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in Brazil.

We report a case of an 80-year-old Brazilian man, farmer, with lesions on the dorsum of the hand.
A direct mycological examination, cultivation and microculture slide observation was performed. The
sequencing of ITS1-5.8S rDNA-ITS2 region was carried out and the etiological agent confirmed as
Exophiala spinifera. The in vitro susceptibility of this isolate to antifungal agents alone and in
combination was evaluated. This is the third case of phaeohyphomycosis caused by Exophiala spinifera

© 2012 International Society for Human and Animal Mycology. Published by Elsevier B.V. All rights

reserved.

1. Introduction

Exophiala spinifera is a dematiaceous fungus, with cosmopoli-
tan distribution, but of rare occurrence, which can cause phaeo-
hyphomycosis and chromoblastomycosis. Most of these infections
are cutaneous and subcutaneous, but systemic infections are also
reported [1-4].

The treatment is not well defined, and it is usually carried out
empirically [5].

Microorganisms of the genus Exophiala are commonly found in
the environment in plant materials, wood and soil [6]. The
infection into cutaneous and subcutaneous tissues typically
occurs by traumatic inoculation of fungal propagules, while
systemic cases do not have well-defined portals of entry [7].

The first case of phaeohyphomycosis by Exophiala spinifera in
Brazil was reported in 1984 by Lacaz et al. [8], where the mycosis
was presented in a disseminated form. This case occurred in
Midwestern Brazil. The second case occurred in the northeast of
the country, where the lesions were in the form of subcutaneous

* Corresponding author at: Department of Microbiology, ICBS, Universidade
Federal do Rio Grande do Sul. Rua Sarmento Leite, 500, Room 210, Porto Alegre,
CEP: 90050-170, Brazil. Tel.: +55 51 3308 3934;
fax: +5551 3308 3121.

E-mail address: scrofern@ufrgs.br (M.L. Scroferneker).

abscesses involving skin, muscle and bone degeneration [9]. Here
we report the third case of phaeohyphomycosis caused by
Exophiala spinifera in Brazil, the first in the South of the country
and the first Brazilian case with molecular identification of the
etiologic agent.

2. Case

JAZ, male, farmer, 80 years, Brazilian, lives in rural area of Nova
Santa Rita, Rio Grande do Sul, Brazil. Four years ago, small
cutaneous lesions on the dorsum of his hand began to appear,
which evolved slowly and drained secretion. He was admitted to
a hospital in Porto Alegre, Rio Grande do Sul, Brazil, in August
2011, being treated twice with antibiotics for cutaneous cellulitis
with little response. After 14 days, with the second antibiotic, the
patient showed improvement in 30% of the lesions, clinical
stabilization and was discharged. Soon after, he was sent to a
dermatologist for evaluation. In the first consultation, the patient
showed a severe edema of the arm and hand with pseudo skin
fistulae, draining serous material upon compression (Fig. 1A). The
clinical aspect of the lesion was of a mycetoma. The patient was
sent to the Dermatology Service of Santa Casa de Porto Alegre, Rio
Grande do Sul, Brazil, for the execution of direct microscopic
examination and cultural test. Initially, the collected material was
treated with 20% potassium hydroxide and the presence of
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Fig. 1. (A) Lesions caused by Exophiala spinifera (74110) in the patient’s hand and arm. (B) Direct microscopic examination (KOH 20%) of material collected from the lesions
revealed fragments of moniliform dematiaceous hyphae (40 X). (C) Direct microscopic examination using Masson-Fontana staining (40 X).

Fig. 2. Exophiala spinifera (74110) (A) Slide culture techniques with Potato Dextrose agar, where straight, long, spine-like, brownish and septate conidiophores were
observed. The obovoid conidia were located at the apices of conidiogenous cells, as well as at intercalary places. (B) Culture of the clinical isolate in Sabouraud Dextrose

agar, where it had a yeast-like growth with olivaceous black colonies.

fragments of moniliform dematiaceous hyphae was verified
(Fig. 1B), while the presence of melanin was observed after
Masson-Fontana staining (Fig. 1C), indicating a phaeohyphomyco-
sis. Treatment was started with itraconazole at 100 mg, 12-12 h.
After 1 month of treatment, the patient had already more than 60%
improvement in lesion. The patient continued with itraconazole
and is currently cured.

