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ABSTRACT

Dermatophytoses is a very old and neglected ailment in man as well as animals. The development of antifungal
resistance is another emerging issue. Among the different etiologies, Microsporum canis plays a crucial role. The
present study was undertaken to investigate the epidemiology of, characterize, and explore the antifungal susceptibility
profile of M. canis isolated from pet animals. A total of 97 (59.15%) (Dog-46, Cat-51) isolates were identified as M.
canis by using PCR. The prevalence of M. canis was highest in puppies (19.1%) and kittens (25.78%) in relation to
age. No sexual predisposition was found in this study. Seasonal distribution revealed the highest prevalence in summer
and lowest in winter. Resistance against Fluconazole and Griseofulvin was observed in a few isolates. The results
indicate the need to properly identify the pathogen, and to be cautious in selecting the drug for treatment in order to
stop the further development of resistant dermatophytes.
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Introduction

Tinea, Ringworm, or Dermatophytoses
is a common mycoses of the skin caused by
dermatophytes. Microsporum canis, one of the

(MIGNON and LOSSON, 1997). Pet animals
infected with M. canis should be considered as a
potential risk, and should not be mixed with other

zoophilic zoonotic dermatophytes is frequently
isolated from both dogs and cats, with or without
skin lesions (CAFARCHIA et al., 2006; COPETTI
et al., 20006). It is the most common cause of tinea
capitis, tinea corporis, and ringworm in most areas
worldwide (CANO et al., 2005, MARAKI et al.,
2007). It has also been known to survive in the
environment for years by forming dormant spores
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animals, as minimal exposure can lead to infection
(MANCIANTI et al., 2003; DA-CUNHA et al.,
2019).

Direct microscopic examination, followed by
in vitro isolation and identification have been used
as the ‘gold standard’ diagnostic technique for
different species of dermatophytes (PANASITI
et al., 2006). While microscopic examination is
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rapid and inexpensive, it can be non-specific and
requires skilled personnel to identify the fungal
characteristics, which leads to a higher number of
false-negatives, up to as many as 15% (MITCHELL
et al.,, 1994). Thus, for improved and better
identification, a more rapid and precise diagnostic
test is required (GARG et al., 2009). Since PCR
technology is rapid and can distinguish between
species and strains by producing specific bands on
agarose gel electrophoresis, in this study a pair of
published primers (MCIF and MCIR) were used
for further confirmation of the isolated M. canis
(LIU et al., 2001).

The treatment of cutaneous fungal infections
depends predominantly on the site and spread of
infection, and the antifungal agent used. Usually,
topical application of different antifungal agents is
generally used, but chronic infections, such as tinea
corporis, often require the administration of drugs
through a systemic route (RENGASAMY et al.,
2017). Several antifungals, such as Ketoconazole,
Fluconazole, Griseofulvin, and Itraconazole,
have been reported to have significant activity
against dermatophytosis (RENGASAMY et al.,
2017; RAJAGOPALAN et al., 2018). The current
emergence of antifungal resistance of clinical
isolates has led to failure in the treatment of mycoses
(ALCAZAR-FUOLI and MELLADO, 2014).
Therefore, testing the antifungal’s susceptibility
will assist in selecting an effective antifungal
agent against the clinical isolates (ALCAZAR-
FUOLI and MELLADO, 2014). The motive of
this research was therefore also to determine the in
vitro antifungal sensitivity of PCR-confirmed M.
canis clinical isolates against six frequently used
antifungal drugs, viz. Fluconazole, Itraconazole,
Ketoconazole, Griseofulvin, Miconazole, and
Ampbhotericin-B.

