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Abstract
Background: Non-dermatophytic onychomycoses repre-
sent 1.45–17.6% of all fungal nail infections. Epidemio-
logical studies have shown that Aspergillus spp. are
emerging fungal agents of toenail onychomycosis. In-
deed, after Scopulariopsis spp. the genus Aspergillus is
the second most common agent of non-dermatophytic
onychomycosis. The diagnosis and treatment of toenail
onychomycosis caused by non-dermatophyte moulds
are not always straightforward. Objectives: The aims of
this study were to describe the clinical appearance of
toenail onychomycosis due to Aspergillus spp., to inves-
tigate the pathogenetic role of these agents and to evalu-
ate the efficacy and safety of weekly intermittent terbina-
fine (500 mg/day for 1 week each month for 3 months) in
the treatment of these patients. Patients and Methods:

Mycological study of 2,154 patients with onychodystro-
phy revealed 1,228 onychomycoses (57%) including 71
cases due to non-dermatophytic fungi (5.6%). Non-der-
matophytic onychomycosis caused by Aspergillus spp.
represented 2.6% of all onychomycoses. The subjects

were 34 patients (22 females, 12 males, age range 30–82
years) observed between September 1999 and Decem-
ber 2001, with toenail onychomycosis caused by Asper-
gillus spp. confirmed by standard techniques (micro-
scopic examination and culture according to the criteria
of English), histological examination of nail clippings
and scanning electron microscope examination of the
cultures whenever necessary. Results: The clinical fea-
tures suggesting onychomycosis due to Aspergillus spp.
are chalky deep white nail, rapid involvement of lamina
and painful perionyxis without pus. Standard mycologi-
cal tests (direct microscopy and fungal culture) and histo-
logical examination confirmed the pathogenetic role of
Aspergillus spp. in onychomycoses. In particular, the his-
tological examination was positive in 28 cases (82%) and
useful in identifying typical aspects of Aspergillus spp.
nail infections. At the follow-up, 12 months after the start
of therapy with pulsed terbinafine, clinical and mycologi-
cal recovery was confirmed in 30 of the 34 patients
(88%). Conclusions: Treatment of non-dermatophytic
onychomycosis with terbinafine usually requires at least
3 months of continuous systemic therapy. Our study of
34 patients confirms that terbinafine is particularly effec-
tive in the treatment of Aspergillus spp. nail infections
and that a pulsed regimen is more economical and less
demanding.

Copyright © 2004 S. Karger AG, Basel
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Introduction

Dermatophyte fungi and yeasts are commonly in-
volved in the aetiopathogenesis of onychomycoses, but
non-dermatophytic moulds may also be prime agents of
nail infections. Many recent reports have documented
different opportunistic moulds as possible aetiological
agents of nail infections. The main molds involved in ony-
chomycosis as primary pathogens include: Scopulariopsis
brevicaulis, Fusarium spp., Aspergillus spp., Acremonium
spp., Scytalidium spp. [1–5]. But many other moulds that
are usually considered common saprophytes can excep-
tionally parasitize the ungual lamina directly [6, 7].

The identification of non-dermatophytic moulds as
pathogens must be carried out rigorously, as these fungi
may be frequently isolated from water, air, soil and vege-
tation and are found as a contaminant in the laboratory.
Moreover, once the diagnosis of non-dermatophytic ony-
chomycosis is certain, it must be considered that these
infections may be more resistant to the usual systemic
antifungals [8–10]. In the treatment of non-dermatophyt-
ic onychomycosis, systemic drugs have generally been giv-
en as continuous therapy, but the optimal dosage and
duration of therapy have not yet been established.

