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ABSTRACT

The aim of this study was to investigate the common dermatophytosis and
dermatophyte(s) in Cairo hospitals, examining age, gender, blood groups, and
dermatophyte incidence. It explores natural extracts like plant oils and fungal extracts as
alternatives to commercial antifungal drugs and their synergistic effects. In this study,
the prevalence of distinct types of dermatophytosis was investigated in 128 patients who
were referred to the dermatology departments of different hospitals, including EL-Houd
El-Marsoud, EI Zahraa Medical Hospital, and EI-Sahel Teaching Hospital in Cairo,

Egypt.

Descriptive data for the tested patients was collected, including age, gender, the
source of infection, and blood group type. The results showed that Tinea capitis was the
most prevalent dermatophytosis, mostly in children. Investigating the correlation
between blood group types and the incidence of the disease revealed that patients with
blood groups B and O were the most sensitive ones. The most prevalent dermatophyte
within the studied cases was identified and submitted to GenBank as Microsporum
canis ON564613. To investigate the effectiveness of antifungal agents against M. canis,
different common antifungal drugs, including terbinafine, ketoconazole, clotrimazole,
fluconazole, and betadine, were evaluated using the agar disc diffusion test. In addition,
natural alternatives were used including essential oils and an ethanolic fungal extract
from Fusarium chlamydosporium. The minimum inhibitory concentration (MIC) of the
potent agents was detected, including terbinafine, ketoconazole, clotrimazole, clove oil,
and F. chlamydosporium extract. The effective antifungal agents against M. canis were
clove oil and F. chlamydosporium extract, as well as commercial drugs. According to
the MIC, a synergy between combinations of different concentrations of clove oil with
terbinafine, ketoconazole, and the F. chlamydosporium extract showed a synergetic
effect. These results show the promising potency of these combinations in disease
control compared to their use individually.
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1. Introduction

Dermatophytosis; is the infection of the keratinized tissues by a group of
pathogenic fungi called dermatophytes. There are about nine genera which are known to
be the causal agents of dermatophytosis among them the most common genera
are Epidermophyton, Microsporum, and Trichophyton (Parrish et al., 2020). They target
the keratinized tissues including skin, hair, and nails. According to the source of
infection, dermatophytes may be from humans (anthropophilic), animals (zoophilic), or
soil (geophilic) (Richardson & Warnock, 2012). Usually, the geophilic infection is
acquired from the surrounding environment rather than transmitted from one individual
to another or from one animal to another (Dolenc-Volj¢ & Weitzman, 2017; Gaspari¢ &
Summerbell, 1995).

Dermatophyte infections may also refer to as "tinea" with the name of the
affected anatomical region. According to that, the tinea capitis referred to infections of
the hair and scalp, tinea pedis for the foot, tinea unguium for nails, tinea barbae for
beard, tinea cruris for groin, tinea corporis for skin of the body and tinea manuum for
hand (Jartarkar et al., 2021).

There is a common consensus that since dermatophytes flourish in warm, humid
climates, the frequency of dermatophytosis may be higher in countries with tropical or
subtropical climates that meet similar circumstances ( Havlickova et al., 2008;
Coulibaly et al., 2016). Tinea capitis, a fungal infection of the scalp and hair, can afflict
people of any age, although it is most prevalent in school-age children (Alvarez &
Silverberg, 2006).

Tinea capitis epidemiology varies throughout geographical areas of the world
and evolves with time  (Ginter-Hanselmayer et al., 2007; Mapelli et al., 2013). It
spreads among students and family members. Tinea capitis clinical signs and symptoms
vary based on the kind of hair invasion, host resistance, immune system, and degree of
inflammatory host response (Hay, 2017; John et al., 2018). The main etiological agents
for the tinea capitis infection were Trichophyton tonsurans in North American
countries, Microsporum canis in Europe and Egypt (Aly et al., 2000; Bassyouni et al.,
2017) and Trichophyton soudanense and M. audounii in West Africa (Coulibaly et al.,
2016).

The environment, temperature, relative humidity, and precipitation of various
geographic locations, as well as the natural infection reservoirs, all influence the
occurrence of Tinea capitis (Brintha et al., 2017).

While the majority of dermatophyte infections are not life-threatening and
respond well to topical treatments present in the market, some dermatophyte infections
can be challenging to treat, necessitate lengthy therapeutic regimens, and are becoming
more and more resistant to traditional antifungal therapies (Parrish et al., 2020). In
addition, there is a need for the identification of therapeutic alternatives, including those



136 Az. J. Pharm Sci. Vol. 67, March, 2023.

derived from natural products like microbial extracts, plant-based bioactive
compounds, and essential oils. As many currently used antifungal agents have
significant side effects in addition to the costs associated with treatment (Gupta et al.,
2016).

