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Superficial dermatophytoses affecting skin, hair and
nail, caused by keratinophilic filamentous fungi of genera
Trichophyton, Microsporum and Epidermophyton, are among
the most common public health problem in hot and humid
climate of tropical countries. Among the fungi isolated from
skin infections, the anthropophilic dermatophyte T. rubrum is
the most frequent amongst clinical cases of tinea pedis, tinea
unguium, tinea corporis and tinea cruris while Trichophyton
tonsurans is found as the most likely etiologic agent in cases
with tinea capitis.

The fungal cell wall is composed of multiple layers
where mannoproteins and glucan make up most of the cell wall
composition. Mannoproteins are predominantly expressed at the
external surface. The plasma membranes of fungi are primarily
composed of ergo sterol [1]. Keratinocytes are the most
numerous cells in the epidermis, forming a physical barrier to
micro-organisms and mediate the immune response through the
various soluble factors, such as growth factors, transforming
growth factor, tumor necrosis factor, interleukins, and colony
stimulating factors [2]. Recent studies have demonstrated that
keratinocytes have a different profile of cytokine expression
when stimulated by different species of dermatophytes [3].

Both topical and systemic therapies may be used to

treat dermatophyte infections. The binding and synthesis of

ergosterol are the targets for several antifungal drugs. Topical
therapy is generally found effective for uncomplicated tinea
corporis of small areas and of short duration. Antifungals are
grouped on the basis of their structure and mechanism of action:
The azoles (imidazoles and triazoles) interfere with the
ergosterol biosynthesis pathway and are directed against
lanosterol 14-alpha-demethylase, a cytochrome P-450 enzyme,
in the ergosterol pathway. Polyenes (amphotericin B and
nystatin) act by increasing the permeability of the plasma
membrane. They bind to fungal membrane sterol, resulting in
the formation of aqueous pores through which essential
cytoplasmic materials leak out and thereby destroying the
proton gradient within the membrane. Allylamines (naftifine,
terbinafine and the related benzylamine butenafine) and
thiocarbamates (tolnaftate and tolciclate) inhibit the conversion
of squalene to 2,3-oxidosqualene by the enzyme squalene
epoxidase, leading to intracellular accumulation of squalene
which is toxic to fungal cells and leads to cell death. Candins
inhibit the synthesis of B 1,3-glucan, the major structural
polymer of the cell wall. Morpholines, the recently introduced
new class of antifungal drug for topical use, inhibit two
enzymes in the ergosterol biosynthetic pathway, C-14 sterol
reductase (ERG24) and C-8 sterol isomerise (ERG2) resulting
into changes in membrane permeability and disruption of fungal
metabolic processes.

Systemic therapy is indicated for tinea corporis that
includes widespread skin infection, immunosuppression,
resistance to topical antifungal therapy, and comorbidities of

tinea capitis or tinea unguium or when the infection involves
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hair follicles, such as Majocchi granuloma. The preferred
treatment is griseofulvin or terbinafine, although some
resistance has developed to oral griseofulvin. The mode of
action of griseofulvin is not completely clear, but it has been
speculated that griseofulvin inhibits microtubule binding within
the mitotic spindle in metaphase, causing arrest of fungal cell
mitosis and weakening the cell structure. In addition,
griseofulvin and terbinafine induce the cytochrome P-450
enzyme system and can increase the metabolism of CYP-450—
dependent drugs. Systemic azoles function similar to the topical
agents, causing cell membrane destruction.

Early recognition and treatment is essential to reduce
morbidity and possibility of transmission. Treatment of
dermatophytosis is generally long and costly. Dermatophytoses
are often associated with relapses following the interruption of
antifungal therapy. Recently, clinical failure has been observed
in patients treated with antifungals and drug resistance has
become an important problem. Although the prevalence of drug
resistance in fungi is below that observed in bacteria,
mycologists now believe that selective pressure will, over time,
lead to more widespread resistance [4]. The incidence of fungal
infections, including resistant infections, has increased during
the past few years, and may be due to inadequate or irregular
use of drugs or increased incidence of immunodeficiency states
[5]. The increased use and over the counter sale of antifungal
agents in recent years has also resulted in the development of
resistance to these drugs.

