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Abstract. - OBJECTIVE: A large number
of patients applying to the dermatology clin-
ics are affected by fungal diseases, and a sig-
nificant portion of which are superficial fungal
infections. Dermatophyte infections are a no-
table public health concern and frequently en-
countered in clinical practice. Dermatophyto-
sis not only compromises the quality of life but
also predisposes individuals to various comor-
bidities due to its role as a gateway for second-
ary bacterial agents. This study aims to deter-
mine the species distribution of dermatophytes
prevalent and assess their susceptibility to an-
tifungal drugs.

PATIENTS AND METHODS: Skin, nail, and
hair samples were obtained from patients with a
clinical diagnosis of dermatophytosis. Samples
were all cultured to isolate and identify the spe-
cies. In vitro liquid microdilution tests were con-
ducted to assess the susceptibility of the isolat-
ed strains against terbinafine, fluconazole, gris-
eofulvin, and butenafine.

RESULTS: A total of 353 samples were obtained
from the hair, skin, and nail lesions of 326 patients.
Dermatophyte was isolated in 71 of the samples
(20.1%). The cultured dermatophyte subtypes in-
cluded Trichophyton rubrum (13.8% in 49 sam-
ples), Microsporum audouini (5.7% in 20 samples),
and Trichophyton mentagrophytes (0.6% in 2 sam-
ples). Antifungal susceptibility testing revealed
that terbinafine was the most effective antifungal
drug against all dermatophyte species, while flu-
conazole exhibited the highest resistance.

CONCLUSIONS: The most common derma-
tophytosis agent in our region is T. rubrum. The
least antifungal resistance was found against
terbinafine. Conducting antifungal susceptibil-
ity tests is crucial for selecting effective treat-
ment regimens and early detection of resistance
development.
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Introduction

Dermatophytosis, the most common superfi-
cial fungal disease, is a fungal infection caused
by dermatophytes in keratinized tissues such as
the epidermis, hair, and nails"?. The causative
agents of dermatophytes are grouped into three
main categories: Microsporum, Epidermophyton,
and Trichophyton®*. Dermatophytosis is an im-
portant health concern. Poor hygiene, communal
living areas, low socioeconomic status, shared
personal items, contact with animals, high hu-
midity, and immunosuppression play crucial role
in the transmission and spreading of the disease”.
Since dermatophytosis is not a notifiable disease,
incidence data is limited. It is estimated that 20-
25% of the population — approximately 1 billion
people — has superficial mycosis all around the
world>®. The diversity and prevalence of derma-
tophytosis vary depending on the region’s climate
conditions, geographical structure, the lifestyle
of people, and their mobility. Each region has
its unique dermatophyte flora, and the flora can
change over time®. Various studies™'? conducted
in Turkey have found that the most common
superficial fungal disease is tinea pedis, and the
most frequently isolated dermatophyte species is
T rubrum.

Topical or systemic antifungal medications are
used in the treatment of dermatomycoses. How-
ever, treatment can be challenging due to relaps-
es, reinfections, prolonged therapy and anfungal
resistance. Dermatophytes can develop resistance
to antifungals through various mechanisms'-".
Antifungal resistance leads to treatment prolon-
gation and unresponsiveness, which causes an in-
crease in the risk of comorbidities, an increase in
the number of hospital admissions, and financial
losses. The use of antifungal susceptibility tests
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is important for selecting an effective treatment
regimen and early detection of resistance devel-
opment. However, these tests are not routinely
applied in clinical practice'. There are several
studies®”7 demonstrating in vitro antifungal ac-
tivity against dermatophytes and the develop-
ment of resistance in the literature. While there
have been a limited number of studies related to
the identification of dermatophyte species in the
Eastern Black Sea Region of Turkey, no study has
been conducted in Giresun province on this topic.
Also, there is no study investigating in vitro anti-
fungal susceptibility from the Black Sea Region
of Turkey'-'"2.

The present study’s aim was to determine
the distribution of dermatophyte species caus-
ing dermatophytosis in the Eastern Black Sea
Region and assess the in vitro susceptibility
to antifungal drugs. This research aims to
contribute to the planning of the treatment of
dermatophytosis infections by selecting appro-
priate antifungal agents and to contribute to
epidemiological studies around the world about
this subject.

Patients and Methods

Patient Population

Patients who presented to the Dermatology
outpatient clinic with clinical diagnoses of der-
matophyte infections such as tinea capitis, tinea
pedis, tinea unguium, tinea manum, tinea cruris,
and tinea corporis, between January 1, 2021, and
January 1, 2023, were included. Patients who de-
clined to participate, those with dermatophyte in-
fections but unable to provide sufficient samples
for fungal culture from their lesions, and patients
who were using topical or systemic antifungal
treatment at the time of examination were not
included in the study. Informed consent forms
were obtained from the patients who agreed to
participate in the study.