Thus, the aim of this study was to investigate the common dermatophytosis as
well as the common dermatophyte(s) in various Cairo hospitals in Egypt and to find a
correlation between different variables, including age, gender, blood groups, and the
prevalence of dermatophytosis. In addition, different natural extracts like plant oils and
fungal extracts were investigated as an alternative to the commercial antifungal drugs
used on the market. The synergistic effect of different combinations was also tested.

2. Materials and methods
2.1. Patients and samples

A total of 128 patients with dermatophytosis were used in this study. The
specimens were collected from suspected cases of dermatophytosis attending the
Dermatology Outpatient Clinic at three different Cairo Hospitals in Egypt including,
Al-Haud Al-Marsoud Hospital, EI Zahraa Medical Hospital and EI-Sahel Teaching
Hospital between December 2020 and May 2021. The clinical samples were taken from
hair, nails, and skin. General information about the tested patients was recorded,
including the age, type of dermatophytosis, the source of infection and the type of blood
group when available. Informed patient consent was performed.

2.2. Mycological examination

A drop of 10 to 20 % potassium hydroxide (KOH) solution was added to the
scraping taken from the active border of the lesion and then examined under the light
microscope. Further, culturing of the clinical specimens was performed on Sabouraud
Dextrose Agar media (SDA) (Merck, Germany) and incubated for 2-3 weeks at 25°C.

2.3. Molecular identification
2.4. PCR Amplification and Sequencing

The total genomic DNA isolated from the fungal mycelium of one-week-old
potato dextrose agar (PDA) culture using Quick-DNA™ Fungal/Bacterial Miniprep Kit
(ZYMO RESEARCH). COSMO PCR RED Master Mix (W1020300X) (Birmingham,
England) was used for the PCR reactions according to manufacture instructions. All the
reactions were performed in 50 pl reaction volume using ITS1 and ITS4 primers to
amplify ribosomal internal transcribed spacer. The purified product using Zymo-Spin™
Technology sequenced using Sanger technology on GATC Company using ABI 3730xI
DNA sequencer and ITS4 primer. The NCBI database's basic Local Alignment Search
Tool for nucleotide blast (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was employed to
align the sequence.
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2.5. Investigation of antifungal activity using gar disc diffusion

Various commercial and natural antifungal agents were evaluated to determine
their antifungal effectiveness against the most prevalent dermatophyte detected during
the present study. A total of forty essential oils (Table 1) obtained from market, one
fungal extract (Fusarium chlamydosporium ethanolic extract (500ug/ml) obtained from
Mycology lab, Faculty of Science, Helwan University), and 5 antifungal drugs
(fluconazole 150 mg/ml, ketoconazole 2%, clotrimazole 10mg/ml, betadine 7.5% and
terbinafine 1%) were tested in this study. The fungal isolate cultured on SDA media
(Merck, Germany) was further tested with antifungal agents. Spore suspension was
prepared in 5 ml of sterile saline (0.9% concentration), plates streaked evenly with a
swab dipped into the standardized inoculum suspension. On the surfaces of the agar
media, the test agents added to each disk (20 pl/disk) and allowed to air dry for 10min
(Nweze et al., 2010). Plates were incubated at 28°C for 7-21 days and examined daily
for growth. Zones of inhibition were measured in mm. All isolates were run in triplicate.
In addition, the minimum inhibitory concentrations (MIC) for clove oil, F.
chlamydosporium ethanolic extract as well as the tested commercial drugs were
determined using the agar diffusion test. The lowest dilution of tested antifungal agents
resulting in >99% inhibition of fungal growth was defined as the MIC.

Table (1): Essential oils evaluated for antifungal activity.

Essential oils
Castor Marioram
Fenuareek chamomile
Chamomile fennel
Joioba Marmaria
Onion Lavender
Clove Carrot seed
Oranae Saffron
Black seed pomedranate
Wheat germ Eruca
Ginaer Camphor
Garlic Ardan
Tea Paraffin
Grape Cactus
Mustard Olive
Cinnabon Almond
Salvia Lemon
Rosemary Basil
Moringa Juniper
Turmeric Ginsena
Pumpkin Flaxseed

2.6. Synergy testing

Based on the MIC data, the potent essential clove oil, was used in combination
with F. chlamydosporium ethanolic extract, ketoconazole and terbinafine for synergy
testing against M. canis using agar disc diffusion test (Nweze et al., 2010). 100 pl of
dermatophytes spore suspension prepared in sterile 0.9% NaCl solution was streaked
out on SDA with cycloheximide and chloramphenicol. After that, 6 mm-diameter sterile
blank filter paper discs were placed in the center of the inoculated agar plate and loaded
with various concentrations of clove oil combined with terbinafine, ketoconazole, and
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the F. chlamydosporium ethanolic extract. Plates kept at refrigerator for 60 min. Then
incubated at 25 °C for 4-7 days. Zones of inhibition were measured after incubation. All
isolates were run in triplicate.