The National Committee for Clinical Laboratory
Standards (NCCLS) proposed methods and guidelines for
antifungal resistance testing of yeasts [6]. There is currently no
susceptibility standard for dermatophytes [7]. The NCCLS
Subcommittee for Antifungal Susceptibility Testing recently
established interpretive breakpoints for testing of fluconazole
and itraconazole for Candida infections [8]. In vitro
demonstration of resistance does not necessarily equate to in
vivo resistance [7, 9]. Other determinants in the selection of
resistance include host-related factors, e.g. immunosuppression,
the site and severity of infection and drug pharmacokinetics

[10]. The main biochemical and molecular mechanisms that

Page 2 of 5

contribute to antifungal resistance include reduced uptake of the
drug, an active transport out of the cell or modified drug
metabolic degradation of the cell, changes in the interaction of
the drug to the target site or other enzymes involved in the same
enzymatically by point mutations, overexpression of the target
molecule, overproduction or mutation of the target enzyme,
amplification and gene conversion (recombination), and
increased cellular efflux [11]. An alteration in the quantity or
quality of 14a-demethylase in the expression of resistance to
azole antifungal agents is observed [12, 13].

The resistance of dermatophytes to agent’s inhibitors
involves the participation of modifiers target enzymes,
overexpression of ABC transporters and stress-related proteins
[11]. A role of upregulation of the ERG11 gene, which encodes
the major target enzyme of the azoles lanosterol 14a--
demethylase, has been observed in azole-resistant C. albicans
and C. glabrata isolates [14]. A mutation in the gene encoding
the enzyme squalene epoxidase target antifungal terbinafine and
gave high resistance to this drug against fungi T. rubrum [15].
Recently, it was suggested that C. albicans may possess one or
more additional genes encoding ATP-binding cassette MDR-
like proteins that are distinct from CDR1, which could
participate in the development of azole resistance. Drug efflux,
especially ATP-Binding Cassette (ABC) super family of
proteins as an important mechanism of resistance to azole
antifungals is forthcoming recently [16]. Another emerging
source of antifungal resistance is the occurrence of a biofilm,
the extracellular matrices produced by microbes themselves
which serve to help organisms attach to living or non-viable
surfaces [17]. It has been demonstrated that drug efflux pumps
play a role in the drug resistance of early bio films [18]. The
MAPK Mkclp seems to be a regulator of azole resistance in
mature bio films [19]. Resistance to polyene antibiatics is found
rarely, with resistant isolates being confined mostly to the less
common species of Candida, such as C. lusitaniae, C. glabrata,
and C. guilliermondii. Although clinical failure has been
observed in patients treated with terbinafine, allylamine
resistance in association with clinical use of terbinafine and

naftifine has not been found in human pathogenic fungi.
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However, with the increased use of this agent, resistance may be
expected, since Vanden Bossche et al. [20] have reported a C.
glabrata strain that became resistant to fluconazole and
expressed cross-resistance to terbinafine. CDR1 can use
terbinafine as a substrate [21].

The primary factor driving the emergence of antifungal
resistance appears to be resulting from the increased use and
inappropriate prescribing of systemic antifungal
agents. Ghannoum and Rice [12] suggested various measures to
avoid and suppress the emergence of antifungal resistance. An
increased emphasis on rapid diagnosis of fungi and optimizing
therapy according to pharmacokinetic and pharmacodynamic
properties and thus reducing exposure to low concentrations of
systemic agents has been stressed to be focussed upon. The
recent approval of a reference method for the antifungal
susceptibility testing of yeast is encouraging and provides a
means for performing surveillance studies [22]. Use of
combinations of antifungal drugs or use of adjunctive
immunostimulatory therapy may be more effective in
preventing development of resistance.

Recently, a team of researchers using detailed genetic,
biochemical, and molecular approaches, identified a mechanism
controlling multidrug resistance in fungi [23]. They found that
yeast induce multidrug resistance via a molecular switch similar
to one that removes drugs and other foreign substances from
human cells. When the yeast protein Pdrlp binds to anti-fungal
drugs or other chemicals, it switches on molecular pumps that
remove the drugs from the cell. Through a protein called PXR
that turns on genes involved in detoxifying and removing drugs
from cells. A new way to fight drug-resistant fungal infections
targeting heat shock protein 90 has also been suggested which
link temperature with the signalling cascades that regulate
morphogenesis, fungal development and virulence [24].
Photodynamic therapy has been suggested as an alternative
treatment for therapy resistant patients, however, the data on
this are still limited and in some cases, the aggravation rates are
higher than with other methods [25].An alternative non-invasive
treatment protocol utilizing combinations of visible and near

infrared laser beams in association with blue, red and ultra-
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violet Light Emitted Diodes (LEDs), without usage of
photosensitizers, with minimal side effects, for therapy resistant
patients suffering from Tinea Pedis, Pityriasis versicolor, or
Mycetoma has been demonstrated [26].

