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Abstract | Dermatophytosis is a zoonotic worldwide public health issue caused by pathogenic fungi called dermatophytes,
belonging to three genera; Microsporum (M), Trichophyton (T), and Epidermophyton (E). Such disease is transmitted to
man through contact with the infected animals. This study investigated the prevalence of dermatophytes in pet dogs
and cats, besides humans in Cairo, Giza, and Beni-Suef governorates, Egypt. Skin scrapings were taken from 245 pet
dogs, 180 cats, and 60 humans. A direct microscopy, fungal culture, and molecular analysis were carried out. The results
revealed that the prevalence of dermatophytes was 20.4, 16.1, and 31.6% in dogs, cats, and humans, respectively. M.
canis was the most frequent isolated from dogs (10.2%) followed by T. mentagrophytes (6.1%) and T. verrucosum (4.0%).
whereas the unique dermatophyte found in cats was M. canis (8.3%). The study revealed that outdoor housed animals
showed higher rates of infection than indoor breeds. Concerning age, puppies showed higher susceptibility (50.0%)
than juvenile and adult dogs. In relation to, allergic dermatitis, it was found that the diseased dogs and cats showed
higher isolation rates than apparently healthy ones. Shifting to human cutaneous infections, the findings denoted
that M. canis was the highest zoonotic potential (20.0%) whereas T. verrucosum was not determined in the screened
samples. Furthermore, people aged (11-30) years, as well as pet workers, were the most infected groups. Surprisingly,
80.0% of the individuals who suffered from dermal infections and/or alopecia were cult positive for dermatophytes.
PCR amplification of dermatophyte using CHS1 primers yielded a fragment of about 440 bp while with ITS1 primer
yielded a 700 bp, the isolated M. canis was subjected for sequencing analyses and deposited in the gene bank. It was
concluded that the occurrence of dermatophytes in dogs and cats along with high the prevalence of M. canis in humans
suggesting the potentiality of zoonotic spread.
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INTRODUCTION

C

utaneous fungal infections of both humans and animals
represent the most predominant mycoses universally
with a relatively high economic significance (Gupta et
al., 2017; Gnat et al., 2020). Dermatophytes are a unique
group of filamentous keratinophilic fungi having the
capacity to invade keratinized structures of the epidermis
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in both humans and animals, producing superficial
cutaneous infections named ringworm or tinea (Hagag et
al., 2017). Dermatophytosis is one of the most common
communicable mycotic diseases with extreme public
health potential (Ivaskiene et al., 2016). Although more
than 30 species of dermatophytes have been well-known
the utmost frequently associated ones with ringworm are
belong to three main genera; Trichophyton, Microsporum,
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and Epidermophyton (Mattei et al., 2014). The globally
distributed species of dermatophytes are Microsporum canis,
Trichophyton verrucosum, and Trichophyton mentagrophytes.
Humans especially those in close contact with animal
facilitate are the highest susceptible group for infection
either through direct or indirect transmission (Parmar
eand Dhami, 2007; Samanta, 2015).
The ultimate significance of the ringworm relies on its
contagiousness among the affected communities, the
economic impact of treatment, the difficulty of control
measures, as well as the great public health consequences,
since the majority of dermatophytes isolated from animals
are of zoonotic issues (Chermette et al., 2008; Bahri,
2013). Moreover, many domestic animals could carry the
infectious spores on their coats that could be transmitted
to man and animals by direct or indirect contact (Moreillo
et al., 2017).
Pet dogs and cats represent a foremost role in the
transmission of dermatophytes primarily M. canis, that
is considered a highly contagious and potentially patho
genic for both animals and humans, particularly where
the unhygienic environmental standards, among the
children, elderly patients, and immunocompromised
individuals (Cabañes, 2000; Seyedmousavi et al., 2015).
Dermatophytosis represented the most common petassociated and occupational zoonotic disease with a specific
high rate of infection among pediatric and geriatric patients
due to the immaturity of the host immune response (Sahni
et al., 2018).
The diagnosis of dermatophytosis is unreliable based on
clinical signs exclusively, owing to the variable nature of
the dermatological findings in addition to, the similarity
of other skin diseases that mimic the characteristic
dermatophyte lesions. Mycological culture remains the
gold standard for the diagnosis of dermatophytoses and
the only method for the phenotypic identification of their
species (Chermette et al., 2008). In addition, molecular
diagnostic techniques provided simple and precise tools for
dermatophyte species characterization besides phylogenetic
analysis; including sequencing of the large submit rRNA
gene, the chitin synthase-encoding gene, and sequencing
of the internal transcribed spacer (ITS) regions (Kano et
al., 2000; Ninet et al., 2003; Kaszubiak et al., 2004; Sharma
et al., 2006; Rezaei-Matehkolaei et al., 2013; Kabbashi et
al., 2016).
Although dermatophyte infections are well-known in
Egypt, their prevalence has not been well clarified as the
disease is un-notifiable and many infections are treated with
over-the-counter drugs. Taking into account the increasing
impact of these infections, the numerous hardships in their
treatments, so the current study highlighted to recognize
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the prevalence of dermatophyte infection among various
categories of pet dogs and cats, investigate the prevalence
of zoonotic cutaneous mycoses of humans in contact with
the examined animals as well as, molecular characterization
for the isolates using the gene- specific chitin synthase
1 (CHS1) and the internal transcribed spacers (ITS) of
ribosomal DNA gene (rDNA) using the ITS regions of
ribosomal DNA gene (rDNA).

