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Abstract

The purpose of this study was to determine the prevalence of causative non-dermatophytic filamentous
fungi in onychomycosis. Totally 1,222 (1,222 · 3 = 3,666) samples of nail scrapings from 1,146 patients
(from 76 patients two specimens: both from finger- and toe-nails) with prediagnosis of onychomycosis sent
to the Mycology Laboratory from the Clinic of Dermatology, Ege University Hospital, Izmir, Turkey, July
2001–December 2003, were prospectively studied with conventional mycological procedures. The set cri-
teria for the diagnosis of onychomycosis due to non-dermatophytic molds were: (1) Observation of fungal
elements in 15% KOH-preparations made from nail scrapings, (2) growth of the same mold in all three
consecutive cultures of the specimens taken three times from the same patient with one-week intervals, (3)
no growth of a dermatophyte or yeast in three consecutive cultures. As agents of onychomycosis molds
were detected in 33 (9%), dermatophytes in 175 (48%), yeasts in 150 (41%), and mixed (two different fungi)
in 8 (2%) patients. In cases of mold onychomycosis, 11 (33%) had finger-nail and 22 (67%) toe-nail
infection; 25 (76%) were female and 8 (24%) male; and 27 (82%) were above 40 years of age. The agents of
mold onychomycosis, in order of frequency, were Aspergillus niger (7), Acremonium spp. (6), Fusarium spp.
(6), Ulocladium spp. (4), sterile mycelia (2), Alternaria sp. (1), Aspergillus flavus (1), Aspergillus fumigatus
(1), Aspergillus terreus (1), Cladosporium sp. (1), Paecilomyces spp. (1), Scopulariopsis sp. (1) and Tricho-
derma sp. (1). In conclusion, this study showed that non-dermatophytic molds were responsible for nearly
10% of onychomycoses cases attending the dermatology outpatient clinic of a university hospital in Izmir,
Turkey. Since molds are common contaminants in the laboratory, cultures from consecutively taken nail
scrapings should be made and carefully evaluated in order to diagnose a ‘‘mold onychomycosis’’.
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Introduction

Onychomycosis is a commonly encountered
superficial infection. Beside causative dermato-
phytes and yeasts, present data show that non-
dermatophytic filamentous fungi can also be the
potential cause of this ungual disease [1–11].
Onychomycoses caused by molds are not well
understood. Since molds are common laboratory
contaminants, medical attention is needed for the
identification and evaluation of these potential
pathogens, a process which is not always easy.

This prospective study was undertaken in order
to determine the prevalence of non-dermatophytic
molds as causative agents in onychomycosis.

Materials and methods

The study was conducted in the Mycology Labo-
ratory, Faculty of Medicine, Ege University,
Izmir, between dates July 2001 and December
2003. A total of 3,666 samples of nail scrapings
from 1,146 (725 females and 421 males) immuno-
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competent patients with presumptive onychomy-
cosis was prospectively investigated for the
presence of causative fungi [from 245 patients
finger-nail (735 samples), from 825 patients toe-
nail (2475 samples) and from 76 patients both
finger- and toe-nail samples (456 samples)].

The criteria for the diagnosis of onychomycosis
due to non-dermatophytic molds were: (1) Obser-
vation of fungal elements in the 15% KOH-prep-
aration made from nail scrapings, (2) growth of
the same non-dermatophytic mold in all three
consecutive cultures of the specimen taken three
times from the same patient with 1-week intervals,
and (3) no growth of a dermatophyte or yeast in
three consecutive cultures (in case of simultaneous
growth of dermatophytes or yeasts along with
molds, molds not accepted as causative agents).

According to the criteria above, all three con-
secutive cultures of the specimens taken three
times from the same patient with 1-week intervals
were reported as one specimen. Thus, all three
consecutive cultures of the specimens taken three
times from the same patient with 1-week intervals
were expressed as one specimen in the tables and
text.

Conventional mycological procedures were
used for the examination of the samples, namely:
15% KOH-preparations, cultures on Sabouraud
dextrose agar (Sigma), potato dextrose agar
(Sigma) and mycobiotic agar (Sigma) slants (with
and without cycloheximide and antibacterial
antibiotics) (for each patient 6 slants each with 3
inoculations) incubated at 26 �C for 4 weeks, cul-
ture control twice a week, and identification of
grown fungi.

Results

From 366 culture-positive specimens 374 strains of
fungi were obtained; 33 (9%) yielded non-der-

matophytic molds, 175 (48%) dermatophytes, 150
(41%) yeasts, and 8 (2%) mixed (two different
fungi) growth (Table 1). All patients with mold
onychomycosis had subungual hyperkeratosis the
microscopy of which showed septate-hyphae.

In case of mold onychomycosis; the toe-nails
were more frequently affected (in 22/66%) than
finger-nails (in 11/34%). The infection was more
prevalent in females (in 25/76%) than in males (in
8/24%). Of the cases 27 (82%) were over 40 years
of age. The youngest patient was a 5-year-old boy
and the oldest case was a 82-year-old female, both
affected in toe-nails.

