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Antifungal susceptibility of dermatophytes isolated from
patients with chronic renal failure 

Perfil de suscetibilidade a antifúngicos de dermatófitos isolados de pacientes
com insuficiência renal crônica
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Abstract: BACKGROUND: The pre va len ce of der ma tophy to sis in the gene ral popu la tion is high, par ti cu larly in patients with chro -
nic renal fai lu re.  Treatment requi res the use of topi cal and/or syste mic anti fun gal drugs.  The effi cacy of anti fun gal agents for
the treat ment of der ma tophy to sis has yet to be eva lua ted.  Studies eva lua ting the in vitro acti vity of anti fun gal agents are rare,
par ti cu larly in fila men tous fungi.  
OBJECTIVE: To eva lua te the sus cep ti bi lity pro fi le of dif fe rent spe cies of der ma tophy tes iso la ted from patients with chro nic renal
fai lu re to nine anti fun gal drugs avai la ble on the mar ket for the treat ment of der ma tophy to sis.  
METHODS: Twenty-six iso la tes of der ma tophy tes obtai ned from patients with chro nic renal fai lu re were analy zed with res pect to
their sus cep ti bi lity to nine anti fun gal agents (keto co na zo le, ciclo pi rox ola mi ne, flu co na zo le, gri seo ful vin, itra co na zo le, mico na -
zo le, piroc to ne ola mi ne, ter bi na fi ne and tio co na zo le), using the broth micro di lu tion method pro po sed by the Clinical and
Laboratory Standards Institute (CLSI) and adap ted for der ma tophy tes.  
RESULTS: Of the anti fun gal agents tes ted, the best results in terms of sen si ti vity were found with ter bi na fi ne and tio co na zo le,
while the anti fun gal acti vity of flu co na zo le was found to be weak, par ti cu larly against strains of M. gypseum.  Ciclopirox ola mi -
ne, although less effec ti ve than ter bi na fi ne, also yiel ded satis fac tory results.  
CONCLUSIONS: In gene ral, the sen si ti vity pro fi le of the anti fun gal agents tes ted in this study was simi lar to results obtai ned in pre -
vious stu dies, con fir ming the need to deter mi ne which spe cies is cau sing the der ma tophy to sis given that anti fun gal sus cep ti bi -
lity varies from one spe cies to ano ther.  Furthermore, the pre sent fin dings show the impor tan ce of con duc ting in vitro sen si ti -
vity tests, since the sen si ti vity pro fi le may dif fer among iso la tes of the same spe cies.
Keywords: Antifungal agents; Arthrodermataceae; Kid ney fai lu re chronic; Mycoses 

