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Abstract: BACKGROUND: Superficial and subcutaneous mycoses have a high prevalence and, often, chronic evolu-
tion. Therefore, they need extensive treatment with topic and/or systemic antifungal agents. Azoles and ali-
lamines (terbinafine) are first-choice drugs to treat human and animal infections. Thus, evaluation of the effica-
cy of these drugs is important for a successful treatment. However, there are few studies that evaluate the in vitro
activity of antifungal agents.

OBJECTIVE - To evaluate the in vitro efficacy of terbinafine activity against filamentous fungi and yeasts that cause mycoses.
MEetHOD - The in vitro activity of terbinafine (0.125-100ug) against 10 fungi species was evaluated by the disk-dif-
fusion and microdilution/reference methods to determine the Minimum Inhibitory Concentration (MIC).
Resurrs - We found a high susceptibility to terbinafine in: T. rubrum, M. gypseum, T. mentagrophytes, T. ton-
surans, M. canis, C. carrionii and E. floccosum (halo = 40mm with 0.125ug disk). S. hyalinum and C. parapsilo-
sis were considered susceptible, but less than the others. Fusarium spp. showed the lowest susceptibility
(halo=12mm with 2ug disk; MIC 8ug/mL).

CoNcLUsIONs - The results of this research confirm previous findings about the efficacy of terbinafine. The drug
was shown to be highly effective to treat dermatophyte infections. The disk-diffusion method was easy to use and
is a suitable technique for routine use in clinical laboratories.
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Resumo: FUNDAMENTOS: As micoses superficiais e subcutaneas tém alta prevaléncia e, muitas vezes, cardter croni-
co, necessitando tratamentos topicos e/ou sistémicos com antiftingicos. As drogas de escolha sao azois e alila-
minas (terbinafina). E necessirio avaliar a eficicia das drogas para tratamento em humanos e em animais.
Estudos para avaliar in vitro a acao dos antimicéticos sao raros, especialmente, contra fungos filamentosos.
OBJETIVO - Avaliar a eficacia in vitro da terbinafina pelo método de disco-difusao contra fungos filamentosos e le-
veduras agentes de micoses.

METODOS - Avaliou-se a acao da terbinafina (0,125ug-100ug) contra dez espécies fungicas pelos métodos disco-
difusao e microdilui¢ao/referéncia, para determinar a concentracao inibitéria minima (MIC).

RESULTADOS - Observou-se alta sensibilidade a terbinafina em: T. rubrum, M. gypseum, T. mentagrophytes, T. ton-
surans, M. canis, C. carrionii e E. floccosum (halo = 40mm com disco de 0,125ug). S. hyalinum e C. parapsilo-
sis foram considerados sensiveis, mas com halos menores. Fusarium spp. apresentou menor sensibilidade
(halo=12mm com disco de 2ug; MIC 8ug/mL).

CONCLUSOES - Os resultados reiteram estudos anteriores quanto a alta eficicia da terbinafina em relacao a dermato-
fitos. A técnica de disco-difusao foi de ficil aplicacao e adequada na rotina de laboratdrios clinicos.

Palavras-chave: Antimicéticos; Arthrodermataceae; Fungos; Micoses

Received on 03.08.2009.

Approved by the Advisory Board and accepted for publication on 19.03.2010.
Work conducted at the Service of Dermatology, Padre Bento Hospital Complex - Guarulhos, and Mycology Sector, Adolfo Lutz Institute - Sao Paulo (SP), Brazil.
Contflict of Interest / Conflito de interesse: The pro-analysis terbinafine was donated by Novartis Biociencias S.A. The material for the antifungigram was donated by CECON
- Centro de Controle e Produtos para Diagnésticos Ltda., Brazil. The authors did not receive any compensation.
Financial Support / Suporte financeiro: Service of Dermatology, Padre Bento Hospital Complex - Guarulhos, and Mycology Laboratory, Adolfo Lutz Institute.

M.S. in Health Sciences, Center for Disease Control (CCD), State Secretariat of Health - Sao Paulo; Biologist - Teaching Degree in Biological Sciences - Faculty
of Guarulhos (2003); Voluntary Mycologist, Service of Dermatology, Padre Bento Hospital Complex - Guarulhos - Sao Paulo (SP), Brazil.

