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The work is devoted to the study of the pathomorphology of
mycotic diseases in mammals, birds, and reptiles. The work aims to
study the morphology and characteristics of the pathomorphogenesis of
mycoses in different animals, the pathological anatomical and
histological figures of these diseases. The study analyzes changes in the
body of various animal species under the influence of fungal infections
caused by fungi of the genus Aspergillus, Mucor. Consideration of the
pathomorphological manifestations of mycoses was carried out at the
Department of Morphology and Expertise of the Ural State Autonomous
Administration.

To describe the manifestation of fungal infections, we performed an
autopsy, followed by histological examination of pathological material
from two camels, one swan, three budgies, a Bengal tiger, seven goats,
and 69 reptiles, with a preliminary diagnosis of mycosis, according to
generally accepted methods. The study showed that mycotic diseases in
reptiles are quite common in the practice of a veterinarian. Analyzing the
occurrence of fungal diseases, it found that mycoses caused by fungi of
the genus Aspergillus accounted for 52% of cases, Candida 26%, Mucor
16%, and mixed mycoses 6%. In the study of mycoses, we found
pathological changes in such organs as the liver, lungs, spleen, kidneys,
adipose tissue, in the stomachs, pancreas and intestines. These changes
were mainly in the nature of a granulomatous process.
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1. INTRODUCTION
Reptiles, birds, and various species of exotic mammals in recent years have become increasingly

popular as companion pets. [4, 15] Many owners, not having sufficient experience, cannot provide
adequate conditions for keeping and feeding for their animals. [16] This, in turn, leads to a decrease in
the natural resistance of the animal organism, and, as a consequence, to the development of infectious
and parasitic diseases, primarily mycoses. [17,18.19]

Mycoses are fungal diseases of animals, which are characterized by active parasitization of a
pathogenic fungus in a living organism. [2] Almost all species of animals are susceptible to fungal
infections. [1] Some of them are dangerous for humans, especially for children. [1] The causative
agents of mycosis are classified as lower and higher fungi, as well as actinomycetes. [3] They are
widespread in nature. In the body of animals, they can cause a pathological process with localization
mainly in the skin, hairline, respiratory organs, digestive tract, genitourinary organs, and even in the
brain tissue [4]. Mycoses are observed all year round, but more often in the winter-autumn period.
Mostly mycoses affect young animals. The development of the disease depends on the degree of
pathogenicity of the pathogen, predisposing factors, the stability of the macroorganism and
environmental conditions. Mycoses also occur as secondary diseases in case of damage to the
respiratory system, against the background of digestive disorders caused by exposure to antibiotic
drugs. [5,6] S. Petrovich (1989) conditionally divides all mycoses of animals into 2 large groups:
superficial and deep, or visceral, characterized, as a rule, by damage to internal organs and tissues. [7]

Many mycoses are characterized by simultaneous damage to the outer integument and internal
organs. [12] However, it should be noted that in some cases superficial mycoses (trichophytosis) can
be accompanied by damage to internal organs and deep-lying tissues, and visceral mycoses
(candidiasis or aspergillosis) - only damage to the skin. But such cases are atypical and cannot have a
significant impact on the fundamental separation of all known mycoses into superficial and deep. [8]

In the group of visceral mycoses, it is advisable to distinguish mold mycoses, which usually
develop against the background of a decrease in the overall resistance of the body. Mycoses of fish
and bees are also considered independent groups. [9] Under suitable conditions, a pathogenic fungus
in the form of spores or mycelium is introduced and multiplies in the tissues, giving rise to a mycotic
process. [11,13]

Diagnosis of these diseases is complicated by the absence of characteristic clinical predictors, the
need for a detailed mycological study, and the wide species diversity of pathogen fungi. [20]

2. RESEARCH RESULTS

When analyzing the studied results, it found that visceral mycoses Aspergillus, Mucor are
found in all animal species and quite often. During the research period, the structure of the ratios of
individual visceral mycoses Aspergillus, Candida, Mucor, which were found in our work in various
species and age groups of animals, was established. So, Aspergillus accounted for 52% of cases,
Candida - 26%, Mucor - 16%, and mixed mycoses - 6%. The data is presented in Diagram 1.
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Diagram 1: The percentage of occurrence of various types of mycoses in the studied animals.