2.7. Statistical analysis

Descriptive statistics were used to present all measured variables and derived
parameters. One-way ANOVA test using SPSS 21.0 was applied for antifungal
susceptibility tests.

3. Results

In this study, from a total of 128 patients with dermatophytosis the most
prevalent type was tinea capitis (65%). Other types of tineas showed lower incidence as
Tinea unguium (25%), Tinea pedis (4%), Tinea cruris (4%), Tinea corporis (1%) and
Tinea circinata (2 %)(Fig. 1).

Tinea type

m Tinea capitis Tinea circinata = Tinea corporis

Tinea cruris ®m Tinea pedis ® Tinea unguium

Figure (1): The percentage of different types of tineas detected in 128 patients showing
the Tinea capitis was the most prevalent type.

Investigating the incidence of dermatophytosis according to the gender of the
tested patients showed that females represented (54%) while males represented (46%).
Furthermore, according to patient age, children were found to be the most aged group
with dermatophytosis (64%) and the most common source of infection was mostly
zoophilic (90%) (Fig. 2A). Interestingly, Tinea capitis was the most common type of the
detected dermatophytosis, which was found mostly in males (64%) specifically in
children (98%) and the source of infection was mostly zoophilic (94%) (Fig. 2B).
Different degrees of Tinea capitis were reported from various cases of children from Al-
Haud Al-Marsoud Hospital in Cairo, Egypt showed in (Fig.3).
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Figure (2): The percentage of the infected patients according to gender, age, and

source of infection are shown . A) in all Tinea types, B) in Tinea capitis.

b

Figure (3): Different degrees of Tinea Capitis seen in various cases of children at Al-

Haud Al-Marsoud Hospital in Cairo, Egypt.
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3.1. Relation between blood group type and the prevalence of dermatophytosis
according to age and gender

In this study, eighty-one patients out of 128 patients were only available for
blood group examination due to personal issues as most examined patients were
children. Significant variation in the probability of disease incidence according to blood
group type is shown in Table 2. The incidence of Tinia was highest in infected persons
of the O-type, followed by the B-type. (Fig. 4).

Table (2): Relation between dermatophytosis, age, gender, and the type of blood group.

. Number
Gender Age Tinea type Source Blood group of cases
Male Child T. capitis Zoophilic 0O 10
Female Child T. capitis Zoophilic B 8
Male Child T. capitis Zoophilic B 8
Male Child T. capitis Zoophilic A 5
Female Child T. capitis Anthropophilic B 1
Female Child T. capitis Zoophilic A 2
Male Child T. capitis Zoophilic AB 2
Female Child T. capitis Zoophilic AB 1
Female Child T. capitis Anthropophilic O] 1
Female Child T. capitis Zoophilic O] 3
Female Child T. capitis Zoophilic o) 1
Male Youth T. pedis Geophilic B 2
Female Youth T. unguium Zoophilic A 3
Female Youth T. unguium Zoophilic AB 3
Female Youth T. unguium Zoophilic 0 8
Female Youth T. unguium Zoophilic B 7
Female Youth T. unguium Geophilic B 2
Female Youth T. cruris Zoophilic B 1
Male Old T. pedis Geophilic ) 1
Male old T. unguium Geophilic ) 1
Female old T. unguium Zoophilic O 2
Male Oold T. pedis Zoophilic O 1
Female Oold T. pedis Zoophilic B 1
Female Old T. unguium Zoophilic B 3
Female Old T. cruris Zoophilic o] 3
Female Old T. unguium Zoophilic AB 1
F-value 1.064 3.225 1.849 3.198 3.513 1.064
Sig. 0.3186 0.0684 0.1916 0.0697 0.0415 0.3186

* N = 26 (original sample size 81, after excluding the non-detected data).

*The source of infection is determined by the infected person's medical history with the
treating doctor. There is a report for each patient regarding his condition and the source
of infection, which is determined by asking the patient questions such as if an animal,
dirt, or source of infection was dealt with.
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*Descriptive statistics are used to present all measured variables and derived
parameters. We applied one-way ANOVA using SPSS 21.0.
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Figure (4): The bar chart describes the Relation between the type of blood group and
the incidence of dermatophytosis according to gender and age in all Tinea types.