Ph.D. and M.S in Public Health, Public Health Faculty, University of Sao Paulo (USP); Level VI Scientific Researcher, Adolfo Lutz Institute, Center for Disease
Control (CCD), State Secretariat of Health - Sao Paulo (SP), Brazil.

Specialist in Dermatology; Voluntary Physician, Service of Dermatology, Padre Bento Hospital Complex - Guarulhos - Sao Paulo (SP), Brazil.

Specialist in Dermatology; Ph.D. in Clinical Medicine from the Institute of Medical Assistance to State Public Server - Sao Paulo; Director of the Service of
Dermatology, Padre Bento Hospital Complex - Guarulhos - Sao Paulo (SP), Brazil.

©2010 by Anais Brasileiros de Dermatologia

An Bras Dermatol. 2010;85(3):324-30.



Evaluation of the disk-diffusion method to determine the in vitro efficacy of terbinafine... 325

INTRODUCTION

Superficial mycoses are frequent in routine
medical practice and are mostly caused by filamentous
fungi and, less often, yeasts. ' Oftentimes these infec-
tions are not adequately treated with topical antimy-
cotic drugs, which makes systemic treatment neces-
sary. * The discovery of azole antifungal agents, such as
ketoconazole, itraconazole, and fluconazole, is a con-
siderable advancement in the treatment of these
mycoses. ° However, the appearance of resistant fungi
established the need to research different therapy
alternatives and action sites. ° Terbinafine is among
the drugs that have an action mechanism different
from that of azoles. It belongs to the family of alil-
amines, acts on the epoxidase enzyme of the fungal
cell and is especially indicated to treat skin infections
caused by dermatophytes. * Contrary to imidazoles,
terbinafine has an antifungal action. "*’ Terbinafine is
more selective for the fungal cell than amphotericin B,
a standard antifungal agent, due to a difference
between the epoxidase enzymes of mammals and
fungi. > Terbinafine can be administered in combina-
tion with other drugs and presents mild toxic effects
or adverse reactions. ° The most common are gastroin-
testinal disorders and taste alterations.' Rare cases of
a positive antinuclear factor have been reported. *

Evaluation of in vitro efficacy is done by refer-
ence method, broth dilution or Agar diffusion. ™ In
Brazil, Almeida et al. evaluated the susceptibility of
fungi that cause superficial mycoses to antifungal
agents through the microdilution technique.
Nevertheless, there is no reference methodology for
terbinafine and more studies are necessary for its val-
idation. In addition, there is no technique that is easi-
ly employed in clinical laboratories to search for the
ideal therapy in cases of mycoses caused by filamen-
tous fungi, including dermatophytes, such as those
that exist in cases of yeast infections. For the latter, the
M44-A (NCCLS, 2004) method is used and is accepted
as a reference only for yeasts of the Candida species,
based on the disk-diffusion technique with flucona-
zole. The objective of this study was to suggest proce-
dures for the disk-diffusion technique to determine
and compare the in vitro efficacy of terbinafine and
other agents in the treatment of fungi that cause
superficial and subcutaneous mycoses.

METHOD

This study was conducted with culture samples
of superficial or subcutaneous mycosis agents com-
mon in Brazil, obtained from lesions of patients at the
Ambulatory of Dermatology. The following fungi were
included in the experiment:

Dermatophytes- Trichophyton rubrum,
Trichophyton tonsurans, Microsporum gypseum,

Microsporum canis, Epidermophyton floccosum
(superficial and subcutaneous mycosis agents);

Non-dermatophyte fungi - - Scytalidium byal-
inum, Fusarium oxysporum (onymycosis agents) and
Cladopbialophora carrionii (subcutaneous mycosis
agent).

Two standard fungal cultures of Candida
parapsilosis (ATCC 22019) and Trichophyton
mentagropbytes (ATCC 05533) were included.
Clinical samples, isolated up to three years before the
study, were stored in distilled water according to a
technique standardized in our laboratory. ' After
recovery, they were reidentified by means of modified
microcultivation, ' based on morphological analysis.
' Novartis Biociencias S.A. provided the terbinafine,
in pro-analysis pure powder form (p.a.). Terbinafine
disks were prepared in 13 different concentrations,
with two-fold serial dilutions, from 0.125mg up to
16mg and from 25mg to 100mg. Disks (CECON -
Centro de controle e produtos para diagnosticos Ltda,
Brazil) with 9 antifungal agents were used to compare
efficacy:  5-fluorocytosine (5 FC), amphotericin B
(AB), nistatin (NY), econazole (EC), clotrimazole
(CTR), miconazole (MCZ), ketoconazole (KET),
fluconazole (FLU), and itraconazole (ICZ).