Ethics approval was obtained from Giresun
University Clinical Research Ethics Committee
(Decision Number: 05.12.2019/16). The study was
conducted in accordance with the principles of
the Helsinki Declaration.

Sample Collection

Prior to sample collection, the lesion and its
surrounding area were wiped with 70% ethyl
alcohol and left to dry for a few minutes. For nail
samples, scraping was performed beneath the

nail with a scalpel. In the case of skin infections,
a scalpel was used to scrape from the active edge
of the lesion towards the center, collecting the
squamous material from the lesion. In cases of
suspected tinea capitis, hair samples were ob-
tained by cutting the hair. The collected samples
were placed in sterile Petri dishes.

Culturing

The collected samples were inoculated by
touching them to both Dermatophyte Test Me-
dium (DTM) (Biolife Italiana, Milan, Italy),
and Sabouraud Dextrose Agar (SDA) plates
(Biolife Italiana, Milan, Italy), with a portion
of the sample submerged and another portion
exposed. Inoculated plates were then incubated
at room temperature (22-26°C) and at 37°C.
The plates were then examined for growth 2-3
times per week and were left for incubation for
duration of 4 weeks. Developed colonies were
subcultured onto Potato Dextrose Agar (PDA)
plates, as it enhances pigment formation and
conidial development. Fungal colonies were
stained with lactophenol cotton blue (ChemBio,
Istanbul, Turkey). Species identification was
conducted based on the characteristics of the
hyphal structure, as well as the number and
shapes of macro and microconidia. Additional
biochemical tests were applied when deemed
necessary.

To differentiate between 7. rubrum and ure-
ase-positive 7. mentagrophytes, a urease hydro-
lysis test was performed using Christensen’s urea
agar. The fungal isolates were inoculated onto
urea agar plates, and the plates were incubated at
25-30°C for seven days. Changes in color were
observed in the agar plates every 2-3 days. If
there was no change in the color of the agar, it
was considered negative, while a change in color
to pink was considered positive.

Additionally, for differentiation, colonies that
produced a red pigment on cornmeal dextrose
agar supplemented with 1% glucose were identi-
fied as 7. rubrum, whereas colonies that did not
produce a red pigment were considered to be T.
mentagrophytes.

Antifungal Susceptibility Testing

Antifungal susceptibility tests were conducted
using the reference liquid microdilution method
recommended by the Clinical Laboratory Stan-
dards Institute (CLSI) for filamentous fungi.
Candida parapsilosis ATCC 22019 strains were
used as quality control strains.



I.D. Oguz, . Direkel, B. Aksan, S. Kulakli, S. Aksoy

Drug Dilutions

All drugs [terbinafine (BDLPharm, Shangai,
China), griseofulvin (BDLPharm, Shangai, Chi-
na), fluconazole (BDLPharm, Shangai, China),
butenafine (Erregierre SpA, San Paolo D’Argon
(BQG), Italy)] were dissolved in dimethyl sulfoxide
(DMSO). Stock drug dilutions were prepared
to be 100 times the final drug concentration
in the microdilution test. These stock drug di-
lutions were stored at -80°C. Before use, they
were diluted 1/50 in RPMI-1640 (Sigma-Aldrich,
Taufkirchen, Germany).

Preparation of Inoculum

One milliliter of sterile 0.85% saline solu-
tion was added to 7-day-old colonies of derma-
tophytes growing on PDA. The colonies were
gently scraped with a loop and transferred to a
sterile tube using a Pasteur pipette. The tube was
left undisturbed for 3-5 minutes to allow heavy
particles to settle. The suspension remaining at
the top was transferred to a new sterile tube and
vortexed for 15 seconds. The density of the conid-
ial suspension was adjusted to an optical density
(OD) of 0.09-0.11.

Liquid Microdilution Test

Sterile 96-well, U-bottom microplates were
used. In the first well, 200 pl of drug-free RP-
MI-1640 was added for growth control. Inoculum
and serial dilutions of the prepared drugs were
added successively in wells 2 through 11, with
each well containing 100 pl of inoculum and
100 ul of the drug dilution. The last well (12
well) contained 100 pl of inoculum and 100 pl of
RPMI-1640 as a growth control. The microplates
were then incubated for 7 days at 26°C.

Evaluation

Test results were assessed by comparing the
growth in the well with growth control well. If
necessary, the presence of growth was visually
confirmed by observing color changes after the
addition of Alamar blue.