3.2. Molecular identification of the most prevalent dermatophyte
As tinea capitis was the most common type of tinea found in our study, the most

prevalent dermatophyte seen within the studied cases (figure 5) was identified using
molecular techniques and submitted to the GenBank as Microsporum canis ON564613.

Figure (5): Microsporum canis the most prevalent dermatophyte observed in the
studied cases growing on Sabouraud’s dextrose agar medium after 15 days of incubation
at 28°C.

3.3. Antifungal activity using agar disc diffusion test

Examining the activity of the tested antifungal agents showed that the effective
natural agents against M. canis were the clove (9mm) from essential oils and the fungal
ethanolic extract of F. chlamydosporium (21mm), while the most effective commercial
antifungal drug were terbinafine, clotrimazole ketoconazole, fluconazole, and betadine
(68, 67, 57, 38 and 27mm respectively) (figure 6A). In addition, the minimum
inhibitory concentration (MIC) for the most effective agents was determined as shown
in (figure 6B), where the MIC of Terbinafine, Fluconazole, Ketoconazole, Clotrimazole,
Betadine, Clove and F. chlamydosporium was 0.001%, 37.5, 0.0156, 0.02, 0.94, 50 and
50 mg/ml respectively.
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Figure (6): A) Determination of antifungal activity using gar disc diffusion. B) MIC
determination for the potent antifungal agents.

In addition, to enhance the effectiveness of the selected antifungal agents,
different combinations between the tested agents were investigated. Based on the MIC,
the essential clove oil was used (5, 10, 15 and 20 pl) and combined with (20, 15, 10 and
5 pl) of either the ethanolic extract of F. chlamydosporium, Terbinafine or
Ketoconazole separately. The results showed synergetic effect after 14 days of
incubation for all tested combinations compared to the use of individual antifungal
agents alone against M. canis (Table 3) with the most effective combination found
between 20 pl ketoconazole and 5 ul clove oil (figure 7). Interestingly, the mixture of
clove, with ketoconazole in different concentrations, prevents the regrowth of M. canis
again. No matter how suitable growth conditions are available for the microbe, M. canis
does not grow in the dishes again at the site of inhibition zone, and the microbe cannot
overcome the mixture again. Conversely, in the case of putting ketoconazole alone
without a clove, the microbe can grow after a period when the proper conditions for
growth are available in the dishes at the site of inhibition zone. The second-best
combination was between 20 pl Terbinafine and 5 ul clove oil, although at lower
concentration of Terbinafine its effectivity against M. canis drastically decreased or no
antagonism occur. Finally, the combination F. chlamydosporium and clove oil showed
promising results with all concentrations used in contrast to Terbinafine/clove oil
combinations, and the best result was observed using 10 ul F. chlamydosporium with 15
ul clove oil.
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Table (3): MIC Synergistic results of clove oil, Fusarium chlamydospoum ethanolic
extract, and commercial antifungal drugs combinations using MIC.

Treatment Inhibition zone (mm)
20 ul Ketoconazole + 5 ul clove oil 51.3+£1.1
15 ul Ketoconazole + 10 pl clove oil 47+1.7
10ul Ketoconazole +15 ul clove oil 27.6x£2.5
Sul Ketoconazole +20 ul clove oil 40.6x£1.15
20 ul terbinafine + 5 ul clove oil 46.66+1.73
15 pl terbinafine+ 10 pl clove oil 33.6+£1.1
10ul terbinafine+15 ul clove oil 0.0
Sul terbinafine+20 ul clove oil 0.0
20 ul F. chlamydosporum + 5 ul clove oil 40.6x£1.15
15 ul F. chlamydosporum + 10 ul Clove oil 34+1
10 wl F. chlamydosporum + 15 ul clove oil 42.3+0.57
5 ul F. chlamydosporum + 20 ul clove oil 28+2.6
Ketoconazole 24+1
Terbinafine 20+1
Clove oil 6.3+0.57
F. chlamydosporum 22+1

* Inhibition zone is presented as means of three independent replicas (mm) = SD

Figure (7): Combination between different concentrations of ketoconazole and clove oil
against M. canis. 1. ( 20 ul Ketoconazole + 5 ul clove oil), 2 (15 ul Ketoconazole + 10
ul clove oil), 3( 10ul Ketoconazole +15 pl clove oil), 4(5ul Ketoconazole +20 pl clove
oil).