The most frequently isolated four molds were
Aspergillus niger (in 7/22%), Acremonium spp. (in
6/18%), Fusarium spp. (in 6/18%), and Ulocladium
spp. (in 4/12%) (Table 2).

Although all three consecutive cultures of the
specimens taken three times from one patient (18/
F) with 1-week intervals yielded Alternaria sp., the
culture was accepted as negative due to the nega-
tive result of direct microscopic examination of the
specimens (Criterion 1). In all three consecutive
cultures from two patients (one from both finger
and toe-nail, the other from only toe-nail), fungal
elements were observed in the 15% KOH-prepa-
ration made from nail scrapings, but upon growth
of a yeast and non-dermatophyte mold in culture,
these two cases were also not included in results
(Criterion 3).

Discussion

Since molds are common contaminants on the skin
as well as in the laboratories, for the definitive
diagnosis of mold onychomycosis consecutive
cultures from the same lesions should be made.
Pure growth of the same mold on all consecutive
cultures indicates mold onychomycosis [5, 9, 12].
In the present study, the diagnosis of the infection

Table 1. Onychomycosis due to different fungal groups: number of cases and isolated strains

Onychomycosis Mold Dermatophytes Yeast Mixed (D + Y) Total cases Total strains

Finger 11 12 93 3 (6 strains) 119 122

Toe 22 163 57 5 (10 strains) 247 252

Total 33

(9%)

175

(48%)

150

(41%)

8 (16 strains)

(2%)

366

(100%)

374

D: Dermatophyte, Y: Yeast.
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was reached according to this criterion. The study
reflected that 9% of all mycologically confirmed
cases of ungual mycosis were due to non-dermat-
ophytic filamentous fungi (Table 1). Frequencies
of mold onychomycosis in European countries like
Austria [4], Estonia [11], Italy [9] and Spain [7] are
reported as about 5% (mean), 7, 8 and 17.2%,
respectively. The prevalences in North America
are 4.3% in Canada [6] and 20% in the United
States [10], whereas in South America 4.5 and
9.5% in two different centers in Colombia [1] and
1% in Argentinia [13]. In Asia the frequencies are
given as 12% in Singapore [2] and 22% in India
[3]. A study on onychomycosis from Turkey [14]
reports the prevalence as 2.1%, but the study is
retrospective with no repeat cultures carried out.
The prevalences might change with the study of
larger population of patients and with consecutive
cultures from the same patient.

Reports show that mold onychomycosis is
more frequent in toe-nails than in finger-nails and
in the adult age, especially over 50 [1, 4, 9, 12, 13].
This situation can be prone due to more trauma
with age and footwear. The frequency according to
gender is controversial [12–14]. In the present
study, consistent with the data, [1, 4, 9, 12, 13]
mold onychomycosis was more frequent in toe-
nails than in finger-nails and over age 40. Of the
patients 76% were females.

Different molds such as Scopulariopsis brevi-
caulis; Fusarium, Aspergillus, Acremonium, Curvu-
laria, Chrysosporium, Penicillium, Alternaria spp.
and some others are reported as causative agents
of onychomycosis [1, 3, 7, 9–11, 14]. In Spain [7]

and Italy [9] S. brevicaulis is the dominant causa-
tive mold with 7.8 and 35%, respectively. In
Estonia Acremonium and Scopulariopsis spp. have
been the most frequent molds isolated in toe-nail
onychomycosis [11]. In America Fusarium spp.
seem to be the most frequent agents [1, 10]
attaining a frequency of 34.1% in the United
States [10]. In India Aspergillus spp. have the lead
with 86.4% [3]. A recent paper from Spain [8]
reports the increasing prevalence of Aspergillus
versicolor onychomycosis. Also in this study, like
in India [3], Aspergillus spp. are found to be the
predominating causative molds (32%), A. niger
showing a prevalence of 22% (Table 2). In con-
trast to our finding, in a previous study in Turkey
[14], S. brevicaulis was reported to be the most
frequent mold with a frequency of 1.9%. Also rare
molds such as Hendersonula toruloidea [15, 16],
Exophiala jeanselmei [17], and some others are
reported as causative agents. Data confirm a large
scope of molds as agents of onychomycosis with
therapeutic implications due to their possible drug
resistance [6, 18–21].

As shown in the present study, the definite
diagnosis of a ‘‘mold’’ onychomycosis is not as
easy as the diagnosis of onychomycoses due to
only dermatophytes and yeasts. In view of the
therapeutic implications of ungual infections due
to molds, laboratory staff should consider also
molds as agents in cases clinically prediagnosed as
onychomycosis, but not yielding dermatophyte or
yeast growth in culture. They should set up con-
secutive cultures from consecutive nail scrapings to
reach dependable laboratory results.
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