For each isolate, the minimal inhibitory con-
centration (MIC) value was recorded for all
four antifungals. Additionally, the MIC, and
MIC,, values were calculated for each antifungal
against all dermatophyte species that exhibited
growth. Isolates with MIC values less than 0.5
ug/mL were considered sensitive to the antifun-
gal agent'®.
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Statistical Analysis

Data were analyzed using IBM® SPSS Sta-
tistics 25 Software (IBM Corp., Armonk, NY,
USA). The variables were investigated using
visual (histograms, probability plots) and ana-
lytical methods (Kolmogorov-Smirnov test) to
determine the normality of the data. In descrip-
tive statistics, mean (standard deviation) was
used for normally distributed data and median
(minimum-maximum) was used for non-normal-
ly distributed data. Percentages were used to in-
dicate the frequency of categorical data. As the
MIC values were not normally distributed, the
Kruskal-Wallis tests were conducted to compare
MIC values among the four antifungal agents.
The Mann-Whitney U test was performed to
test the significance of pairwise differences us-
ing Bonferroni correction to adjust for multiple
comparisons. A p-value of lower than 0.05 was
considered to show a statistically significant
result.

Results

Of a total of 353 different samples were col-
lected from 326 patients who had a clinical di-
agnosis of dermatophytosis. Among the patients,
235 had tinea unguium, 44 had tinea corporis, 38
had tinea pedis, 23 had tinea cruris, 10 had tinea
manum, and 3 had tinea capitis. The demograph-
ic characteristics of the patients are summarized
in Table I.

Samples of 299 patients were collected from a
single area of the body, while 27 patients’ samples
were collected from multiple areas. 235 nail spec-
imens (210 toenails and 25 fingernails), 115 scale
samples from skin lesions (37 from foot skin, 26
from trunk skin, 12 from gluteal area skin, 11
from arm skin, 11 from inguinal area skin, 10
from hand skin, 6 from leg skin, and 1 from facial
skin), and 3 hair specimens were obtained.

In the mycological culture, dermatophyte
growth was observed in 71 of the 353 samples
(20.1%). The subtypes of dermatophytes grown
in culture included Trichophyton rubrum (found
in 49 samples, 13.8%), Microsporum audouini
(found in 20 samples, 5.7%), and Trichophy-
ton mentagrophytes (found in 2 samples, 0.6%).
Apart from dermatophytes, Aspergillus spp were
cultured in 55 samples, Penicillium spp in 6
samples, and Alternaria spp in 1 sample. Addi-
tionally, 37 samples showed contamination with
numerous different molds (Table II).
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Table I. Demographic characteristics of patients with suspected dermatophytosis.

Demographics n = 326
Age/year — median (min-max) 49 (4-87)
Gender Female 174 (53.4%)
Male 152 (46.6%)
Comorbidities Yes 165 (50.6%)
No 161 (49.4%)
Localization* Toe nail 210 (59.5%)
Foot 38 (10.8%)
Body 26 (7.4%)
Fingernail 25 (7.1%)
Gluteal region 12 (3.4%)
Arm 11 (3.1%)
Inguinal region 11 (3.1%)
Hand 10 (2.8%)
Leg 6 (1.7%)
Scalp 3 (0.8%)
Face 1 (0.3%)
Diagnosis* Tinea unguium 235 (66.6%)
Tinea corporis 44 (12.5%)
Tinea pedis 38 (10.8%)
Tinea cruris 23 (6.5%)
Tinea manum 10 (2.8%)
Tinea capitis 3 (0.8%)

*Since samples were taken from more than one region of 27 patients, 353 different regions were evaluated.

The highest rate of fungal growth in culture
was observed in patients diagnosed with tinea
pedis (34.2%), followed by tinea capitis (33.3%),
tinea cruris (26.1%), tinea corporis (18.2%), tin-
ea unguium (17.9%), and tinea manum (10%).
Trichophyton rubrum was the most frequent-
ly cultured dermatophyte in cases of tinea pe-
dis, tinea unguium, tinea capitis, tinea corporis,
and tinea cruris. Only one tinea manum sample
showed dermatophyte growth in culture, and in
this case, Microsporum audouini was isolated.
The distribution of fungal cultures based on di-
agnoses is summarized in Table I11.

Table Il. Mycological culture results.

In the second phase of the study, an in vi-
tro liquid microdilution test was performed to
determine the antifungal susceptibility levels
of strains grown in culture against terbinafine,
fluconazole, griseofulvin, and butenafine. The
minimal inhibitory concentration (MIC) values
of the samples are summarized in Figure 1 and
Table IV.

When the cut-off MIC value for resistance was
taken as >0.5 pg/mL, it was found that 7° rubrum
had the highest griseofulvin resistance (91.8%)
and the lowest terbinafine resistance (28.6%). It
was determined that the antifungals to which

Mycological culture results n (%)
Dermatophyte isolated samples 71 (20.1%)
Fungus isolated samples 167 (47.3%)
Fungal species Contamination 37 (10.5%)

Aspergillus spp. 52 (14.7%)
Trichophyton rubrum 46 (13%)
Microsporum audouini 20 (5.7%)
Penicillium spp. 5 (1.4%)
Trichophyton rubrum + Aspergillus spp. 3 (0.8%)
Trichophyton mentagrophytes 2 (0.6%)
Penicilium spp. + Aspergillus spp. 1 (0.3%)
Alternaria spp. 1 (0.3%)
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Table Ill. Mycological culture isolation rates according to diagnoses.