4. Discussion

The current results showed that the most common dermatophytosis type was
Tinea capitis. Similarly, other studies reported that Tinea capitis is the most prevalent in
Africa (Gargoom et al., 2000) and Asia (Ng et al., 2003). On the other hand, the most
prevalent clinical types of dermatophytosis in Europe were Tinea corporis and Tinea
pedis (Dolenc-Volj¢, 2005; Panasiti et al., 2007). One of the distinct factors affecting
the incidence of dermatophytosis was the gender. In the current study, female was found
to be more susceptible to the disease incidence than male. Different studies showed
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differences in the incidence of dermatophytosis according to gender (Lipner & Scher,
2019; Sakkas et al., 2020).

Moreover, age can be used as another demographic factor to distinguish a
population group from other groups in a population that have been screened for a
particular illness. Tinea capitis common in children, while other Tineas more commonly
affect post pubertal individuals. The hormonal changes that occur after puberty induce
the secretion of acids by sebaceous glands, which, in turn, reduce the incidence of Tinea
capitis but not of other mycoses (Petrucelli et al., 2020). Moreover, another explanation
for why children are more likely to get Tinea capitis than adults is because after puberty,
the scalp begins to secrete sebum, which is meant to prevent dermatophytes from
invading, but an immunological disorder may make hair invasion easier (Cremer et al.,
1997).

One important feature was the investigation of the correlation between the type
of blood group and the incidence of dermatophytosis. The incidence of Tinia was
highest in infected persons of the O-type, followed by the B-type. This suggested that
patients with O-type or B-type are more sensitive to dermatophytosis than other blood
group types. Like our results, Al-Daamy et al. (2017) reported that there is a
relationship between infection of dermatophytosis and blood groups, specifically
between tinea pedis, and tinea capitis with blood groups O and B. On the other hand,
Balajee et al. (1996)reported that blood group A followed by O members had a high
frequency of dermatophytosis infection.

The continuous need for new antifungal drugs is necessary since existing
antifungals may lose their effectiveness over time or be rendered useless by the
emergence of resistance, which emphasizes the significance of creating alternative
therapies with fewer side effects and high potency.

In this study, besides the common effective commercial drugs evaluated, the
clove oil showed promising antifungal activity against M. canis. Chee & Lee (2007)
reported that the spore germination and mycelial growth of Microsporum audouinii,
Trichophyton mentagrophytes, and Trichophyton rubrum are all severely inhibited by
clove essential oil. One of the important constituents of clove oil is Eugenol (Xu et al.,
2016). Eugenol, a phenylpropene compound extracted from cloves, shows antimicrobial
activity towards several strains of pathogenic microorganisms (Devi et al., 2010).
Eugenol can disrupt the cell wall structure, denaturize proteins, and reacts with the
phospholipid bilayer of the cell membrane, changing the permeability of the cell
(Rahman, 2015).

Moreover, the result revealed that F. chlamydosporium ethanolic extract showed
antifungal activity against M. canis. To our knowledge, this is the first study to
document the antifungal efficacy of F. chlamydosporium extract against M. canis. F.
chlamydosporium is a well-known biocontrol agent having secondary metabolites that
have antimicrobial capabilities. Additionally, it can produce red pigment, which is
known as antimicrobial agent (Mathivanan & Murugesan, 2000; Mohammed et al.,
2018; Wang et al., 2020; Thomas & Tirumale, 2022).
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The elucidation of the mechanisms of action of the antifungal agents with
pharmacological potential, whether of natural or synthetic origin, contributes to the
development of rational therapeutic approaches, particularly in terms of infections
caused by resistant microorganisms, which often require combinations of drugs or the
use of new drugs when the first-choice agent is not effective.

Therefore, in our study, we evaluated different combinations of clove oil with
other tested agents such as F. chlamydosporium, terbinafine, and ketoconazole to
increase the potency of the chosen antifungal agents. The results showed positive
synergistic results when compared to the activity of the antifungal agents individually.
There are several mechanisms involved in the synergistic activity of antifungal agents:
a) the inhibition of different stages in the fungal intracellular pathways that are essential
for cell survival; b) increased penetration of one antifungal agent resulting from the
action of another antifungal agent on the fungal cell membrane; c) the inhibition of
carrier proteins; and d) the simultaneous inhibition of different cell targets (Johnson et
al., 2004).

The mechanism of combination of medications appears to entail the inhibition of
ergosterol production due to the antifungal agents' effects on the various ergosterol
biosynthesis enzymes and/or because of an increase in cell permeability which allows
one or both agents to pass through (De Castro et al., 2015).

