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ABSTRACT

Fusarium spp. are the common onychomycosis pathogens in non-dermatophyte molds, and are considered resistant to many
antifungal agents. We reported onychomycosis of the fingernail caused by Fusarium solani in Vietnam. The minimum inhib-
itory concentration of terbinafine against the tested isolate was 1pg/ml, which was the lowest of all antimycotic agents. The
patient was successfully treated with a daily dose of 250mg terbinafine for two months, and no recurrence occurred after a
one-year follow-up. Antifungal susceptibility testing is recommended in Fusarium onychomycosis.
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INTRODUCTION

Onychomycosis is a disease caused by fungal
pathogens that leads to nail discoloration, thickness,
and separation from the nail bed. Dermatophytes,
yeasts, and non-dermatophyte molds (NDMs) are the
causative agents of the disease, although NDMs are
less responsible for this disease than dermatophytes
(1, 2). The Aspergillus spp., Scopulariopsis brevicau-
lis, Fusarium spp., Acremonium spp., Scystalidium
dimidiatum, and Scystalidium hyalinum are the most
commonly isolated NDMs associated with onycho-
mycosis (1, 3-7). Fusarium is a saprophytic fungus
found in the environment. The species complexes
encountered in onychomycosis are Fusarium solani,
Fusarium oxysporum, Fusarium fujikuroi, and Fu-
sarium dimerum, of which Fusarium solani complex

is the most common etiologic species (2). Predispos-
ing factors for Fusarium onychomycosis may include
age, gender, nail traumatic injury, diabetes, hyper-
tension, HIV, and autoimmune disease (2). However,
this fungus can cause the primary infection without
risk factors (2, 8). Infection often affects the big toe-
nails with the common clinical subtype of distal-lat-
eral subungual onychomycosis (DLSO) (2).
Fusarium onychomycosis is difficult to cure with
antifungal agents and has a high failure rates even
after a prolonged course of systemic antifungal or
topical therapy. As NDMs onychomycosis has been
increasingly reported (1, 2), the clinical subtype and
use of antifungal agents in Fusarium infections have
gained the attention of mycologists and dermatolo-
gists worldwide (2, 9, 10). This case report focuses
on antifungal susceptibility testing and patient fol-
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low-up after treatment to contribute to the choice of
treatment for Fusarium nail infection.

CASE PRESENTATION

A 35-year-old nurse visited the Department of Clin-
ical Dermatology at the Hue University of Medicine
and Pharmacy Hospital in July 2021. She had a lesion
on her right ring finger with a whitish discoloration at
a distal-lateral nail corner, then the infection invaded
the nail bed and gradually spread across the width of
the nail plate, resulting in onycholysis. The nail dam-
age occurred seven months before the clinical exam-
ination, with no history of trauma or related diseases
and no contact with animals. She had taken the con-
traceptive pills five years ago.

The clinical dermatologic examination revealed
DLSO (Fig. 1A). Nail scrapings were collected and
examined with a potassium hydroxide preparation.
Microscopic examination revealed an abundance of
septate hyaline hyphae (Fig. 2A), and some elements
resembling fungal conidia (Fig. 2B). Nail samples
were initially cultured on Sabouraud Dextrose Agar
medium supplemented with chloramphenicol at 28°C.
Colonies grew rapidly within five days and formed
a rich, cream-colored mycelium. Subsequently, the
fungi were subcultured into Potato Dextrose Agar
(PDA) medium. After three days, the fungal colony
exhibited dense, smooth, white mycelium (Fig. 3A);
and the reverse color was reddish in the center and
yellow in peripheral areas (Fig. 3B). Microscopically,
the septate hyaline hyphae were 4-5 microns in di-
ameter and branched at acute angles with numerous
microconidia and sparse macroconidia. The micro-
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conidia were hyaline, unicellular to bicellular, cylin-
drical to oval, and formed long lateral phialides. The
macroconidia were fusiform, cylindrical, moderately
curved, and three-four septate (Fig. 3C). Based on the
morphology, the primary fungal identification was
the F. solani species complex.

Deoxyribonucleic acid (DNA) of fungi was extract-
ed, and polymerase chain reaction (PCR) was per-
formed to amplify the internal transcribed sequences
(ITS) rDNA region, as our previously published (11).
Trichophyton rubrum ATCC 28188 was used as a
positive control. The presence of a specific band of
around 550 bp was considered a DNA detection target
(Fig. 4).

The amplicons were sent for purification and se-
quencing at the 1st Base DNA Sequencing Service,
Malaysia. The new sequence was analyzed using
BLAST in GenBank. Then, this sequence was aligned
with Bioedit 7.2.5 to check the similarity with refer-
ence isolates, including MH865999 Fusarium sola-
ni and NR_130690 Fusarium keratoplasticum. The
result showed that this isolate was Fusarium solani.

Fig. 2. Microscopic characteristics of nail scrapes: (A). Sep-
tate hyaline hyphae;
(B). Hyphae with a part element like conidia.