3. PATHOMORPHOLOGY OF ASPERGILLOSIS IN MAMMALS, BIRDS, AND

REPTILES

Aspergillosis was recorded in 43 of the 83 studied animals, which indicates a 52% incidence of
this disease. Aspergillosis was accompanied by a different nature of lesions of the respiratory system,
the gastrointestinal tract, parenchymal organs, and central nervous system organs. Aspergillosis in
birds was detected in 3 parrots and 1 swan. Changes in organs during the autopsy were characteristic
of aspergillosis. Often attracted attention to single or multiple brownish foci, clearly revealed on the
serous membrane of the muscle and glandular stomach and intestines. Around such foci, it was
possible to see point hemorrhages, and palpation of these areas indicated a thickening of the wall of
the affected organ. In such cases, ulcers could always be seen on the mucous membrane. In the liver,
compacted nodular growths up to the size of a pea were found, which protruded above the surface of
the organ due to which it was tuberous. The liver was always in a state of dystrophy up to the presence
of clearly delimited necrosis. The nodules had a brownish tint, and on their surface there were
greenish films densely fused with the nodules. In other cases, multiple superficial or deep necrosis
was detected. Almost regular and of the same type were lesions of the valvular apparatus of the heart
in the form of small or rather large hematomas up to a millet grain, or spotty hemorrhages, which
were localized at the base of the valves. In the brain, the vessels are heavily injected, the dura mater is
reddened, and hemorrhages in the white and gray matter.

Most often, aspergillosis lesions were observed in parrots and a swan in the lungs. The lung
tissue is edematous diffuse red with the presence of grayish lesions and areas of hepatization. In
chronic cases, single or multiple white-yellow nodules of caseous consistency of different sizes were
found, necrosis and caverns resembling tuberculous lesions were noted. The mucous trachea was
often covered with grayish-green films, serous-fibrinous inflammation of the bronchi was noted,
which were filled with fibrinous contents with fungal hyphae. A mulunomatous process was observed
in the lungs, in parenchymal organs, and on the serous membranes. A gray-white plague was found
on the pericardium. The airbags were also struck. Catarrh was detected in the digestive tract.
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Figure 2: The kidney. Swan. Aspergillus granuloma. UV.3X60. Hematoxylin and eosin stain.

In a tiger, aspergillosis also occurred with lung damage in the form of granulomatous nodules,
foci of tissue compaction, foci of necrosis, emphysema, and damage to the digestive tract and liver.

In goats, in addition to lung lesions, the presence of granular or fatty degeneration of the liver
was observed. We have identified hemorrhagic heart attacks of a dark red color in the gastrointestinal
tract. Hemorrhages were detected in the spleen and kidneys, the spleen was enlarged. During the
histological examination of organs from 7 dead Nubian goats, fungal hyphae that were detected in
vessels were constantly found in the wall of the abomasum, intestines, and leaflets of the book.
Mycotic thrombi caused hemorrhagic heart attacks in the lungs. Lymphadenitis was especially
common in the regional lymph nodes of the lungs and the gastrointestinal tract, and in the spleen,
there was a weak leukocyte infiltration with a decrease in the number of follicles. A fairly common
feature in other organs was vacuole dystrophy. In the intestinal mucosa, desquamations of the
epithelium, edema, and hyperemia were detected. A feature of the defeat of the mucous membrane of
the gastrointestinal tract in goats during aspergillosis was vacuolization of epithelial cells, which was
not found with other mycoses.

When opening reptiles, the mucous membranes of the nasal and oral cavities were cyanotic,
multiple point and banded hemorrhages were revealed under the epicardium. The surface of the lungs
was dotted with solid nodules of the gray-yellow color of different sizes. The lungs were compacted,
the tissue was pierced by small dense nodules at the incision, and a cloudy liquid containing fungal
hyphae flowed out. Figures 1 and 2 correspond to the stage of red hepatization. About 80% of lung
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tissue was occupied by granulomas. The macroscopic of the affected stomach with mold mycosis
caused by aspergillus was characterized by the presence of yellow-brown ulcers and surrounded by a
belt of hyperemic and hemorrhagic mucous membrane dotted with hemorrhages. At the bottom of the
ulcers, a layer of necrotic tissue was usually observed, in which there were branching and interwoven
threads with spherical thickenings at the ends. Tissue necrosis was the result of the toxic effects of the
fungus and venous thrombosis with fungal hyphae.

Figure 3: Multiple granulomatous processes in the liver of the Nile crocodile in aspergillosis.

In all the studied animals, a histological examination of the affected areas of the lungs revealed a
large number of granulomas with colorless hyphae of the fungus, as well as a weak inflammatory
reaction with a predominance of proliferation. The fungus was found mainly in unaffected tissue, but
in areas of necrosis, it quickly decayed. Mycelium of the fungus, growing radially, formed strongly
branching hyphae that invaded the lumen of blood vessels, alveoli, bronchioles. The walls of many
bronchioles and blood vessels turned out to be germinated mycelium, which vegetates, penetrating
into the underlying tissue in the direction and place in which we see the branching of its terminal
parts. In the aspergillus nodules, 3 zones were revealed: the central one with necrotic decay, then the
site with serous-fibrinous inflammation and mycelium of the fungus — a wide zone of granulation
tissue.