Conclusion

The prevalent type of dermatophytosis found in the present study was Tinea
capitis and the main dermatophyte was M. canis. The infection was found in the
children, mostly between boys and the source of infection was mostly zoophilic.
Patients with blood group B and O were the most affected ones. Beside the use of the
common antifungal drugs terbinafine and ketoconazole, clove oil as well as F.
chlamydosporium ethanolic extract showed a promising antifungal activity against M.
canis. Moreover, to avoid of the resistance of using individual antifungal agent, a
synergetic activity using different combinations of clove oil with other tested agent
revealed the promising potency of these combinations in disease control compared to
the use of these antifungal agents individually.

Ethical Approval and consent to participate

This research was approved by the Research Ethics Committee at the Ministry of
Health and Population (Com. No/Dec. No: 34-2020/10). Informed consent was obtained
from all individual participants included in the study.
Funding Statement

The authors didn't receive any financial support to carry out this work and the
work described was funded by the authors themself.
Conflict of interests
The authors have no competing interest.
Author contributions

MEO, AFM, HHA, YME designed the study; HHA, YME.; MEE performed the
experiments; YME, HAS made data curation and analysis; YME, HAS wrote the
original draft; MEO, YME reviewed and edited the final manuscript.



146 Az. J. Pharm Sci. Vol. 67, March, 2023.

Acknowledgements

The authors want to thank the Botany and Microbiology Department, Faculty of
Science, Helwan University and Al-Azhar Center for Fermentation Biotechnology and
Applied Microbiology, Al-Azhar University for introducing different facilities in this
study.

REFERENCES

Al-Daamy, A. A. H., Wadi, H. K., Ali, R. A. A., & Tauma, R. H. (2017). The
relationship between blood groups and dermatophytoses of men in Karbala
city.

Alvarez, M. S., & Silverberg, N. B. (2006). Tinea capitis. Cutis, 78(3), 189-196.

Aly, R., Hay, R. J., Palacio, A. del, & Galimberti, R. (2000). Epidemiology of tinea
capitis. Medical Mycology, 38(supl), 183-188.

Balajee, S. A. M., Menon, T., & Ranganathan, S. (1996). ABO blood groups in
relation to the infection rate of dermatophytosis. Mycoses, 39(11-12), 475-
478.

Bassyouni, R. H., EI-Sherbiny, N. A., Abd ElI Raheem, T. A., & Mohammed, B. H.
(2017). Changing in the epidemiology of tinea capitis among school children
in Egypt. Annals of Dermatology, 29(1), 13-19.

Brintha, S., Rajesh, S., Renuka, R., Santhanakrishnan, V. P., & Gnanam, R.
(2017). Phytochemical analysis and bioactivity prediction of compounds in
methanolic extracts of Curculigo orchioides Gaertn. J. Pharmacogn.
Phytochem, 6, 192-197.

Chee, H. Y., & Lee, M. H. (2007). Antifungal activity of clove essential oil and its
volatile vapour against dermatophytic fungi. Mycobiology, 35(4), 241-243.

Coulibaly, O., Kone, A. K., Niaré-Doumbo, S., Goita, S., Gaudart, J., Djimdé, A.
A., Piarroux, R., Doumbo, O. K., Thera, M. A., & Ranque, S. (2016).
Dermatophytosis among schoolchildren in three eco-climatic zones of Mali.
PLoS Neglected Tropical Diseases, 10(4), e0004675.

Cremer, G., Bournerias, 1., Vandemeleubroucke, E., Houin, R., & Revuz, J. (1997).
Tinea capitis in adults: misdiagnosis or reappearance? Dermatology, 194(1),
8-11.

De Castro, R. D., de Souza, T. M. P. A, Bezerra, L. M. D., Ferreira, G. L. S., de
Brito Costa, E. M. M., & Cavalcanti, A. L. (2015). Antifungal activity and
mode of action of thymol and its synergism with nystatin against Candida
species involved with infections in the oral cavity: an in vitro study. BMC
Complementary and Alternative Medicine, 15(1), 1-7.



Az. J. Pharm Sci. Vol. 67, March, 2023. 147

Devi, K. P., Nisha, S. A., Sakthivel, R., & Pandian, S. K. (2010). Eugenol (an
essential oil of clove) acts as an antibacterial agent against Salmonella typhi
by disrupting the cellular membrane. Journal of Ethnopharmacology, 130(1),
107-115.

Dolenc-Voljé, M., & Gaspari¢, J. (2017). Human infections with Microsporum
gypseum complex (Nannizzia gypsea) in Slovenia. Mycopathologia, 182(11),
1069-1075.