Materials and methods

Collection of study samples. From October 2016
to September 2018, a total of 630 samples from
dogs (n = 406) and cats (n = 224) were collected
from veterinary clinics (both private and public)
who showed signs of dermatophytoses, such as
alopecia, annular plaques, scaling, crusts and
desquamation of the paws, in and around Kolkata,
West Bengal, India. Both dogs and cats were
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grouped according to breed, age, sex, and place of
living, as rural or urban. Nine different breeds of
dog, namely Indian pariah dog (n = 84), Labrador
Retriever (63), Pug (58), Dachshund (55), German
Spitz (42), Beagle (36), German Shepherd (27),
Golden Retriever (22) and Rottweiler (19) were
recorded in the present study. For cats, non-descript
Indian (179), Persian (34), and Himalayan (11)
breeds were recorded. Animals below 6 months
of age were considered as young while those
above 6 months of age were regarded as adults.
Animals with no history of antifungal therapy in
the last 6 months were selected to study the actual
MIC of the drug, and to avoid resistance which
could have developed in the course of treatment.
Also, grouping was done in respect to the season
of collection: Autumn (October and November),
Winter (December to March), Summer (April to
June) and Monsoon/Rainy (July to September).
This study of dermatophytoses in pet animals was
carried out at the Department of Veterinary Public
Health (VPH), Faculty of Veterinary and Animal
Sciences, West Bengal University of Animal and
Fishery Sciences (WBUAFS), Kolkata, West
Bengal, India. Skin samples were collected by
scraping, starting from the rim through the center
of the suspected lesions, using a sterile scalpel
blade, after cleaning the affected sites with 70%
(v/v) isopropyl alcohol. The samples were then
wrapped in clean sterile black paper and packed in
a sterile polyethylene pouch. Epidemiological data
in relation to the animal concerned were also noted.
Samples were then transported without cooling to
the laboratory for further processing, after proper
labeling. No transport medium was added and
moisture of any kind was avoided.

Identification by routine methods. The
specimens were inoculated into both Sabouraud’s
Dextrose Agar (SDA) medium (containing 0.5%
cycloheximide and 0.05% chloramphenicol)
and Dermatophyte Test Medium (DTM). Both
media were procured from BD®. SDA plates were
then incubated at 28 °C for around 4 weeks, and
observed regularly for any kind of fungal growth.
If no growth was established after four weeks,
it was taken as negative for the growth of fungi.
DTM plates were also incubated at 28 °C for up
to 3 weeks, and were observed for color changes
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(ROBERT and PIHET, 2008). Microscopical
examination of the cultures was done by removing
a fragment of aerial mycelium with an inoculation
loop, and staining with a drop of lactophenol cotton
blue. Identification and differentiation of the fungal
isolates were done according to the “Dermatophyte
identification scheme” described by KONEMAN
and ROBERTS, 1985. Macroscopically, the isolates
were examined for different colony morphology,
pigmentation, and microscopically evaluated by
lactophenol cotton blue staining and slide culture
techniques. Other tests, such as the rice grain test
and in vitro hair perforation test were also performed
to establish the presence of M. canis (ROBERT and
PIHET, 2008).

Identification of M. canis by PCR. A HiPurA™
Fungal DNA purification Kit (MolBio™ Himedia®,
India) was used for the isolation of DNA from
dermatophyte isolates, according to the protocol
given by the manufacturer. In brief, fungal mycelium
was collected in a cryovial (Sigma-Aldrich®),
mixed with lysis buffer, and grounded in liquid
nitrogen. A HiShredder (MolBio™ Himedia® was
used to remove the precipitated protein and other
contaminants. The fraction obtained was mixed
with a buffer solution for the proper binding of DNA
to the spin column. The final solution was passed
through a silica column, followed by washing steps
to remove trace contaminants. Lastly, the elution
buffer was used to obtain high-quality DNA. PCR
was performed with 25 pL reaction buffer, which
consisted of 1 pL (100 pg) of genomic DNA, 50
millimolar (mM) KCI, 10 mM Tris-HCL (pH -
9.0), 10 mM Sodium chloride (NaCl), 0.5m M
DTT, 2.5 mM Magnesium chloride (MgCl,), Triton
X-100 (0.1%), 200 micromolar (uM) of each ANTP
(dATP, dCTP, dGTP and dTTP), 0.5 units (U) of
Tag DNA polymerase and 50 picomole (pmol) each
of MCIF (5'-CGGGGGAAGTTTACAATCCT-3")
and MCIR (5-GGTTGGCGGAATGATCGATA-
3') specific primers (Sigma-Aldrich®) made up
to volume with pure sterile nuclease-free water
(Molecular grade). The PCR was performed by
using Thermal Cycler (Genei®) with the following
protocol: initial denaturation at 95 °C for 60 s, and
35 cycles at 95 °C for 15 s, 55 °C for 30 s and 72
°C for 60 s and final elongation at 72 °C for 10
min. A tube containing the DNA isolated from the
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procured culture of M. canis from Microbial Type
Culture Collection and Gene Bank (MTCC), India
with code number 2820, was used as a positive
control. The resulting PCR amplified products were
separated in agarose gel (1%) in 0.5 X Tris-borate-
EDTA buffer, stained with Ethidium bromide,
and then images were obtained using the Gel Doc
imaging system by Bio-Rad® (LIU et al., 2001).

