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SUMMARY

Dermatophytosis is a zoonosis in whose etiology the dermatoptigtesporum canids frequently involved. The

fungus can be transmitted to man by dogs and cats. In the present study, guinea pigs were experimentally inoculated
with M. canisand the course of the lesions was evaluated. Inoculation resulted in lesions in 100% of the animals,
with a clinical course consisting of an incubation period, an inflammatory and a phase of lesion resolution. The
histopathologic evaluation of the skin biopsies revealed the presence of acanthosis, hyperkeratosis, spongiosis and
marked dermal edemaM. canisspores and hyphae were detected in histologic sections stained with periodic acid-
Schiff. The combination of the fluorescent dyes FD and EB permitted the adequate visualization of viable and dead
fungal cells in skin fragments of guinea pigs inoculated WMthcanisand the identification of the morphologic
characteristics of the cells. This experimental model represents a valuable instrument for the study of the pathogenesis
of dermatophytic infection with respect to the evaluation of the efficacy of antifungal drugs, and may also be used for
the study of the immunology of dermatophytoses and of dermatophyte morphogenes
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INTRODUCTION and transmit the disease to man and other animals.
Dermatophytes can be transmitted by direct contact with
ermatophytosis, also called tinea, ringworm, othe infected host through fomites containing infected
D superficial fungal infection, is one of the mostmaterial, or by exposure to environments contaminated with
common diseases of the skin and is caused Ispores from coats or from cells shed from the ¥kin
dermatophytes of the gendvéicrosporum Trichophyton Young animals and older animals with immunological
andEpidermophytoywhich show great affinity for the skin deficiency or debilitating disease are among those most
and its annexes®. In Brazil, the most frequently diagnosedsusceptible to dermatophytosis. Corticoid treatment, stress
agents in the clinical dermatology of dogs and cats areamd nutritional deficiencies are also factors that may
decreasing order of occurrenbticrosporum canisM. predispose to the diseds& No sex or race preference has
gypseum Trichophyton mentagrophytesand T. been observed, although some individuals of a family or
verrucosurig: 14. 27. 39 race have been found to be more susceptible to the dkease
Dermatophytosis, especially feline dermatophytosis, The classical dermatophytic lesions are characterized
is an important public health problem, sirMecanisis a by policyclic, nummular rings. Alopecia and crusts can be
dermatophyte that frequently infects humans, witbbserved. The hairs remaining in the central area or borders
transmission of the infestation to humans being observetithe lesion are fine and brittle. Secondary papular folliculitis
in 30% of feline dermatophytosis caS$és and dry seborrhea may also be present. Normally, pruritus
According to Quaife and Wontfdrand Gambalet does not occur, but moderate or intense pruritic lesions have
al.’s, dogs and cats without clinical manifestations of theeen observed in some cé&sés
disease can carry dermatophytes in their coat. Mant8vani The diagnosis of dermatophytosis is based on clinical
showed that, in addition to dogs and cats, numerous othestory, detection of lesions, and various diagnostic tests
animals, including wild animals, can harbor dermatophytescluding Wood'’s light interposition, direct microscopic
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examination of the hairs and/or crusts, mycologic cultivatioregion of the animals was removed and a skin area in this
of perilesional material, and biog8$’. Despite the large region of approximately 4 cm was submitted to gentle
number of diagnostic methods available, none of them sgarification with a sterile scalpel blade. A suspension (0.4
completely efficier. ml) containing 10M. canisspores/ml was inoculated at the
Microscopically, the dermatophytic lesions showsite, which was covered with a 4 x 4 cm polyethylene film
variable patterns, ranging from a noninflammatory tand kept in place with a 4-cm high elastic bandage for 24 h.
discrete reaction in association with spores or hyphae rHFe aration and quantification the inoculum
the stratum corneum or in the hair follicles, to an intense P q
inflammatory reaction without evidence of fungal elements. The suspensions used for the inoculation were
Fungal particles can be visualized in histologic sections tpyepared fromM. canis colonies initially cultivated on
special staining methods such as silver methenamine Mycosel (DIFCO) and then on potato agar for approximately
periodic acid-Schiff (PAS). 2 to 3 weeks at 26. The colonies were gently scraped
Grosset al'® observed dermatophytosis with variablefrom the surface of the culture medium, placed in test tubes
degrees of acanthosis of the epidermis and follicul&ontaining 20 ml sterile saline, and triturated and
infundibulum, hyperkeratosis and, in some cases, superficd@mogenized in a mollusks triturator for about 1 min.
crusts. Folliculitis may be observed in dogs but does nbtingal cells were counted using each of the four "A”
occur in cats. The hair follicles and blood vessels of tr@@mpartments of a Neubauer chamber. The inoculum was
superficial dermis are found to be infiltrated by lymphocyteadjusted to 10M. canisspores/ml as recommended by Bonk
and macrophages and, sometimes, by few neutrophils. Téfeal? and Reinhardet al®.
hairs can be infiltrated by dermatophytic spores and hyph o
The combined use of fluorescein diacetate ar%%ngal cell viability
ethidium bromide (FD-EB) has been widely employed in Aliquots of 0.1 ml were removed from thé canis
studies on microorganism viabilfty® 2°-28.35.3gsing clinical  suspensions and equal aliquots (v/v) of FD (5 pg/ml) and
material obtained from natural human and animal lesiofB (50 pg/ml) in phosphate buffered saline (PBS) prepared
and from experimental inoculations, that was proceeded Bhortly before use were adde#t One drop of this mixture
the standardization of the fluorescent FD-EB technique fatas examined with a fluorescence microscope, and a fungal
the study of fungal cell viability. cell count revealed 85% of viable cells.