Antifungal drug resistance is becoming a common
problem in patients. Several variables stressed to be considered
when trying to minimize the risk for development of resistance,
including type of drug, dosing during prophylaxis or treatment,
the length of treatment, and the immune status of the patient.
Although, there is considerable knowledge concerning the
biochemical, genetic and clinical aspects of resistance to
antifungal agents, expansion of our understanding of the
mechanisms by which antifungal resistance emerges and
spreads, quicker methods for the determination of resistance,
targeting efflux pumps, especially ATP binding cassette
transporters and heat shock protein 90, new drug delivery
systems, optimizing therapy according to pharmacokinetic and
pharmacodynamic characteristics, new classes of antifungal
drugs that are active against azole-resistant isolates, and use of
combinations of antifungal drugs or use of adjunctive
immunostimulatory therapy and other modalities of treatment
will clearly be important for future treatment strategies and in

preventing development of resistance.

References

1. Chloe McClanahan. BioFiles 2009; 4.3:10.

2. Wagner DK, PG Sohnle. Cutaneous defenses
against dermatophytes and yeasts. Clin Microbiol
Rev. 1995;8:317-35.

3. Nalu Teixera de Aguiar Peres et al
Dermatophytes: host-pathogen interaction and
antifungal  resistance. An Bras Dermatol.
2010;85(5):657-67.

4. Stephenson, J. Investigators seeking new ways to
stem rising tide of resistant fungi. Jour Amer Med
Assoc 1997; 277: 5-

5. White TC, Marr KA, Bowden RA. Clinical,

cellular and molecular factors that contribute to

Volume 2 « Issue 1 « 107

www.aperito.org


http://dx.doi.org/10.14437/AJD-2-107

Citation: P K Nigam (2015), Fungal Resistance: Mechanism and Strategies to Overcome. Aperito J Dermatol 2:107

http://dx.doi.org/10.14437/AJD-2-107

10.

11.

12.

13.

antifungal drug resistance. Clinical Microbiology
Reviews 1998;11: 382-402.

National Committee for Clinical Laboratory
Standards. (1997). Reference Method for Broth
Dilution Antifungal Susceptibility Testing of
Yeasts: Approved Standard M27-A. NCCLS,
Wayne, PA.

Hudson MM. Antifungal resistance and over-the-
counter availability in the UK: a current
perspective. J  Antimicrob  Chemother. 2001
Sep;48(3):345-50.

Rex JH, Pfaller MA, Galgiani JN, Bartlett MS,
Espinel-Ingroff A, Ghannoum MA, Lancaster M,
Odds FC, Rinaldi MG, Walsh TJ, Barry AL.
Development of interpretive breakpoints for
antifungal  susceptibility  testing:  conceptual
framework and analysis ofin  vitro/in
vivo correlation data for fluconazole, itraconazole,
and Candidainfections. Clin Infect Dis. 1997;24
:235-247.

Ghannoum MA, Rex JH, Galgiani J N.
Susceptibility testing of fungi: current status of
correlation of in vitro data with clinical
outcome. Journal of Clinical Microbioliology
1996;34:489-95.

Marichal P, Vanden Bossche H. Mechanisms of
resistance to azole antifungals. Acta Biochimica
Polonica 1995;42: 509-16.

Martinez-Rossi NM, Peres ATN, Rossi A.
Antifungal resistance mechanisms in dermatophy-
tes. Mycopathologia 2008;166:369-83.

Ghannoum MA, Rice LB. Antifungal Agents:
Mode of Action, Mechanisms of Resistance, and
Correlation of These Mechanisms with Bacterial
Resistance.

Smith KJ, Warnock DW, Kennedy CTC, Johnson
EM,,Hopwood V, Van Cutsem J, Vanden Bossche
H. Azole resistance inCandida albicans. J Med Vet
Mycology 1986; 24:133-144.

14,

15.

16.

17.

18.

19.

20.

21.

Page 4 of 5

Henry KW, Nickels JT, Edlind TD. Upregulation
of ERG genes in Candida species by azoles and
other sterol biosynthesis inhibitors. Antimicrob
Agents Chemother 2000; 44: 2693-700.