Resumo: FUNDAMENTOS: As der ma to fi to ses apre sen tam alta pre va lên cia na popu la ção em geral e, prin ci pal men te, em pacien tes
com insu fi ciên cia renal crô ni ca, neces si tan do tra ta men to com anti fún gi cos tópi cos e/ou sis tê mi cos, cuja efi cá cia pre ci sa ser ava -
lia da. Estudos in vitro para ava liar a ação de anti fún gi cos são raros, espe cial men te, em fun gos fila men to sos. 
OBJETIVO: Avaliar o per fil de sus ce ti bi li da de de dife ren tes espé cies de der ma tó fi tos, iso la dos de pacien tes com insu fi ciên cia renal
crô ni ca, em rela ção a nove anti fún gi cos dis po ní veis comer cial men te para o tra ta men to de der ma to fi to ses. 
MÉTODO: Analisaram-se 26 iso la dos de der ma tó fi tos de pacien tes com insu fi ciên cia renal crô ni ca em rela ção a nove anti fún gi cos (ceto -
co na zol, ciclo pi rox ola mi na, flu co na zol, gri seo ful vi na, itra co na zol, mico na zol, piroc to na ola mi na, ter bi na fi na e tio co na zol) pelo méto do
de micro di lui ção em caldo pro pos to pelo Clinical and Laboratory Standards Institute (CLSI), com modi fi ca ções para der ma tó fi tos. 
RESULTADOS: Entre os anti fún gi cos tes ta dos, a ter bi na fi na e o tio co na zol obti ve ram os melho res resul ta dos de sen si bi li da de e o
flu co na zol apre sen tou baixa ati vi da de, espe cial men te para as amos tras da espé cie M. gypseum. O ciclo pi rox ola mi na, ape sar de
menos efi caz que a ter bi na fi na, tam bém mos trou resul ta dos satis fa tó rios. 
CONCLUSÕES: De modo geral, o per fil de sen si bi li da de dos anti mi có ti cos tes ta dos seguiu o padrão de resul ta dos mos tra dos por
estu dos ante rio res, rati fi can do a neces si da de de conhe ci men to da espé cie cau sa do ra de der ma to fi to se, devi do à varia ção do per -
fil de sus ce ti bi li da de entre as espé cies. Além disso, nos sos resul ta dos demons tram a impor tân cia da rea li za ção de ensaios de
sen si bi li da de in vitro, pois alguns iso la dos da mesma espé cie apre sen ta ram dife ren te per fil de sen si bi li da de.
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Received on 27.07.2010.
Approved by the Advisory Board and accepted for publication on 17.09.10. 
* Study conducted at the Human Pathogenic Fungi Laboratory, Institute of Basic Health Sciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, 

Rio Grande do Sul, Brazil.
Conflict of interest: None / Conflito de interesse: Nenhum
Financial funding / Suporte financeiro: The authors would like to thank the National Council for Scientific and Technological Development (CNPq), the Coordination 
for the Improvement of Higher Education Personnel (CAPES) and the Foundation for the Support of Research in Rio Grande do Sul (FAPERGS) for financial support

1 Biomedical scientist.  Master’s degree student, Postgraduate Program in Medical Sciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Rio 
Grande do Sul, Brazil.

2 Pharmacist, Biochemist.  Doctoral student, Postgraduate Program in Medical Sciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Rio 
Grande do Sul, Brazil.

3 Undergraduate student, School of Pharmacy, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Rio Grande do Sul, Brazil.
4 Pharmacist.  Master’s degree student, Postgraduate Program in Medical Sciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Rio Grande do Sul, Brazil.
5 Undergraduate student.  School of Pharmacy, Pontifical Catholic University of Rio Grande do Sul (PUC-RS), Porto Alegre, Rio Grande do Sul, Brazil.
6 Dermatologist, Santa Casa de Misericórdia Hospital Complex, Porto Alegre, Rio Grande do Sul, Brazil.
7 Dermatologist.  Master’s degree awarded by the Postgraduate Program in Medical Sciences, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, 

Rio Grande do Sul, Brazil.
8 Associate Professor, Department of Microbiology, Immunology and Parasitology, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, Rio Grande do Sul, Brazil

©2011 by Anais Brasileiros de Dermatologia

INVESTIGAÇÃO



An Bras Dermatol. 2011;86(4):694-701.

Antifungal susceptibility of dermatophytes isolated from patients with chronic renal failure 695

INTRODUCTION
Dermatophytes are a group of closely related

fungi capable of invading keratinized tissues such as
the skin, hair, body hair and nails, causing infections
referred to as dermatophytosis. 1 Epidemiological
studies show that this pathology is among the most
prevalent in the world and is considered the second
most common skin disease in the adult population. 2

It is estimated that 10-15% of the general population
may be affected by these microorganisms at some
time in their lives. 3,4

More than 30 species of dermatophytes have
been identified; however, the great majority can be
taxonomically classified into three anamorphic types:
Trichophyton, Microsporum and Epidermophyton.
The species most commonly reported as being the
cause of infection in humans are Trichophyton
rubrum, Trichophyton mentagrophytes,
Microsporum canis, Trichophyton tonsurans and
Epidermophyton floccosum. The geographical distri-
bution of these species varies greatly depending on
the socioeconomic, hygienic and environmental con-
ditions of the population. 4-6