2.1. Mycology

Some of the material collected from the lesions was inoculated
on Sabouraud Dextrose agar and incubated for 15 days at 25 °C
(Fig. 2B). The growth of yeast-like, olivaceous black colonies with
black pigmentation on the reverse side was verified. Microscopic
study using slide culture techniques with Potato Dextrose Agar
was conducted to induce sporulation. In this evaluation, straight,
long, spine-like, brownish and septate conidiophores were
observed. The conidia were obovoid and located at the apices of
conidiogenous cells, as well as at intercalary places (Fig. 2A).
Based on the morphological characteristics, the isolate was
classified as an Exophiala species. This clinical isolate was inserted
into the culture collection of pathogenic fungi laboratory of the
Federal University of Rio Grande do Sul as 74110.

2.2. Molecular identification

For the molecular identification, the strain 74110 was grown
aerobically in Sabouraud broth at 28 °C, with shaking at 180 rpm,
until growth attained mid-log phase. Total genomic DNA was
extracted and purified from 100 mL cultures using the UltraClean®™

Soil DNA Isolation Kit (Mobio, USA). Sequencing of the ITS1-5.8S
rDNA-ITS2 region was performed using the Universal primers ITS1
(5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGA-
TATGC -3') [10]. The amplification conditions were: initial denatura-
tion at 94 °C for 5 min, 30 cycles of denaturation at 94 °C for 1 min,
annealing at 55 °C for 30 s, extension at 72 °C for 1 min, and final
extension at 72 °C for 10 min. The PCR product was purified by the
Ultraclean® PCR Clean-Up Kit (Mobio, USA), and sequenced at the
Biotechnology Center of Federal University of Rio Grande do Sul
(Cbiot/UFRGS), Brazil. The sequence was assembled and compared
with sequences reported in GenBank using the basic local alignment
search tool (BLAST) algorithm. Through this technique, the etiologic
agent was confirmed as Exophiala spinifera, since it had 99%
sequence identity with the type strain of this species (CBS 899.68).

2.3. In vitro antifungal susceptibility evaluation

The in vitro sensitivity to antifungal agents of Exophiala
spinifera 74110 was determined by the broth microdilution
methodology, according to the M38-A2 document of the Clinical
and Laboratory Standards Institute [11]. The clinical isolate was
subcultured onto potato dextrose agar (PDA; Difco) at 35 °C for 10
days. The spore suspension was produced by adding sterile saline
solution (0.9%) and slightly scraping the surface of colonies with a
sterile pipette. The homogeneous conidial suspension was trans-
ferred to sterile tube and the supernatants were adjusted on a
spectrophotometer at 530 nm until to an optical density (OD) that
ranged from 0.17 to 0.15 (68-71 T%). The inoculum was prepared
by dilution in RPMI 1640 medium (Sigma, St. Louis, MO, USA) with
L-glutamine, without sodium bicarbonate buffered to pH 7.0 with
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165 mM morpholinepropanesulfonic acid (MOPS;Sigma) until a
final concentration of 0.4 x 10%-5 x 10* CFU/mL. After 5 days of
incubation at 35 °C, the MIC was determined visually by compar-
ison with the drug-free growth control well. Candida krusei ATCC
6258 was used as quality control. The antifungal agents assessed
were amphotericin B, itraconazole, ketoconazole, terbinafine and
voriconazole, at concentrations between 0.003 and 4 pig/mL for
terbinafine and 0.03 and 16 pg/mL for amphotericin B, itracona-
zole, ketoconazole and voriconazole were included in these trials,
besides a microorganism-free control (sterile), an antifungal-free
control (growth control). The isolate was susceptible to itracona-
zole and ketoconazole, with minimum inhibitory concentration
(MIC) of 0.25 pg/mL and 0.50 pg/mlL, respectively, followed by
terbinafine with an MIC 2 pg/mlL, by amphotericin B with an MIC
4 pg/mL and by voriconazole with an MIC 8 pg/mL.