Dolenc-Volj¢, M. (2005). Dermatophyte infections in the Ljubljana region, Slovenia,
1995-2002. Mycoses, 48(3), 181-186.

Gargoom, A. M., Elyazachi, M. B., Al-Ani, S. M., & Duweb, G. A. (2000). Tinea
capitis in Benghazi, Libya. International Journal of Dermatology, 39(4),
263-265.

Ginter-Hanselmayer, G., Weger, W., llkit, M., & Smolle, J. (2007). Epidemiology of
tinea capitis in Europe: current state and changing patterns. Mycoses, 50, 6—
13.

Gupta, A. K., Daigle, D., & Carviel, J. L. (2016). The role of biofilms in
onychomycosis. Journal of the American Academy of Dermatology, 74(6),
1241-1246.

Havlickova, B., Czaika, V. A., & Friedrich, M. (2008). Epidemiological trends in
skin mycoses worldwide. Mycoses, 51, 2-15.

Hay, R. J. (2017). Tinea capitis: current status. Mycopathologia, 182(1), 87-93.

Jartarkar, S. R., Patil, A., Goldust, Y., Cockerell, C. J., Schwartz, R. A., Grabbe,
S., & Goldust, M. (2021). Pathogenesis, Immunology and Management of
Dermatophytosis. Journal of Fungi, 8(1), 39.

John, A. M., Schwartz, R. A., & Janniger, C. K. (2018). The kerion: an angry tinea
capitis. International Journal of Dermatology, 57(1), 3-9.

Johnson, M. D., MacDougall, C., Ostrosky-Zeichner, L., Perfect, J. R., & Rex, J. H.
(2004). 391 Combination antifungal therapy. Antimicrob Agents Chemother,
48, 693-715.

Lipner, S. R.,, & Scher, R. K. (2019). Onychomycosis: Clinical overview and
diagnosis. Journal of the American Academy of Dermatology, 80(4), 835—
851.

Mapelli, E. T. M., Cerri, A., Bombonato, C., & Menni, S. (2013). Tinea capitis in the
paediatric population in Milan, Italy: the emergence of Trichophyton
violaceum. Mycopathologia, 176(3), 243-246.



148 Az. J. Pharm Sci. Vol. 67, March, 2023.

Mathivanan, N., & Murugesan, K. (2000). Fusarium chlamydosporum, a potent
biocontrol agent to groundnut rust, Puccinia arachidis/Fusarium
chlamydosporum, ein potenter Organismus fiir die biologische Bekdmpfung
von Rost (Puccinia arachidis) an  Erdnuss.  Zeitschrift  Flr
Pflanzenkrankheiten Und Pflanzenschutz/Journal of Plant Diseases and
Protection, 225-234.

Mohammed, G. J., Hameed, I. H., & Kamal, S. A. (2018). Analysis of methanolic
extract of Fusarium chlamydosporum using GC-MS technique and evaluation
of its antimicrobial activity. Indian Journal of Public Health Research and
Development, 9(3), 229-234.

Ng, K. P., Soo-Hoo, T. S., Na, S. L., & Ang, L. S. (2003). Dermatophytes isolated
from patients in University Hospital, Kuala Lumpur, Malaysia.
Mycopathologia, 155(4), 203-206.

Nweze, E. I., Mukherjee, P. K., & Ghannoum, M. A. (2010). Agar-based disk
diffusion assay for susceptibility testing of dermatophytes. Journal of Clinical
Microbiology, 48(10), 3750-3752.

Panasiti, V., Devirgiliis, V., Borroni, R. G., Mancini, M., Curzio, M., Rossi, M.,
Bottoni, U., & Calvieri, S. (2007). Epidemiology of dermatophytic
infections in Rome, Italy: a retrospective study from 2002 to 2004. Medical
Mycology, 45(1), 57-60.

Parrish, N., Fisher, S. L., Gartling, A., Craig, D., Boire, N., Khuvis, J., Riedel, S., &
Zhang, S. (2020). Activity of various essential oils against clinical
dermatophytes of Microsporum and Trichophyton. Frontiers in Cellular and
Infection Microbiology, 567.

Petrucelli, M. F., Abreu, M. H. de, Cantelli, B. A. M., Segura, G. G., Nishimura, F.
G., Bitencourt, T. A., Marins, M., & Fachin, A. L. (2020). Epidemiology
and diagnostic perspectives of dermatophytoses. Journal of Fungi, 6(4), 310.