For sensitivity tests, an inoculant of each fungus
sample was prepared by adding to the surface of cul-
tures, incubated for different periods based on the
growth demand of filamentous fungi, 5SmL of saline
solution at 0.85%, with a drop of polysorbate (Tween
20, Sigma). '"'*" Inoculants of yeast samples were pre-
pared by suspension of 1-5 colonies (<5 mm diame-
ter) in saline solution at 0.85%. Each suspension of fil-
amentous fungus or yeast was adjusted to contain
1x10° a 5,0x10° UFC/mL, initially through a compari-
son of the turbidity with the 0.5 tube of the McFarland
scale.’ The concentration was then calculated by three
methodologies, as follows:

Transmittance adjustment (68-70%) in spec-
trophotometer at 530 nm"

Hemocytometer counting'

Colony-forming units (CFUs)
Sabouraud Agar

The disk-diffusion technique was performed
according to the recommendations described in the
M44-A method. ° Two culture media were employed:
Muller Hinton agar, containing 2% of methylene blue
(MH-GMB) (Difco, USA), ' and yeast nitrogen agar
(YNA) 7 (Difco, USA), which were formulated follow-
ing instructions from the manufacturers and divided
(70 mL) into sealed containers, heated and placed in
Petri plates at the time of use. The cultures were dis-
tributed in Petri plates (150 x 6 mm) and the inocu-
lants, in the surface. After complete absorption of the

count on
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inoculants, 10 disks with various terbinafine concen-
tration levels (0.125 up to 16 mg) were placed in equi-
distant points. Disks with a higher concentration of
terbinafine (25mg, 50mg and 100mg) were also ana-
lyzed due to the lower sensitivity of some samples
(lack of inhibition with the original lower concentra-
tions). Disks with the other antifungal agents were
evaluated based on the same methodology. * Next,
plates were incubated upside down at 30 + 2°C." The
level of sensitivity to terbinafine and other antifungal
agents of each fungus sample was measured by the
diameter (mm) of the inhibition zone formed around
the disk after 24 to 120 hours of inoculation. Each iso-
late was classified into: sensitive, intermediate sensi-
tivity, or resistant to the drugs, based on the size of the
inhibition zone. ' With the exception of terbinafine,
the classification criteria followed the manufacturer’s
instructions (CECON Ltda, Brazil). The inhibition
zones for terbinafine were expressed in millimeters
and the classification of the samples was done only
after comparison with the results of the microdilution
technique. "* ATCC standard strains were included in
all tests. ”” The criteria to interpret inhibition zones to
indicate resistant strains were: 5 FC < 10 mm, AB <
10 mm, NY <10 mm, EC10 mm, CTR 10 mm, MCZ 10
mm, KET10 mm, FLU 14mm and ICZ <11mm.

For the microdilution technique, stock solu-
tions ((1600 ug/mL) ** of terbinafine were prepared
in dimethylsulphoxide (DMSO, Sigma, USA). Ten dif-
ferent concentration levels were prepared from this
solution, with two-fold dilutions, in RPMI-1640 medi-
um ‘* (CULTILAB, Brazil). Tests were prepared in 96
well, flat-bottomed microtitulation plates, according
to the M38-A document and recommendations
described by Rodriguez-Tudela (2003). " Positive and
negative growth controls, in addition to standard
strains, were included in all tests to assure quality.
Test plates were homogenized for 15 minutes at 65
rpm/minute (Klime agitator, Marconi, Brazil) and
incubated at 35 * 2°C for up to 72 h. After the first 24
hours, visual readings were done to determine the
minimum inhibitory concentration (MIC) of
terbinafine in relation to each one of the isolates. In
cases of unsatisfactory growth, the plate was reincu-
bated and read after 48 and 72 h. Reading of the end-
point in tests with filamentous fungi was done under
a mirror, and the minimum inhibitory concentration
was the one that resulted in total growth inhibition
(IC1p@) of the isolate. For tests with yeasts, a spec-
tophometer with a 492 nm filter for an automated
reading of the endpoint, established to be 50% (ICs)
growth inhibition of the isolate, was used. All tests
were duplicated.
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RESULTS

The fungi cultures used to evaluate the efficacy
of terbinafine showed a high production of spores,
being thus suitable to the preparation of inoculants. *
Figure 1 illustrates the aspect of the prepared fungi.