In parallel, an evaluation of antifungal agent combinations
with the checkerboard technique [12] was carried out. The
concentration ranges of the antifungal used are the same above
mentioned. The interaction coefficient among drugs was quanti-
tatively evaluated by means of the fractional inhibitory concen-
tration index (FIC), which was calculated by the following
formula: FIC=(MIC A in combination/MIC A)+(MIC B in combi-
nation/MIC B). The interaction was defined as synergistic if the FIC
index was < 0.5, no interaction if 0.5 > FIC < 4.0, and antagonistic
if FIC was > 4.0. The associations of itraconazole and voriconazole
(FCI=0.49), and of terbinafine and voriconazole (FCI=0.375)
proved to be synergistic. The other associations were indifferent.

3. Discussion

Exophiala spinifera is an unusual causative agent of infection
both in humans and in animals [5,13]. Until recently the identi-
fication of these agents was only based on macroscopic and
microscopic aspects of the culture. Because of this, it is believed
that the number of cases is underestimated by the morphological
similarity between the species of the genus Exophiala [4,14].

There was a significant expansion in the knowledge about this
genus with the advent of techniques of sequencing and the
analysis of sequence data of the ribosomal DNA (rDNA) Internal
Transcribed Spacer (ITS) regions [14,15]. Our case report is the
fourth in the literature using molecular tools for identification of
this fungus. The use of these methodologies is of utmost impor-
tance in the clinic, because among the different species there may
be different patterns of susceptibility to antifungal agents [15].

Many drugs are used to treat infections caused by E. spinifera,
such as itraconazole, pozaconazole, voriconazole, ketoconazole,
fluconazole, terbinafine, amphotericin B, 5-flucytosine, and phy-
sical treatments such as cryosurgery, heat therapy and surgical
excision [1-5,8,9,16-18]. However, there is currently no standard
antifungal therapy for black fungi and little is known about the
correlation between MICs obtained in tests in vitro and in vivo
efficacy [18]. In our case, we can correlate the in vitro suscept-
ibility and clinical response, in which the itraconazole showed a
lower MIC and was effective against lesions caused by E. spinifera.

Itraconazole has proven to be the most efficient drug in the
treatment of this fungus [4,16,17]. The literature reports that
itraconazole requires low pH for its proper absorption. In the
elderly, there may be a reduction in the production of gastric
juice, which decreases the bioavailability of the drug, thus
compromising its activity [19]. Our patient, despite his advanced
age, showed excellent response to this antifungal.

Some studies have reported resistance of E. spinifera to
itraconazole [2,3,5]. In this regard the use of combinations of
antifungal agents in cases where there is no response to the
antifungal used alone or in severe cases could be an alternative to

increasing the efficacy of each drug and to obtain efficacy using
lower doses [20]. In our study, combinations of antifungals were
evaluated, in which we found that voriconazole, drug that was
less active when used alone, showed synergism when combined
with terbinafine and itraconazole, and in case of resistance, these
combinations could have been used. At the clinic it has been
observed that the association of the drugs is positive for the
treatment of this etiologic agent [1].

Infections caused by this black fungi are more common in
disseminated form in children, and cutaneous and subcutaneous
forms in adults [9,4,18], pattern that is kept in our case.

Since the patient is a farmer and the fact that E. spinifera is
present in the environment [6], it is probable that the patient has
been infected at work, although he did not relate trauma injuries.

In Brazil, there were two other reported cases of infection
caused by E. spinifera [8,9]. In both, the patients were children
(5-12 years old) and amphotericin B was used, resulting in no
clinical improvement with this drug. The first case was a dis-
seminated phaeohyphomycosis, affecting various points through-
out the extension outside of the body. The patient had a brain
tumor, which was not biopsied, but was probably the source of
infection. The patient was lost to follow-up. The second case
reported a phaeohyphomycosis with abscesses that affected first
the right side of the face. After one year, the lesions were also
present on the fingers, elbow and left toe. Over time the abscesses
suffered ulceration. By X-rays it was found degradation of the
bone in the affected fingers. The patient died. The case reported
by us is quite different from the other cases that occurred in
Brazil, since the patient was an adult, with only localized
cutaneous lesions and responsive to medication.

Based on our case, we can claim to be of extreme importance
the molecular identification of the causative agents of phaeohy-
phomycosis for correct identification, as well as the evaluation of
in vitro antifungal activity of the clinical isolate, as tools that can
guide the clinical practice.
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