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Abstract Original Research Article

Background: Dermatophytoses are caused by keratinophilic fungi called dermatophytes, which can invade keratinized
tissue. Dermatophytoses is a serious health concern in regions with high humidity, dense population density, and poor
sanitary conditions. Many antifungal drugs are available to treat this infection but in routine clinical practice, these
antifungal drugs are not always effective. For this reason, antifungal susceptibility test is an epidemiological concern to
reduce the dermatophytic infection. Objective: This study was aimed to evaluate the susceptibility patterns of
Tricophyton Rubrum and Tricophyton Mentagrophytes to antifungal drugs. Methods: To determine the pattern of
antifungal susceptibility in dermatophytes, this study comprised 246 patients with a clinical diagnosis of dermophytoses
across all age groups. The skin, hair, and nails were sampled in an aseptic manner. These samples were mounted in
potassium hydroxide (KOH) and cultured on sabouraud dextrose agar (SDA). Direct microscopy and culture method
were used in diagnosis of dermatophytosis. Polymerase chain reaction (PCR) and biochemical tests (urease test and hair
perforation test) were used to identify dermatophyte species. An established colony was cultivated on potato dextrose
agar (PDA) for sensitivity testing. Following notable sporulation, the spores were collected in normal saline and a
standardized inoculum adjusted with 0.5 Mcfarland solution was applied to SDA plates, which were then incubated at
room temperature (26-28°C). After three to seven days, the zone of inhibition was evaluated and the drug's sensitivity,
intermediate level, or resistance was determined accordingly. Results: It was observed that, thirty-one (93.55%)
Trichophyton rubrum and 45 (91.11%) Trichophyton mentagrophytes were resistant to fluconazole. Twenty (64.52%)
Trichophyton rubrum and 30 (66.67%) Trichophyton mentagrophyte were resistant to terbinafine. Resistant to
itraconazole and voriconazole were not observed. Conclusion: It was found that fluconazole was least effective drug
followed by terbinafine. Voriconazole and itraconazole were more effective. Alternatively, combination of two drugs
could be a better option.
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1. INTRODUCTION of dermatophytic infection is 38.75% [2]. Their

Dermatophytoses or ring worm infection is a geographic distribution is extremely variable; climate,
major health issue. Healthy and immune compromised lifestyle, involvement of outdoor activities, disease
patients are affected from this infection [1] The estimated conditions (diabetes, malnutrition) are responsible for
life time risk of acquiring dermatophytic infection is 10- the heterogeneous prevalence [3].

20% [1]. Some investigators reported that the prevalence
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Several antifungal agents (Azoles, Allylamines,
Morpholines, Oxaborole, Hydroxypyridone) are used to
treat dermatophytic infection. All the species does not
have similar susceptibility pattern [4]. Both topical and
systemic antifungal drugs are used for dermatophytoses.
During course of time dermatophytes have evolved drug
resistance for single as well as multiple drugs
simultaneously [3]. The need for reproducible, clinically
relevant antifungal susceptibility testing (AST) has been
prompted due to the increasing the number of invasive
fungal infections [5].

Typically, broth dilution, agar dilution and disc
diffusion tests are used to determine antifungal
susceptibility test [5]. The clinical and laboratory
standard institute (CLSI) established reproducible
standard method M61 for antifungal susceptibility test of
filamentous fungi which is either broth micro or macro
dilution method [6]. But in many laboratories the
equipment like RPMI1640, MOPS, buffering reagent,
filter  sterilizer,  spectrophotometric  inoculums
determination based on conidial size are not available [6,
7]. Therefore, a simple, inexpensive and reliable method
is needed to perform susceptibility testing. Disk diffusion
test has the same important advantages. The agar-based
disk diffusion (ABDD) susceptibility method for
dermatophytes is quick, easy and a good option [8].
Antifungal sensitivity test is significant for the treatment
purpose at the current scenario of increasing antifungal
resistance [9]. The availability of susceptibility patterns
will help in guiding the management and treatment of
such infections. It will also provide the opportunity for
the clinician to select the best available therapeutic
option with maximum efficacy, safety and convenience
while minimizing the cost and toxicity [10]. In this
background, current study was aimed to evaluate the
susceptibility patterns of Tricophyton Rubrum and
Tricophyton Mentagrophytes to antifungal drugs.

