits. For all cases, tympa-
nites was characteristic. The wall of the large intestine on the side of the
serous membrane in all animals had a non-uniform pink-reddish colour
and blood saturation of the vessels, and slightly differed by extent of
pathological changes depending on the section of the animal’s intestine.
The mucous membrane of the large intestine was not thickened, bore
small amount of dark viscous slime on its surface. The wall of the large
intestine was thickened, the mucous membrane was pale. We found sin-
gular rounded bleeding holes and numerous helminths.

Dissecting the rabbits, we observed changes in the large intestine.
The upper epithelium of the large intestine was destroyed in some parts,
some epithelial cells were present in the lumen of the intestine (Fig. 5).

The intestinal glands were widened, filled with slimy content which
became stained mostly in dark blue-violet colour (Fig. 6-8), especially in
the upper sections of the glands, i.e. had basophilic colour. In deep sections
of the glands, the slime was almost transparent. In the epithelial cells of the
glands, slimy granules were also mostly of basophilic colour (Fig. 8).
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Fig. 2. The number of @ (F) and &' (M) Passalurus ambiguus: a — in male rabbits; b — in female rabbits, Me (Q1;Q3); * — P < 0.05
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Fig. 3. Morphological structure of female Passalurus ambiguus:
a — anterior end, la — bulbus, 2a — lateral wings, 3a — area of the vulva; 15 — eggs in the cavity of the uterus
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Fig. 4. Tail end of Passalurus ambiguus: 1a — spicule (&), 1b — ring-like thickenings of the cuticle (?)

Table 1
Metrical species parameters of Passalurus ambiguus, Isolated from rabbits (n = 20)
Sizes of & Sizes of @

Parameter X£SD min—max V.% X£SD min—max CV.%
Body length, mm 46+04 394-5.12 83 9.7 4 1.2k 7.87-112 122
Maximum body width, pm 257441738 232-281 6.9 5462 + 37,144k 479-592 6.8
Length of spicule, um 1199+129 89-137 10.8 - - -
Length of longest tail part, pm 2212+352 168-269 159 - - -
Distance from the vulva to the tail end, pm - - - 181.0+£94 161-194 52
Length of gonad eggs, um - - - 0.10+0.01 0.09-0.12 102
Width of gonad eggs, pm - - — 0.051+£0.010 0.042-0.059 137

Note: *** —P <0.001.
Regul. Mech. Biosyst., 2019, 10(1)



The muscularis mucosae of the mucous membrane, especially
between the intestinal glands, was swollen, i.e. was almost colourless,
the collagen fibers were stretched and thinned-out (Fig. 6, 7). The edema
processes were also found in the mucous membrane (Fig. 6). In some
preparations we observed that the muscularis mucosae was notably in-
filtrated by lymphoid cells and histiocytes. High magnification revealed
features of hypersecretion of slime in goblet cells of the intestinal glands in
the form of accumulations of slime granules in cytoplasm, which poorly
stained (Fig. 7). On the side of the muscular and serous membranes, no
pathological changes were found.

Fig. 5. Large intestine of an examined animal: destruction
of the epithelium (7); lymphohistiocytic infiltration of the
muscularis mucosae (2); edema of the tela submucosa (3);
staining with Carazzi’s hematoxylin and eosin

Fig. 6. The large intestine of an examined animal: intestinal glands (7);
edema of muscularis mucosae (2) and tela submucosa (3);
staining using Carazzi’s hematoxylin and eosin

Fig. 7. The large intestine of an examined animal. Intestinal glands
of basophilic colour of slime and secretion granules of goblet
cells (/); edema of muscularis mucosae (2); staining using
Carazzi’s hematoxylin and eosin

Fig. 8. Large intestine of an examined animal: intestinal glands
with mostly basophilic (/) and transparent (2) slimy content
of goblet cells (/); edema of muscularis mucosae (2);
staining using Carazzi’s hematoxylin and eosin