MATERIALS AND METHODS
Ethical approval

Under the supervision of the International Animal Care
and Use Committee (IACUC) and the Institutional Review
Board (IRB) of Beni-Suef University in Egypt, all animals
and human samples collected during this investigation
were processed in accordance with the IACUC and IRB’s
approval number (IACUC, 021-166).

Study design

This study was carried out during the period from July
2018 to September 2019 in Cairo, Giza, and Beni-Suef
governorates, Egypt. A total of 245 canines and 180 cats,
as well as 60 in-contact human samples, were examined.

Samples of pet dogs and cats

Cutaneous samples were collected from household
dogs (n=160) and cats (n=125) that underwent clinical
examination in different veterinary clinics, besides samples
from 35 pet shop dogs, 50 samples from military dogs
obtained from the Veterinary Hospital for Laboratory
Treatment and Analysis, Cairo, Egypt, and 55 samples
from outdoor cats. Skin scrapings of crusts and loosely
attached scales were removed and the underlying surface
was well-cleaned with 70% alcohol, then placed in clean
plastic cups, then transported to the Laboratory of Animal
Hygiene and Zoonoses Department, Faculty of Veterinary
Medicine, Beni-Suef University, for dermatologic
examination for the presence of dermatophytes of public
health significance.

Human samples

Dermatologic samples were obtained from pet owners
(n=40) and pet shop workers (n=20). Skin scrapings were
collected from 15 diseased patients showing lesions of
ringworm as tinea capitis or tinea corporis, as well as 45
cutaneous samples from asymptomatic people in close
contact with pet animals. Each sample was carefully labeled
and sent to the laboratory where the fungal examination
was initiated.

Laboratory procedures

Mcroscopic examination
Skin scrapings of crusts, loosely attached scales, and
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hair plugs were carefully removed under strict hygienic
measures, then placed on a clean slide, gently mixed with
10% KOH and 40% Dimethyle sulphoxide (DMSO) in an
equal proportion, covered with a coverslip, heated gently
and left for at least 30 minutes to 1 hour. The prepared slides
were thoroughly examined using both low power (10X)
and high power (40X) magnification for the presence of
hyphae and/or arthroconidia. The appearance of spores on
the surface of the shaft of infected hair showing a mosaic
arrangement (ectothrix infection) or hyphal fragments and
arthroconidia were seen internally (endothrix infection)
(Shalaby et al., 2016).
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a PCR master mix (Emerald Amp GT PCR master mix
(Takara) Code No. RR310A) in a total volume of 25μl/
reaction. The PCR cycling condition was illustrated in
Table 2. The PCR amplicons were analyzed by running
20 μl of the PCR products on a 1.5% agarose gel stained
with ethidium bromide (0.5μg/mL) in comparison with
a DNA ladder (100bp), (Gel Pilot 100 bp ladder, Code
No. 239035 supplied from QIAGEN, Germany). Under
UV illumination using a gel documentation and analysis
system, the gel was photographed.