Dermatophyte Trichophyton  Microsporum Trichophyton Contamination Aspergillus  Alternaria Penicillium

isolation rates rubrum audouini mentagrophytes (mix) SpPp. SpPp. Spp.
Tinea pedis (n=41) 13 (34.2%) 7 (18.4%) 6 (15.8%) 0 2(5.3%) 7 (18.4%) 0 0
Tinea unguium (n=235) 42 (17.9%) 32 (13.7%) 9 (3.8%) 1 (0.4%) 28 (11.9%) 35 (14.9%) 1 (0.4%) 5(2.1%)
Tinea corporis (n=44) 8 (18.2%) 4 (9.1%) 3(6.8%) 1(2.3%) 3(6.8%) 7 (15.9%) 0 1(2.3%)
Tinea manum (n=10) 1 (10%) 0 1 (10%) 0 1 (10%) 2 (20%) 0 0
Tinea capitis (n=3) 1(33.3%) 1(33.3%) 0 0 2 (66.7%) 1(33.3%) 0 0
Tinea cruris (n=23) 6 (26.1%) 5 (21.7%) 1 (4.3%) 0 1 (4.3%) 4 (17.4%) 0 0
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Figure 1. Susceptibility of Trichophyton rubrum, Microsporum audouini and Trichophyton mentagrophytes to butenafine,
terbinafine, fluconazole and griseofulvin determined by liquid microdilution tests. Number of the boxes refers to count of
isolates with a given minimal inhibitory concentration (MIC).
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Table IV. MIC ranges, MIC, and MIC,, values of antifungal agents according to the growing dermatophyte strain, and

antifungal resistance rates.

MiIC T. rubrum M. audouinii T. mentagrophytes
(ng/mL) (n = 49) (n=18) (n=2)
Butenafine >1* 65.3% (32) 16.7% (3) 50% (1)
>0.5%* 73.5% (36) 44.4% (8) 100% (2)
MIC,, 1.5 0.38 0.75
MIC,, 3 0.75 1.5
Range 0.02-6 0.04-3 0.75-1.5
Griseofulvin > 1% 73.5% (36) 55.6% (10) 100% (2)
> 0.5%* 91.8% (45) 88.9% (16) 100% (2)
MIC,, 1.5 1.5 1.5
MIC,, 3 1.5 1.5
Range 0.19-6 0.91-3 1.5-1.5
Fluconazole >1* 55.1% (27) 77.8% (14) 100% (2)
>0.5%* 77.6% (38) 88.9% (16) 100% (2)
MIC,, 1.5 3 1.5
MIC,, 3 12 3
Range 0.09-12 0.19-12 1.5-3
Terbinafine >1* 22.4% (11) 0 0
>0.5%* 28.6% (14) 10% (2) 0
MIC,, 0.9 0.09 0.02
MIC,, 3 0.38 0.04
Range 0.02-12 0.02-0.75 0.02-0.04

MIC: minimal inhibitory concentration. *Number of species of which MIC > 1. **Number of species of which MIC > 0.5.

M. audouinii was the most resistant were gris-
eofulvin (88.9%) and fluconazole (88.8%), and
the antifungal to which it was most sensitive
was terbinafine (10%). Finally, all of the 2 differ-
ent 7. mentagrophytes colonies were resistant to
butenafine, griseofulvin and fluconazole. It was
observed that both colonies were sensitive to ter-
binafine (Table V).

When investigating the effectiveness of the
four antifungal agents on fungal species, differ-
ences were observed among antifungals concern-
ing 7. rubrum and M. audouinii (all p<0.001).
However, due to the limited occurrence of 7.
mentagrophytes in only two samples, a compar-
ison among antifungals was not feasible. When
the median MIC values of four agents against 7
rubrum were compared, the median MIC value
of terbinafine was found to be significantly low-

er than the other three agents (p<0.001). When
comparing the median MIC values against M.
audouinii, terbinafine’s median MIC value was
significantly lower than the median MIC values
of the other four agents. However, butenafine’s
median MIC value was significantly higher than
terbinafine’s, and significantly lower than griseo-
fulvin’s and fluconazole’s MIC values (p<0.001)
(Table V).

Discussion

Dermatophytosis is the most common fungal
disease worldwide'. Approximately 40 differ-
ent dermatophyte species have been identified
that can cause superficial fungal infections in
humans. Although T rubrum, T. tonsurans and

Table V. Comparison of median MIC values of antifungal agents according to the growing dermatophyte strain.