The risk factors associated with dermatophy-
toses include aging, immunosuppression, a family his-
tory of diabetes mellitus, peripheral vascular disease,
skin-related disorders such as hyperhidrosis and pso-
riasis, the use of tight-fitting footwear and trauma to
the nails. 7 Studies have shown that patients with
chronic renal failure are more susceptible to dermato-
phytosis, principally onychomycosis, which is the sec-
ond most common disorder in patients undergoing
hemodialysis, with a prevalence that ranges from 6.2
to 69.8%. 7-9 Onychomycosis is one of the most diffi-
cult dermatological conditions to treat and according
to some authors therapeutic failure ranges from 20%
to 50%. 10,11

The choice of the most appropriate treatment is
determined by the site and extent of the infection, by
the species involved and by the efficacy, safety profile
and kinetics of the available drugs.  Treatment may be
carried out with the use of topical agents such as imi-
dazole antimycotics, including tioconazole and
miconazole, and griseofulvin, resulting in therapeutic
success in 75% of cases. 12 Studies indicate that the
topical application of ciclopirox olamine may repre-
sent an alternative treatment for superficial fungal
infections, particularly when used in combination
with other antifungal medications such as amorolfine,
salicylic acid and ketoconazole. 13-15 Oral treatment
with antifungal agents such as terbinafine, itracona-
zole, ketoconazole and fluconazole constitutes the
treatment of choice for dermatophytoses that fail to
respond to topical therapy. 16

The spectrum of activity of these antifungal
agents varies and this may result in treatment failure,
possibly due to poor compliance by patients, lack of
penetration of the drug, the bioavailability of the med-
ication, drug interactions or resistance. 17 In vitro
analysis of the antifungal activity of these drugs per-
mits comparison between different antifungal agents
and may help in selecting an effective method of treat-
ment for patients affected by these infections.
Therefore, the objective of the present study was to
evaluate the susceptibility profile of different species
of dermatophytes isolated from patients with chronic
renal failure to new antifungal agents commercially
available for the treatment of dermatophytosis.

MATERIALS AND METHODS
Microorganisms

Twenty-six clinical isolates of dermatophytes (4
Microsporum canis, 7 Microsporum gypseum, 4
Trichophyton interdigitale, 8 Trichophyton mentagro-
phytes and 3 Trichophyton rubrum) from patients
with chronic renal failure receiving care at the derma-
tology outpatient clinic of the Santa Casa de Porto
Alegre Hospital Complex were admitted to the pres-
ent study and subjected to direct mycological exami-
nation and culture.  Following identification of the
species, the cultures were maintained in Sabouraud-
dextrose agar (Difco, Detroit, MI, USA), immersed in
mineral oil (União Química, São Paulo, Brazil) at
room temperature.

Antifungal activity in vitro
Antifungal susceptibility testing was conducted

in accordance with the broth microdilution method
proposed in protocol M38-A of the Clinical and
Laboratory Standards Institute (CLSI) and adapted for
dermatophytes. 18 Nine commercially available anti-
fungal agents recommended for the treatment of der-
matophytosis were used: ketoconazole (Química
Farmacêutica, Bayer, Barcelona, Spain), ciclopirox
olamine (Aventis, Dermik Laboratories, Berwyn, PA,
USA), fluconazole (Sigma, St. Louis, MO, USA), griseo-
fulvin (Schering-Plough, Rio de Janeiro, Brazil), itra-
conazole (Jansen-Cilag, São Paulo, Brazil), miconazole
(Jansen-Cilag, São Paulo, Brazil), piroctone olamine
(IFFECT, CHEMPHAR, China), terbinafine (Novartis
Research Institute, Vienna, Austria) and tioconazole
(Pfizer Inc., New York, USA). 

