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Microsporia affect different species of animals and humans. The high contagiousness of the pathogen determines the relevance of re-
search into this disease. Microsporum canis is the pathogen that most often causes microsporia. Weakened functions of the immune system
and violation of the epithelial barrier of the skin are a favourable factor that causes microspores. The main source of infection is cats, which
are involved in the storage and transmission of the pathogen. To clarify the dynamics of morphological, immunological and histological
changes in microsporia, blood and skin studies of guinea pigs infected with M. canis were carried out. The animals were divided into two
groups of 6 guinea pigs (healthy and sick). Test material (blood and skin) was taken from clinically healthy and sick animals 21 and 42 days
after infection. The number of erythrocytes and leukocytes was determined by counting them in the Goryaev chamber, the hemoglobin
content — by the method of cyanide hemoglobin. The leukogram was derived based on the counting and differentiation of 200 leukocyte
cells in blood smears. Material for histological examination (pieces of skin) was fixed in 10-12% cooled solution of neutral formalin, fol-
lowed by pouring in paraffin according to the scheme proposed by G. A. Merkulov. The obtained results demonstrated that leukocytosis
developed in guinea pigs with microsporia on the 21st and 42nd days; the number of rod-shaped neutrophils increased, that of segmental
neutrophils decreased, and that of ESR increased. The immune response to the course of microsporia was manifested in an increase in the
percentage of T-lymphocytes, T-suppressors and a decrease in T-helper cells and an increase in Tkillers compared with healthy animals.
Histological examination showed that on the 21st day after infection, hyphae and spores of the fungus M. canis were localized in the skin.
There is swelling of the dermis, stratification of collagen fibers and the accumulation of inflammatory infiltrates around the hair follicles. On
the 42nd day, the infiltration spread and dystrophic changes in the skin occurred in the form of desquamation of the epidermis and the forma-
tion of acanthosis and hyperkeratosis on the surface of the dermis. The conducted research will allow further assessment of the course of

microsporia under the action of various drugs and help establish the most effective method of treatment.

Keywords: Microsporum canis; immune system; immune response; hyperkeratosis; leukocytes; neutrophils; lymphocytes.

Introduction

Skin diseases caused by infectious pathogens are relevant in the work
of a veterinarian. Microsporia is referred to diseases of fungal etiology
which are the most common in veterinary practice (Bezlushhenko, 2017;
Pasquetti et al., 2017; Moriello et al., 2017). Microsporia is a highly conta-
gious disease that affects the skin. The pathogen is dangerous to humans.
The causative agent of microsporia is the zoophilic fungus Microsporum
canis (Medvedeva et al., 2002; Subelj et al., 2014). The source of infection
is cats (80.5%), especially kittens (70-80%) and dogs in rare cases. They
are involved in the preservation and transmission of infection (Novoselov
& Novoselov, 2004). The violation of zoohygienic rules of keeping and
feeding animals contributes to the spread of microspores (DeBoer, 2003).
In addition, a favourable factor for infection and clinical manifestations of
the disease is the immunosuppressive state of the body. Animals which
are weakened, sick with other infectious diseases, lactating, old and in the
period between vaccinations, are at risk of infection with microsporia
(Haitov, 2000). Microsporia occurs as an independent disease and as a
complication of other skin diseases (Ascioglu et al., 2002). The skin can
be a gateway for fungal infection when the epithelial barrier is broken due
to injury or allergic or bacterial dermatitis. Subclinical course of microspo-
ria without visible manifestations on the skin is possible. But at the same
time the pathogen is actively spreading in the environment. Infected ani-
mals pose a risk of infection to those with whom they come into contact
(DeBoer, 2003). That is why they need to be isolated during treatment.

