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Abstract: Recent years, duc to increased usage of antifungal treatment wotldwide, there is an increased chance of tising
resistance among antifungal drugs too. Dermatophytic infections causes’ superficial mycosis and it affects skin, hair and nail.
These infections are more common and antifungal drugs are used everywhere to treat those common infections. To conduct a
study by determining the antifungal susceptibility pattern in dermatophytic isolates from patients attending dermatology OPD in
a tertiary care hospital. A total of 217 samples like hair, nail and skin scrapings were obtained and isolation of dermatophytes was
done. Antifungal susceptibility testing for dermatophytes was performed by micro broth dilution method. Antifungal drugs
tested were Griseofulvin, Fluconazole, Itraconazole and Ketoconazole. Minimum inhibitory concentration for each drug for
fungal isolates was tested and results studied. Fluconazole showed a higher MIC values in the range of 1-8ug/ml. Itraconazole
showed the lowest MIC values by micro broth dilution method. Since there is limitation of standard guidelines and protocol,
meticulous research must be conducted on effect of antifungals and derive at universally implementable guidelines.
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Introduction

Over the past few years, there is an increased usage of
antifungal drugs in the treatment, which has led to
increased chance of antifungal resistance also.(1) Due to
lack of standard protocol in testing and implementing
antifungal management, resistance rates are increasing
nowadays. Resistance has resulted in increased rates of
morbidity and mortality, especially in critically care
patients and also in community.(2) Dermatophytic
infections are more prevalent in tropical countries,
which utilizes keratin and causes skin, hair and nail
infections.(3) Based on the site of infection,
dermatophytosis is classified clinically as Tinea cruris,
Tinea capitis, Tinea unguuim, Tinea pedis, Tinea barbae.
Even though dermatophytic infections are limited to
skin, hair and nail, antifungal resistance due to irrational
treatment can lead to spread of resistance to other
colonizing species and thus may lead to invasive
infections.(4) Testing methods to detect antifungal
susceptibility among fungal isolates has been developed
by Clinical Standards Laboratory Institute (CLSI); yet
universal protocol for testing is still in development
process.(5) Moreover, cost of testing the susceptibility
using antifungal drugs is challenging to utilize the testing
methods in all levels of health care and diagnostic
CLSI M-38-A describes the standard
parameters  for  testing ~ Minimum  Inhibitory
Concentration (MIC) of established agents against
filamentous fungi. This has been modified with
incubating temperature (28 versus 35°C) and duration of
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incubation (4 to 10 days versus 21 to 72 hours) for
testing dermatophytes M-38-P.(6,7) In vitro susceptibility
testing of fungi is dependent upon many factors such as
inoculum size, composition of the medium, pH,
incubation duration, and temperature and MIC end
point determination. (8,9) Several studies have
attempted to correlate the MIC results with outcome.
However, there is only little evidence available with -
vitro outcomes. (10,11) The retrospective nature of the
studies, the documented wvariability of the non-
standardized in vitro methods and the difficulty in
defining mycoses and their responses to therapy are
responsible for this status. Due to above reasons,
antifungal susceptibility testing is receiving increased
attention and many studies are being conducted to
assess the true burden of resistance. Hence, we planned
to conduct a study by determining the antifungal
susceptibility pattern in dermatophytic isolates from
patients attending dermatology OPD in a tertiary care
hospital.

Materials and Methods

This cross-sectional study conducted over a period of
one year from samples obtained from patients attending
dermatology clinic was carried out in Department of
Microbiology in a tertiary care teaching hospital. A total
of 217 samples like hair, nail and skin scrapings were
obtained and isolation of dermatophytes was done as
per standard protocol; then determination of their
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antifungal susceptibility was done based on previous
studies and CLSI guidelines.

Antifungal susceptibility testing for dermatophytes:
Antifungal susceptibility testing for dermatophytes was
performed by micro broth dilution method.

Medium:

Medium used was RPMI 1640 with glutamine, without
bicarbonate in MOPS (3N-Morpholino propane
sulphonic acid), buffer sterilized by membrane filtration.

Stock solution:

For each drug, 5ml stock solution was prepared. For
water soluble drugs (eg. Fluconazole): Two-fold
dilutions of a water-soluble antifungal agent is used,
they were prepared volumetrically in broth. For water
insoluble drugs diluent used was DMSO. To prepare for
a broth micro dilution test series containing a water-
insoluble drug that can be dissolved in DMSO, for
which the highest desired test concentration is 16pg/ml,
first 4.8 mg of the drug is weighed (assuming 100%
potency) of antifungal powder and dissolved in 3.0 ml
of DMSO. This will provide a stock solution at 1,600
pg/ml. Next further dilutions of this stocks solution in
DMSO was prepared. The solutions in DMSO was
further diluted 1:50 in the test medium and a further
two-fold dilution was done when inoculated.