The stock solution of antifungal agents was pre-
pared in dimethyl sulfoxide (DMSO; Vetec, Brazil) and
dilutions were later made in RPMI 1640 medium
(Sigma, St. Louis, MO, USA) buffered at pH 7.0 with
165 mM of 3-(N-morpholino)propanesulfonic acid
(MOPS; Sigma) to obtain concentrations of 0.25 to
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128 �g/ml for fluconazole and 0.03 to 16 μg/ml for the
other antifungal agents. 

The clinical isolates were then inoculated in
potato dextrose agar (Difco, Detroit, MI, USA), with
the addition of 2% rice flour (Maninho, Brazil) and
maintained at 28oC for seven days.  The suspension of
spores from each culture was prepared in 0.89%
saline solution and adjusted in a spectrophotometer
(Spectrum Instruments Co, Shanghai, China) until
reaching cell density with transmittance of 80-82% at
520 nm.  The inoculum was diluted at a proportion of
1:50 in RPMI-MOPS broth.

The assay was performed using sterile, 96-well
plates with a U-shaped base into which 100 μl were
added of each antifungal concentration to be tested.
Next, 100 μl aliquots of the 1:50 dilution of the inocu-
lum were added to each one of the wells.  The final
concentration of microorganisms achieved was 5 x 103

to 5 x 104 colony-forming units (CFUs)/ml.  An antifun-
gal-free control (growth control) and a control con-
taining no organisms (sterility control) were included
in these tests.  The plates were incubated at 28oC for
three days. Candida parapsilosis American Type
Culture Collection (ATCC) 22019 and C. krusei ATCC
6258 were used as methodology controls.

Minimum inhibitory concentration (MIC) was
determined visually by comparing the test with the
growth of the drug-free control.  MIC was defined as
the lowest concentration of the drug capable of com-
pletely inhibiting fungal growth in the case of itra-
conazole and terbinafine and capable of inhibiting
80% of growth in the case of the other antifungal
agents. 19,20 All the experiments were performed in
triplicate.

After reading the MIC, the minimum fungicidal
concentration (MFC) was determined.  A 100 μl
aliquot from the wells in which no growth was
observed was transferred to test tubes containing 2 ml
of Sabouraud-dextrose broth (Difco, Detroit, MI,
USA).  A positive control (growth control) and a nega-
tive control (sterility control) were included in the
test.   The tubes were incubated for 7 days at 28oC
and growth was observed visually.  MFC was defined
as the minimum concentration at which no fungal
growth occurred. 21 These assays were performed in
duplicate.

RESULTS
The in vitro sensitivity profile of nine commer-

cially available antifungal agents against different
species of dermatophytes isolated from patients with
chronic renal failure was evaluated using the broth
microdilution method.  Of the azole antifungal agents,
the best results in terms of MIC values were found
with tioconazole, miconazole, itraconazole and keto-

conazole (Table 1).  Of these, the results obtained with
tioconazole were significantly better, since this drug
had the lowest geometric mean MIC.  On the other
hand, the activity of fluconazole was weak against all
the species with the exception of T. rubrum; the
remaining MIC values being high, particularly for sam-
ples of M. gypseum (Figure 1).  Of the non-azole anti-
fungal agents tested, terbinafine was found to be the
most effective, followed by ciclopirox olamine.

DISCUSSION
Dermatophyte infections are probably the most

common cutaneous fungal infections in humans and
animals. 1 Over the past few decades, the number of
antifungal agents used in clinical practice for the treat-
ment of dermatophytoses has increased. 22

Nevertheless, not all species have the same suscepti-
bility pattern and there is evidence that dermatophytes
have become resistant to certain antimycotics. 16

Although the precise cut-off points to deter-
mine the resistance of these fungi to the different anti-
fungal agents are not known, in this study the param-
eters established in the Clinical and Laboratory
Standards Institute (CLSI) M38-A document for fila-
mentous fungi were taken into consideration, which
establish MIC resistance ≥ 64 μg/ml for fluconazole
and MIC ≥ 8 μg/ml for itraconazole and ketoconazole. 18