Aspergillus spp. are regarded as emerging fungal agents
of toenail onychomycosis, and topical therapy does not
seem to be effective; in contrast, systemic treatment with
continuous terbinafine or pulsed itraconazole is very
effective [10]. Because the risk-benefit consideration is
important in systemic antifungal therapy, in the present
study, we chose an intermittent regimen of oral terbina-
fine for 3 main reasons: (1) terbinafine is particularly
effective against Aspergillus species [11–13]; (2) effective
concentrations of terbinafine persist in the nail making
weekly administration of the drug possible [14, 15];
(3) terbinafine is well tolerated, and side-effects and drug
interactions are rare.

Patients and Methods

A survey of onychomycosis was conducted by our Mycology Out-
patient Service from September 1999 until December 2001. A total
of 2,154 patients with onychodystrophy were examined with the aim
of selecting cases of nail infection by Aspergillus spp.

Nail samples were taken with nail clippers cutting the affected
nail along the border with the healthy part. Diagnosis of onychomy-
cosis was confirmed by positive potassium hydroxide preparation
(KOH 40%) of the ungual fragments. A mycological culture of 10
inoculates of nail fragments, incubated for 2 weeks at 27 °C, was per-
formed on Sabouraud dextrose agar with and without chlorampheni-
col and cycloheximide, according to standard techniques. When an

Aspergillus spp. strain was isolated, the patient was called again to
obtain further nail samples in order to repeat the direct microscopy
and culture test twice, according to English’s criteria. This procedure
excludes false-positive results, since the same contaminant mycetes
do not generally grow at a second inoculation. Moreover, in cases of
difficult identification we used Czapek Dox agar. Identification of
mycetes was based on the macroscopic and microscopic appearance
of cultured colonies. When necessary, the fine morphology of the
mycete was examined by scanning electron microscopy of cultures
(for example to characterize rugous conidia of Aspergillus ochra-
ceus).

Another portion of the nail samples was processed for histological
examination and stained with periodic acid-Schiff.

Once the diagnosis of onychomycosis due to Aspergillus spp. was
certain, we excluded all the patients who had received systemic anti-
fungal therapy in the previous 3 months or topical antifungal therapy
in the previous month. The number of patients enrolled was 34. They
were treated with 500 mg/day oral terbinafine for 1 week per month
for 3 months. No topical antifungal agents were used during the
course of treatment. Routine blood chemistry (haematology, liver
function and kidney function tests) was carried out before and after
therapy.

After the therapy, patients were evaluated every 2 months until
complete clinical and mycological recovery. Direct microscopic ex-
amination and culture were performed at the end of therapy and eve-
ry 2 months during the follow-up. The follow-up continued for 12
months after the end of therapy.

Results

Of the 2,154 patients with onychodystrophy, 1,228 had
onychomycoses (57%), 71 of which were due to non-der-
matophytic fungi (5.6%). In 34 cases (22 females, 12
males, aged 30–82 years), the non-dermatophytic onycho-
mycosis was caused by Aspergillus spp. (2.6% of all cases
of onychomycosis). Details of the 34 cases are shown in
table 1. The big toenails were more affected. In most of
these patients, more than 50% of the surface of the nail
was affected. Moreover, some patients presented with 2 or
more ungual laminas involved in this mycotic infection.
The prevalent clinical features were distal-lateral onycho-
mycosis and total or striated deep leuconychia (fig. 1). In
the cases of total leuconychia, we observed paronychia
with pus (fig. 2). None of the patients had tinea pedis. All
34 patients were otherwise healthy and not immunode-
pressed. On anamnesis, most of these patients were accus-
tomed to go barefoot in the garden or to put on sandals.

Direct microscopic examination showed wide, ramif-
ied, septate hyphae associated with single or grouped con-
idia in most samples. Conidiophores with the typical
radiating conidial heads were observed directly only in a
few cases.
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Table 1. Clinical features of toenail
onychomycosis and strains of Aspergillus
spp. identified in toenail samples

Patient
No.

