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ABSTRACT
Introduction: The resistance of fungal species to drugs usually used in clinics is of great 
interest in the medical field. Objective: To evaluate susceptibility and in vitro response of 
species of Trichophyton spp. to antifungal drugs of interest in clinical medicine. Methods: 
12 samples of clinical isolates from humans were used, nine of T. mentagrophytes and 
three of T. tonsurans. Susceptibility tests were performed according to the agar diffusion 
(AD) and broth microdilution (BM) methods. Results: In the AD method, the species 
T. tonsurans presented a percentage of sensitivity of 33% in relation to amphotericin 
B and 66% to itraconazole, with 100% resistance to ketoconazole and fluconazole. T. 
mentagrophytes also showed 100% resistance to ketoconazole in this technique, with 11% 
sensitivity to ketoconazole, 22% to itraconazole and 22% of samples classified as sensitive 
dose dependent. In the MC method, the species T. tonsurans presented a sensitivity 
percentage of 66%, 55% and 33% in relation to ketoconazole, fluconazole and itraconazole, 
respectively. The T. mentagrophytes species presented sensitivity percentages of 11%, 11%, 
33% and 55% for amphotericin B, itraconazole, ketoconazole and fluconazole, respectively. 
Conclusion: There was resistance in vitro of the species of T. mentagrophytes and T. 
tonsurans against the antifungal fluconazole and relative resistance against ketoconazole 
in the AD method. In BM, however, important percentages of sensitivity were observed 
for the two species analyzed in relation to the antifungals fluconazole and ketoconazole 
when compared to itraconazole and amphotericin B.
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INTRODUCTION
The term dermatophytes are used to designate a group of fungi that invade keratinized 

tissues, such as the skin, nails, and hair of humans and animals, producing superficial my-
coses called dermatophytoses1. These fungi comprise several species distributed in seven 
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genera: Trichophyton, Epidermophyton, Nannizzia, Paraphyton, 
Lophophyton, Microsporum and Arthroderma2. Such microorgan-
isms are differentiated in macroscopic, microscopic, physiological 
and molecular aspects, having as criteria in vitro morphological 
characters and combination of clinical pictures2. They are classi-
fied as geophilic, zoophilic and anthropophilic microorganisms 
and can be transmitted by direct and/or indirect contact with in-
fected animals and humans3.

Infection by dermatophytes can assume a wide clinical-mor-
phological variety, depending on the anatomical structure affected 
and the species involved. The characteristic lesions in skin infec-
tions are generally circular, erythematous, pruritic, with regular 
or irregular edges and result from the direct action of the fungus 
or from hypersensitivity reactions to the microorganism and/or 
its metabolic products. In onychomycosis, for example, there may 
be removal of edges, thickening, the appearance of white spots 
and total dystrophy of the nails3.

 It is estimated that 20 to 25% of the world population is 
affected by dermatophytoses and that 30 to 75% of adult individu-
als are asymptomatic carriers of these pathogens. These numbers 
make dermatophyte infections one of the most common types of 
infectious diseases in the world4. 

The South and Southeast regions of Brazil have shown an in-
crease in the number of infections caused by the dermatophytes 
Trichophyton rubrum, accompanied by Microsporum canis and 
Trichophyton mentagrophytes. In the Northeast region, on the oth-
er hand, there is a higher prevalence of Trichophyton tonsurans, T. 
rubrum and M. canis5.

The selection of the most appropriate therapy for dermatophy-
tosis is determined by the anatomical site, the size of the infection, 
the etiologic agent, the effectiveness of the treatment, the safety 
and availability of drugs, with the option of choosing topical, sys-
temic forms, or even associating these two treatment strategies6.

The treatment of dermatophytoses has been the subject of dis-
cussions in the medical field due to the increase in the incidence 
of these diseases worldwide, as well as the expansion in the use of 
antifungals and the appearance of resistant strains, the main drugs 
used in clinical therapy7. On this subject, the scientific literature 
shows, however, that not all species have the same susceptibility 
pattern, with relative or absolute resistance concerning the vari-
ous species and strains of fungi2,7-10.