The three different methodologies used for the
inoculants were equivalent, with suspensions contain-
ing 1 to 5 x 10° UFC/mL. The inhibition zones in MH-
GMB agar were larger, on average, than those
obtained in YMA, regardless of the isolate. The inhibi-
tion zones indicated that 70% of the samples, includ-
ing all species of dermatophytes, were inhibited with
the lowest evaluated concentration (0,125mg) of
terbinafine (Figure 2, Table 1). Only three isolates
(Candida parapsilosis, Fusarium oxysporum e
Scytalidium byalinum) did not show an inhibition
zone under these conditions.

In the experiment with a 2ug/mL disk, we were
able to separate isolates with distinct levels of sensitiv-
ity, based on inhibition zones:

Sensitive (zone > 40 mm), category in which
dermatophytes are included,

Intermediate sensitivity (zone of 24 to 35 mm),
which includes S. bhyalinum and C. Parapsilosis;

Resistant (12 mm zone), category to which
Fusarium oxysporum belongs.

Inhibition zones for the isolates classified as
having intermediate sensitivity and being resistant are
shown in table 2. MIC results through the broth
microdilution method for the three samples least sus-
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FIGURA 2: A e B. A and B.
Petri plates containing
dermatophyte cultures
showing exaggerated inhi-
bition halos with a lower
concentration (0,125 ug)
of terbinafine

ceptible to terbinafine were: 0.25mg/mL (Scytalidium
byalinum); >8mg/mL (Fusarium oxysporum) and
0.5mg/mL for Candida parapsilosis. The MIC of
terbinafine for Trichophyton mentagrophytes was
0.015 mg/mL.

A comparison between the efficacy of
terbinafine and nine other antifungal agents by the
microdilution and disk-diffusion methods is shown on
tables 3 and 4.

DISCUSSION

Clinical isolates were stored in distilled water
for three years ° with no need for periodic mainte-
nance, thus avoiding contamination. A high produc-
tion of hyphae-free spores, as recommended for sensi-
tivity tests, was obtained in this manner. * Inoculants
prepared through three different methods also yield-
ed similar results. Hemocytometer spore count was
considered the best method because it reduced the
biological risk of the passage of the content from the
test tube to the glass cuvette of the spectrophotome-
ter, and guaranteed the desired concentration of the
filamentous fungi inoculant without interference from
color, form, and size of the spores, ** contrary to what
may happen in the spectrophotometer technique.
Moreover, the method that uses a hemocytometer is
more practical and faster in comparison with the
colony forming unit count method, which needs an
additional culture procedure.

Another parameter evaluated by the disk-diffu-
sion method was culture medium. The MH-GMB was
better because it made the diffusion of terbinafine
possible and allowed a larger inhibition zone, as com-
pared with the YMA. Another advantage of the MH-
GMB is its availability in microbiology laboratories that
perform tests of sensitivity to bacteria. The incubation
temperature adopted in this study (30 = 2°C) result-
ed in a visible and homogeneous growth; therefore, it
was considered suitable to the species studied.
Inhibition zones were evident and easily measurable
after 24 hours for C. Parapsilosis and from 72 to 120
h for other agents, considering the growth time.