Fluconazole (FCZ) was found to be the least
active of all the antifungal agents evaluated (Figure 1)
and this is in agreement with results published from
other studies. 23,24 Furthermore, around 86% of M. gyp-
seum isolates, 50% of T. mentagrophytes and 25% of T.
interdigitale showed resistance to fluconazole, find-
ings that are in agreement with the results published
by Da Silva Barros and Hamdan. 23

Nevertheless, T. rubrum, the species that is
most often responsible for onychomycosis, with high
recurrence rates, was more sensitive to fluconazole
than the other species evaluated (Figure 1).  The pres-
ent results are in agreement with the findings of other
investigators, who showed that the susceptibility to
FCZ varies greatly from one species to another. 16,17,24

Of the topical antifungal agents, ciclopirox
olamine, miconazole, piroctone olamine and tiocona-
zole, the best results were found with tioconazole,
which had the lowest geometric mean MIC and MFC
values for M. gypseum, T. interdigitale and T. rubrum
(Figures 2, 3 and 4).  These results show that the fun-
gicidal effect of tioconazole is greater than that of
miconazole, as shown in the study by Sobue and
Sekiguchi. 25 The mean geometric MFC values of keto-
conazole, fluconazole and itraconazole confirm that
high concentrations of these medications are required
to obtain their fungistatic effect, according to the
mechanism of azoles. 26 Furthermore, these results
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highlight the problems involved in treating immuno-
compromised patients with this class of antifungal
agents, since resistance to ketoconazole was 53.8%,
resistance to fluconazole 100% and resistance to itra-
conazole 42.3%.

With respect to the other antifungal agents, it
was impossible to determine the resistance rates,
since standardization of the range of values corre-
sponding to sensitivity or resistance has yet to be
established.  However, of the non-azole antifungal
agents, terbinafine was found to be the most effective
antimycotic agent (Figure 5).  This finding is in agree-
ment with the results reported by Favre et al. 21

Although less potent than terbinafine, ciclopirox
olamine had better MIC and MFC values compared to
griseofulvin and piroctone olamine for all the species
evaluated (Figure 5). 20

In general, the most effective antifungal agents
were tioconazole against M. gypseum and T. rubrum
(Figures 2 and 3) and terbinafine for the other species
(Figures 4 and 6), including M. canis (Figure 7),
which, according to the results reported by Clayton
and Hay, shows poor sensitivity to azole antifungal
agents. 27 Nevertheless, the sensitivity profile of some
isolates was found to vary within the same species
(Figure 8).  This question reinforces the importance of
analyzing sensitivity at least in all the fungal cultures
obtained from patients with superficial mycoses in
whom therapy has failed and, in view of their severity,
in all cases of systemic mycoses. 17

Therefore, knowing that fungal infections are
naturally progressive and may advance to potentially
severe stages in immunodepressed patients, identifi-
cation of the species that is causing the infection in

GRAPH 1: Sensitivity profile of dermatophytes to fluconazole, based
on the geometric mean minimum inhibitory concentration (MIC) and

on the geometric mean minimum fungicidal concentration (MFC).

GRAPH 3: Sensitivity profile of T. rubrum to the antifungal agents:
ketoconazole, ciclopirox olamine, griseofulvin, itraconazole,
miconazole, piroctone olamine, terbinafine and tioconazole

GRAPH 2: Sensitivity profile of M. gypseum to the antifungal agents:
ketoconazole, ciclopirox olamine, griseofulvin, itraconazole,
miconazole, piroctone olamine, terbinafine and tioconazole

GRAPH 4: Sensitivity profile of T. interdigitale to the antifungal
agents: ketoconazole, ciclopirox olamine, griseofulvin, itracona-

zole, miconazole, piroctone olamine, terbinafine and tioconazole
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patients with dermatophytosis is fundamental in
order to select the optimal treatment, since sensitivity
to a single antimycotic agent may vary between
species. 8 In patients with chronic renal failure under-
going hemodialysis, concern with the type of therapy
and assurance of an effective medication is even
greater given the high prevalence of dermatophytosis
in these patients and the high rate of therapeutic fail-
ure. 7-9