Drug Dilution:

To prepare 5 ml volumes of antifungal agent, 4.9 ml
volumes of RPMI 1640 medium was pipetted into each
of 10 sterile test tubes. Then, a single pipette was used
and added 0.1 ml of DMSO alone to one 4.9 ml lot of
medium (control medium), then 0.1 ml of lowest (3.13
microgram /ml) drug concentration added in DMSO,
then 0.1 ml of the 6.25 ng/ml, concentration and then
continued in sequence up the concentration series, each
time adding 0.1 ml volumes to 4.9 ml medium. These
volumes were adjusted according to the total number of
test required. The working solution obtained was in 1:2
dilutions.

Inoculum Preparation:

Isolates obtained by fungal culture on Sabouraud's
Dextrose agar (SDA) with cycloheximide incubated at
25°C of skin scrapings, nail clippings and hair samples
were taken for performing susceptibility. 7-15 days old
cultures grown on SDA at 25°C were used. Mature
colonies wete covered with 10ml of sterile saline
(0.85%). Growth was scraped by sterile Pasteur pipette.
Heavy particles were allowed to settle for 15-20 minutes
at room temperature. Supernatant was then mixed with
a vortex for 15 seconds. Turbidity of supernatant was
adjusted by spectrophotometry to 530nm 65-70%
absorbance. Fach suspension was then diluted 1:50 in
RPMI 1640.
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Inoculation:

Each well was inoculated on the day of test with 0.1 ml
of 2x inoculum suspension. This step will dilute the
drug concentration, inoculums densities, and solvent
used to the final desired test concentration. The growth
control well contains 0.1ml of the corresponding diluted
inoculums suspension and 0.1ml of the drug diluents
without anti-fungal agents. Test was performed in sterile
microtitre plates. Aliquots of 100ul of drug dilutions
inoculated in 1-10 microtitre wells. Concentration of
Fluconazole was from 0.01-64 pg/ml and concentration
of other drugs 0.0039-16 pg/ml). Added 100 pl of
inoculums into each well from 1 to 12. Growth control
was tube 12 with inoculums and without antifungal
drug. All micro dilution trays were incubated at 28°C
without agitation.

Interpretation:

The MIC was taken as the lowest concentration of
antifungal agent that substantially inhibit growth of the
organism as detected visually. For the conventional
micro dilution procedure, the growth in each MIC well
is compared with that of the growth control with the aid
of reading mirror. Each micro titer well was then given
a numerical score as follows: 4- No reduction in growth;
3-Slight reduction in growth or approximately 80% of
growth control (drug free medium); 2-Prominent
reduction in growth or approximately 50% of growth
control; 1- Slight growth or approximately 25% of
growth control; 0-Optically clear or absence of growth
(NCCLS/CLSI M -38A)(12). End point for MIC for
Fluconazole and

Itraconazole is score 0; for

Ketoconazole it was score 2 or less.

Results

Among 217 specimens processed, 36.8% showed
culture positivity. Various species were isolated and
their distributions were Trichophyton rubrum 63 (718.75%),
Trichophyton — mentagrophytes 7 (8.75%),  Trichophyton
verrncosum 6 (71.5%), Epidermophyton floccosum 2 (2.5%),
Trichophyton tonsurans 1(1.25%) and Microsporum gypsenm 1
(1.25%). (Figure 1) Minimum inhibitory concentration
for each drug for fungal isolates was tested and results
shown as follows.
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T.verrucosum W E.floccosum
“ T.tonsurans M.gypseum

Figure 1: Distribution of dermatophytes among study
population
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Table 1: MIC for drug Fluconazole

International Journal of Bioassays 6.05 (2017): 5379-5382

Drug concentrations in pg/ml

Species 003 006 0012 025 05 1 2 4 8 16 MIC50 MIC 90
T.rubrum n=063 - - - - - 42 18 3 - - 1 4
T.mentagrophytes n=T7 - - - - - - 5 1 1 - 2 8
T.verrucosum n=6 - - - - - - 4 2 - - 2 4
T.tonsurans n=1 - - - - - - 1 - - - 2 2
E.floccosum n=2 - - - - - - -2 - - 4 4
M.gypsenm n=1 - - - - - - -1 - - 1 1