Antifungal susceptibility test (AST). AST was
performed using the Broth Micro-dilution Assay
method recommended by Clinical Laboratory
Standard Institute (CLSI), approved standard
M38-A (NCCLS, 2002), against six commonly
used antifungal drugs, namely: Fluconazole,
Itraconazole, Griseofulvin, Ketoconazole,
Miconazole and Amphotericin-B (all procured
from Sigma-Aldrich®). All the agents were
dissolved using 100% dimethyl sulfoxide, except
Fluconazole (in sterile water) to the strength of Img/
ml, which were diluted in Roswell Park Memorial
Institute (RPMI) 1640 Medium with l-glutamine
but without sodium bicarbonate, and buffered at
pH 7.0 with morpholinepropanesulfonic acid. Final
concentrations ranged from 32.0 to 0.06 pg/mL for
all the drugs, except Fluconazole which was 64 to
0.13 pg/mL.

A total of 97 M. canis cultures were cultivated
on potato dextrose agar separately for 7-10 days
at 25 £ 3 °C. Sterile normal saline solution (85%)
was added to the slants and the cultures were gently
scrubbed with a sterile loop to dislodge the conidia
from the hyphal mat. The individual suspension
was then transferred to a sterile tube, vortexed,
and left for half an hour at room temperature to
sediment the heavy particles. The optical density of
the supernatant containing conidia and fine particles
of hyphal fragments was read by double beamed
UV spectrophotometer at 530 nm, adjusted to the
transmittance of 60-70% (~2 to 4x10° cells/mL)
and diluted with RPMI 1640 medium, to acquire
the final inoculum concentration of approximately
0.4 to 5x10* cells/mL. Sterile microdilution plates
(Tarsons®) were taken, and Column 1 was filled
with 200 pL of inoculums to serve as a positive
growth control. Columns 2 to 12 were filled with
both inoculum and serially diluted antifungal agent
(100 pL each). As a negative control, a column
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filled with 200 pL of RPMI-1640 (growth medium)
was kept along with the sterile microdilution plate.
The microdilution plates were then incubated at 28
°C, and were interpreted visually after 7 days of
incubation. MIC 90 values were determined after
conducting a visual comparison with growth in the
positive control tube at a 24 hrs interval. The MIC
value for the Azole derivatives and Griseofulvin
was interpreted as the point at which the organism
was inhibited 80% compared with the growth in
the control well, and for Amphotericin-B it was the
point of 100% growth reduction.

Results

Three different species of 164 dermatophytes
were isolated from a total of 630 animal cases,
giving an overall prevalence of dermatophytoses
of 26.03% in the study population. Among the
164 isolates, M. canis was identified from 107
cases (65.24%), T. mentagrophytes from 48 cases
(29.27%), and M. gypseum from 9 cases (5.49%)
using various conventional methods. All the isolates
showed the development of pink color in the DTM
medium within the stipulated time period of seven
to ten days of inoculation (ROBERT and PIHET,
2008). Molecular identification using PCR revealed
97 (59.15%) isolates as M. canis, indicating a
deviation of 6.1% in conventional methods over the
molecular method of identification.

1 2. 53 4 88 6 7 8

900 bp

Fig. 1. Identification of M. canis isolates by PCR
(1 to 3- Cat isolates, 4- 100 bp ladder, 5- Positive
control (MTCC-2880), 6 to 8- Dog isolates).

As shown in Fig. 1, a band of 900 base pairs (bp)
was generated in all the isolates which were specific
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for M. canis. The corresponding isolates also
produced the characteristic cottony to wooly aerial
mycelium that became powdery and light brown in
the center on the obverse side (Fig. 2a), while the
reverse side showed brilliant brown surrounded by
the yellow pigment (Fig. 2b). M. canis isolates also
produced a bright yellow pigment on the rice grain
test when incubated at 28 °C for 7 days. The in
vitro hair perforation test was negative for M. canis
isolates. Under Lactophenol cotton blue (LCB)
staining, M. canis isolates revealed numerous large,
multi-septate and spindle-shaped, rough, thick-
walled macroconidia. Microconidia were few, and
if present were single celled (Fig. 3).