Clinical evaluation of the lesions
MATERIAL AND METHOD ) o ] .
The lesions were clinically followed-up daily until

Microporum canis strain resolution was observed, considering the following aspects:

An M. canisstrain (ICB-35) obtained from the &) incubation period, b) erythema, c) shedding, d) crusts, e)
Mycology Section of the Department of Microbiology,hair rarefaction, f) alopecia, g) dissemination of the lesions to
Institute of Biological Sciences, University of Sdo Pauld?ther sites of the animal’s body, and h) cure of the lesions.
which was isolated from the hairs and epidermal flakes @iycologic and histopathologic evaluation

a dog, was used in the present study. ] ) .
Mycologic evaluationEpidermal flakes were scraped

Skin biopsies from the animal and hairs were collected by manual avulsion
Fifty-two skin biopsies were collected from guinegdt intervals of 24 and 72 h, and’5, 6, 7, 8,9, 11, 13, 15, 17, 20,
pigs experimentally inoculated wiM. caniswith a punch 25 and 32 days after inoculation. After complete resolution
measuring 4 mm in diameter. of the lesions, material was collected from the animals using
the “carpet technique” as described by La&taZhe
epidermal flakes and hairs were seeded in tubes containing
Twenty-four guinea pigs of both sexes, weighind/ycosel (DIFCO) agar and maintained in an incubator at
approximately 600 g were obtained from the animal houg8®°C, and fungal development was periodically analyzed,
of the Facult of Medicine, University of Sdo Paulo. Twavith the fungi identified as described by Rebell and Téplin
depilated animals, whose skin was submited to gentle  Histopathologic evaluationTwo skin biopsies were
scarification with a sterile scalpel blade but which werebtained from the inoculation site with a punch measuring 4
not inoculated, werw used as control. mm in diameter at the above time intervals. One biopsy was
duly processed and examined for the identification of fungal
cells using the FD-EB method. The other biopsy was fixed in
Animals were inoculated according to the modified0% formalin, embedded in paraffin, cut into 5-um thick
method of Tagamét al®”. The hair in the posterior dorsal sections, and stained with hematoxylin-eosin and PAS.

Animals

Inoculation
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Processing of the skin biopsies and determination of infection were observed on the 5th day after inoculation in

viability using FD-EB 21 (87.5%) animals, and manifested in the form of edema,

. - . . erythema and mild shedding. These alterations became more

M. caniscontaining suspensions were obtained after °. . .

bi ; . evident around the 10th day. The lesions progressively
lopsy processing and 0.1 m aliquots were added to equ‘r?cI:reased in diameter and were found to be covered with

aliquots (v/v) of FD (5 pg/ml) and EB (50 pg/ml) in

phosphate buffered saline (PBS) prepared shortly befq\gglte-yellow crusts strongly adhered to the epidermis

A . etween the 8th and 15th day.
use (Restrepo et &, Corréa ). One drop of the mixture Between the 20th andy25th day, the inoculation site
containing skin fragments and the reagents was plac&c]i '

. ) . showed areas of alopecia, shedding and crusts. The skin
between a slide and coverslip and the material was examine . .
; . was found to be intensely swollen and erythematous (Fig.
with a fluorescence microscope.