Regarding the concentration in terbinafine
disks, we noticed that values > 2mg resulted in inhibi-
tion zones for all the species. A 2mg disk exposes the

TABLE 1: Diameter of inhibition zones (mm) caused by terbinafine activity against superficial and subcutaneous
mycoses agents in the disk-diffusion method

TBF concentration (ug)

Species 0,125 0,25 0,5 1,0 2,0 4,0 5,0 8,0 10,0 16,0
C. parapsilosis (%) (%) 10 20 24 30 32 38 40 42

C. carrionii 40 = 40 =40 =40 =40 =40 =40 =40 =40 =40
T mentagrophytes 40 = 40 =40 =40 =40 =40 =40 =40 = 40 = 40
T tonsurans 62 =62 =62 =62 =62 =62 =62 =62 =62 =62
T rubrum 55 =55 =55 =55 =55 =55 =55 =55 =55 =55
M. canis 47 =47 =47 =47 =47 =47 =47 =47 =47 =47
M. gypseum 50 =50 =50 =50 =50 =50 =50 =50 =50 =50
E. floccosum 55 =55 =55 =55 =55 =55 =55 =55 =55 =55
E oxysporum (%] (%) %] 8 12 18 20 22 25 27

S. byalinum %) 16 20 29 35 40 41 43 46 48
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TasLE 2: Diameter of inhibition zones for resistant isolates or those with intermediate sensitivity to 2ug/mL of
terbinafine in two distinct media: MH-GMB (Mueller Hinton Agar + 2% glucose and methylene blue) and YMA
(yeast nitrogen Agar)

Additional TBF concentrations

25mg 50mg 100mg
Agent MH-GMB YMA* MH-GMB YMA MH-GMB YMA
S. byalinum 51 50 56 54 61 59
C. parapsilosis 44 41 46 44 48 46
E oxysporum 29 25 33 31 38 35

Inhibition zones (mm) of three agents less sensitive to TBF

isolate to concentrations that are equivalent to those
found in human serum, thus partly mimicking what
occurs in vivo.

The 2 mg concentration was considered ade-
quate for the disk-diffusion test since it isolated dis-
tinct profiles of susceptibility to terbinafine. In tests
with dermatophytes, a fungi group with high sensitiv-
ity to terbinafine which produces inhibition zones >
61 mm, it is recommended that only one 2mg disk per
Petri plate be used.

This study corroborated previous findings that
showed the high efficiency of terbinafine in relation to
dermatophytes. * Inhibition zones = 35 mm were
obtained with 2 ug disks, which corresponds to a MIC
of 0.03ug/mL in the microdilution method. This MIC
value is well below the serum (0.8 to 1.5ug/mL6) and
tissue dosage established in the developmental stage of
the drug.  This allowed classification of the samples
into three categories: sensitive, intermediate sensitivity,

and resistant to terbinafine. Tests with most agents
showed large growth inhibition zones, which is in
agreement with data from the literature studied. * It is
worth mentioning that, so far, no breakpoint, or inter-
pretation criterion, has been established to designate
strains that are resistant to terbinafine. There are no
clinical studies in the literature researched that support
the in vitro-in vivo correlation of fungi resistance to
antimycotic agents. Only these types of studies, associ-
ated with knowledge about the pharmacodynamics and
pharmacokinetics (PK-PD) of the drug, would allow the
determination of sensitivity breakpoints.

The results we obtained cannot be compared with
those from previous studies in which filamentous fungi
with inhibition zones of 25 to 28 mm resulting from
disks with 30 ug” of terbinafine were classified as sensi-
tive. In our study, we observed that disks with concentra-
tions higher than 10 ug would not allow the discrimina-
tion of isolates with distinct sensitivity profiles (Table 1).

TaBLE 3: Efficacy of TBF and other nine drugs [inhibition halo - mm, (S) Sensitive (R) Resistant]

S. byalinum C. parapsilosis E oxysporum

ANTIFUNGAL AGENTS (ng) MH-GMB YMA MH-GMB YMA MH-GMB YMA
AB (100) 55 (S)* 40 (S) 26 (S) 13 (S) 13 (S) 12 (S)
5 FC (1) @ (R)* ? (R) %) [} @ (R) ? (R)
NY (100 U.L) 61 (S) 55 (S) 36 (S) 23 (S) 20 (S) 13 (S)
CTR (50) 40 (S) 45 (S) 41 (S) 41 (S) 11 (R) 11 (R)
MCZ (50) 42 (S) 43 (S) 28 (S) 32 (S) ? (R) @ (R)
KET (50) 30 (S) 26 (S) 55 (S) 53 (S) @ (R) ? (R)
EC (50) 60 (S) 61 (S) 34 (S) 35 (S) 25 (S) 21 (S)
ICZ (10) @ (R) ? (R) @ (R) ? (R) @ (R) @ (R)
5 FC(10) @ (R) ? (R) ? (R) ? (R) @ (R) @ (R)
FLU (25) 24 (S) 33 (S) 28 (S) 22 (S) @ (R) @ (R)
TBF (25) 51 50 44 41 29 25
TBF (50) 56 54 46 44 33 31
TBF (100) 61 59 48 46 38 35