The peculiarity of the growth of the fungus in the blood vessels is revealed. Having penetrated
the adventitial layer, the mycelium grew perpendicular to the vessel wall to the ring muscles, and then
along the muscle fibers around the vessel moved towards the lumen. In this case, an accumulation of
lymphoid cells, white blood cells, and macrophages was noted around the vessels. Aspergillus was
found in tissues in mycelial and drusen-like forms, and phagocytosis was carried out due to
macrophages and giant cells. In the spleen, rarefaction of the cellular elements of the white pulp
follicles was noted. The follicles were not clearly contoured, but their centers and the pulp cords of
the white pulp were clearly colored. In several cases, loosening, edema, and exfoliation of the pia
mater from the underlying brain substance were found in the brain. Congestive hyperemia and edema
of the brain and meninges, as well as perivascular edema were noted.

Seeding from the affected tissue sites gave rise to Aspergillus fumigatus, which confirmed the
results of studies on aspergillosis.
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4. PATHOMORPHOLOGY OF MUCORMYCOSIS IN MAMMALS, BIRDS AND

REPTILES.

Mucorosis was recorded in 13 of 83 studied animals, which indicates 16% of the incidence of this
disease.

The main pathological changes in mucorosis were found in the digestive tract or respiratory
system, as well as in adipose tissue.

A feature of mucoroses, unlike other deep mycoses, was a rarely observed inflammatory reaction
in the affected tissues. If inflammation did occur, it was manifested by weak leukocyte and
lymphocytic infiltration with necrotic changes. Abscessing was rare and almost no foci of purulent
inflammation were detected. Often found tissue necrosis, which is characteristic of mucous lesions, it
is associated with circulatory disorders. Mucous fungi grew into the walls of blood vessels and
formed thrombi from the plexus of threads in their lumen, which led to impaired blood circulation, the
formation of necrosis and heart attacks. Often, mushroom fungi were found in blood vessels.

Mucormycosis proceeded as acute systemic mycosis. At the opening of 2 camels and 11 reptiles,
it was noted that the animals were cachexic and dehydrated, the camel's hair was dull, the hair was
poorly held in the hair follicle. We have identified granulomas in all organs (heart, liver, spleen,
brain, lungs). Fungal hyphae were detected histologically, as a rule, in vessels and foci of heart
attacks, as well as in adipose tissue. The main accumulation of fungi was observed in the lesions of
the lungs.

Describing the nature of pathomorphological changes in mucoroses in the studied animals,
pathognomonic Figure 3 was revealed that did not raise doubts about the effect of this particular
pathogen. These changes were characterized by bloody contamination of the area of the cloaca of
reptiles and anus in camels, as well as swelling of the larynx. At the opening of the camels, a
red-yellow, turbid fluid flowed from the abdominal cavity, and the serous membranes were covered
with fibrin threads and multiple petechial hemorrhages were noted. The wall of the pancreas, at the
same time, was saturated with blood, there were ulcers in the pyloric part. The mucous membrane of
the pancreas was blue-violet, torn when touched. Blood clots and ulcerations of the mucous
membrane were found in the small intestine. Lymph nodes were enlarged, swollen, with
hemorrhages. In the liver, in almost all the studied animals, small necrotic foci were detected.

Figure 4: Camel, fibrinous overlay on the serous membrane and along the blood vessel. Multiple
petechial hemorrhages.
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Changes in the form of necrosis and hemorrhagic inflammation were localized in the intestines,
abomasum, liver, lymph nodes, lungs. The fungus was also found in blood vessels and beyond.
Mucor mushroom hyphae were present only in ulcers or foci of necrosis and were not found in
healthy organs. Under the pericardium and on the endocardium of reptiles, there were spot
hemorrhages.

The contents of the abomasum of camels were dark brown with an admixture of darkened straw,
the mucous membrane was covered with grayish-white mucus, and sections of anemia and redness
alternated. In addition, multiple, sharply delimited, or merging with each other ulcers of a rounded
shape with raised edges of various diameters were detected on the mucous membrane. These ulcers
protruded significantly above the surface of the mucous membrane and were covered with a
gray-white coating, especially in the center.

All parts of the intestines of reptiles were in a state of catarrhal-hemorrhagic inflammation, both
from the serous and mucous membranes. The intestinal contents were absent. Attention was drawn to
the structural features of heart attacks, which in python and iguanas had a ring-shaped shape and
clearly differed even from the side of the serous membrane of the stomach.