Sex/age Clinical features Site Agent

1 F/48 DLS R Aspergillus versicolor
2 M/30 DLS, paronychia L Aspergillus fumigatus
3 F/79 Leuconychia, paronychia R III Aspergillus alliaceus
4 F/66 DLS L Aspergillus terreus
5 F/76 DLS, paronychia III bilateral Aspergillus terreus
6 F/40 Total leuconychia, paronychia L Aspergillus candidus
7 F/62 WSO L III Aspergillus ochraceus
8 F/50 DLS R Aspergillus niger
9 F/55 DLS RL Aspergillus fumigatus

10 F/34 DLS, paronychia R III Aspergillus flavus
11 M/55 DLS Numerous Aspergillus fumigatus
12 F/51 DLS, moderate paronychia III bilateral Aspergillus fumigatus
13 F/52 Leuconychia,deep dark discoloration R Aspergillus niger
14 M/71 DLS, moderate paronychia R Aspergillus flavus
15 F/70 DLS Numerous Aspergillus fumigatus
16 F/56 DLS R Aspergillus fumigatus
17 F/82 Total leuconychia, paronychia L Aspergillus alliaceus
18 M/49 DLS R III Aspergillus fumigatus
19 M/71 Spotted dark discoloration RL Aspergillus niger
20 F/65 DLS R Aspergillus fumigatus
21 M/48 DLS RL Aspergillus fumigatus
22 F/59 DLS, moderate paronychia R Aspergillus fumigatus
23 M/47 Leuconychia,deep dark discoloration RL Aspergillus niger
24 F/32 WSO R III Aspergillus flavus
25 M/47 Striated deep leuconychia L Aspergillus terreus
26 F/67 Total leuconychia, paronychia RL Aspergillus alliaceus
27 M/77 DLS, spotted dark discoloration R Aspergillus niger
28 M/62 DLS R Aspergillus niger
29 F/56 Proximal leuconychia, paronychia RL Aspergillus alliaceus
30 F/42 Leuconychia, paronychia L III Aspergillus terreus
31 M/68 DLS R, R II Aspergillus ochraceus
32 M/30 Leuconychia,deep dark discoloration R Aspergillus niger
33 F/57 Total leuconychia, paronychia Numerous Aspergillus alliaceus
34 F/48 Striated deep leuconychia L Aspergillus candidus

DLS = Distal-lateral subungual form; WSO = white superficial form; R = right big toenail;
L = left big toenail.

Histological examination was positive in 28 cases
(88%). In these nail specimens, the infection due to Asper-
gillus spp. showed large, deep purple, double-walled vesi-
cles associated with coarse, irregular fungal filaments
(fig. 3). Aspergillus niger was recognized by the character-
istic melanic round borders (conidial heads; fig. 4)

Once the diagnosis of onychomycosis due to Aspergil-
lus spp. had been made, the patients were treated with
pulsed oral terbinafine (500 mg/day, for 1 week/month for
3 months). Four patients discontinued therapy, 2 due
to forgetfulness and 2 because of gastro-intestinal side-

effects. Paronychia and pain in patients with total ony-
chodystrophy and in patients with proximal subungual
onychomycosis disappeared at the second pulse of treat-
ment. No severe adverse events were observed during
therapy, and blood chemistry was normal. At the 12-
month follow-up, 30 patients (88%) had achieved clinical
and mycological recovery.
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Fig. 1. Striated deep leuconychia in onychomycosis caused by Asper-
gillus candidus.
Fig. 2. Total chalky deep white nail with paronychia due to Aspergil-
lus alliaceus.
Fig. 3. Large, deep purple, double-walled vesicles in a histological
preparation of a nail infected with Aspergillus spp. Septate hyphae
are visible in the strains with the most intense coloring. Periodic
acid-Schiff. !1,000.
Fig. 4. Histological examination of onychomycosis due to Aspergil-
lus niger, showing melanic round borders (conidial heads). Periodic
acid-Schiff. !1,000.
Fig. 5. Onychomycosis caused by Aspergillus niger: leuconychia and
deep dark discoloration.