A further epidemiological study was conducted
only in respect of the 97 PCR confirmed M. canis
isolates. In the present study, out of the total 97
isolates of M. canis, 46 were obtained from dogs
and 51 from cats, indicating that the occurrence
was higher in cats than in dogs. Dachshund (13/55,
23.63%) was the most common breed infected
with M. canis followed by Beagle (7/36, 19.44%),
Golden Retriever (4/22, 18.18%), Labrador
Retriever (11/63, 17.46%), Pug (7/58, 12.07%),
German Shepherd (2/27, 7.41%) and Indian Pariah
(2/84, 2.38%). No M. canis isolates were obtained
from German Spitz and Rottweiler. In cats, M. canis
was most frequently isolated from Persian (15/34,
44.12%), followed by Non-descript Indian (34/179,
18.99%) and Himalayan breeds (2/11, 18.18%).
From Table 1, it is clear that there is a higher
prevalence rate in puppies and kittens as compared
to dogs and cats. There was no association in the
isolation rates of the fungus in comparison to the
gender of the animals. Since the dermatophytes are
reported to be a disease closely related to different
climatic conditions, the monthly distribution of
isolates was compared with different climatic
parameters, such as the average monthly rainfall,
average monthly temperature, and average monthly
humidity data of the study area. It was observed
that the isolation of M. canis was comparatively
highest in the summer season for both dogs and
cats, followed by autumn, the rainy season, and
winter. Dogs from rural areas had a higher isolation
rate than those from urban areas, while in cats there
was no difference (Table 1).
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Fig. 2b. Growth of M. canis on Sabouraud’s Dextrose
Agar (reverse side)

Fig. 2a. Growth of M. canis on Sabouraud’s Dextrose
Agar (obverse side)

The antifungal susceptibility pattern of 97 M.
canis isolates revealed that most of the isolates
showed almost similar patterns of susceptibility
against the particular antifungal agent tested.
MIC 50 values were as low as 0.06 pg/mL for
Ketoconazole, Miconazole, and Amphotericin-B
and highest for Fluconazole (16 pg/mL). MIC 90
values for Fluconazole and Griseofulvin were 32
pg/mL and 1 pg/mL respectively (Table 2).

Fig. 3. Lactophenol cotton blue mount under a Phase
contrast microscope (100X) showing macroconidia

Table 1. Epidemiological study of the prevalence of M. canis in dogs and cats, considering different variables

Criteria/
S1. N° | variables Data Total number M. canis isolated Prevalence (%)
Dogs- Adult 317 29 9.15
Young (Puppy) 89 17 19.1
1. Age
Cats- Adult 96 18 18.75
Young (Kitten) 128 33 25.78

Vet. arhiv 91 (4), 339-347, 2021
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Table 1. Epidemiological study of the prevalence of M. canis in dogs and cats, considering different variables

(continued)
Criteria/
S1. N° | variables Data Total number M. canis isolated Prevalence (%)
Dogs- Adult male 150 13 8.67
Adult female (Bitch) 167 16 9.58
Dogs- Young male 36 7 19.44
Young female 53 10 18.87
2. Sex
Cats- Adult male (Tom) 55 10 18.18
Adult female (Queen) 41 8 19.51
Cats- Young male 70 18 25.71
Young female 58 15 25.86
Dogs- Rural 163 31 19.02
3 Place of Urban 243 15 6.17
' living Cats- Rural 66 14 21.21
Urban 158 37 23.42
Dogs- Summer 98 20 20.41
Autumn 113 14 12.39
Monsoon/Rainy 109 7 6.42
4 Season Winter 86 5 5.81
Cats- Summer 62 24 38.71
Autumn 59 16 27.12
Monsoon/Rainy 49 7 14.29
Winter 54 4 7.41
Table 2. In vitro antifungal susceptibility of M. canis isolates (97) from pet animals in West Bengal, India
Minimum Inhibitory Concentration (MIC) (ng/mL)
SI. N°. | Antifungal drugs Range MIC 50 MIC 90
1. Fluconazole 8-64 16 32
2. Itraconazole 0.03-1 0.25 0.5
3. Ketoconazole 0.03-1 0.06 0.125
4, Griseofulvin 0.06-2 0.125 1
5. Miconazole 0.03-0.5 0.06 0.25
6. Amphotericin-B 0.03-0.5 0.06 0.125
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Discussion

With the changing scenario of demographic
patterns throughout the globe, where the numbers
of people undergoing chemotherapy, the immuno-
compromised, as well as organ transplant cases, are
increasing day by day, the incidence of zoonotic
fungal infections is also increasing (HAYETTE and
SACHELI, 2015; VERMA and MADHU, 2017).
The situation is further aggravated by the emergence
of antifungal resistance (ALCAZAR-FUOLI and
MELLADO, 2014; SINGH et al., 2018). Because
the conventional procedures are time-consuming,
require expertise, and are less sensitive and
specific, molecular tools for the identification of
dermatophytes are regarded as helpful.