Mukherjee PK, Leidich SD, Isham N, Leitner I,
Ryder NS, Ghannoum MA. Clinical Trichophyton
rubrum strain exhibiting primary resistance to
terbinafine. Antimicrob Agents Chemother 2003;
7:82-6.

Walsh TJ, Kasai M, Francesconi A, Landsman D,
Chanock SJ.  New that Candida
albicans possesses ATP-binding

cassette MDR-like genes: implications for

evidence

additional

antifungal azole resistance. 1996;J Med Vet Mycol
1996;35:133-137.

Minnebruggen GV, Francois IEJA, Cammue BPA,
Thevissen K, Vroome V, Borgers M, Shroot B. A
General overview on past, present and future
antimycotics. The Open Mycology J 2010;4:22-32.
Sanguinetti M, Posteraro B, Fiori B, Ranno S,
Torelli R, Fadda G. Mechanisms of azole
resistance in clinical isolates of Candida glabrata
collected during a hospital survey of antifungal
resistance. Antimicrob Agents Chemother 2004;
49: 668-79.

Kumamoto CA. A contact-activated kinase signals
Candida albicans invasive growth and biofilm
development. Proc Natl Acad Sci USA 2005; 102:
5576-81.

VandenBossche H, Marichal HP, Odds F, Le
Jeune L, Coene MC. Characterization of an azole-
resistant Candida glabrata isolate. ~ Antimicrob.
Agents Chemother 1992; 36:2602-2610.

Sanglard D., Ischer F., Monod M., Bille J.
Susceptibility of Candida albicans multidrug
transporter mutants to various antifungal agents
and other metabolic inhibitors. Antimicrob. Agents
Chemother 1996; 40:2300-2305.

Volume 2 « Issue 1 « 107

www.aperito.org


http://dx.doi.org/10.14437/AJD-2-107
http://www.ncbi.nlm.nih.gov/pubmed/11532997

Citation: P K Nigam (2015), Fungal Resistance: Mechanism and Strategies to Overcome. Aperito J Dermatol 2:107

http://dx.doi.org/10.14437/AJD-2-107

22.

23.

24,

Wayne Pa. National Committee for Clinical
Laboratory Standards. Reference method for broth
dilution antifungal susceptibility testing of yeasts.
Approved standard M27-A. 1997.

Thakur JK, Arthanari H, Yang F, Pan SJ, Fan X,
Breger J, Frueh DP, Gulshan K, Li DK, Mylonakis
E, Struhl K, Moye-Rowley WS, Cormack BP,
Wagner G, Naar AM. A nuclear receptor-like
pathway regulating multidrug resistance in fungi.
Nature. 2008 Apr 3;452(7187):604-9. doi:
10.1038/nature06836.
O'Meara TR, Cowen LE.

regulatory circuitry controlling temperature-

Hsp90-dependent

25.

26.

Page 5 of 5

dependent fungal development and virulence. Cell
Microbiol. 2014;16(4):473-81. doi: 10.1111/cmi.
12266. Epub 2014 Feb 14.

Lee JW, Kim BJ, Kim MN. Photodynamic
Therapy: New Treatment for Recalcitrant
Malassezia Folliculitis, Lasers in Surgery and
Medicine, Vol. 42, No. 2, 2010, pp. 192-196.
http://dx.doi.org/10.1002/Ism.20857.

Penjweini R, Mokmeli S, Becker K, Hans-Ulrich
D, Saghafi S. Effects of UV-, Visible-, Near-
Infrared Beams in Three Therapy Resistance Case
Studies of Fungal Skin Infections. Optics and
Photonics Journal 2013; 3:1-10.

Volume 2 « Issue 1 « 107

www.aperito.org


http://dx.doi.org/10.14437/AJD-2-107
http://www.ncbi.nlm.nih.gov/pubmed/18385733
http://www.ncbi.nlm.nih.gov/pubmed/18385733
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cowen%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=24438186
http://www.ncbi.nlm.nih.gov/pubmed/24438186
http://www.ncbi.nlm.nih.gov/pubmed/24438186
http://www.ncbi.nlm.nih.gov/pubmed/24438186
http://dx.doi.org/10.1002/lsm.20857

	Aperito Journal of Dermatology
	Fungal Resistance: Mechanism and Strategies to Overcome
	Corresponding Author
	References