1

3

2

4

5



108 Dermatology 2004;209:104–110 Gianni/Romano

Discussion

Aspergillus is a large genus of common ubiquitous
saprophytic molds often isolated from soil and air sam-
ples. A few species are involved in different human
mycoses, although these fungi are normally considered
common contaminants: in immunosuppressed patients,
especially Aspergillus fumigatus and Aspergillus flavus
may cause pulmonary aspergillosis, invasive aspergillosis
and occasionally pseudomembranous tracheobronchial
aspergillosis [16]. Aspergilloma can be observed in immu-
nocompetent patients with pre-existing lung cavities.
Some species may cause allergic bronchial aspergillosis
resulting from a hyperergic immune reaction [17]. Asper-
gillus spp. may also occasionally be involved in otitis,
sinusitis, cutaneous aspergillosis and in vitro tests have
shown that they may also colonize hair [18]. Regarding
onychomycosis due to Aspergillus spp., the first cases were
reported in the 1940s by Bereston and Kiel [19] and by
Moore and Weiss [20], who documented primary inva-
sion of the nail by Aspergillus spp. Additional supportive
evidence was provided later by Kaben [21] and Walshe
and English [22].

In the last few years, cases of onychomycosis due to
Aspergillus spp. have been reported more and more fre-
quently by various authors, both as single case reports
[23–26] and also and above all in epidemiological studies
on non-dermatophyte onychomycoses [2–4, 27–31]. In
most of the latter, the main non-dermatophyte mould
involved in onychomycosis as primary pathogen appears
to be Scopulariopsis (1.4–6% of all nail mycotic infec-
tions), whereas cases of onychomycosis caused by Asper-
gillus spp. are reported with varying frequency depending
on geographic area and the criteria used by mycology lab-
oratories. Moreover, in different studies, a few species of
Aspergillus have been documented as aetiological agents
of non-dermatophytic onychomycosis in vitro and in
vivo.

In the studies reported in the literature, the clinical fea-
tures of onychomycosis sustained by Aspergillus spp. are
often described resorting generically to the categorization
into 1 of 3 clinical forms, i.e. distal-lateral subungual,
white superficial and proximal subungual onychomyco-
sis. In the individual case reports, a few clinical features
have been described that we have also observed in our
patient population, such as proximal subungual onycho-
mycosis with paronychia [25] and striated deep leucony-
chia or dark spots [26]. One of the objectives of this study
was the identification of distinguishing clinical features
that could show or at least strongly suggest that the infec-

tion was due to Aspergillus spp. Nearly all our patients
presented with at least 1 of the following 3 clinical fea-
tures suggesting non-dermatophytic onychomycosis due
to Aspergillus species: chalky white nail (spotted-striated
areas or total leuconychia), rapid involvement of lamina
and painful perionyxis without pus. When the patient pre-
sented with deep spotted or striated white areas primarily
affecting the lunula or the distolateral area, the infection
subsequently spread throughout the lamina. In some cases
of leuconychia due to Aspergillus niger, black ventral
areas were observed on obtaining nail clippings, and the
nail colour was the same as that of the mould observed in
culture: black on one side and white on the other (fig. 5).
In all our cases, the patient reported rapid extension of the
infection, unlike what occurs with dermatophytic onycho-
mycoses. In the 14 patients in whom we reported a generic
clinical description of the distal-lateral or white superfi-
cial form (table 1), the rapid progression of the infection
was the only sign that could induce us to suspect that the
infection was non-dermatophytic and due to Aspergillus
spp. Another particular characteristic that we found ex-
clusively confined to non-dermatophytic onychomycoses
due to Aspergillus spp. or Fusarium spp. was painful per-
ionyxis without pus. In our patient population, deep or
proximal leuconychia associated with painful inflamma-
tion of periungual tissues was always due to Aspergillus or
Fusarium spp.