2. MATERIAL AND METHODS
Study design

This cross-sectional study was carried out at
Dhaka Medical College Hospital (DMCH), Dhaka,
Bangladesh, from July 2018 to June 2019. The
institutional review board (IRB) of Dhaka Medical
College, Dhaka, Bangladesh, was approved this study.
This study was intended to determine the pattern of
antifungal resistance in dermatophytoses. The study
comprised 246 patients with a clinical diagnosis of
dermophytoses across all age groups. We collected
samples of skin, hair, and nails in an aseptic manner.
These samples were mounted in KOH and cultured on
sabouraud dextrose agar (SDA). Direct microscopy and
culture  method were used in diagnosis of
dermatophytoses. Polymerase chain reaction (PCR) and
biochemical tests (urease test and hair perforation test)
were used to identify dermatophyte species. An
established colony was cultivated on potato dextrose
agar (PDA) for sensitivity testing. Following notable
sporulation, the spores were collected in normal saline
and astandardized inoculum adjusted with 0.5 Mcfarland
solution was applied to SDA plates, which were then
incubated at room temperature (26-28°C). After three to
seven days, the zone of inhibition was evaluated and the
drug's sensitivity, intermediate level, or resistance was
determined accordingly.

Drug susceptibility test of Dermatophytes

Susceptibility of the isolated fungal species
were done against Fluconazole, Itraconazole,
Ketoconazole, Clotrimazole, VVoriconazole, Terbinafine
and Griseofulvin by disk diffusion method on Sabouraud
Dextrose Agar (SDA) medium. Zone of inhibition were
according to table- 1 [11, 12].

Table 1: Inhibition zone diameter criteria for susceptibility and resistance of antifungal discs

Antifungal Drugs Potency Zone of Inhibition
sensitive intermediate resistant

Clotrimazole 10 pg >20 19-12 <11
Fluconazole 25 ug >20 19-15 <14
Griseofulvin 25 ug >31 26-30 <26
Itraconazole 10 pg >22 21-15 <15
Ketoconazole 10 pg >30 29-23 <22
Terbinafine 2 ug >26 26-20 <19
Voriconazole 1ug >14 - <14

Preparation of the disk of antifungal drugs:

All anti-fungal drugs were obtained from
commercial sources (Hi media). Fluconazole (25ug),
Itraconazole (10 pg), Ketoconazole (10ug),
Clotrimazole (10pg), Voriconazole (1 pug), Terbinafine
(2ug) and Griseofulvin (25 pg). Griseofulvin and
Terbinafine were not available commercially and were
prepared in laboratory. These two drugs were obtained in

powdered form and stock solution of both drugs were
prepared by dissolving in dimethyl sulfoxide (DMSO) as
follows: Griseofulvin 1.25 mg/ml and Terbinafine 0.1
mg/ml. Blank disks of 6 mm were loaded with 20 pl of
prepared stock solution to obtain the desired drug
concentration per disk. Then the disks were air dried and
were kept at 40°C until use.
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Preparation of the inoculum

The isolates were sub cultured on the Potato
dextrose agar (PDA) to enhance sporulation. Suspension
was made from seven days old culture with one ml of
normal saline and allowed to sediment for 30 minutes
and then adjusted with 0.5 McFarland solution.

3. RESULTS
A total 246 samples were included in the
present study. Of which, 224 (91%) were skin samples,

6 (2%)

16 (7%) were nail samples and 6 (2%) were hair samples
(Figure- 1). Direct microscopy and culture method were
used in diagnosis of dermatophytoses. Among 246
samples, 92 (37.40%) yielded presence of
dermatophytes; 16 (17.40%) cases were detected by
direct microscopy, 7 (7.60%) cases were detected by
culture method and 69 (75.00%) cases were detected by
both microscopy and culture methods (Figure- 2).