* Inbibition Zone in mm
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TABLE 4: Comparison between the efficacy of terbinafine and nine other antifungal drugs in relation to mycosis-
inducing fungi by the disk-diffusion method

S. byalinum C. parapsilosis E oxysporum
Antifungal agents MH-GMB YMA MH-GMB YMA MH-GMB YMA
(concentration, °g)
Ampbhotericin B (100) 55% (S)** 40 (S) 26(S) 13 (S) 13(S) 12
5 fluorocytosine(1) @ (R) ? (R) ? (R) ? (R) @ (R) ? (R)
Nistatin (100 UI) 61 (S) 55 (S) 36(S) 23(S) 20(S) 13 (S)
Clotrimazole (50) 40 (S) 45 (S) 41(S) 41(5) 11(R) 11(R)
Miconazole (50) 42 (S) 43 (S) 28(S) 32(S) @ (R) ? (R)
ketoconazole (50) 30 (S) 26 (S) 55(S) 53(S) o (R) o (R)
Econazole (50) 60 (S) 61 (S) 34(S) 35(S) 25(5) 21(S)
Itraconazole (10) @ (R) ? (R) ? (R) ? (R) @ (R) @ (R)
5-fluorocytosine (10) ? (R) ? (R) o (R) ? (R) @ (R) @ (R)
Fluconazole (25) 24 (S) 33 (S) 28(S) 22(S) @ (R) @ (R)
TBF (25) 51 50 44 41 29 25
TBF (50) 56 54 46 44 33 31
TBF (100) 61 59 48 46 38 35
TBF (100) 61 59 48 46 38 35

*Inbibition halo diameter (mm)

**S: sensitive; I: intermediate sensitivity; R: resistant, Ul: international unit

S. bhyalinum and C. parapsilosis in 2mg of
terbinafine showed, respectively, 35 mm and 24 mm
inhibition zones, which correspond to a MIC of 0.25
wg/mL and 0.5 ug/mL. These species were classified as
having intermediate sensitivity due to the proximity of
the MIC to serum values of terbinafine. Fusarium
oxysporum was considered resistant (zone < 12 mm
with a 2 ug/mL disk), based on the results of a MIC of
8ug/mL in microdilution, a value well above the one
found in the serum dose. In fact, this species shows
low susceptibility to terbinafine, as previously
described. ¥ Concentrations higher than 32ug/mL are
necessary to inhibit the growth of Fusarium species. **
#% Fusarium oxysporum was used in this study as a
model to compare the efficacy of the investigated
drugs. This species, although resistant, showed larger
inhibition zones caused by terbinafine, as compared
to the other nine drugs evaluated, when the same con-
centrations were used.

Species of Candida, and other non-dermato-
phyte agents of interest in Dermatology, have variable
sensitivity to terbinafine. Therefore, its susceptibility

profile is not predictable. In these cases, the imple-
mentation of trial tests in routine laboratories is rec-
ommended to orient treatment.

We conclude that the disk-diffusion method,
with the proposed parameters, was easily employed in
routine laboratory testing and allowed the identifica-
tion of clinical isolates with low sensitivity to
terbinafine. The concentration of 2mg of terbinafine is
indicated for disk-diffusion tests, Mueller-Hinton
medium with 2% glucose and methylene blue, incuba-
tion at 30 C for a period of 24 to 120 h, according to
the fungal species; for tests with dermatophytes, the
placement of only one disk per plate and the adoption
of Fusarium oxysporum as quality control-strain are
recommended. Terbinafine iz vitro was good against
dermatophytes, but its action was weaker against
yeasts. Future studies are necessary to correlate strains
with lower sensitivity to terbinafine in vitro and the
clinical evolution of cases treated with this drug. The
validation of breakpoints for terbinafine and its impor-
tance in the clinical prognosis are essential and
require additional investigation. a
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