The amplified 700 bp PCR products were purified using
a QIAquick PCR Product extraction kit. (QIAGEN,
Isolation and identification of dermatophytes Valencia). The Bigdye Terminator V3.1 cycle sequencing
The collected hair scales and crusts are cultured kit (Perkin Elmer) was used for the sequence reaction
on Sabouraud’s dextrose agar (SDA (Oxoid, UK)) and then it was purified using the Centrisep spin column.
supplemented with chloramphenicol (500 mg/L), DNA sequences were obtained by Applied Biosystems
cycloheximide (400 mg/L), thiamine (10 mg/L) and 3130 genetic analyzer (HITACHI, Japan), a BLAST®
inositol (50 mg/L). Cultures were incubated aerobically at analysis (Basic Local Alignment Search Tool) (Altschul
room temperature (25°C) for up to 4 weeks. Positive cultures et al., 1990) was initially performed to establish sequence
were examined both macroscopically (color of the surface identity to gene bank accessions. The phylogenetic tree was
and reverse, texture and topography) and microscopically created by the MegAlign module of Laser gene DNA Star
using lactophenol-cotton blue wet mounts (type of conidia version 12.1 (Thompson et al., 1994), and Phylogenetic
that appeared either, small unicellular microconidia or analysis was done using maximum likelihood, neighborlarger septate macroconidia) for species identification. In joining, and maximum parsimony in MEGA6 (Tamura et
the absence of any growth after 4 weeks the culture was al., 2013).
considered negative (Chermette et al., 2008).

Molecular characterization

DNA extraction of the isolated species
The freshly grown fungal colonies and hyphae were
harvested from the SDA surface then they were frozen at
–80°C for DNA extraction using QIAamp DNeasy Plant
Mini kit (Catalogue No. 69104, QIAGEN, Germany)
following the manufacturer’s instructions.
PCR Using (ITS 1) DNA sequencing and analysis
Two PCR runs were conducted using two sets of primers.
The first primer set flanked 440 base pairs (bp) of the
Chitin synthase genes (CHS 1) (Cafarchia et al., 2009).
The second set of primers is specific for the ITS 1 gene
(Luo and Mitchell, 2002). The data of primer sequences is
shown in Table 1. PCR amplification was performed using

Statistical analysis

The obtained data was expressed descriptively using
percentages for the prevalence of zoonotic ringworm
infections, while the Chi-square test was used to
determine the risk factors associated with the prevalence
of dermatophytes in the examined dogs and cats, including
age, breed, and gender. Findings were considered significant
at P < 0.05.

RESULTS AND DISCUSSION
Pet dogs and cats play a major role in the transmission
of dermatophytes species, especially M. canis, which is
considered the most contagious and potentially pathogenic
species for both humans and animals. Based on microscopic,
cultural isolation, and identification, the overall prevalence

Table 1: Oligonucleotide primers sequences specific for molecular characterization of the isolated dermatophytes.
Gene

Chs-1

Forward
Reverse

ITS

Forward
Reverse

Sequence

DMTFchsF1
CGAGTACATGTGCTCGCGCAC

DMTFchsR1
CGAGGTCAAARGCACGCCAGAG
ITS1
TCCGTAGGTGAACCTGCGG

ITS4
TCC TCC GCT TAT TGA TAT GC
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Amplified product

References

Variable (including 700
bp)

Luo and Mitchell, (2002)

About 440 bp

Cafarchia et al., (2009)
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of the isolated dermatophytes was 20.40% and 16.11% in
the examined dogs and cats respectively, as shown in Table
2. This current data was highly matched to those reported
by Gallupi et al. (2013) and Debnath et al. (2015), who
recorded a prevalence of 20.0% and 20.93%, respectively,
in the examined dogs, whereas results obtained from
cultivated feline samples were higher (30.0 and 37.33%,
respectively) than the present study findings. On the other
hand, a higher isolation rate (55.95%) was determined
by Roshanzamir et al. (2016) in Baku, Azerbaijan in the
examined dogs, whereas a lower prevalence (14.4%) of
dermatophyte recovery was recorded by Seker and Dogan
(2011) in the west of Turkey.
Table 2: Prevalence of cultivated dermatophyte species in
the examined dogs, cats and humans.
Dermatophyte
species