In a pathomorphological study, changes were noted in the kidneys, which in all cases contained
large abscesses, as a result of which the organ itself on the capsule side had a tuberous surface. In
addition, necrosis occurred in the liver and spleen.

Histologically, the fungus was detected in the entire thickness of the wall of the stomach and in
the blood vessels. Extensive foci of heart attacks and necrosis, proceeding according to the type of
karyorexis with the decay of cell nuclei, were revealed. The fungus was rare in these areas and was
almost completely destroyed. Its greatest accumulation was noted at the border of the affected and
healthy tissue, as well as in adipose tissue. The morphology of the fungus in the tissues was
noteworthy. In the thickness of the mucous membrane of the gastrointestinal tract, the fungus
vegetated strongly, which indicated its active reproduction; it was detected in the form of fragments
of threads with swelling at the tips of hyphae and along their length. During the histological
examination of the kidneys, we revealed pronounced granular dystrophy of the epithelium of the
convoluted tubules and multiple infiltrates from lymphoid cells located between the tubules or
penetrating the entire kidney tissue, especially along the nephrons. Many glomeruli and convoluted
tubules were necrotic and contained a wide, non-septated mycelium of the fungus. In most areas of
the kidney tissue, hemorrhages and edema of their own capsule were noted. In the liver, interlobular
connective tissue grows, along the veins we found pronounced lymphoid-leukocyte infiltrates.
Extensive changes took place in the spleen: the red pulp was heavily infiltrated by lymphoid cells, the
edematous follicles, with hemorrhages, foci of necrosis, in which a significant amount of broad
filament of the fungus was also found.
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Figure 5: Adipose tissue of a camel. Mucoric growths in the lumen of the fat cell. Uv. 360X.
Hematoxylin and eosin stain.

The lung tissue was hyperemic, edematous, many alveoli were filled with serous exudate, often
revealed

The interalveolar septa and peribronchial connective tissue are infiltrated by lymphoid cells and
white blood cells, bronchial lumens contained exudate.

Focal leukocyte infiltrates containing a large amount of mycelium of the fungus, swelling of the
nuclei of myofibrils, perivascular edema, and hemorrhages in the myocardium were often noted in the
thickness of the heart muscle. In skeletal muscle, the disappearance of transverse striation and
granular dystrophy were observed.

Histologically, the Mucor fungus forms a wide, non-septated mycelium in the tissues, along which

there are many short outgrowths.

Mycologically, a fungal culture of Mucor pusillus was isolated from the studied reptiles. A
pathological fungus from the genus Mucor was isolated from camelids by a mycological study from
foci of necrosis, as well as from fodder masses of the rumen and from fed hay.

5. CONCLUSION

Mycoses deserve special attention because the localization sites of mycotic lesions can be very
different, it can be difficult to detect and diagnose them, so the intravital diagnosis of mycoses is
rather difficult based on this, often

the outcome of mycoses is fatal, which indicates the relevance of this issue. Conducting our
study, we came to the conclusion that pathomorphological changes in mycoses caused by a certain
type of fungus are similar in different animal species. For example, in aspergillosis in birds, mammals
and reptiles, the main changes will be detected in the lungs and will have a granulomatous process
with a mild inflammatory response. Visceral mycoses should be considered as one of the fundamental
causes of the death of animals, therefore, timely attention to the diagnosis of these diseases should be
given special attention.

1. Pathomorphologically, aspergillosis, mucorosis and mixed mycoses are manifested by
structural and functional lesions, primarily of the respiratory, digestive, immune and nervous
systems.

2. In the differential pathomorphological diagnosis of visceral mycoses of animals it is established:
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o in patients with aspergillosis, ulcers are observed in the gastrointestinal tract with ridged raised
edges and a pinkish rim, necrosis is noted against the background of circulatory disorders.
Granulomas of white-gray color, of various sizes are found in the lungs, and in the bronchi there is
a fibrinous-hemorrhagic exudate with fungal mycelium, the fungal mycelium is septate, has a
spherical appearance; contains a large number of pseudomycelia;

o with mucorosis, ulcers in the gastrointestinal tract, hemorrhagic heart attacks in the wall of the
digestive tube, and sometimes fibrinous-hemorrhagic inflammation are observed. Foci of heart
attacks are noticeable from the side of the serous membrane of the intestine, having the shape of
a ring, hyphae of the fungus branching unpetuated;

o with mixed mycoses, changes in the organs combine the signs characteristic of the fungi that
caused the disease.
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