Rahman, M. M. (2015). Role of common carp (Cyprinus carpio) in aquaculture
production systems. Frontiers in Life Science, 8(4), 399—410.

Richardson, M. D., & Warnock, D. W. (2012). Fungal infection: diagnosis and
management. John Wiley & Sons.

Sakkas, H., Kittas, C., Kapnisi, G., Priavali, E., Kallinteri, A., Bassukas, I. D., &
Gartzonika, K. (2020). Onychomycosis in Northwestern Greece over a 7-
year period. Pathogens, 9(10), 851.

Thomas, T. A., & Tirumale, S. (2022). Production of a Polyketide Pigment by
Fusarium chlamydosporum. Journal of Pure & Applied Microbiology, 16(2).

Wang, Z.-F., Zhang, W., Xiao, L., Zhou, Y.-M., & Du, F.-Y. (2020).



Az. J. Pharm Sci. Vol. 67, March, 2023. 149

Characterization and bioactive potentials of secondary metabolites from
Fusarium chlamydosporum. Natural Product Research, 34(6), 889-892.

Weitzman, 1., & Summerbell, R. C. (1995). The dermatophytes. Clinical
Microbiology Reviews, 8(2), 240-259.

Xu, J.-G., Liu, T., Hu, Q.-P., & Cao, X.-M. (2016). Chemical composition,
antibacterial properties and mechanism of action of essential oil from clove
buds against Staphylococcus aureus. Molecules, 21(9), 1194.

aly ABe g ¢ paay 3 AW B clddioal) ang 8 dgalal) cly ladl) LSS 8 gadal)
W02 all B andll g ¢ adl)

D) dana cpanly JAD ala Slieland 3 sana ¢ 2321 5 Gadl I ldie 2l dase
s =0 sha - sla drala — o slall AUIS - o gl g5 Sl 5 Sl ol
e =0 sl - 8 W) Al — sl AS - g5 Saall 5 il sl
raa — 5 a5 5 daals Al A58 s LA 5 Ay gaall Lia g1 Sl 5 pedill 58 5W) S 5

yasmin_elsaba@science.helwan.edu.eq: (o Al Calall [ g 8<Y) & jl)

a3l 5 Wy 3 128 (o8 dpalad) ey phadll Aol g lial) Vs 8 sl 23 ¢ Al jall o2a

¢ Apaayall G all e Glld 8 La ¢ dalia) Clidiual Qe 8 dalall Gl peY) ALl ) gl s

el Bhagll ULl pen &5 jae ¢ BoallL cadedll dalid) Adies ¢ ohll o) e 3l Ak

sl A G ye o il @ yedal 8y ol Alpai g g el Haiany puinll s eadl @) 8 Ly ¢ oy pidll

O el Lasall Alal) A s anll Jiliad G A8l sty JulY) vie dala g o jlaml SY) S
Al oM dpla JSY) 8 O 5 B pall Jilisd (5 53 (o yal)

iy b el Q15 Lpuand &3 I cA) 3 e ol dpalal) iy phadl) ST e (i yaill o3 S8
Microsporum canis ON564613.axb i)

saladdl 401 (e aaall andi 5 ¢ M. canis e b phadll saliadl) Jal sall dllad (e (g8a3ll
¢ oplng ¢ JaobsSsl ¢ JaolaislS ¢ JaoUsSAS ¢ ol @) A Ley caladiul) A0 il yladll
gl Gl 8 Ly Appdall Jlad) aladiul &3 ey N ALYl eVl pad Ll las) sl
3855 o oe sl & Fusarium chlamydosporium oe sy kil Galiiual 5 4y
¢ il e dssla S ¢ JasS RS ¢ ol 0 Gl 8 Ly ¢ 50ad) Aladl) Jal gall (MIC) Laie
oaliiue g Ji 3l Cuy A M. canis aa @by yhill ssliadll Adled Y1 ol gl il il Galitiug
O o) ekl ¢ MIC gl Wy, alaain¥) dails 4y jladll 49508) &3S ¢ F. chlamydosporium
155l F. chlamydosporium galiiess ¢ Js3bsSsiS ¢ il 5 ae JaiE) Gy e ddlide i3S 53
Lgalainly 43 jlie ial oY) AndlSa 3 il il o3gl bac ) o)) Aol ailiil) oda edai ULy s Ll G50
REEP U

)JM\ “"_IQ‘)LSJ\ Glalizaa ¢uilS e})}..\u}‘)s;m ‘?Jﬂ Jilad c‘_ﬁﬂ; JLLS ;i.pu.h Cilalg


mailto:yasmin_elsaba@science.helwan.edu.eg