Median MIC values
(minimum-maximum) Butenafine Griseofulvin Fluconazole Terbinafine P
T. rubrum (n=49) 1.5 (0.02-6)* 1.5 (0.19-6)* 1.5 (0.09-12)® 0.09 (0.02-12)> < 0.001
M. audouini (n=18) 0.38 (0.04-3) 1.5 (0.19-3)° 3 (0.19-12)° 0.14 (0.02-0.75)c < 0.001
T. mentagrophytes (n=2) 1.13 (0.75-1.5) 1.5 (1.5-1.5) 2.25(1.5-3) 0.03 (0.02-0.04) NA

MIC: minimal inhibitory concentration, NA: not applicable. **>*Superscripts show the difference between groups. Different

superscript letters indicate statistical significance.
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M. canis are the most frequently detected der-
matophyte species, dominant species may vary
depending on geographical regions?.

In the present study dermatophyte species
were isolated in 20.1% of the samples. Although
the largest number of nail samples was collected,
the highest rate of dermatophyte isolation was ob-
served in the samples collected from tinea pedis
(34.2%). In the cultures, 7. rubrum was the most
frequently isolated species.

There are various publications investigating
the distribution of species causing dermatophyto-
sis. In a recent study'® from India it was reported
that the most commonly isolated dermatophyte
species were, 1. mentagrophytes (45.6%) and T.
rubrum (34.4%). In a review investigating the
frequency of dermatophytes in the African con-
tinent, it was reported that the most common
dermatophyte species in countries such as Kenya,
Ethiopia, Tanzania, South Africa, Mozambique,
Uganda and Zambia was T. violaceum (at rates
ranging from 56.7% to 95%)*. In another review?!
that examined the dermatophyte species observed
in Iran, it was reported that the most common
dermatophyte species were 7. verrucosum, fol-
lowed by T violaceum and T. mentagrophytes.

Sahin et al' conducted a study to investigate
the distribution of dermatophyte species in Diizce
province of Turkey. In this study, dermatophytes
were isolated in 44% of the samples. The most
commonly isolated dermatophyte species was
T rubrum (62.2%), followed by 7. mentagro-
phytes, which was isolated with a frequency of
16.9%. In the Eastern Black Sea Region, only
two publications''? were detected related to this
topic. In 1997, Metin et al'! collected skin and
nail samples from patients with dermatophytosis
in Samsun, Turkey. They revealed that the most
common isolated dermatophyte was 7. rubrum.
Following this, in order, were T. mentagrophytes,
E. floccosum, T. violaceum, and T. schoenleinii.
According to their results, dermatophyte growth
was observed in 38.5% of the cultured samples.

The other study from the Eastern Black Sea
Region of Turkey was conducted in Trabzon in
2000 by Parlat et al'?. In the study, the percentag-
es of dermatophytes cultured in the mycological
culture were as follows: 7. rubrum (69.5%), E.
floccosum (18.1%), T. mentagrophytes (9.4%), M.
audouinii (1.3%), T. violaceum (1.0%), T. ton-
surans (0.3%), M. ferrugineum (0.3%). To the
best of our knowledge there are not any studies
examining the distribution of dermatophytes in
patients diagnosed with dermatophytosis in Gire-

sun province. This study is the first one investi-
gating the distribution of dermatophyte species in
Giresun province. In this study, similar to other
two mentioned studies conducted in the Eastern
Black Sea Region and in various regions of Tur-
key, T. rubrum was the most common causative
agent of dermatophytosis. However, uniquely, it
is observed that Microsporum audouinii was the
second most common pathogen, differing from
other literature reports.

In the second phase of our study, in vitro an-
tifungal susceptibility tests were performed on
the dermatophyte strains using the in vitro liquid
microdilution method. Butenafine, griseofulvin,
fluconazole, and terbinafine were used for in vitro
antifungal susceptibility tests. It was observed
that among these antifungal drugs, terbinafine
was the most effective antifungal against all fun-
gal species.

Due to the limited availability of antifungal
susceptibility tests in many laboratories, der-
matophyte infections are often treated without
antifungal susceptibility tests. However, studies?
have demonstrated an increasing antifungal re-
sistance among dermatophytes over time. In this
scenario, the benefits that patients derive from
treatment may start to decrease over the years.
Therefore, in vitro susceptibility tests conducted
against antifungals can serve as a valuable guide
for making appropriate treatment choices* .

In a study, conducted by Sarifakioglu et
al*® from Turkey, nail samples were collected
and cultured. Trichophyton rubrum (91%) and
Trichophyton mentagrophytes (9%) were iso-
lated. When antifungal susceptibility testing
was performed on these fungal species using
terbinafine, fluconazole, and itraconazole, the
lowest the MIC value was found for terbinafine,
while the highest MIC value was observed for
fluconazole. In another study?*® from Turkey,
skin and nail samples were collected from tinea
pedis and tinea unguium. Trichophyton rubrum
and Trichophyton mentagrophytes were isolated
from the samples. Antifungal susceptibility test-
ing was performed with terbinafine, fluconazole,
and itraconazole. Terbinafine was found to be
the most sensitive antifungal agent against both
dermatophyte species.