Microsporia is a highly contagious disease that manifests itself in the form
of erythema on the skin, the occurrence of local alopecia, dryness and
peeling of the skin. The characteristic feature is the absence of itching.
Hair is broken or missing; flakes are layered on its surface (Pototskyi,
2000; Cavalcanti et al., 2002). There is a thickening of the skin with signs
of hyperkeratosis or dry seborrhea in places of clinical manifestation of the
disease (Carlotti, 1997). The incubation period of microspores lasts up to
21 days (Bezlushhenko, 2017). Once the pathogen M. canis is on the skin,
it is absorbed into it and begins to multiply, affecting different layers.
The course of the disease is chronic on the 42nd day after infection (Med-
vedeva et al., 2002). One can assess the degree of damage to all layers of
the skin during this period, examining the blood to characterize the reacti-
vity and immune response of the body during microsporia.

The purpose of this work is to conduct a study of the blood and skin
of patients with microsporia in guinea pigs in order to determine body’s
immune reactivity during microsporia.

Materials and methods

Clinical and experimental studies were performed in accordance with
the requirements of the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific Purposes
(Strasbourg, 1986). The experiment complied with the ARRIVE guide-
lines. And it was conducted in accordance with the UK Animal Science
(Scientific Procedures) Act 1986 and the relevant guidelines.
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To determine the body’s immune reactivity against microsporia,
blood and skin tests of guinea pigs infected with the pathogen Microspo-
rum canis were carried out. Two groups of animals were formed, 6 guinea
pigs each (healthy and infected).

Infection occurred when a suspension of the M. canis pathogen was
applied to a scarred skin area with a sterile blade.

The pathogen suspension was prepared from colonies of M. canis
cultured on Dermakit environment for up to 10 days at 25 °C. The colo-
nies were carefully scraped from the surface of the culture medium and
placed in tubes with a sterile solution of 0.9% sodium chloride with a
volume of 20 mL. A homogeneous suspension was formed by grinding
and 04 mL was applied to a 4 x 4 cm diameter scarified skin area.
The inoculum was adjusted to 10° Microsporum canis spores/mL.
The material for testing (blood and skin samples) was taken from clini-
cally healthy animals and from patients on days 21 and 42 after infection.

The research was conducted in the vivarium of Ternopil National
Medical University named after I. Gorbachevsky, Temopil. Hematologi-
cal and immunological blood tests were performed in the laboratory of the
Metropolitan Andriy Sheptytsky Hospital in Lviv. Histological examina-
tions were performed in the laboratory of clinical and biological studies of
State Scientific-research Control Institute of Veterinary Medicinal Pro-
ducts and Feed Additives in Lviv. The number of erythrocytes and leuko-
cytes was determined by counting them in the Goryaev chamber, the
hemoglobin content by the hemoglobin cyanide method.

The leukogram was derived on the basis of counting and differentia-
tion of 200 leukocyte cells in blood smears stained by the method of Ro-
manovsky-Gimza. This took into account cell size, size and shape of the
nucleus, the presence and colour of grains in the cytoplasm. Hematocrit
value was determined using hematocrit capillaries by centrifugation in a
special centrifuge (10 minutes at 3000 rpm), erythrocyte sedimentation
rate (for 1 hour) —using Panchenkov pipettes (Vlislo, 2012).

The T- and B-lymphocytes were counted using the erythrocyte diag-
nosticum of Ltd “Granum Laboratory”, Kharkiv. The principle of the
method is based on the determination of subpopulations of T- and B-
lymphocytes by the reaction of rosette formation with erythrocytes, on
which adsorbed monoclonal antibodies against the receptors of CD3 (T-
lymphocytes), CD4 (T-helpers), CD8 (T-suppressors), CD19 or (B-lym-
phocytes), CD16 (natural killers). The results of the study were recorded
in a light microscope with an immersion system.

Meaterial for histological examination (pieces of skin) was fixed in
10-12% cooled solution of neutral formalin, followed by pouring in paraf-
fin according to the scheme proposed by Merkulov (1969). The fixed
pieces with a thickness of 2 mm were washed in water for no less than
30 minutes, then dried on filter paper and passed through alcohols (75, 96
and 100° for dehydration and degreasing in each of the alcohols). Then
they were impregnated with a solvent of paraffin xylene for 1.5 hours.
The xylene pieces were transferred to a saturated solution of paraffin in
xylene for 1.5 hours at a temperature of 37 °C. Then the pieces were kept
in molten paraffin at a temperature of 54-55 °C, i.e. at a temperature 2-3°
higher than the melting point of paraffin, up to 2 hours in the first portion
of paraffin and up to 2 hours in the second. Then they were transferred to
porcelain cups and filled with molten paraffin, followed by rapid cooling
in a refrigerator. After the paraffin had hardened, the pieces were cut with
paraffin and glued to wooden cubes. Histosections with a thickness of 5—
7 um were made on a sled microtome MS-2. Hematoxylin and eosin
staining were used for morphological evaluation of cells and tissues. Mi-
croscopy was performed using an Olimpus CX-41 microscope.