Pet dogs
(n= 245)

Pet cats
(n= 180)

Humans
(n=60)

T. mentagrophytes

15 (6.1%)

10 (5.5%)

7 (11.6)

M. canis

T. Verrucosum
Total

25 (10.2%)
10 (4.0%)

50 (20.40%)

15 (8.3%)
4 (2.2%)

29 (16.11%)

12 (20%)
(0.0%)

19 (31.6%)

As experimented in the current study, M. canis was the
highest cultivated dermatophyte species from pet dogs and
cats’ samples (10.2 and 8.3%, respectively), followed by T.
mentagrophytes, then T. Verrucosum, in a descending order.
Similar findings were reported by Ivaskiene et al. (2016);
Parmar et al. (2018), and Dworecka-Kaszak et al. (2020)
who concluded that M. canis was the main fungal species
causing ringworm in pet dogs, cats as well as humans. These
current results confirmed the significant transmission of the
isolated dermatophytes in both animal and human samples,
suggesting the high potentiality of zoonotic transmission
of M. canis from pet dogs and cats to humans either by
direct contact or contact with contaminated environment.
Therefore, clinicians and mycologists should incorporate
hygienic measures during dealing with infected species
(Sığırcı et al., 2019).
Multifactorial agents affecting the occurrence of cutaneous
dermatophytosis, including the age of affected animals,
revealed that young aged animals less than 6 months
were the most susceptible in both examined dogs and cats
(50.0 and 33.3%, respectively) as denoted in Table 3. Such
results were in harmony with Seker and Dogan (2011)
and Ivaskiene et al. (2016) who stated that young animals
are more susceptible to dermatophyte infection than older
ones owing to the undeveloped immune system and the
response of the examined animals and humans at this
period of life, especially at younger and pediatric ages, as
well as the physiological and pathological situation of the
hair and skin, especially the fungistatic sebum deficiency
of such animals (Moosavi et al., 2019). In relation to
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the dog’s gender, comparable results were introduced by
Natale et al. (2007) and Hagag et al. (2017) in Egypt, who
stated that male gender is a major predisposing factor for
dermatophyte infection owing to the higher number of
male dogs examined in our study.
A higher isolation rate was detected mainly from outdoor
dogs and cats that were reared in pet animal facilities
(41.17 and 32.72%) than household ones (9.37 and 8.8%)
respectively, as denoted in Table 3. Such obtained data was
parallel to that achieved by Copetti et al. (2006) and Yamada
et al. (2019), which implies that outdoor transmission
acted as a major infection route for ringworm. This could
be referred to the unsanitary conditions as well as the high
stocking density in such places, as well as the fungal spores
cross contamination between healthy animals and diseased
ones with skin mycosis which confirms the natural route of
dermatophyte infection especially with M. canis as assumed
by Minnat and Khalaf (2019).
With respect to pet animal breeds, the current study
reported that the local breeds expressed a higher infection
rate with dermatophytes in both dogs and cats (48.1 and
26.66%) in comparison to that of the exotic breeds (16.98
and 14%) on frequency. This misconception can be justified
by the fact that native breeds are allowed to travel freely
rather than foreign ones, which are confined to movement
and restricted to certain areas, which put the local breeds
in contact with other diseased or carrier animals or
contaminated environments.
Regarding the skin health status of the examined pets, it
was denoted that the affected animals showed a higher
isolation rate of dermatophytes (25.3 and 47.5%) than
those with apparently healthy skin (12.63 and 7.14%) in
both pet dogs and cats, respectively. That forementioned
finding was supported by Copetti et al. (2006), who
reported that dermatophytes were commonly isolated from
animals with cutaneous signs than from asymptomatic
animals. Such a result could be explained considering
the concept that healthy skin usually acts as a barrier for
fungal infection, but traumatic skin lesions, scratching, and
itching due to ectoparasite infection facilitate the fungal
invasion, as explained by Morettie et al. (2013). Moreover,
the carrier state of dermatophytes was previously recorded
by Frymus et al. (2013), and Ilhan et al. (2016) whose study
declared that pet dogs and cats can act as carriers of fungal
spores and the disease condition occurred under certain
predisposing factors.
Shifting to dermatophyte infection in the examined
human samples, as denoted in Table 4, it was reported
that the overall prevalence of infection was (31.16%). Such
data came in accordance with, Parmer et al. (2018), who
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isolated dermatophytes from human samples at a rate of
33.33%. In contrast, a lower infection percent (6.7%) was
recorded by Murmu et al. (2015). The high isolation rate
of dermatophytes in this study may be attributed to the
low level of hygiene, habitat, and the immune status of
both examined humans and animals, which can promote
dermatophyte infection as denoted by Chaitanya et al.
(2013).