Studies that evaluate the in vitro susceptibility of these patho-
gens have described the techniques for determining the mini-
mum inhibitory concentration (MIC) of antifungals against der-
matophytes as laborious, time-consuming and difficult to apply 
in clinical practice8-10. This group of fungi is also not included 
in document M38-A, published by the Clinical and Laboratory 
Standards Institute (CLSI) in 2008, in which the MICs of various 
antifungal agents against the formation of filamentous conidia are 
determined11.

Considering the clinical and epidemiological importance of 
dermatophytoses, especially those that originate from the species 
of T. tonsurans and T. mentagrophytes, it is relevant to carry out 
research that focuses on the use of antifungal drugs and compare 
the methods to determine susceptibility in of these agents and 
thus indicate a more effective treatment.

The aim of this study was to evaluate the susceptibility and in 
vitro response of species of Trichophyton spp. to usual antifungal 
drugs in the field of clinical medicine.

METHODS

Sampling
Twelve samples of Trichophyton species isolated from humans 

that presented a clinical picture of dermatophytosis were used, 
nine isolates of T. mentagrophytes and three of T. tonsurans. 
Such samples were provided by the Departamento de Micologia 
do Centro de Ciências Biológicas da Universidade Federal de 
Pernambuco (CCB-DM/UFPE) and were stored under mineral 
oil in the Coleção de Cultura Micoteca URM (Micoteca-URM) 
from UFPE.

Four commercially available antifungals were used for the 
treatment of dermatophytosis: ketoconazole (Attivos Magistrais, 
Brazil), fluconazole (Sigma, USA), itraconazole (Jansen-Cilag, 
USA) and amphotericin B (Inlab, Brazil).

Reactivation and purification
For reactivation, the samples were sown in glucose broth. After 

growth, it was carried out to the Sabouraud agar culture environ-
ment contained in a test tube. After the growth period (7 to 15 
days), suspensions were prepared in sterile distilled water with the 
addition of chloramphenicol antibiotic (Inlab, Brazil) and sown 
on Sabouraud agar contained in Petri dishes, using the depletion 
technique (after 15 days). The samples were kept at room tem-
perature (±28ºC) to confirm the pure culture and were later sown 
in tubes.

Procedures for assessing antifungal activity
The susceptibility of the isolates was performed using the agar 

diffusion method against itraconazole, ketoconazole and ampho-
tericin B, which were dissolved in dimethylsulfoxide (DMSO; 
Vetec, Brazil), and fluconazole dissolved in distilled water. The 
methodology used was suggested by Barry and Brown12, later be-
ing standardized by the CLSI document M44-P13 and M44-A14. 
For the microdilution test, the method described in CLSI docu-
ment M38-A11 was used and suitable for dermatophytes accord-
ing to Fernández-Torres et al.15 and Barros et al.16. The culture en-
vironment used for this procedure was RPMI 1640 (Sigma, USA) 
with L-glutamine without sodium bicarbonate, buffered to pH 7.0 
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using MOPS (3-(N-morpholino) propanesulfonic acid) at 0.165 
M previously sterilized by membrane filtration with 0.22 μm po-
rosity (Amresco, USA).

Agar diffusion
A suspension containing 107 Colony Forming Units (CFU)/

mL of each species of dermatophyte was inoculated onto Petri 
dishes containing Müeller-Hinton Agar (Laborclin, USA) add-
ed with 2% glucose and 0.05 μg/mL blue methylene (Synth, 
Brazil), with the aid of a sterile swab, 30 minutes before add-
ing antifungals. After that time, five 5 mm diameter wells were 
opened in the culture medium with the aid of sterile molds, 
where the four antifungals were tested: fluconazole at a con-
centration of 25 µg/mL, ketoconazole at a concentration of 15 
µg/mL, itraconazole at concentration of 10 µg/mL, amphoteri-
cin B at a concentration of 10 µg/mL per plate, for each species 
of Trichophyton spp., depositing 25 μL of the antifungal and 
negative dimethylsulfoxide control (DMSO; Vetec, Brazil) at a 
concentration of 100 μg/mL.