Data analysis was performed using Statistica 6.0 (StatSoft Inc., USA).
The data are presented in the tables as x + SD (x + standard deviation).
Differences between values in the control and experimental groups were
determined using ANOVA, where the differences were considered signi-
ficant at P <0.05 (taking into account the Bonferroni correction).

Results

The hematological results that were obtained showed that guinea pigs
with microsporia were characterized by changes in the morphological
composition of the blood (Table 1). There were signs of leukocytosis,
Iymphocytosis on the 21st and 42nd days after infection. The number of leu-

kocytes probably increased to 11.13 10%L fiom 5.77 10°/L in healthy
animals. The content of lymphocytes increased in healthy animals to
15.8% by the 42nd day after infection. The content was 46.0% to 65.2%
on the 42nd day after infection (P < 0.001). The probable increase in the
content of rod-shaped neutrophils from 6.3% in segmental neutrophils
decreased from 38.8% to 12.2% by the 42nd day after infection (P <
0.001). There was a probable increase in ESR from 1.67 to 5.67 mmvh on
the 42nd day after infection.

Table 1
Morphological parameters of blood
in guinea pigs with microsporia (x + SD, n=6)
Experimental group

Index Control lstday 42nd day
Erythrocytes, 10”%/L 565+020 553+024 5254021
Hemoglobin, g/L 1172+29 1172+2.1 1133+45
Hematocrit, % 39.67+1.15 38.83+1.19 37.17+7.60
Platelets, 10°/L 2102+04 2238+79 2312+76
Leukocytes, 101 577£037  8.19+£035%%* 11.13£0,72%**
Rod-shaped neutrophils, %  6.33+0.71 13.67+1.20%* 15,76 +1,29%**
Segmental neutrophils, %~ 38.83+1.30 1450+ 1.95%** 1217+ 1 47+**
Eosinophils, % 3.17+040 3.50+043 2.70+0.73
Basophils, % 0 0 0
Monocytes, % 567+049 8.67+0.56 4.17+083
Lymphocytes, % 4600£0.89  59.66+0.88*** 65204 148*%**
ESR, mm/hour 1.67£021  417£031%*%* 5.67+0.67*%*
Color indicator 0.78+0.01 0.78+0.01 0.76+0.02

Note: in this and the following tables statistically reliable differences were considered
compared with the control group: *—P <0.05; **—P <0.01; ***—-P <0.001.

On the 21st and 42nd days after infection in guinea pigs, an increase
in T-lymphocytes from 53.0% to 59.8% was noticed as well as T-suppres-
sors from 20.8% to 23.0%, decrease in T-helpers from 40.2%. An in-
crease in T-killers on the 21st day from 17.5% to 33.3% (P < 0.001) was
noted compared with healthy animals post-infection compared with heal-
thy guinea pigs (Table 2).

Table 2
Immunological parameters of blood
in guinea pigs with microsporia (x + SD, n=6)
Experimental group

Index Control 2istday Hndday
B-lymphocytes, % 21.50+1.06 20.83+1.11 22.33+095
T-lymphocytes, % 53.00+1.53 59.83 +1.50%* 53.83+0.85
0-lymphocytes, % 23504217 1934+ 141 2384+ 1.14
Natural killers, % 17.50+0.85 22.67+1.50 19.33+0.84
T-helpers, % 40.17+1.17 3500+ 1.21%* 33.33£0.71%**
T-suppressors, % 20.83+091 21.50+1.26 23.00+ 1.51*

The structure of the skin layers is preserved during the course of mic-
rosporia. There are inflammatory processes in the epidermis, dermis and
hypodermis. Histological examination of the skin at the 21st day after
infection revealed the presence of spores and hyphae of the pathogen
Microsporum canis in the stratum comeum and hair follicles (Fig. 1).