1). Hair growth was observed in 22 (92%) animals from the

RESULTS 30th day on, and the lesions were completely resolved on
the 40th day in 20 (83%) animals.
Experimental infection of guinea pigs with canis M. caniscould be reisolated from hairs and

resulted in lesions in 100% of the animals. The first signs epidermal flakes of 15 (62%) inoculated animals from the 5th

Figure 1 . _ Figur.e 2 . . .
Photograph of an experimental lesion proced by M. canis inPotomicrograph of a histological section of the skin of a guinea

guinea pig, after 25 days of evolution. Alopecia and desquamatiBi¢ inoculated wittM. canis,after 15 days of evolution. Marked
can be seen. hyperkeratosis and acanthosis are observed; the demis shows an

inflammatory infiltrate predominantly composed of monocluear
cells, and the hair follicles are filled with spores and hyphae.
Staining: hematoxylin-eosin. Magnification: 200x

Figure 3 Figure 4

Photomicrograph of a histological section of the skin of a guinddistological section of the skin of a guinea pig inoculated With
pig inoculated withM. canis,after 8 days of evolution. Spored canis,after 8 days of evolution. A hair follicle containing spore and
hyphae are observed inside the hair follicle.Staining: hematoxylihyphae can be seen. Staining: Period Acid Schiff. Magnification:
eosin. Magnification: 400x 400x
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day on. Mycologic cultures were positive in 10 (38%) animalksuspension containing. canis mycelia isolated from the
on the 30th day after inoculation. After 50 days ofesions of a dog with dermatophytosis and cultivated in the
inoculation M. caniscould not be isolated from the materiallaboratory, with special attention being paid to abrasion and
collected at the inoculation site of 18 (75%) animals. occlusion of the inoculation site, in an attempt to reproduce
Using the carpet techniquil. caniswas isolated important natural conditions of dermatophytic infections.
from 6 (25%) animals that did not show clinical lesions 46lowever, BonK did not consider these measures to influence
days after inoculation. Howevé¥, caniscould be isolated the infectivity of these agents.
from the previously monitored animals and from two The clinical course ofl. canisinfection in guinea
additional animals on the 100th day, with an increase in tipggs was found to consist of an incubation period (0-5 days
percentage of positive animals without clinical lesions tafter inoculation), a phase of establishment of the lesions or
33.3%. inflammatory phase (5-20 days after inoculation) and a
Histologic sections stained with hematoxylin-eosimesolution phase (20-30 days of evolution), similar to the
showed a discrete neutrophilic infiltrate and dermal edeneéinical course of experimental infections in guinea pigs
24 h afteM. canisinoculation into the skin of guinea pigs;induced by other dermatophytes’ 17 2. 24
at 72 h of inoculation these alterations were found to be Spontaneous cure of the lesions occurred about 40
more pronounced. Five days after inoculation, skin fragmerdgys after inoculation. This short duration of infection is an
showed acanthosis, hyperkeratosis, spongiosis and markesghect that limits the use of experimenkél canis
dermal edema. These findings became progressively malermatophytosis in guinea pigs, especially in studies
pronounced, with highly marked alterations being observeavaluating the efficacy of therapeutic agents.
15 days after inoculation (Fig. 2), and being less prominent Positive fungal cultures were obtained from the
on the 17th day. The histopathologic alterations were foumaaterial collected at the inoculation site of 6 animals 100
to be discrete 32 days aftier. canisinoculation. Even in days after the lesions had been cured. Other aditttérs
sections stained with hematoxylin-eosin fungal spores addscribed a similar finding and suggested that the fact that
hyphae were observed in the stratum corneum and insiaeimals continue to be culture positive even after cure of
the hair follicles (Fig. 2 e 3). the lesions may be related to recontamination with fomites
M. canisspores and hyphae were detected in theresent in the environment. In the present study,
stratum corneum 24 h after inoculation in histologic sectiomscontamination with fomites present in the environment
stained with PAS. Fungal particles were also observed insioiay have occurred sind& caniswas isolated from only 5
the hair follicles from the 5th to the 20th day after inoculatioanimals on the 50th day, while on the 100th day the fungus
(Fig. 4), but were no longer detected in the histologic sectionss isolated from 2 additional animals upon collection of
after this time interval. material for mycologic examination, leading to a total of 7
The viability test using the fluorescent dyes FD-ERulture-positive animals.
demonstrated the presence of viable cells with uniformly The literature does not report any studies describing
distributed, greenish fluorescence in skin fragments frothe histopathologic alterations of the skin of guinea pigs
guinea pigs previously inoculated with canis Dead fungal experimentally inoculated witM. canis however, the
cells showed reddish and brilliant fluorescence. The FD-Eficroscopic alterations found here were similar to those
technique especially permitted the observation adbserved for natural lesions causedMbycanisin dogs,
microconidia which were mostly round in shape and afats and guinea pitfst2222¢
variable diameter. Ovoid microconidia were eventually In the present study, invasion of the hair follicles by
observed. Hyphae could be rarely visualized and, if presehyphae and spores was established 5 days after inoculation,
only some were viable. Both viable and dead hyphathile Hay et al'®*observed parasitized hair follicles in
fragments were observed up to the 15th day. After this tinexperimental lesions of rats producedlbguinckeanura4
interval, hyphae could be rarely observed, most of theand 72 h after inoculation.
being dead. The viable fungal cells stained with FD showed
A predominance of viable cells was observed on théniformly distributed, greenish fluorescence, while dead
15th day after inoculation. On the other hand, dead cefigngal cells presented reddish and brilliant, uniformly
were predominant 24 h after inoculation and tended glistributed fluorescence, as also observed by Rojas Pedral