The higher prevalence of M. canis reported in
this study was also reported by other researchers
(BINDU and. PAVITHRAN 2002; SINGH et al.,
2018) and may be due to the climatic conditions
of the study area, which is mostly hot and humid
all year-round. Breed predisposition for M.
canis is difficult and not well-reported in dogs
as the treatment regimen is mostly based on
dermatophytoses, and is not targeted towards the
causative pathogen (MORIELLO et al., 2017). In
our present case, the most commonly affected dogs
were short breeds (Dachshund, Beagle, Pug) or had
dense coats of hair (Labrador Retriever, Golden
Retriever). A few similar studies have reported
this prevalence in toy breeds and long-haired dogs
(MANCIANTTI et al., 2003; MORIELLO et al.,
2017). The reason for this might be the ability
of M. canis spores to become trapped in densely
coated or long-haired animals, leading to carriage
and sometimes persistent infections (CAFARCHIA
et al., 2006). Persian cats were the most common
breed to be infected with M. canis. This is because
of their long hair and predisposition to this
zoophilic dermatophyte (MANCIANTI et al., 2003;
MORIELLO et al., 2017). In this present study,
puppies and kittens showed a higher prevalence
for M. canis. This susceptibility is perhaps because
they are not completely immuno-competent. The
findings of the present study are quite similar to
the reports of researchers from different parts of the
globe (GALUPPI et al., 2013; MORIELLO, 2019).
There was no difference between the isolation of
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the dermatophyte between the sexes of the pet
animals, which is supported by some previous
studies (MANCIANTI et al., 2003; COPETTI et al.,
2006). Dogs from rural holdings were more prone
to M. canis infection, which was also probably due
to differences in environmental hygiene, and easy
mixing with other animals, as compared to animals
living in urban areas which are usually kept in an
enclosed space or household. The highest prevalence
of cases during the summer season is probably due
to the very hot and humid environmental conditions
of the region, which is very much characteristic for
tropical and sub-tropical climatic conditions.

In the present study, 10 isolates (6.1%) resembled
M. canis phenotypically, but the molecular diagnosis
was unable to confirm the identity. Due to the
pleomorphism of dermatophytes, many researchers
have reported difficulty in confirmation based only
on phenotypic characters (DENG etal.,2008; GNAT
etal., 2019). Overlapping features and variability in
dermatophytes are also not uncommon (DIONGUE
et al., 2019). Thus, for accurate identification of
dermatophytes, species-specific primers and/or
sequencing of the internal transcribed spacer (ITS)
gene of the ribosomal RNA is warranted.

The MIC 90 values reported from different parts
of the world show Griseofulvin to be sensitive to
dermatophytes (JESSUP et al., 2000, ARAUJO
et al., 2009). In our study, the MIC 50 values for
Ketoconazole, Miconazole, and Amphotericin-B
were low, indicating the susceptibility of the
isolates against these drugs, while MIC 50 and MIC
90 values for Fluconazole and Griseofulvin was
on the higher side, indicating a tendency towards
developing resistance of the isolates against these
drugs.

Conclusion

M. canis has emerged as a global zoonotic
pathogen which creates a potential hazard for
human health, especially pet owners, because it
is easily transmitted from both dogs and cats. The
situation is aggravated further, particularly in the
case of drug-resistant isolates as resistance to even
one class of antifungals severely limits therapy and
hampers patient management. Since antifungal
drugs are limited, it is thus pertinent to identify the
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pathogen properly, and avoid the widespread use of
antifungals, to stop and suppress the development
of resistance.
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SAZETAK

Dermatofitoze su su dugo poznate bolesti u ljudi i zivotinja kod kojih sve viSe zabrinjava razvoj protugljivicne
otpornosti. Medu brojnim etiologijama kljuénu ulogu ima Microsporum canis. U ovom je radu istrazena epidemiologija,
provedena karakterizacija i istrazena protugljivicna osjetljivost gljivice M. canis izolirane iz kuc¢nih ljubimaca.
Metodom PCR-a kao vrsta M. canis identificirano je ukupno 97 izolata (59,15 %), 46 kod pasa i 51 kod macaka.
Uvazavajuc¢i dob, prevalencija gljivice M. canis bila je najveéa u Stenadi (19,1 %) i macica (25,78 %). U ovom
istrazivanju nije potvrdena spolna predispozicija bolesti. Sezonska raspodjela najveca je bila ljeti, a najmanja zimi.
U nekoliko je izolata promatrana rezistencija na Flukonazol i Grizeofulvin. Rezultati upucuju na to da treba to¢no
identificirati patogen i biti oprezan u izboru lijeka kako bi se sprijecio daljnji razvoj dermatofita.

Kljuéne rijeci: dermatofit; psi; macke; PCR; rezistencija na lijek
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