Inflammatory infiltration had increased by the 42nd day after infec-
tion. This was manifested by an increase in the volume of accumulated
infiltrate in the skin around the hair follicles (Fig. 2). Dystrophic changes
in the epidermis developed, which was manifested in the form of desqua-
mation and the formation of acanthosis and hyperkeratosis on the surface
of the dermis.

Discussion

Changes in the blood during the course of microsporia indicate that
the leukocytosis develops in the body, which is peculiar to inflammatory
and infectious diseases, when the body intensively produces new leuko-
cytes to fight the pathological agent (Smith, 1947). Lymphocytosis in
microbial infections is peculiar to the second half of the immune response,
which occurs after successful transmission of antigen information to lym-
phocytes from antigen-presenting cells (macrophages, dendritic cells)
(Joyner, 1938; Ascioglu et al., 2002; Zimmerman et al., 2015). Suppres-
sion of displays of inflammation is noted at the transition of the immune
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response to a lymphocytic phase in a clinical situation. This occurs on the
background of an increase in the level of lymphocytes, which is explained
by the functional purpose of immunocompetent cells (Haitov, 2000; Ya-

kobysiak, 2004). There is a neutrophilic shift of the nucleus to the left, which
is observed in chronic inflammatory processes and in depleted animals.
Increased ESR indicates an inflammatory process, i.e. delayed infection.

Fig. 1. Histological structure of guinea pig skin on the 21th day after infection: a — structure of guinea pig skin; b — the presence of spores and hyphae
of M. canis in the stratum coreum and hair follicles; ¢ —histological changes of dermal fibers and hair follicle; & — congestive hyperemia of blood vessels;
e—hyperplasia of the epidermis and formation of a cystic cavity, edema of the dermis: 7 — epidermis; 2 — dermis; 3 —hypodermis; 4 — hair follicles;

5 — stratification of dermal fibers; 6 — inflammatory infiltrates around the hair follicle; 7 —hyperplasia of the epidermis; 8 — formation of a cystic
cavity, edema of the dermis; staining using hematoxylin and eosin

The number of T-helpers decreases in bacterial and fimgal infections
of chronic, long-term course (Budumjan & Panova, 2003). T-helpers
recognize the antigen, interact with B-lymphocytes and promote their
transformation into plasma cells.

They are the main engine in immune responses; help B-lymphocytes
in immune responses to T-cell-dependent agents. The number of T-lym-
phocytes at the beginning of the disease may increase with immune acti-
vation, which is caused by infection (Barlov, 1994). T-suppressors provide
the formation of immunological tolerance and inhibit the excessive activi-
ty of T- and B-lymphocytes, thereby preventing an excessive immune res-
ponse. Histological studies have shown that in a healthy guinea pig the

epidermis is represented by a multilayered squamous corneal epithelium.
The basal layer is preserved and consists of cylindrical cells. The prickly,
granular and horny layer which is formed by hormy scales is well visible.
The dermis is represented by bundles of elastic and collagen fibers with
the presence of histiocytes, fibroblasts (Fig. 3), built of papillary and reticu-
lar (reticular) layers. Collagen fibers are collected in bundles of different
shapes and thicknesses. Layers of loose fine-fiber fabric are placed in
separate bundles. The hypodermis is represented by loose connective
tissue between the bundles of which are fibroblasts, histiocytes and fat
cells, which when stained are determined in the form of transparent ho-
neycomb structures (Kisera et al., 2020).
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Fig. 2. Histological structure of guinea pig skin on the 42nd day after infection: @ — histological changes around the hair follicles; » — lymphohistiocytic
infiltrates of the dermis; ¢ — histological changes of the epidermis; ¢ — desquamation of the homy cells of the epidermis; e — hyperplasia of the cells
of the basal layer, spinous cells of the epidermis: / — epidermis; 2 — hair follicles; 3 — the presence of inflammatory infiltrates around the hair follicles;
4 —hyperkeratosis, acanthosis, thickening of the stratum comeum; 5 — hyperplasia of basal layer cells; staining using hematoxylin and eosin