16 (7%)

Vv

224 (91%)

= Nail samples

= Skin samples = Hair samples

Figure 1: Different samples to detect dermatophytes (N= 246)
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Figure 2: Detection of dermatophytes by microscopy, culture and both methods

Out of 85 microscopy positive cases, 69
(28.05%) were detected by culture; 154 (62.60%) cases
were negative by both methods. Sixteen [16 (6.50%)]

cases were detected only by microscopy and 7 (2.85%)
cases were positive only by culture method (Table- 2).

Table 2: Comparison of microscopy with culture in diagnosis of dermatophytosis (N= 246)

Culture Total
Microscopy Positive Negative n (%)
n (%) n (%)
Positive 69 (28.05) 16 (6.50) 85(34.55)
Negative 7 (2.85) 154 (62.60) 161(65.45)
Total 76 (30.90) 170 (69.10) 246 (100.00)
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Polymerase chain reaction (PCR) and
biochemical tests (urease test and hair perforation test)
were used to identify dermatophyte species from 76
culture-positive cases. It was found that all Trichophyton
mentagrophyte species tested positive for both the urease

test and hair perforation test, however none of the
Trichophyton rubrum species tested positive by
biochemical tests. Although, PCR results for every
culture-isolated species were positive (Table- 3).

Table 3: Detection of dermatophytes species by biochemical tests and PCR from culture positive cases (n=76)

.. Biochemical tests
Culture positive Urease test Hair perforation test PCR
Trichophyton mentagrophyte (n=45) 45 (100.00) 45 (100.00) 45 (100.00)
Trichophyton rubrum (n=31) 0(0.00) 0 (0.00) 31 (100.00)

It was observed that, twenty-nine (93.55%)
Trichophyton rubrum and 41 (91.11%) Trichophyton
mentagrophytes were resistant to fluconazole. Twenty
(64.52%) Trichophyton rubrum and 30 (66.67%)
Trichophyton mentagrophyte were resistant to
terbinafine. Seventeen (54.84%) Trichophyton rubrum
and 25 (55.56%) Trichophyton mentagrophyte were
resistant to griseofulvin. But, three (9.68%)

Trichophyton rubrum and 8 (17.78%) Trichophyton
mentagrophyte were resistant to ketoconazole. Resistant
to itraconazole and voriconazole were not observed
(Table- 4). It was found that fluconazole was least
effective drug followed by terbinafine. VVoriconazole and
itraconazole were more effective. Alternatively,
combination of two drugs may be used.

Table 4: Antifungal susceptibility pattern of the isolated Trichophyton rubrum (n= 31) and Trichophyton
mentagrophytes (n= 45)

Trichophyton rubrum
Antifungal drugs Sensitive Intermediate Resistant
n (%) n (%) n (%)
Clotrimazole 28 (90.32) 0 (0.00) 3(9.68)
Fluconazole 2 (6.45) 0(0.00) 29 (93.55)
Griseofulvin 6 (19.35) 8(25.81) 17 (54.84)
Itraconazole 31(100.00) 0(0.00) 0(0.00)
Ketoconazole 23 (74.19) 16.13) 3 (9.68)
Terbinafine 11(35.48) 0 (0.00) 20 (64.52)
Voriconazole 31(100.00) 0 (0.00) 0 (0.00)
Trichophyton mentagrophytes
Antifungal drugs Sensitive Intermediate Resistant
n (%) n (%) n (%)
Clotrimazole 38 (84.44) 0 (0.00) 7 (15.56)
Fluconazole 4 (8.89) 0 (0.00) 41 (91.11)
Griseofulvin 20 (44.44) 0 (0.00) 25 (55.56)
Itraconazole 45 (100.00) 0 (0.00) 0 (0.00)
Ketoconazole 37 (82.22) 0 (0.00) 8 (17.78)
Terbinafine 15 (33.33) 0 (0.00) 30 (66.67)
Voriconazole 45 (100.00) 0 (0.00) 0 (0.00)

4. DISCUSSION

Dermatophytes are filamentous fungi, which is
mostly found in the skin, hair, and nails that have the
ability to break down and draw nutrients from keratin.
Dermatophytoses and other fungal infections are more
likely to occur in environments with high temperatures
and increasing humidity [3]. Drug resistance to the
antimycotic medications that are frequently used to treat
dermatophytoses and other fungal infections has been
reported to rise over time. Due to increasing antifungal
resistance pattern among dermatophytes, treatment
should be based on antifungal sensitivity testing. This
study highlighted that it is necessary to implement

culture sensitivity test of fungus on microbiology
laboratories so that it could be reduced the resistance of
different antifungal drugs against dermatophytic
infection.