The plates were incubated at 37ºC for a period of 15 days, with 
daily observations. The experiments were performed in duplicate 
and the sensitivity was determined by observing the presence or 
absence of growth and the size of the formed halo measured with 
the aid of a halometer.

Samples of Trichopyton sp. were interpreted according to the 
parameters of the inhibitory halos suggested by CLSI M44-A14. 
For fluconazole, halo ≥19 mm (sensitive), 18-15 mm (dose depen-
dent sensitive) and ≤14 mm (resistant); ketoconazole, halo ≥28 
mm (sensitive), 27-21 mm (dose dependent sensitive) and ≤20 
mm (resistant); itraconazole, halo ≥23 mm (sensitive), 22-24 mm 
(dose dependent sensitive) and ≤13 mm (resistant); amphotericin 
B, halo ≥15 mm (sensitive), 14-20 mm (dose dependent sensitive) 
and <10 mm (resistant).

Microdilution in broth
The microdilution test was performed on sterile microdilution 

plates, with 96 U-shaped wells. Amphotericin B was solubilized in 
dimethylsulfoxide (DMSO) and the other antifungals in distilled 

water. Each antifungal drug was distributed in serial dilutions in 
columns 1 to 10 in 96-well microplates. 

Antifungals were tested in 10 concentrations with the following 
limits: 0.031 to 16.0 μg/mL for amphotericin B, itraconazole and 
ketoconazole; for fluconazole, concentrations of 0.12 to 64 μg/mL 
were used. For the assay 100 μL of the measured inoculum was 
added and the plates were incubated at 25°C for seven days. 

A positive control was included in each test plate, represented 
by the growth of each isolated fungus in the absence of drugs, 
and a negative control, which corresponds to the absence of 
drugs and fungi. The determination of the Minimum Inhibitory 
Concentration (MIC) of antifungals was performed visually by 
reducing the fungal growth, where the reading of the results was 
also carried out by observing the reduction in fungal growth. 

Data analysis
The values suggested by CLSI M44-A14 for the inhibitory halos 

formed in each of the microbiological isolates were used as param-
eters for the interpretation and analysis of antifungal sensitivity.

The data were grouped in tables, presented in terms of absolute 
and relative frequency, and the discussion of the findings was car-
ried out in the light of specialized literature subjects.

RESULTS AND DISCUSSION
Results were obtained regarding the sensitivity to antifungals of 

12 isolates belonging to the genus Trichophyton spp., nine of the 
species T. mentagrophytes and three of the species T. tonsurans, 
from which the sensitivity test was carried out using agar diffu-
sion techniques (Table 1) and the broth microdilution method 
(Table 2).

T. mentagrophytes isolates showed a high percentage of sensitiv-
ity to itraconazole (66.67%) and resistance to fluconazole (100%) 
in agar diffusion. The most important limitations of fluconazole, 
according to the literature, are related to its lack of activity against 
filamentous fungi17,18. Studies have pointed out that such an anti-
fungal agent has been associated with the development of resis-
tance among yeasts, molds and dermatophytes16-20.

Table 1: Susceptibility profile to antifungal drugs from clinical isolates of T. mentagrophytes and T. tonsurans using the agar diffusion method (AD).

Antifungal Species
Halo variation (mm) Susceptibility

S SDD R S (%) SDD (%) R (%)

Amphotericin B
T. mentagrophytes (n=9)

≥15 14-10 <10
0 (0%) 2 (22.22%) 7 (77.78%)

T. tonsurans (n=3) 1 (33.33%) 1 (33.33%) 1 (33.33%)

Ketoconazole
T. mentagrophytes (n=9)

≥28 27-21 ≤20
1 (11.11%) 0 (0%) 8 (88.89%)

T. tonsurans (n=3) 0 (0%) 0 (0%) 3 (100%)

Itraconazole
T. mentagrophytes (n=9)

≥23 22-14 ≤13
2 (22.22%) 2 (22.22%) 5 (55.56%)

T. tonsurans (n=3) 2 (66.67%) 0 (0%) 1 (33.33%)

Fluconazole
T. mentagrophytes (n=9)