Discussion

Parasitism is one of antagonistic trophic relations in which an orga-
nism uses another species (host) as a temporary or constant place for living
and source of nutrients. It completely depends on the host, negatively af-
fects the host’s condition, and can cause the host’s death (Boyko et al., 2016).
According to numerous studies, parasitoses contribute to development of
somatic diseases, complications of chronic diseases, and affect the immu-
ne system. Characteristic of most helminths is the chronic course of the
disease, related to the long term presence of the pathogen in the organism
and possibility of repeating the infestation. At the same time, clinical
features are manifested poorly, and pathological-anatomical changes are
accompanied by productive processes which can practically change the
functioning of part of the organ. A significant role in the pathogenesis of
helminthoses is considered to be played by their mechanical impact
conditioned by fixation of the parasites (using suckers, spikes, mouth
capsules, cutting plates) and traumatization of the tissues or the host’s
organ, and is also related to the migration of larvae in the organism. Du-
ring migration, nematode larvae synthesize enzymes which activate their
penetration to their places of localisation. Accordingly Sharma et al. (2017)
indicate that the lungs of domestic rabbits infested with Protostrongylus
spp. had pathomorphologic changes characterized by notable thickening
of the interstitium along with infiltration with the exudates which consisted
of mononuclear cells and fibrins in certain places. At the same time,
helminth larvae provide opportunities for penetration of infectious agents
(Batte etal., 1977).

The species of nematode which we found is also distributed in the
territories of other countries (Pinto et al., 2004; Rinaldi et al., 2007; Frank
et al.,, 2013). However, the extent of description of this topic in different
sources is not the same. Mostly, the presented data is focused on epizoo-
topology (Eslampanah et al., 2014) and morphology of P. ambiguus, as
described in scientific studies (Sheng et al., 2014; Sultan et al., 2015).
We present the main parameters of P. ambiguus in conditions of the
forest-steppe zone of Ukraine (Poltava Oblast) in seryi veleten breed
rabbits. A number of scientists mention possible biological and morpho-
logical adaptative changes of nematodes, but up till now no parameters
of the morphological structure of these nematodes in the territory of
Ukraine have been described.

In the course of our research, we found helminths numbering from
46 to 142 specimens per host animal, their number varying depending
on the sex of the host. Accordingly, male rabbits had fewer nematodes,
and the ratio equaled 1.29. These data coincide with Elshahawy & Elgo-
niemy (2018), who mention that females are more vulnerable to infesta-
tion than males. It was proved that sex is a determining factor which
affects the prevalence of parasitism. According to Florian (1997), total
infestation of females with helminths equals 67.2%, and infestation of
males — 57.2%. According to our studies, infestation of female rabbits
equaled 56.4%, whereas in male rabbits —43.6% of the total number of
collected nematodes.
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In calculating the ratio of females and males of P. ambiguus in rela-
tion to the sex of the rabbits, we determined on average a different pro-
portion of female and male nematodes, which we relate to the level of
intensity of infestation. Thus, in the examined male rabbits, as we have
mentioned before, the total number of nematodes was lower (73.8)
compared to female rabbits (95.4). It should be mentioned that in cases of
lower intensity of infestation, a higher number of female parasites was
recorded. The ratio equaled 1.88 compared to 1.53 in female rabbits.
This can be explained by the reproductive ability of females to provide
maintenance of the species in the process of evolution. Thus, the
number of nematodes conditions the extent of contamination of the
environment with invasive elements.

As we know, the most important fnctions of the intestine are motor,
secretion and resorption (absorbing) functions (Sicherer & Sampson, 2010;
Camps-Bossacoma et al., 2017). In the large intestine, the microflora
have a special physiological function. It can perform various different
functions: digestive, synthesizing and protective. Microflora takes active
part in metabolism. Regulatory protection consists of formation and sti-
mulation of the immune system. At the same time, it is responsible for
coordination of the vegetative nervous system. The function of synthesis
consists of biosynthesis of vitamins (thiamine (B, ), riboflavin (B,), pan-
tothenic (Bs) and folic acids (By), niacin (PP), biotin (H), pyridoxine (Bg),
phyllochinon (K)). But no less important protection is the obligatory
microflora of the intestine, which inhibits the development of pathoge-
nic microflora and becomes a natural sorbent by taking part in detoxifi-
cation of xenobiotics (Mowat, 2003; Vighi et al., 2008; Camps-Bossa-
coma et al., 2017; Gavrylin & Nikitina, 2017).