Table 2: MIC for drug Itraconazole
Species Drug concentrations in pg/ml
0.0075 0.015 0.03 0.06 012 025 05 1 2 MIC50 MIC90
T.rubrum n=63 - - 5 28 23 7 - - - 0.12 0.25
T.mentagrophytes n="7 - 3 2 - 2 - - - - 0.03 0.12
T.verrucosum n=6 - - 1 3 - 2 - - - 0.06 0.25
T.tonsurans n=1 - - - 1 - - - - 0.06 0.06
E floccosum n=2 - - 1 1 - - - - - 0.03 0.06
M.gypsenm n=1 - - - 1 - - - - - 0.06 0.06
Table 3: MIC for drug Ketoconazole
Species Drug concentrations in pg/ml
003 0.06 0.012 025 05 1 2 4 8 16 MIC50 MIC90
T.rubrum n=63 = 4 39 14 6 - - - - - 0.12 0.5
T.mentagrophytes n=7 1 1 2 3 - - - - - - 0.12 0.25
T.verrucosum n=6 - 2 1 - 3 - - - - - 0.06 0.5
T.tonsurans n=1 - 1 - - - - - - - - 0.06 0.06
E floccosum n=2 - 1 - - 1 e 0.06 0.5
M.gypsenm n=1 - - 1 - - - - - - - 0.12 0.12
Table 4: MIC for drug Griseofulvin
Speci Drug concentrations in pg/ml
pecies 003 006 0012 025 05 1 2 4 8 16 MIC50 MIC90
T.rubrum n=63 - 8 11 42 2 - - - - - 025 0.5
T.mentagrophytes n=7 1 2 1 3 - - - - - - 012 0.25
T.verrucosum n=6 - 1 2 3 - - - - - - 012 0.25
T.tonsurans n= - - - 1 - - - - - - 0.25 0.25
E. floccosum n=2 - 1 - 1 - - - - - - 0.06 0.25
M.gypsenm n=1 - 1 - - - - - - - - 0.06 0.06

Table 5: Comparison of present study results with another study

Present Study

M.A.Ghannoum et al, Study (12)

w .
g A“grf:nsg“l MIC range MIC MIC MIC range MIC MIC
£ & ng/ml 50ug/ml 90ug/ml ng/ml 50ug/ml 90pg/ml
i g Griseofulvin 0.03-0.5 0.25 0.5 0.12-64 0.12 0.5
& Ketoconazole 0.03-0.5 0.06 0.5 0.12-16 2 16
g Fluconazole 1-8 2 4 0.001-0.05 0.015 0.125
Itraconazole 0.015-0.25 0.06 0.12 0.001-0.5 0.008 0.03
Discussion
Dermatophytic infections are 2 major health problem Griseofulvin and Fluconazole. Previously, Griseofulvin
worldwide, especially in tropical countries like ~Was the only drug used for treating dermatophytic

India.(13,14) Yet, proper methodology for testing and
interpreting antifungal susceptibility is lacking in all
centers due to unavailability of universal protocol for
antifungal drugs. In the present study, which aimed at
determining antifungal susceptibility of dermatophytes
isolated from skin, hair and nail specimens with MIC
range set according to drugs and MIC 50 and MIC 90
was estimated and compared. When susceptibility
profile was viewed, Fluconazole showed a higher MIC
values in the range of 1-8ug/ml. Itraconazole showed
the lowest MIC values by micro broth dilution method
and found to be the most potent drug. These findings
correlate well with other studies conducted by C. J.
Jessup et al, and M. A. Ghannoum e al, (12,15). The
MIC results obtained in present study is compared and
listed in Table 5. MIC values of M. A. Ghannoum e7 a/.,
shows that there is an increased MIC value for
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infections. Clinical usage of antifungal drugs is mainly
based on dosage of drugs, side effects and ecasy
availability. Universal usage of Fluconazole is due to its
low cost and dosage and its widespread availability in all
level of health care centers, which in turn has turned up
to, increased resistance profile for that drug. Now
antifungal susceptibility profile shows promising results
that newer drugs like Itraconazole are also effective.

Many of the studies were aimed at establishing the
relationship between the inoculums size, optimum
condition, optimum medium for conidial formation,
incubation time duration and end point determination.
(9,12,15) A standard reference method for antifungal
susceptibility testing of dermatophytic infection is still
lacking. There are studies which compared different
methods,  different medium  for  performing
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susceptibility. (16,17) For the present study, micro
dilution method was chosen because of its convenience,
reproducibility and greater ease of performance. Due to
increased awareness among clinicians about newer
antifungal drugs and their promising clinical results,
widespread usage has become increased. Hence it is
advisory for coordinated work between testing
laboratories and clinical physicians to combat arising
resistance.