All specimens were examined by direct
microscopy and culture method. In this present study,
direct microscopy analysis was positive in 34.55% cases
and 65.45% cases was detected by culture method. In
accordance, Rahim et al., reported that 32.8% were
positive by direct microscopy [13]. Another study by
Afshar et al., observed that 36% samples were positive
by direct microscopy [14]. These findings were in
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agreement with this current study. In this present study
culture was positive in 30.89% cases. Similarly, Rahim
et al., reported that culture was positive in 30.3% cases
[13]. Another study was reported that, out of 80
specimens, 38.75% were positive by culture [2]. These
findings were consistent with our study.

In this present study  Trichophyton
mentagrophytes was the predominant species (59.21%)
followed by Trichophyton rubrum (40.79%). No mixed
infection was found. Trichophyton mentagrophytes was
found to be the main etiological dermatophyte species
(23.40%) responsible for dermatophytoses in a related
study [9]. In another study, Trichophyton mentagrophyte
was the most predominant dermatophytes followed by
Trichophyton rubrum comprising 63.5% and 34.6%
respectively [15]. In this context, Nasimuddin et al.,
reported Trichophyton mentagrophytes was isolated as a
common species (38.75%) for dermatophytoses
followed by Trichophyton rubrum (27.31%) [16]. The
plausible explanation for this may be Trichophyton
rubrum is a slow growing organism, and it generally
linked to chronic dermatophytoses [15]. In this present
study most of the cases were acute dermatophytoses
which was the reason behind lower proportion of
Trichophyton rubrum in the study.

Disk diffusion method was applied to observe
the susceptibility pattern of antifungal drugs. Among 31
isolated Trichophyton rubrum 93.55% were resistant to
fluconazole. It was reported that 94.4% Trichophyton
rubrum were resistant to fluconazole [17]. Another study
documented that the resistance rate for fluconazole
among Trichophyton rubrum was 93.18% [18]. These
findings were similar to the present study. In our study,
among 45 isolated Trichophyton mentagrophytes,
91.11% was resistant to fluconazole. One previous study
reported the resistance rate for fluconazole among
Trichophyton mentagrophytes was 80% [18]. In
accordance, Khatri et al., reported that 80.64%
Trichophyton mentagrophytes was resistant to
fluconazole [3]. These findings were nearly close to this
present study. It was documented that; fluconazole
resistance is caused by increase drug efflux and stress
adaptation [19].

In this present study, among 45 isolated
Trichophyton mentagrophytes, 66.67% were resistant to
terbinafine. Khatri et al.,, reported that 61.29%
Trichophyton  mentagrophytes was resistant to
terbinafine [3]. This finding was similar to our study.
Terbinafine resistances are caused by several factors like
modification of target enzyme by mutation of ERG1P
gene coding the enzyme squalene epoxidase, increase
drug efflux and stress adaptation [19, 20].

An appropriate method is necessary to detect
antifungal susceptibility test. Disk diffusion method is
simple and economical method. It does not require any

special equipment to perform this experiment. This test
should be done at routine basis in all microbiological
laboratory.

5. CONCLUSION

Antifungal resistance causes treatment failure
in dermatophytic infection. After survey of the data
Trichophyton mentagrophyte was the predominant
species (59.21%) followed by Trichophyton rubrum
(40.79%). Among different antifungal drugs, resistance
against fluconazole was 93.55% and 91.11% in
Trichophyton rubrum and Trichophyton mentagrophytes
respectively. All the isolates were sensitive to
itraconazole and voriconazole. So itraconazole and
voriconazole are considered to be the most sensitive drug
in  management of dermatophytic infection.
Alternatively, combination of two drugs could be a better
option.
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