The obtained results were in accordance with those found
by Arenas (2015) and Yamada et al. (2019) who found that
M. canis was responsible for 60-95%, respectively of tinea
capitis in human cases. This suggested data revealed that
zoonotic transmission of dermatophytes from dogs and
cats to their owners was previously reported by Kobayashi
et al. (2013), and Takeda et al. (2018). Furthermore M.
canis was considered one of the most significant zoophilic
fungi affecting animals, mainly dogs and cats, and can
be transmitted to humans by direct contact or indirectly
through contaminated environments, as reported by Taha
(2011).

Referring to the gender of examined people, data from
Table 4 showed that individuals aged 11-30 years and
children less than 10 years were most affected (33.3% and
25.7%, respectively). Such findings came in agreement with
Ngwogu and Otokunefor (2007) and Murmu et al. (2015),
who revealed that male patients were more affected than
females. Furthermore, the current results denoted that pet
workers were more susceptible to infection than household
owners (50.0% vs 22.5%). Such findings were in line with
those of Sakar and Dogan (2011), Moriello et al. (2017),
and Saraiva (2017), who asserted that dermatophytosis is a
pet-associated zoonosis caused by direct or indirect contact
with deposited hair and scales in the environment.

Due to nonspecific opportunistic fungal development,
phenotypic identification of dermatophytes is not always
precise, and traditional diagnosis is a time-consuming.
For the diagnosis and identification of dermatophytes,
opposing molecular characteristic approaches usually
provide swift, highly sensitive, and specific results. Table
5 clarified this information, demonstrating that molecular
assays appeared to be the superior tool in the diagnosis
of dermatophyte infection (20.2%), followed by traditional
culture methods (15.7%) and finally wet mount preparation
with KOH (13.4%).

Human affections with dermatophytes may induce different
types of skin lesions, varying from discrete superficial scaling
to deep inflammatory infiltration. In this study, out of 15
examined diseased individuals who had complaints of skin
affection and/or alopecia, 12 patients (80%) were positive
for ringworm. In contrast, out of 45 asymptomatic tested
people, only 7 persons (15.5%) showed dermatophytes
infection. Considering the lesion caused by dermatophytes
in the examined humans, M. canis was the most prominent
isolated species followed by T. mentagrophytes, whereas T.
verrucosum was not determined in the screened samples.

Table 1 showed that molecular PCR amplification was
extracted from 5 phenotypic isolated dermatophyte
samples divided as 2 samples from pet dogs, 2 samples from
pet cats, and 1 human sample using two sets of primers;
(CHS1) primer which yielded a fragment of about 440
bp and (ITS1) primer that yielded a fragment of 700 bp
revealed 100% genetically positive for Microsporum species
(Figure 1).

Table 3: Risk factors associated with the prevalence of dermatophytes in the examined dogs and cats.
Variable

Age (months)
<6
>6-12
>12
Gender
Males
Females

Residence
Households
Outdoors
Breeds
Exotic
Local

Skin Status
Healthy skin
Allergic-dermatitis

No. examined

Dogs (n=245)
No. positive

%

No. examined

60
50
130

30
13
7

50.0
26.0
5.38

145
100

35
15

160
85

Cats (n=180)
No. positive

%

60
65
55

20
7
2

33.3
10.76
3.63

24.13
15.0

70
110

10
19

14.28
17.27

15
53

9.37
41.17

125
55

11
18

8.8
32.72

218
27

37
13

16.98
48.1

150
30

21
8

14.0
26.66

95
150

12
38

12.63
25.3

140
40

10
19

7.14
47.5
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Table 4: Prevalence and risk factors associated with zoophilic dermatophytes in the examined humans.
Variable