≥19 15-18 ≤14
0 (0%) 0 (0%) 9 (100%)

T. tonsurans (n=3) 0 (0%) 0 (0%) 3 (100%)

S: Sensible, SDD: Sensitive Dependent Dose, R: Resistant. 
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Table 1 shows that the isolates of the genus Trichophyton spp., 
both species T. mentagrophytes and T. tonsurans, were resistant to 
fluconazole in the agar diffusion method. These data corroborate 
the findings of the study by Silva et al.21, in which T. mentagrophytes 
isolates also presented resistance to fluconazole. However, they dif-
fer from the results observed by other authors who demonstrated 
the susceptibility of species of the genus Trichophyton spp.15 to flu-
conazole. This may occur, according to the literature consulted, due 
to the variability of the methods used, the lack of standardization of 
specific techniques for assessing the susceptibility of dermatophytes 
and the very imprecision in terms of cutoff points to determine the 
resistance of this genus to different antifungals15,19,20. 

From the nine samples of T. mentagrophytes analyzed using the 
agar diffusion method, four showed a halo of inhibition against 
amphotericin B, two classified as sensitive dose dependent (SDD), 
for having 12 mm diameter halos, and two classified as resistant 
because they have 8 mm diameter halos. 

Regarding ketoconazole, two isolates of T. mentagrophytes pre-
sented an inhibition halo, one of which was classified as sensitive, 
with a 30 mm halo, and the other was resistant, for presenting a 
20 mm inhibition halo. 

Four samples of T. mentagrophytes showed growth inhibition 
compared to itraconazole, with three samples classified as sensi-
tive dose dependent, for having a halo between 20-16 mm, one 
classified as sensitive, with a halo of 24 mm. 

In relation to the three samples of T. tonsurans, two isolates 
presented an inhibition halo compared to amphotericin B, where 
one was classified as sensitive dose dependent for presenting a 12 
mm halo and the other sensitive for presenting a 24 mm halo. For 
itraconazole, two isolates were classified as sensitive, with halos 
of 24 mm and 32 mm. All samples were resistant to ketoconazole 
and fluconazole, as they did not present a halo formation showing 
growth inhibition (Table 2).

The results obtained in the susceptibility tests using the broth 
microdilution method showed a percentage of T. mentagrophytes 
resistance of 88% for both amphotericin B and itraconazole in as-
sessing the sensitivity of the isolates. 

In this method, T. tonsurans was more sensitive to ketoconazole 
(66%), fluconazole (55%) and itraconazole (33%) in relation to 
the percentage of sensitivity obtained for T. mentagrophytes. 

Both species had the same MIC50 and MIC90 values compared 
to itraconazole. The species T. mentagrophytes showed higher val-
ues of MIC90 for the drugs amphotericin B, fluconazole and keto-
conazole in relation to the species T. mentagrophytes. In a study 
by Siqueira et al.22 the minimum inhibitory concentration range 
(MIC50 and MIC90) of species of the genus Trichophyton spp. was 
from 0.08 to 0.4 µg/mL for itraconazole, 0.09 to 1.1 µg/mL for 
ketoconazole and 16.2 to 24 µg/mL for fluconazole, these values 
being lower than those found in this work.

According to Araújo et al.23 the in vitro determination of sus-
ceptibility has shown promising results in predicting the ability of 
a given antifungal agent to eradicate dermatophytes. For the au-
thors, although there is no reference method for dermatophytes, a 
good correlation has been observed between in vitro and in vivo 
results in studies.

The sensitivity and resistance profile of the genus Trichophyton 
spp. compared to the antifungals used in this research, it was par-
tially compatible with the results found by Magagnin et al.19. The 
authors obtained 53.8% of resistance of the genus Trichophyton 
spp., compared to ketoconazole, 100% to fluconazole and 42.3% to 
itraconazole. In work developed by Grisolia24, resistance to these 
drugs for the two species of Trichophyton spp. investigated. In their 
work, Gupta et al.17 found a better response of itraconazole com-
pared to fluconazole in the topical treatment of dermatophytoses.