increase from the 20th day on. Corréa et at; Corréaetaand Corréa et af.
Hyphae could be rarely visualized in the preparations
DISCUSSION stained with FD-EB, a fact possibly related to deficient

trypsinization of the skin biopsies, preventing the release of
In the present study, infection was induced with dhe hyphae from the tissues.
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CONCLUSIONS safe differentiation between dead and live cells, in addition to
preserving the characteristic morphology of the fungi.
The present results obtained by experimental The fluorescent FD-EB technique represents an
inoculation ofM. canisled us to conclude that: alternative mycologic diagnostic method, with the

The model of experimental induction bf. canis advantage of sensitivity and rapid execution compared to
dermatophytosis in guinea pigs was relatively simple tdassical methods.
perform and resulted in lesions in all animals studied. The use of the fluorescent method permitted the perfect

The experimentdll. canisinfection in guinea pigs visualization of the morphologic characteristicMotanisin
proposed here does not reproduce with absolute accurakin fragments, thus representing a method which may be
natural dermatophytic lesions; however, in terms of the clinicaked to study the morphogenesis of this or other fungi in
aspects, the lesions observed here were similar to natural lesibi@ogical material.

The present model represents a valuable instrument  Due to the identification of dead and live microorganisms
for the study of the pathogenesis of dermatophytic infectian tissues, the fluorescent method permits the study of the
with respect to the evaluation of the efficacy of prophylactieffects of drugs on fungal cells.
or antifungal therapeutic drugs and for the study of the The viability test employing the fluorescent dyes FD-
immunology of dermatophytoses. EB can be applied to the evaluation of the viability of

The use of the fluorescent dyes FD-EB for thenicroorganisms to be used in the induction of experimental
evaluation oM. canisviability in skin fragments permitted a lesions.

RESUMO

Com frequéncia o dermatdfitdicrosporum canigsta envolvido na etiologitadermatofitose, podendo ser transmitido

para o homem por cées e gatos. Neste estudo foi procedida inoculagao experirvertah@em cobaias resultando

em lesGes em 100 % dos animais e o curso clinico consistiu de periodo de incubacao, fase inflamatéria e fase de
resolucdo das lesGes. O exame histopatoldgico de bidpsias cutédneas revelou presenca de infiltrado neutrofilico e
edema; acantose, hiperqueratose e espongiose. Estas lesdes tornaram-se menos acentlidiagorariitulacio.

Esporos e hifas dd. canisforam detectadas em cortes histol6gicos corados com PAS (Acido Periédico de Schiff). A
combinacdo dos corantes fluorescentes diacetato de fluoresceina (DF) e brometo de etidio (BE), possibilitou uma
adequada visualiza¢é@o das células flngicas viaveis e ndo viaveis com evidenciacdo de seus caracteres morfoldgicos.
Este modelo experimental representa um valioso instrumento para o estudo da patogénese da infeccao por dermatéfitos,
para a avaliagdo da eficacia de drogas antifingicas, podendo também ser utilizado em estudos sobre a imunologia das
dermatofitoses e na determinacdo da morfogénese de dermatofitos.

PALAVRAS-CHAVE: Dermatofitose. Ntrosporum canisnoculagdo. Cobaias.
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