In a study?’ conducted in Venezuela in 2005,
antifungal susceptibility testing was carried out
for M. canis, T. rubrum, T. mentagrophytes, and
Epidermophyton floccosum with griseofulvin,
fluconazole, itraconazole, and terbinafine. It was
reported that all of the four dermatophyte spe-
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cies were resistant to fluconazole, while terbinaf-
ine, griseofulvin, and itraconazole were effective
against all of the fungal species.

The susceptibility tests for terbinafin, itracon-
azole, ketoconazole, fluconazole, and griseoful-
vin against 7. rubrum and T. mentagrophytes
were investigated in another study from Brazil®.
It was determined that terbinafine (MIC,; 0.007
mg/ml-1) and itraconazole (MIC,; 0.125 mg/ml-1)
were the most effective antifungals against both
species. Ketoconazole (MIC,; 0.25 mg/ml-1) and
griseofulvin (MIC,; 0.25 mg/ml-1) were slightly
lower but still effective antifungals. On the other
hand, fluconazole susceptibility, was found to be
significantly lower compared to the other antifun-
gals (MIC, 32 mg/ml-1).

There are limited researches about buten-
afine’s resistance of dermatophytes. The first
study® on this subject was conducted in 1991.
MIC of butenafine hydrochloride against der-
matophytes was reported to be 0.0015-0.05 pg/
ml. In 2003, susceptibility tests were carried out
for ciclopirox olamine, econazole, and butenafin
against various dermatophytes, bacteria, and
fungi. For dermatophytes, the MIC values were
reported as follows: ciclopirox olamine, 0.03-
0.25 pg/ml; econazole nitrate, <0.001-0.25 pg/
ml; and butenafin HCI, 0.03-1.0 pg/ml. It was
interpreted that all three agents were effective
against dermatophytes®.

The resistance of nine different antifungal
agents against Trichophyton interdigitale, T. ru-
brum, T. tonsurans, and Epidermophyton floccos-
um was investigated in 2018. The MIC ranges for
these antifungal agents were 0.001-0.008 pg/ml
for luliconazole, 0.003-32 pg/ml for terbinafine,
0.03-64 pg/ml for griseofulvin, 0.01-16 pg/ml for
itraconazole and voriconazole, 0.03-8 pg/ml for
ketoconazole, 0.03-32 pg/ml for econazole, 0.03-
1 pg/ml for lanoconazole, and 0.01-4 pg/ml for
butenafin®'.

In another study* conducted in 2020, suscep-
tibility tests were performed with eight differ-
ent antifungal agents against Trichophyton ton-
surans. The geometric mean values of the MIC
for these antifungals were as follows, from the
lowest to the highest: tolnaftate: 0.022 pg/mL,
itraconazole: 0.026 pg/mL, terbinafine: 0.033 pg/
mL, butenafin: 0.088 pg/mL, griseofulvin: 0.566
pg/mL, sertaconazole: 2.875 pg/mL, clotrima-
zole: 3.419 pg/mL, fluconazole: 12.540 pg/mL.
Based on the results of this study, it was con-
cluded that the most effective antifungals against
Trichophyton tonsurans were, in order, tolnaftate,
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itraconazole, and terbinafine, while fluconazole
was found to be the least effective antifungal
agent. When conducting a literature review, we
did not come across any other studies conducted
in Turkey that investigated the antifungal sensi-
tivity of butenafine.

When evaluating the results of all the studies
examined above, dermatophytes generally appear
to be more sensitive to terbinafine. Additionally,
it has been observed that the effectiveness of
fluconazole against dermatophytes is lower com-
pared to other treatment agents in the literature.
Findings of the present study were consistent
with these results in the literature.

Limitations

We acknowledge some limitations of this study.
The first limitation of the study was our inability
to conduct susceptibility testing for antifungals
other than the four agents used in the study.
Another limitation is that very small amounts of
dermatophytes species were isolated in the ob-
tained samples.

Conclusions

As a conclusion, the most common isolated
agent for dermatophytosis in Giresun province
was T. rubrum, followed by M. audouinii and T.
mentagrophytes. Regarding the results of antifun-
gal susceptibility tests, it was determined that ter-
binafine was the most effective antifungal against
all dermatophyte species, while fluconazole was
the most resistant. We also believe that the effect
of the routine use of antifungal susceptibility
tests in clinical practice needs to be investigated
in the future.

Acknowledgements
We thank the Scientific Project Office of Giresun Universi-
ty for funding this study.