Conclusion

Although usage of antifungal drugs shows promising
results in clinical improvements of fungal infections,
determination of its susceptibility and formulation of a
protocol for testing and guidelines for antifungal
treatment is in need now. It is advisory to conduct
research at many centers on antifungal testing to
implement a universal guideline for testing and
treatment of fungal infections. This aids in combating
the ongoing and evolving resistance in future.

References

1. Balkis MM, Leidich SD, Mukherjee PK, Ghannoum MA.
Mechanisms of fungal resistance: an overview. Drugs.
2002;62(7):1025-40.

2. Ghannoum MA, Rice LB. Antifungal Agents: Mode of
Action, Mechanisms of Resistance, and Correlation of These
Mechanisms with Bacterial Resistance. Clin Microbiol Rev.
1999 Oct;12(4):501-17.

3. Shalaby MFM, El-din AN, El-Hamd MA. Isolation,
Identification, and In Vitro Antifungal Susceptibility Testing
of Dermatophytes from Clinical Samples at Sohag
University Hospital in Egypt. Electron Physician. 2016 Jun
25;8(6):2557-67.

4. Antifungal Resistance | Fungal Diseases | CDC [Internet].
[cited 2017 Apr 17]. Available from:

https://www.cdc.gov/fungal/antifungal-resistance.html

5. Posteraro B, Torelli R, Carolis ED, Posteraro P, Sanguinetti
M. Antifungal Susceptibility Testing: Current Role from The
Clinical Laboratory Perspective. Mediterr ] Hematol Infect
Dis. 2014 Apr 7;6(1):2014030.

6.  Bhatia VK, Sharma PC. Determination of minimum
inhibitory concentrations of itraconazole, terbinafine and

ketoconazole against dermatophyte species by broth
microdilution method. Indian ] Med Microbiol. 2015 Oct
1;33(4):533.

7. M38-A2: Reference Method for Broth Dilution Antifungal
Susceptibility Testing of Filamentous Fungi; Approved
Standard—Second Edition - M38A2_sample.pdf [Internet].
[cited 2017 Apr 17]. Available from:
http://shop.clsi.org/c.1253739 /site/Sample pdf/M38A2 s

ample.pdf

8. Effects of incubation temperature, inoculum size, and time
of reading on broth microdilution susceptibility test results
for amphotericin B against Fusarium (PDF Download
Available) [Internet]. ResearchGate. [cited 2017 Apr 17].
Available from:

International Journal of Bioassays 6.05 (2017): 5379-5382

https: ublication/14127532 Effec
ts_of incubation temperature inoculum size and time of
reading on broth microdilution susceptibility test result
s_for amphotericin B against Fusarium

www.researchgate.net

9. S A, B A, Mendoza M, Zambrano EA, Diaz E, Cavallera E.
Dermatophytes growth curve and in vitro susceptibility test:
a broth micro-titration method. Med Mycol. 2005 Jun
1;43(4):319-25.

10.  Espinel-Ingroff A. Comparison of In Vitro Activities of the
New Triazole SCH56592 and the Echinocandins MK-0991
(L-743,872) and LY303366 against Opportunistic
Filamentous and Dimorphic Fungi and Yeasts. ] Clin
Microbiol. 1998 Oct 1;36(10):2950—6.

11.  Kathuria S, Singh PK, Meis JF, Chowdhary A. In Vitro
Antifungal Susceptibility Profile and Correlation of Mycelial
and Yeast Forms of Molecularly Characterized Histoplasma
capsulatum  Strains from India. Antimicrob Agents
Chemother. 2014 Sep 1;58(9):5613—6.

12. Ghannoum MA, Chaturvedi, Espinel-Ingroff A, Pfaller.
Intra- and Interlaboratory Study of a Method for Testing the
Antifungal ~ Susceptibiliies of Dermatophytes (PDF
Download Available) [Internet]. ResearchGate. [cited 2017
Apr 20). Available from:
https://www.researchgate.net/publication/8466288 Intra-

and Interlaboratory Studv of a Method for Testing the
Antifungal Susceptibilities of Dermatophytes

13.  Khadka S, Sherchand |B, Pokharel DB, Pokhrel BM, Mishra
SK, Dhital S, e al., Clinicomycological Characterization of
Superficial Mycoses from a Tertiary Care Hospital in Nepal.
Dermatol Res Pract. 2016 Nov 24;2016:€9509705.