In any case, the various species of Aspergillus involved
can be associated with different clinical pictures of ony-
chomycosis. For instance, in all the cases due to Aspergil-
lus candidus and Aspergillus alliaceus we found chalky
white nails, whereas the most common clinical picture in
onychomycoses due to Aspergillus fumigatus was the dis-
tal-lateral subungual form, which could not be distin-
guished from dermatophytic infection based on clinical
findings alone, independently of the presence of perionyx-
is. Finally, we have observed deep black areas only when
nails were invaded and colonized by Aspergillus niger.

Another objective of this study was to investigate and
describe histological findings in onychomycosis due to
Aspergillus spp. In the studies reported in the literature on
non-dermatophytic onychomycoses and more specifically
on onychomycoses due to Aspergillus spp., histological
examinations were not performed or only branching hy-
phae associated with spores were described to support the
outcome of standard mycological tests. In the present
study, the pathogenic role of Aspergillus spp. in onycho-
mycosis was demonstrated by standard techniques (mi-
croscopic examination and culture according to the crite-
ria of English) and histological examination, which re-
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vealed particular characteristics in periodic acid-Schiff
staining, which have been partly described elsewhere [32,
33]. Histological examination was positive in 28 cases
(88%). In these nail specimens, the infection due to Asper-
gillus spp. showed coarse, irregular, ramified, septated
fungal filaments often associated with large, deep purple,
double-walled vesicles (fig. 3). Aspergillus niger was asso-
ciated with similar histological findings, but could be rec-
ognized by means of the characteristic melanic round bor-
ders around the vesicles (conidial heads; fig. 4) This par-
ticular histological picture could induce the suspicion that
the infection was due to Aspergillus niger immediately,
provided that clinical features suggesting onychomycosis
were present, such as leuconychia or deep dark discolora-
tion. Indeed, in all cases of onychomycosis due to Asper-
gillus niger, we were able to identify the species of Asper-
gillus before the outcome of the culture was available.
This confirms the usefulness of nail histopathological
observations for the diagnosis of onychomycosis.

Total or disto-lateral onychomycoses of the toenail
caused by non-dermatophytic moulds may be difficult to
eradicate. Terbinafine is a well-known antifungal agent of
the allylamine class. Its efficacy, primarily fungicidal,
against Aspergillus spp. has been widely demonstrated in
vivo and in vitro in onychomycosis [34–38] and also in
cases of refractory pulmonary aspergillosis [39] and asper-
gillosis of the external auditory canal [40]. In vitro it has
been demonstrated to be more effective than amphoteri-
cin B and 5-flucytosine against different strains of Asper-

gillus spp. alone or in combination with azoles [11, 12].
The in vitro activity of terbinafine is superior to itracona-
zole against various species of Aspergillus [13], but clinical
correlations are sporadic.

Following oral administration, terbinafine is absorbed
rapidly and distributed throughout the body, including
the poorly perfused nail matrix. Its persistence at effective
concentrations in nails makes weekly administration of
the drug a real option. Terbinafine has a high affinity for
keratinized tissue: it reaches the nail bed within a week of
starting therapy and persists in the nail plate for at least 30
weeks after the end of treatment [14, 15]. The effective-
ness of pulsed terbinafine therapy in dermatophytic ony-
chomycosis has recently been demonstrated [41–45]. The
pulsed regimen has the advantage of a lower total dose of
the drug and easier administration.

Moreover, we wish to point out that paronychia and
pain resolved completely in patients with total onycho-
dystrophy at the second pulse of treatment with systemic
terbinafine. According to us, this rapid result is probably
due to the combination of the anti-inflammatory and
antifungal activities of terbinafine, as other authors have
already suggested [46–48].

In conclusion, our results show the particular efficacy
of short intermittent pulsed courses of terbinafine for nail
infections due to Aspergillus spp. The correct diagnosis of
non-dermatophytic onychomycosis caused by Aspergillus
spp. enables a pulsed regimen, which is more economical
and less demanding than continuous therapy.
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