Funding

This study was financially supported by the Scientific Proj-
ect Office of Giresun University. Project number: SAG-
BAP-A-270220-07.

Ethics Approval

Ethics approval was obtained from Giresun University
Clinical Research Ethics Committee (Decision date / Deci-
sion number: 05.12.2019/16).



Antifungal susceptibility of the dermatophytes

Informed Consent
Informed consent was obtained from all patients.

Authors’ Contributions

Concepts: 1.D.O., S.K.; Design: 1.D.O., S.K.; Literature
search: 1.D.O., S.K.; Clinical studies: 1.D.O., S.D., B.A,,
S.K., S.A.; Data acquisition: 1.D.O., $.D., B.A., SK., S.A;
Data analysis: 1.D.O., S.K.; Statistical analysis: 1.D.O.;
Manuscript preparation: 1.D.O.; Manuscript editing: I.D.O.,
S.K.; Manuscript review: 1.D.O., S.K.

ORCID ID

[.D.O.: 0000-0001-8628-6107
S.D.: 0000-0003-3368-0447
B.A.: 0000-0002-3052-5014
S.K.: 0000-00001-7866-1060
S.A.: 0000-0002-2783-4203

Conflict of Interest
The authors declare no conflict of interest.

Data Availability
The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

1)

5)

6)

7)

References

Panda S, Verma S. The menace of dermatophy-
tosis in India: The evidence that we need. Indian
J Dermatol Venereol Leprol 2017; 83: 281-284.

Tuncel AA, Erbagci Z. Prevalence of skin diseas-
es among male adolescent and post-adolescent
boarding school students in Turkey. J Dermatol
2005; 32: 557-564.

Kovitwanichkanont T, Chong AH. Superficial fun-
gal infections. Aust J Gen Pract 2019; 48: 706-
711.

Nweze El, Eke |IE. Dermatophytes and dermato-
phytosis in the eastern and southern parts of Af-
rica. Med Mycol 2018; 56: 13-28.

Havlickova B, Czaika VA, Friedrich M. Epidemio-
logical trends in skin mycoses worldwide. Myco-
ses 2008; 51: 2-15.

Ren MY, Shi YJ, Ding Y, Lu W, Fan SS, Tao XH.
Current status and research progress of nanopar-
ticle application in superficial fungal infection. Eur
Rev Med Pharmacol Sci 2023; 27: 5257-5263.
Bicer A, Tursen U, Cimen OB, Kaya TI, Ozisik
S, Ikizoglu G, Erdogan C. Prevalence of derma-
tophytosis in patients with rheumatoid arthritis.
Rheumatol Int 2003; 23: 37-40.

Cengiz FP, Cemil BC, Emiroglu N, Bahali AG, Oz-
kaya DB, Su O, Onsun N. Etiology of Onychomy-

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

cosis in Patients in Turkey. J Am Podiatr Med As-
soc 2018; 108: 253-256.

Koélemen F. Dermatophytic flora of Ankara (Tur-
key). Dermatologica 1981; 162: 260-264.

Sahin |, Oksuz S, Kaya D, Sencan I, Cetinkaya R.
Dermatophytes in the rural area of Duzce, Turkey.
Mycoses 2004; 47: 470-474.

Metin A, Turanh A, Peksari Y, Cantlirk M. [Sam-
sun ve cevresinin dermatofit florasi]. T Klin Der-
matoloji 1997; 7: 27-32.

Parlat P, Bahadir S, Alpay K, Cimsit G, Bozok
F, Tosun I. [Trabzon ve c¢evresinin dermatofitik
yapisi]. Turkderm-Turk Arch Dermatol Venereol
2000; 34: 100-103.

Khurana A, Sardana K, Chowdhary A. Antifungal
resistance in dermatophytes: Recent trends and
therapeutic implications. Fungal Genet Biol 2019;
132: 103255.

Martinez-Rossi NM, Bitencourt TA, Peres NT,
Lang EA, Gomes EV, Quaresemin NR, Martins
MP, Lopes L, Rossi A. Dermatophyte resistance
to antifungal drugs: mechanisms and prospectus.
Front Microbiol 2018; 9: 1108.

Gupta AK, Venkataraman M. Antifungal resis-
tance in superficial mycoses. J Dermatolog Treat
2022; 33: 1888-1895.

Shah SR, Vyas HR, Shah BJ, Jangid NC, Choud-
hary A, Gehlawat T, Mistry D, Joshi R. A Clin-
ical-Mycological Study of Dermatophytosis in
Western India with Focus on Antifungal Drug Re-
sistance as a Factor in Recalcitrance. Indian J
Dermatol 2023; 68: 234.

Gupta AK, Renaud HJ, Quinlan EM, Shear NH,
Piguet V. The Growing Problem of Antifungal Re-
sistance in Onychomycosis and Other Superficial
Mycoses. Am J Clin Dermatol 2021; 22: 149-157.