Stratification of the dermis fibers at the 21st day after infection due to
the course of inflammation occurs; there is an accumulation of inflamma-
tory infiltrates around the hair follicles (Fig. 1). Neutrophilic infiltrate
occurs when skin is infected with an infectious agent, where neutrophils
and histiocytes act as an inflammatory mediator. An inflammatory reac-
tion in the thickness of the skin causes swelling of the dermis. Swelling of
the dermis and stratification of collagen fibers provokes the appearance of
congestive hyperemia of blood vessels (Fig. 1), which macroscopically
manifests itself in the form of erythema on the skin surface in ill animals.
Congestive hyperemia in blood vessels leads to circulatory disorders in the
microcirculatory tract. The consequence of this process is damage to the
trophic skin in general and its individual structures in particular. Due to
malnutrition, the epidermis undergoes dystrophic changes in the form of
hyperplasia. There are concomitant pathomorphological changes, which

manifest themselves in the form of cystic cavities, which thin the skin
surface and as a result facilitate its trauma, which can provoke secondary
infection with secondary flora and the formation of microabscesses (Fig. 1),
leading to reduced or partial loss of barrier skin functions in the affected
areas (Horalskyi et al., 2005; El-Dessouky et al., 2019). Inflammatory
infiltration increases at the 42nd day after infection. This is manifested by
an increase in the volume of accumulated infiltrate in the skin around the
hair follicles (Fig. 2).

Concomitantly, there is a thickening of the dermis due to edema and
its defeat by histiocytic infiltrates (Fig. 2). The stratum comeum of the
epidermis thickens due to hyperkeratosis. Proliferation of cells of the
spinous layer and an increase in the number of their rows, as well as the
penetration of epithelial papillae into the papillary layer of the dermis is a
sign of acanthosis. Dystrophic changes become more obvious and mani-
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fest themselves in the form of hyperplasia of the cells of the basal layer
(Fig. 2). There is peeling of the horny cells of the epidermis (desquama-
tion). Macroscopically, this manifests itself through formation of scales on
the skin surface or the appearance of dry seborrhea. The dermis is swollen,
on the surface of the epidermis — hyperkeratosis (Fig. 2). The increase in
cells of epidermis, the hyperplasia of cells of the basal layer, spinous cells
is noted (Fig. 2). These changes indicate the occurrence of dystrophy due
to prolonged exposure to a pathogenic agent in the chronic course of mic-
rosporia, which can lead to scleroderma.

Fig. 3. Skin of a healthy guinea pig: @ — layers of the skin; b —layers
of the epidermis; ¢ — derma of a healthy guinea pig: / — epidermis;
2 —actual skin; 3 — subcutaneous fat; 4 — stratum comeu; 5 — granular
layer; 6 — prickly layer; 7 —basement membrane; 8 — actually derma;
9 — hair follicles; 70— blood vessels; staining using hematoxylin and eosin

There are constant inflammatory reactions that lead to dystrophic
changes that can be irreversible with a long course of microsporia in the
skin. The layers of the skin become thinner, which increases the perfusion
of the dermis. As a result, the course of microsporia may be complicated
by secondary bacterial pioderma.

Conclusion

Changes in the morphological composition of blood in guinea pigs
with microsporia at the 21st and 42nd days after infection were characte-
rized by leukocytosis, lymphocytosis, neutrophilic shift of the nucleus to
the left. The immune response was characterized by an increase in T-
lymphocytes, T-helpers and a decrease in T-suppressors.

On the 21st day after infection, hyphae and spores of the fungus
M. canis were localized in the skin, which caused an inflammatory
process characterized by swelling of the dermis, stratification of collagen
fibers and the accumulation of inflammatory infiltrates around the hair
follicles. By the 42nd day, the infiltration had spread and dystrophic
changes in the skin occurred in the form of desquamation of the epidermis
and the formation of acanthosis and hyperkeratosis on the surface of the
dermis.
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