Fig. 1. Patient fingernail (with the arrow): (A). At the beginning of treatment;
(B). After two months of treatment; (C). One-year follow-up after treatment.
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Fig. 3. Fungal cultivation characteristics: (A), (B). Macroscopic morphology on PDA, (C). Microscopic morphology in Lac-

tophenol cotton blue staining at 400x magnification.

Fig. 4. Electrophoretic patterns PCR: M. 100 bp marker;
C(+). Positive control
C(-). Negative control; FI. fungal isolate.

Our ITS sequence has been deposited in the Genbank
database under accession number OP164798.

The minimum inhibitory concentrations (MIC)
values of antifungal agents, including itraconazole
(Sigma-Aldrich), voriconazole (AK Scientific, Inc,
USA), amphotericin B (Sigma -Aldrich), caspofungin
(Sigma-Aldrich), and terbinafine (Sigma -Aldrich)
were determined to this isolate using the broth mi-
crodilution assay mainly according to the protocol
of EUCAST (E.Def. 9.4) for molds (12). A. fumigatus
ATCC 204305 was used as a quality control strain.

The result showed that the MIC values of this
isolate were >8 pg/ml for itraconazole, 8 pg/ml for
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voriconazole, >8 pg/ml for amphotericin B, >8 g/
ml for caspofungin, and 1 pg/ml for terbinafine. The
patient was treated with oral terbinafine at a dose of
250mg per day for two months. The patient’s fol-
low-up showed that the damage to her fingernail
gradually regressed, with significant recovery after 2
months (Fig. 1B). At 1-year follow-up, there was no
relapse (Fig. 1C).

DISCUSSION

Non-dermatophyte molds are thought to be respon-
sible for 10% of all onychomycosis cases (1). Fu-
sarium species have been considered the common
causative agent of onychomycosis caused by NDMs
(3-6). According to a review by Uemura et al. there
is a difference in the geographic distribution of these
fungal species isolates in Fusarium onychomycosis,
with the F. solani complex being the most common
fungal group in Asia and Africa, while the F. oxyspo-
rum complex was most abundant in Europe (2).

F. solani identified by molecular technique in this
case report is consistent with Fusarium species found
in previous studies from other countries (2, 4, 6, 13).
Although toenails are commonly affected by Fusari-
um onychomyecosis (2), the site of infection in this pa-
tient is the fingernail with the lesion of discoloration
and onycholysis. DLSO is the most common clinical
subtype of Fusarium onychomycosis (2), which is
also seen in this report. Risk factors for NDMs on-
ychomycosis include climate, age, gender, occlusive
footwear, hyperhidrosis, local nail damage, chronic
skin illnesses, family history of onychomycosis, oc-
cupational exposures, and comorbidities in special
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patient populations (diabetes, peripheral vascular
disease, and immunosuppression) (6, 7). However,
this patient did not exhibit a previous history of all of
the above risk factors. Considering to patient’s med-
ical history of taking a contraceptive pill, although
the side effects related to fingernail onycholysis have
been noticed in a previous publication in 1976 (14), it
is not certain that this is an underlying condition in
this case since there are the differences in the com-
ponent of contraceptive drugs in the past and today.
The virulence and pathogenesis of Fusarium, in-
cluding the production of mycotoxins, proteases, and
collagenases, as well as fungal biofilm, have been in-
vestigated (10, 15). A study of Fusarium spp. biofilm
by Galletti et al. found that Fusarium solani isolated
from onychomycosis patients was more virulent than
the other Fusarium species tested (16). In addition,
fungal biofilms are also the factors that make them
resistant to disinfection and antifungal drugs (15).
Although the result of Fusarium antifungal suscep-
tibility testing varies in different studies, the clini-
cal relevance of these in vitro data is not clear (1, 2).
The study by Haghani et al. showed that Fusarium
spp. isolates were susceptible to new triazoles such
as luliconazole, lanoconazole, amphotericin B, and
voriconazole; in contrast, itraconazole and caspo-
fungin were not effective at all against Fusarium
(6). In the report of Rosa et al. high MICs values of
amphoterin B, voriconazole, itraconazole, and ter-
binafine were observed for Fusarium solani isolates
(13). In the present case, in vitro testing suggested
that this fungal isolate was resistant to itraconazole,
voriconazole, caspofungin, and amphotericin B; and
was susceptible to terbinafine. The data of antifun-
gal testing from the studies by Haghani (6) and Rosa
(13) and from this present report are show in Table 1.

ONYCHOMYCOSIS BY FUSARIUM SOLANI

Since Fusarium spp. susceptibility varies widely,
this demonstrates the importance of antifungal sus-
ceptibility testing for selecting the right drug.

Post-treatment follow-up showed that the nail le-
sion was healed after two months of treatment with
terbinafine 250 mg per day for two months, and there
was no recurrence after one year, which is consistent
with in vitro testing.

CONCLUSION

We reported successful treatment of F. solani ony-
chomycosis with terbinafine supported by antifungal
susceptibility testing. It was concluded that sensitiv-
ity testing for Fusarium nail infection should be im-
plemented to choose appropriate drugs.
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