Ebert A, Monod M, Salamin K, Burmester A, Uhr-
laB S, Wiegand C, Hipler UC, Kriger C, Koch D,
Wittig F, Verma SB, Singal A, Gupta S, Vasani R,
Saraswat A, Madhu R, Panda S, Das A, Kura MM,
Kumar A, Poojary S, Schirm S, Graser Y, Paasch
U, Nenoff P. Alarming India-wide phenomenon of
antifungal resistance in dermatophytes: A multi-
centre study. Mycoses 2020; 63: 717-728.

Achterman RR, Smith AR, Oliver BG, White TC.
Sequenced dermatophyte strains: growth rate,
conidiation, drug susceptibilities, and virulence in
an invertebrate model. Fungal Genet Biol 2011;
48: 335-341.

Keshwania P, Kaur N, Chauhan J, Sharma G,
Afzal O, Alfawaz Altamimi AS, Almalki WH. Su-
perficial Dermatophytosis across the World’s
Populations: Potential Benefits from Nanocarri-
er-Based Therapies and Rising Challenges. ACS
Omega 2023; 8: 31575-31599.

Naseri A, Fata A, Najafzadeh MJ, Shokri H. Sur-
veillance of dermatophytosis in northeast of Iran
(Mashhad) and review of published studies. My-
copathologia 2013; 176: 247-253.

Arendrup MC, Friberg N, Mares M, Kahimeter G,
Meletiadis J, Guinea J. How to interpret MICs of

2153



I.D. Oguz, . Direkel, B. Aksan, S. Kulakli, S. Aksoy

23)

24)

25)

26)

27)

antifungal compounds according to the revised
clinical breakpoints v. 10.0 European committee
on antimicrobial susceptibility testing (EUCAST).
Clin Microbiol Infect 2020; 26: 1464-1472.

Verma SB, Panda S, Nenoff P, Singal A, Rudra-
murthy SM, Uhrlass S, Das A, Bisherwal K,
Shaw D, Vasani R. The unprecedented epidem-
ic-like scenario of dermatophytosis in India: lll.
Antifungal resistance and treatment options. In-
dian J Dermatol Venereol Leprol 2021; 87: 468-
482.

Khan SS, Hay RJ, Saunte DML. A Review of An-
tifungal Susceptibility Testing for Dermatophyte
Fungi and It’s Correlation with Previous Exposure
and Clinical Responses. J Fungi (Basel) 2022; 8:
1290.

Sarnfakioglu E, Seckin D, Demirbilek M, Can F. In
vitro antifungal susceptibility patterns of derma-
tophyte strains causing tinea unguium. Clin Exp
Dermatol 2007; 32: 675-679.

Ozcan D, Seckin D, Demirbilek M. In vitro antifun-
gal susceptibility of dermatophyte strains caus-
ing tinea pedis and onychomycosis in patients
with non-insulin-dependent diabetes mellitus: a
case-control study. J Eur Acad Dermatol Venere-
ol 2010; 24: 1442-1446.

Ali6 AB, Mendoza M, Zambrano EA, Diaz E, Ca-
vallera E. Dermatophytes growth curve and in vi-

28)

29)

30)

31)

32)

tro susceptibility test: a broth micro-titration meth-
od. Med Mycol 2005; 43: 319-325.

Barros ME, Santos Dde A, Hamdan JS. In vitro
methods for antifungal susceptibility testing of
Trichophyton spp. Mycol Res 2006; 110: 1355-
1360.

Maeda T, Takase M, Ishibashi A, Yamamoto T,
Sasaki K, Arika T, Yokoo M, Amemiya K. [Syn-
thesis and antifungal activity of butenafine hydro-
chloride (KP-363), a new benzylamine antifungal
agent]. Yakugaku Zasshi 1991; 111: 126-137.

Kokjohn K, Bradley M, Griffiths B, Ghannoum M.
Evaluation of in vitro activity of ciclopirox olamine,
butenafine HCI and econazole nitrate against der-
matophytes, yeasts and bacteria. Int J Dermatol
2003; 42: 11-17.

Salehi Z, Shams-Ghahfarokhi M, Razzaghi-Ab-
yaneh M. Antifungal drug susceptibility profile of
clinically important dermatophytes and determi-
nation of point mutations in terbinafine-resistant
isolates. Eur J Clin Microbiol Infect Dis 2018; 37:
1841-1846.

Kermani F, Javidnia J, Hedayati MT, Abastabar
M, Haghani |, Didehdar M, Fami Zaghrami M,
Shokohi T. In vitro activities of antifungal drugs
against a large collection of Trichophyton ton-
surans isolated from wrestlers. Mycoses 2020;
63: 1321-1330.