Oral treatment with antifungal agents such as
terbinafine, itraconazole, ketoconazole and flucona-
zole represents the treatment of choice for dermato-
phytoses that fail to respond to topical medication. 16

Nevertheless, the use of these medications may result
in undesirable side effects in the patient.  Despite its
low toxicity, terbinafine may cause secondary gastroin-
testinal and cutaneous side effects. 28 The use of

azoles presents disadvantages such as hepatotoxicity
and liver metabolism via cytochrome P450 (CYP),
affecting the metabolism of other drugs. 9,26,28 These
disadvantages for patients with chronic renal failure
tend to be extremely compromising because of the
defective renal function in these patients.

Therefore, considering the variation in the pro-
file of activity of the different species of dermato-
phytes to the antifungal agents evaluated, identifica-
tion of the species of the agent causing the infection is
vital in order to plan treatment appropriately.  This
concern should be even greater in immunocompro-
mised patients, since isolates of a single species may
have different susceptibilities to the same antimycotic
agent.  For these patients in particular, in vitro evalu-
ation of the antifungal activity of the drugs routinely
indicated for the treatment of dermatophytoses may

GRAPH 5: Sensitivity profile of dermatophytes isolated from patients
with chronic renal failure to the antifungal agents: ketoconazole,
ciclopirox olamine, griseofulvin, itraconazole, miconazole, piroc-

tone olamine, terbinafine and tioconazole

GRAPH 7: Sensitivity profile of M. canis to the antifungal agents:
ketoconazole, ciclopirox olamine, griseofulvin, itraconazole,
miconazole, piroctone olamine, terbinafine and tioconazole

GRAPH 6: Sensitivity profile of T. mentagrophytes to the antifungal
agents: ketoconazole, ciclopirox olamine, griseofulvin, itracona-

zole, miconazole, piroctone olamine, terbinafine and tioconazole

GRAPH 8: Sensitivity profile of M. gypseum isolates to the antifungal
agents: ketoconazole, ciclopirox olamine, griseofulvin, itraconazole,

miconazole, piroctone olamine, terbinafine and tioconazole
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help in selecting the type of therapy and the most
appropriate drug, since the results of these studies are
able to predict resistance or possible sensitivity of the
microorganism.

Nonetheless, there are few reports on the cor-
relation between antimicrobial activity in vitro and in
vivo.  It has to be taken into consideration that the
response to antimicrobial therapy in vivo may be
affected by several factors in the host, by the site and
nature of the infection, by the pharmacokinetics of the
antimicrobial agent, by protein binding and the drug’s
ability to penetrate infected areas.  In certain cases,
differences are also caused by variables related to the
methodology of the in vitro susceptibility tests. 29,30

Therefore, it should be emphasized that the therapeu-
tic success predicted in vitro may not occur in vivo.

CONCLUSION
In general, the sensitivity profile of the antifun-

gal agents tested followed the same pattern as that
found in previous studies, confirming the need to
establish the species causing the dermatophytosis due
to variations in the susceptibility profile from one
species to another.  Furthermore, the present results
show the importance of performing sensitivity tests in
vitro, since some isolates of the same species present
different sensitivity profiles. ❑

700 Magagnin CM, Stopiglia CDO, Vieira FJ, Heidrich D, Machado M, Vetoratto G, Lamb FM, Scroferneker ML

An Bras Dermatol. 2011;86(4):694-701.



Antifungal susceptibility of dermatophytes isolated from patients with chronic renal failure 701

An Bras Dermatol. 2011;86(4):694-701.

REFERENCES
1. Chinelli PAV, Sofiatti AA, Nunes RS, Martins JEC. Dermatophyte agents in the city 

of São Paulo, from 1992 to 2002. Rev Inst Med Trop Sao Paulo. 2003;45:259-63.