14. Mishra M, Mishra S, Singh PC, Mishra BC. Clinico-
mycological profile of superficial mycoses. Indian ]
Dermatol Venereol Leprol. 1998 Dec; 64(6):283-5.

15. Jessup C, Warner J, Isham N. Antifungal Susceptibility
Testing of Dermatophytes: Establishing a Medium for
Inducing Conidial Growth and Evaluation of Susceptibility
of Clinical Isolates (PDF Download Available) [Internet].
ResearchGate. [cited 2017 Apr 26]. Available from:
https://www.researchgate.net/publication/51363644 Antif
ungal Susceptibility Testing of Dermatophytes FEstablishi
ng a Medium for Inducing Conidial Growth and Fvalu

ation of Susceptibility of Clinical Isolates

16.  Agarwal RK, Gupta S, Mittal G, Khan F, Roy S, Agarwal A.
Antifungal susceptibility testing of dermatophytes by agar-
based disk diffusion method. Int J Curr Microbiol Appl Sci.
2015; 4:430-436.

17. Karaca N, Kog¢ AN. In vitro susceptibility testing of
dermatophytes: comparison of disk diffusion and reference
broth dilution methods. Diagn Microbiol Infect Dis. 2004
Apr 1;48(4):259—64.

Cite this article as:
Vanathi ~ Sabtharishi, Radhika Katragadda, Thyagarajan
Ravinder. A study on the antifungal susceptibility pattern of
dermatophytes isolated in a tertiary care hospital. International
Journal of Bioassays 6.05 (2017): 5379-5382.

DOI: http://dx.doi.org/10. 21746/ijbio.2017.05.003

Source of support: Nil.
Conflict of interest: None Declared

http://dx.doi.org/10.21746/ijbio.2017.05.003

pg. 5382


http://dx.doi.org/10.21746/ijbio.2017.05.003
https://www.cdc.gov/fungal/antifungal-resistance.html
http://shop.clsi.org/c.1253739/site/Sample_pdf/M38A2_sample.pdf
http://shop.clsi.org/c.1253739/site/Sample_pdf/M38A2_sample.pdf
https://www.researchgate.net/publication/14127532_Effects_of_incubation_temperature_inoculum_size_and_time_of_reading_on_broth_microdilution_susceptibility_test_results_for_amphotericin_B_against_Fusarium
https://www.researchgate.net/publication/14127532_Effects_of_incubation_temperature_inoculum_size_and_time_of_reading_on_broth_microdilution_susceptibility_test_results_for_amphotericin_B_against_Fusarium
https://www.researchgate.net/publication/14127532_Effects_of_incubation_temperature_inoculum_size_and_time_of_reading_on_broth_microdilution_susceptibility_test_results_for_amphotericin_B_against_Fusarium
https://www.researchgate.net/publication/14127532_Effects_of_incubation_temperature_inoculum_size_and_time_of_reading_on_broth_microdilution_susceptibility_test_results_for_amphotericin_B_against_Fusarium
https://www.researchgate.net/publication/8466288_Intra-_and_Interlaboratory_Study_of_a_Method_for_Testing_the_Antifungal_Susceptibilities_of_Dermatophytes
https://www.researchgate.net/publication/8466288_Intra-_and_Interlaboratory_Study_of_a_Method_for_Testing_the_Antifungal_Susceptibilities_of_Dermatophytes
https://www.researchgate.net/publication/8466288_Intra-_and_Interlaboratory_Study_of_a_Method_for_Testing_the_Antifungal_Susceptibilities_of_Dermatophytes
https://www.researchgate.net/publication/51363644_Antifungal_Susceptibility_Testing_of_Dermatophytes_Establishing_a_Medium_for_Inducing_Conidial_Growth_and_Evaluation_of_Susceptibility_of_Clinical_Isolates
https://www.researchgate.net/publication/51363644_Antifungal_Susceptibility_Testing_of_Dermatophytes_Establishing_a_Medium_for_Inducing_Conidial_Growth_and_Evaluation_of_Susceptibility_of_Clinical_Isolates
https://www.researchgate.net/publication/51363644_Antifungal_Susceptibility_Testing_of_Dermatophytes_Establishing_a_Medium_for_Inducing_Conidial_Growth_and_Evaluation_of_Susceptibility_of_Clinical_Isolates
https://www.researchgate.net/publication/51363644_Antifungal_Susceptibility_Testing_of_Dermatophytes_Establishing_a_Medium_for_Inducing_Conidial_Growth_and_Evaluation_of_Susceptibility_of_Clinical_Isolates
http://dx.doi.org/10.%2021746/ijbio.2017.05.003