Under the impact of various endogenous causes, particularly parasi-
tes, composition of the intestinal microflora of animals, as the first line
of the defense can change, causing disorders of normal courses of phy-
siological processes. The second line is the mucous membrane, which
also becomes affected by helminths. A number of authors mention that
parasitism by Strongylidae in large ruminants causes formation of gra-
nuloma of different stages. And in the wall of the large intestine, we
recorded infiltration of all layers of the mucous membrane by cells with
domination of lymphocytes, and in the apical part and around the intes-
tinal crypts, we observed with accumulation of granulocytes (eosino-
phils, neutrophils) and macrophages. At the same time, we observed
accumulations of pus-necrotic inflammation. We found fragments of
larvae of Oesophagostomum radiatum in the tela submucosa, which
were surrounded by a large amount of lymphoid cells, granulocytes, and
by a capsule on the outside. In such places, the intestinal wall was thi-
ckened (Kruchynenko et al., 2017).

The number of Ukrainian and Russian journals with studies on the
impact of P. ambiguus on the organism of rabbits is low and outdated.
The impact of this helminth on the physiological condition of animals
has been described (Duda, 2017), while pathomorphological changes
have been described only in scattered studies. Florian (1997) in his
study mentions that the main structural changes manifest in the rabbits’
large intestine. In the acute course (Il = 9,257 specimens) of the disease,
in places where the parasites attach, the mucous membrane of the
intestine was severely damaged. The most significant changes were
recorded on the side of the crypts (glands of the mucous membrane).
The epithelium beneath them was swollen; the nuclei had a rounded
shape and were larger than normal size. In some places, diapedesis
hemorrhges and insignificant accumulations (mostly singular) of
polymorphonuclear leukocytes were diagnosed. Inflammatory edema in
other layers of the intestinal wall was less significant. The authors
consider the described changes as serous-catarrhal colitis.

In the course of our research on chronic passaluriasis, we diagnosed
chronic catarrhal colitis with lymphohistiocytosis.

Scientists also have proved that in case of parasitism by intestinal
helminths, the pathological picture is characteristic of catarrhal colitis
with desquamation processes in the epithelium (Mohanta et al., 2007).

Researchers have found the following pathological changes in the
histology of sheeps’ cecum: infiltration by the lymphoid cells, eosino-
phils and fibroblasts around the body of the parasite Trichuris ovis (Iliev
etal,, 2017). These data were confirmed by other authors who determined
similar pathomorphological changes in the cecum of rodents parasitised

by Trichuris (Lopes Torres et al., 2011). The pathogenic impact of pas-
saluriases is characterized by proliferation of goblet cells, desquamation
of the epithelium of the intestine’s mucous membrane, which is correla-
ted with pathomorphological studies conducted on sheep with haemon-
chosis (Kumar et al., 2015).

Conclusions

In rabbits with chronic passaluriasis, a characteristic complex of pa-
thomorphological changes develops. The examined animals were obser-
ved to have chronic catarrhal colitis with lymphohistiocytosis. The de-
scribed changes in the large intestine develop as a result of the mechani-
cal and inoculative effect of P. ambiguus parasites on the mucous mem-
brane, and also as a result of the effect on it of substances produced by
nematodes. The helminth affects the clinical course of the disease, and
exacerbates the trophic damage to the host organism. Finding patho-
morphological changes in rabbits with passaluriasis makes it possible to
develop an efficient treatment orientated not only at the pathogen, but
also at the organism in general, making the measures more effective,
and the recovery faster. Prospects of using methods of post-mortem
diagnostics allow one to control the extent of infestation on farms and
implement measures against the parasites in good time.

We express gratitude for help in studying the nematode species and conducting
morphometric studies to the Candidates of Biological Sciences O. B. Hreben and
Y.Y. Syrota (Schmalhausen Institute of Zoology of National Academy of Sciences
of Ukraine).
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