Comparing the results of the agar diffusion and broth micro-
dilution methods, it was possible to observe the sensitivity profile 
of samples of the genus Trichophyton spp. against the antifungals 
used. In general, it was verified: greater susceptibility of species 
of the genus Trichophyton spp. through the broth microdilution 
method in relation to the agar diffusion method; greater sensitivi-
ty to T. tonsurans samples using the agar diffusion method; greater 
resistance to both methods of T. mentagrophytes samples. Such 
findings are compatible with the studies by Mota et al.25, Johnson 
et al.26, Balouiri et al.27 and Dogra et al.10 who also evaluated the 

Table 2: Minimum inhibitory concentration and susceptibility profile to antifungal drugs from clinical isolates of T. mentagrophytes and T. 
tonsurans using the broth microdilution (BM) method.

Antifungal Species
Interval
(µg/mL)

CIM 50 
(µg/mL)

CIM 90  
(µg/mL)

Susceptibility*
%S %R

Amphotericin B
T. mentagrophytes (n=9) 0,125-4 16 >64 11.11 88.88

T. tonsurans (n=3) 4-64 8 32 0.00 100.00

Ketoconazole
T. mentagrophytes (n=9) 0,5->64 32 64 33.33 66.66

T. tonsurans (n=3) 2-32 8 32 66.66 33.33

Itraconazole
T. mentagrophytes (n=9) 0,125->64 16 64 11.11 88.88

T. tonsurans (n=3) 0,125->64 16 64 33.33 66.66

Fluconazole
T. mentagrophytes (n=9) 16->64 32 64 55.55 44.44

T. tonsurans (n=3) 4-32 8 32 100.00 0.00

* cutoff point based on CLSI (Clinical and Laboratory Standards Institute).
S: susceptibility, R: resistance.

https://doi.org/10.7322/abcshs.2019162.1431


https://doi.org/10.7322/abcshs.2019162.1431 Page 5 of 6

Santos Júnior CJ, Melo ARL, Nascimento JMD, Silva SMT, Araújo MAS, Souza AKP ABCS Health Sci. 2021;46:e021203

REFERÊNCIAS

1 Silva KA, Gomes BS, Magalhães OMC, Lacerda Filho AM. Etiologia 
das dermatofitoses diagnosticadas em pacientes atendidos no 
Laboratório de Micologia Médica no Centro de Biociências da 
Universidade Federal de Pernambuco, entre 2014-2017. Rev Bras 
Analises Clin. 2018;50(1):33-7.
https://doi.org/10.21877/2448-3877.201700619

2. Hoog GS, Dukik K, Monod M, Packeu A, Stubbe D, Hendrickx M, 
et al. Toward a Novel Multilocus Phylogenetic Taxonomy for the 
Dermatophytes. Mycopathologia. 2017;182:5-31.
http://dx.doi.org/10.1007/s11046-016-0073-9.

3. Martinez-Rossi NM, Peres NT, Rossi A. Pathogenesis of 
dermatophytosis: sensing the host tissue. Mycopathologia. 
2017;182(1-2):215-27.
https://doi.org/10.1007/s11046-016-0057-9.

4. Global Action Fund for Fungal Infections (GAFFI). Epidemiological 
studies. [Cited 2020 May 08]. Available from: http://www.gaffi.org/
where/epidemiological-studies/.

5. Silva-Rocha WP, Azevedo MF, Chaves GM. Epidemiology and 
fungal species distribution of superficial mycoses in Northeast 
Brazil. J Mycol Med. 2017;27(1)57-64.
https://doi.org/10.1016/j.mycmed.2016.08.009

6. Thomas J, Peterson GM, Christenson JK, Kosari S, Baby KE. Antifungal 
drug use for onychomycosis. Am J Ther. 2019;26(3):e388-96.
http://dx.doi.org/10.1097/MJT.0000000000000696

7. Hur MS, Park M, Jung WH, Lee YW. Evaluation of drug susceptibility 
test for Efinaconazole compared with conventional antifungal 
agents. Mycoses. 2019;62(3):291-7.
http://dx.doi.org/10.1111/myc.12870