Age (years)

Gender

No.
+Ve (%)
examined

<10

35

9 (25.7%)

>30

20

5 (25.0%)

11-30

15

Males

Animal contact Household owners
Cutaneous
Complain
Total

Workers

Positive complain (Tinea capitis
or Tinea corporis)
Negative complain

5 (14.2%)

6 (15.0%)

10 (50%)

15

6 (30.0%)

12 (80.0%)

45

8 (53.3%)

7 (15.5%)

60

1 (2.8%)

7 (28.0%)

9 (22.5%)

20

8 (22.8%)
1 (5.0%)

11 (31.0%)

40

T. Mentagrophytes

3 (20.0%)

8 (32.0%)

35

M. canis
+Ve (%)

5 (33.3%)

25

Females

Zoophilic dermatophytes positive (No/%)

4 (8.8%)

19 (31.6%)

12 (20%)

+Ve (%)

2 (13.3%)

4 (20.0%)
1 (4.0%)

6 (17.1%)
3 (7.5%)

4 (20.0%)

4 (26.6%)
3 (6.6%)

7 (11.6%)

Table 5: Comparison of wet mount preparation using KOH, traditional Culturing and PCR results among the different
examined species.
Sample source

No. examined

Dogs

245

35

14.3

Humans

60

12

20.0

Cats

Total

180
485

KOH results

No. positive

18
65

Culture results

PCR results

%

No. positive

%

No. positive

%

10.0

22

12.2

29

100.0

13.4

Figure 1: PCR amplification of genomic DNA sampling
carried out for pch-1 DNA region using specific primers
DMTF CHSF1 and DMTFCHSR1.
Lane1-2: M. canis from cat Samples, Lane 3: M. canis from
dog samples, Lane 5: M. canis from human sample. B,
ITS1 specific primer yielded a 700bp.
Based on sequence comparisons and the nucleotide variation
magnitude of the genetic locus ITS. The sequence of each
locus should allow the identification of dermatophytes to
be identified down to the specific genotype level. In this
investigation, sequence identity was discovered in one
cluster of genes from Microsporum spp., which included M.
canis. The sequence was aligned and deposited in the Gene
Bank with the accession number MW425860 (Figure 2).
The M. canis sequence obtained in this study (accession
number= MW425860) shared 100 percent nucleotide and
amino acid identities with AJ000619.1 (Microsporum canis
var. distortum) isolated from clinical samples in Berlin,
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40
14
76

17.1
23.3
15.7

50
19
98

100.0
100.0
20.2

Germany (Grăser et al., 1999), according to sequencing
analysis of the internal transcribed spacers (ITS) gene. The
zoophilic fungus M. canis var. distortum infects dogs, cats,
and other animals. It is the causative agent of tenia capitis
in New Zealand, Australia, and North America. Infected
hair showed an ectothrix infection and bright green-yellow
fluorescence under Woods ultra-violet light (Grăser et al.,
1999). Comparative sequence analysis revealed that M.
canis isolate was closely related to M. canis AJ000626.1
(Grăser et al., 1999), M. canis JN134109.1, JN134123.1, and
JN134119.1 from clinical isolates in Tehran, Iran (RezaeiMatehkolaei et al., 2013), and M. canis AY213657.1 from
the United States (Rakeman et al., 2005), with significant
nucleotide identity ranged from 98.7% to 99.4%.

CONCLUSIONS AND
RECOMMENDATIONS
It was concluded that dermatophytes, predominantly M.
canis, were recovered from canine and feline ringworm
and that dogs/cats kept in groups and those wandering
freely had increased dermatophyte isolation. Furthermore,
human infection could arise as a result of interaction
with symptomatic and/or asymptomatic carrier animals.
Additionally, molecular techniques acted as a standard
method for diagnosis of dermatophytes giving full data on
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the genetic characteristics of dermatophyte strains which
can be valuable in future investigations.

Figure 2: Phylogenetic analysis of CHS1 and ITS.
Sequence data representing the M. canis isolated from
examined pets. The bar representing the genetic distance
is drawn to scale. The single asterisk represents sequence
that determined in this study. The other sequences were
obtained from Gene Bank.
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