2. Greer DL. An overview of commom dermatophytes. J Am Acad Dermatol. 

1994;31:112-6.

3. Mazón A, Salvo S, Vives R, Valcayo A, Sabalza MA. Studio etiológico y 

epidemiologico de las dermatofitosis en Navarra (España). Rev Iberoam Micol. 

1997;14:65-8. 

4. Santos JI, Negri CM, Wagner DC, Philipi R, Nappi BP, Coelho MP. Some aspects of 

dermatophytoses seen at University Hospital in Florianopolis, Santa Catarina, 

Brasil. Rev I Med Trop. 1997;39: 137-40. 

5. Rezende C, Borsari GP, da Silva AC, Cavalcanti FR. Dermatophytosis 

epidemiologic study in public institution of Barretos city, São Paulo, Brazil. Rev 

Bras Anal Clin. 2008;40:13-6.

6. Falahati M, Akhlaghi L, Lari AR, Alaghehbandan R. Epidemiology of 

dermatophytoses in an area south of Tehran, Iran. Mycopathologia. 2003;156:279-87.

7. Kuvandik G, Çetin M, Genctoy G, Horoz M, Duru M, Akcali C, et al. The prevalance, 

epidemiology and risk factors for onychomycosis in hemodialysis patients. BMC 

Infect Dis. 2007;7:102.

8. Dyachenko P, Monselise A, Shustak A, Ziv M, Rozenman D. Nail disorders in 

patients with chronic renal failure and undergoing haemodialysis treatment: a case-

control study. J Eur Acad Dermatol Venereol. 2007;21:340-4.

9. Abdelaziz AM, Mahmoud KM, Elsawy EM, Bakr MA. Nail changes in kidney 

transplant recipients. Nephrol Dial Transplant. 2010;25:274-7.

10. Scher RK, Baran R. Onychomycosis in clinical practice: factors contributing to 

recurrence. Brit J Dermatol. 2003;149(Suppl 65):5-9.

11. Bueno JG, Martinez C, Zapata B, Sanclemente G, Gallego M, Mesa AC. In vitro 

activity of fluconazole, itraconazole, voriconazole and terbinafine against fungi 

causing onychomycosis. Clin. Exp. Dermatol. 2009;35:658-63.

12. Kassem MA, Esmat S, Bendas ER, El-Komy MH. Efficacy of topical griseofulvin in 

treatment of tinea corporis. Mycoses. 2006;49:232-5.

13. Peres NTA, Maranhão FCA, Rossi A, Martinez-Rossi NM. Dermatophytes: host-

pathogen interaction and antifungal resistence. An. Bras. Dermatol. 2010; 85: 5.

14. Jaiswal A, Sharma RP, Garg AP. An open randomized comparative study to test the 

efficacy and safety of oral terbinafine pulse as a monotherapy and in combination 

with topical ciclopirox olamine 8% or topical amorolfine hydrochloride 5% in the 

treatment of onychomycosis. Indian J Dermatol Venereol Leprol.  2007;73:393-6.

15. Squire RA, Goode KA. A randomised, single-blind, single-centre clinical trial to 

evaluate comparative clinical efficacy of shampoos containing ciclopirox olamine 

(1.5%) and salicylic acid (3%), or ketoconazole (2%, Nizoral) for the treatment of 

dandruff/seborrhoeic dermatitis. J Dermatol Treat. 2002;13:51-60.

16. Fernández-Torres B, Cabañes FJ, Carrillo-Munõz AJ, Esteban A, Inza I, Abarca L, et 

al. Collaborative evaluation of optimal antifungal susceptibility testing condition for 

dermatophytes. J Clin Microbiol. 2002;40:3999-4003.

17. Manzano-Gayosso P, Méndez-Tovar LJ, Hernández-Hernández F, López-Martíneza 

R. La resistencia a los antifúngicos: un problema emergente en México. Gac Méd 

Méx. 2008;144:23-6.