8. Deng S, Hoog GS, Verweij PE, Zoll J, Ilkit M, Morsali F, et al. In vitro 
antifungal susceptibility of Trichophyton violaceum isolated from 
tinea capitis patients. J Antimicrob Chemother. 2015;70(4)1072-5.
https://doi.org/10.1093/jac/dku503 

9. Intra J, Sarto C, Mazzola S, Fania C, Tiberti N, Brambilla P. In 
Vitro Activity of Antifungal Drugs Against Trichophyton rubrum 
and Trichophyton mentagrophytes spp. by E-Test Method and 
Non-supplemented Mueller-Hinton Ágar Plates. Mycopathologia. 
2019;184(4):517-23.
https://doi.org/10.1007/s11046-019-00360-9

10. Dogra S, Shaw D, Rudramurthy SM. Antifungal Drug Susceptibility 
Testing of Dermatophytes: Laboratory Findings to Clinical 
Implications. Indian Dermatol Online J. 2019;10(3):225-33.
https://doi.org/10.4103/idoj.IDOJ_146_19

11. Clinical and Laboratory Standards Institute (CLSI). Reference 
method for broth dilution antifungal susceptibility testing of 
filamentous fungi. Wayne: Clinical and Laboratory Standards 
Institute, 2008.

12. Barry AL, Brown DS. Fluconazole disk diffusion procedure for 
determining susceptibility of Candida species. J Clin Microbiol. 
1996;34(9):2154-7.

13. Clinical and Laboratory Standard Institute (CLSI). Reference 
Method for Antifungal Susceptibility Testing Disk Diffusion of 
Yeasts; approved Guideline. Second edition. Wayne: Clinical and 
Laboratory Standards Institute, 2009.

14. Clinical and Laboratory Standards Institute (CLSI). Reference 
Method for Antifungal Disk Diffusion Susceptibility Testing of 
Yeasts. Wayne: Clinical and Laboratory Standards Institute, 2018.

susceptibility of filamentous microorganisms using the agar and 
microdilution dilution methods in broth and identified that the 
latter is the most sensitive for research of dermatophyte fungi.

Another antifungal drug, not used in this work for operational 
reasons, but which has also been used in clinical practice against 
superficial and subcutaneous mycoses is terbinafine hydrochlo-
ride. In a study carried out by Diogo et al.28, the action of terbi-
nafine (0.125-100 μg) against T. mentagrophytes and T. tonsurans 
was evaluated using the methods of disc diffusion and microdi-
lution, with a high degree of sensitivity of species in the genus 
Trichophyton spp. at all evaluated terbinafine concentrations, with 
the formation of halos greater than ≥40 mm and inhibitory con-
centrations calculated at 0.015 mg/mL. Other studies29,30 corrobo-
rate the findings of Diogo et al.28 and report excellent results of 
sensitivity of dermatophyte species to terbinafine. 

It is concluded, therefore, that the present study allowed to ob-
serve that there was resistance in vitro of the species of T. menta-
grophytes and T. tonsurans against the antifungal fluconazole and 
relative resistance against ketoconazole through the agar diffusion 
method. Furthermore, for this same technique, there was a vari-
able and discontinuous sensitivity profile of the species studied to 
the antifungals amphotericin B and itraconazole.

In the broth microdilution method, in turn, there was an im-
portant percentage of sensitivity of the species of T. mentagro-
phytes and T. tonsurans to the antifungals fluconazole and keto-
conazole when compared to itraconazole and amphotericin B. 

This study evaluated the susceptibility, in vitro, of T. tonsurans 
and T. mentagrophytes to different antifungals used in medical 
practice. Its design included a lineage of species of Trichophyton 
spp. isolated from humans, it is impossible to extend the results 
obtained to the entire set of fungi of the genus and species studied. 
Also, research planning included a limited number of drugs. One 
of the contributions of this work is that it highlights the profile 
of the selected clinical samples from a region and how the mi-
croorganisms responded, in vitro, to the selected antifungals. The 
importance of the topic in the treatment and clinical prognosis 
of dermatophytoses requires additional investigations in the area, 
and studies aimed at correlating data in vitro and in vivo.
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