18. Clinical and Laboratory Standards Institute. Reference Method for Broth Dilution 

Antifungal Susceptibility Testing of Filamentous Fungi, Approved Standard. CLSI 

document M27-A2. Pennsylvania: Clinical and Laboratory Standards Institute 

(CLSI); 2002. p. 221-27.

How to cite this arti cle/Como citar este arti go: Magagnin CM, Stopiglia CDO, Vieira FJ, Heidrich D, Machado M,
Vetoratto G, Lamb F, Scroferneker ML. Antifungal susceptibility of dermatophytes isolated from patients with
chronic renal failure. An Bras Dermatol. 2011;86(4):694-701.

MAILING ADDRESS / ENDEREÇO PARA COR RES PON DÊN CIA:
Cheila D. O. Stopiglia
Rua Sarmento Leite, 500 - laboratório 210
90050-170 Porto Alegre - RS
E-mail: cheila.dos@gmail.com / scrofern@ufrgs.br

19. Fernández-Torres B, Carrillo AJ, Martín E, Del Palacio A, Moore MK, Valverde A, et 

al. In vitro activities of 10 antifungal drugs against 508 dermatophyte strains. 

Antimicrob Agents Ch. 2001;45:2524-8.

20. Gupta AK, Kohli Y. In vitro susceptibility testing of ciclopirox, terbinafine, 

ketoconazole and itraconazole against dermatophytes and nondermatophytes, and 

in vitro evaluation of combination antifungal activity. Brit J Dermatol. 

2003;149:296-305.

21. Favre B, Hofbauer B, Hildering K, Ryder NS. Comparison of in vitro activities of 17 

antifungal drugs against a panel of 20 dermatophytes by using a microdilution 

assay. J Clin Microbiol. 2003;41:4817-9.

22. Barchiesi F, Arzeni D, Camiletti V, Simonetti O, Cellini A, Offidani A, Scalise G. In 

vitro activity of posaconazole against clinical isolates of dermatophytes. J Clin 

Microbiol. 2001;39:4208-9.

23. Da Silva-Barros ME, Hamdan JS. Determination of susceptibility/resistance to 

antifungal drugs of Trichophyton mentagrophytes isolates by a macrodilution 

method. Can J Microbiol. 2005;51:983-7.

24. Wildfeuer A. The in vitro activity of fluconazole against fungi involved in dermal 

infections. Mycoses. 1994;37:447-9.

25. Sobue S, Sekiguchi K. Difference in percutaneous absorption and intracutaneous 

distribution in guinea pigs among topical antifungal drugs (tioconazole solution, 

tioconazole cream, miconazole nitrate solution and bifonazole solution). Biol 

Pharm Bull. 2004;27:1428-32.

26. Carrillo-Munõz AJ, Tur-Tur C, Hernández-Molina JM, Santos P, Cárdenes D, 

Giusiano G. Antifungal agents for onychomycoses. Rev Iberoam Micol. 

2010;27:49-56.

27. Clayton YM, Hay RJ. Epidemiology of fungal skin and nail disease: roundtable 

discussion held at dermatology 2000, Vienna, 17 May 1993. Br J Dermatol. 

1994;130(Suppl 43):9-11.

28. Chen SCA, Sorrell TC. Antifungal agents. Med J Aust. 2007;187:404-9.

29. Áviles P, Falcoz C, Guillén MJ, San Roman R, Gómez de Las Heras F, Gargallo-Viola 

D. Correlation between in vitro and in vivo activities of GM 237354, a new sordarin 

derivative, against Candida albicans in an in vitro pharmacokinetic-

pharmacodynamic model and influence of protein binding. Antimicrob Agents 

Chemother. 2001;2746-54. 

30. Washington JA 2nd. Discrepancies between in vitro activity of and in vivo response 

to antimicrobial agents. Diagn Microbiol Infect Dis. 1983;1:25-31.




