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Ungual hyalohyphomycosis caused by Fusarium cugenangense
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Abstract

2Noguchi Dermatology Clinic, Kumamoto, Fusarium onychomycosis is uncommon in the temperate climate zone of Japan.
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1 | INTRODUCTION 8 species complexes. Among these, the Fusarium solani and

F oxysporum species complexes (ie, FSSC and FOSC) ac-
Members of the genus Fusarium, which are ubiquitous soil count for approximately 60% and 20% of all Fusarium infec-
inhabitants and plant-pathogenic moulds, cause superficial tion cases, respectively.' Onychomycosis caused by Fusarium
and invasive opportunistic infections in humans. More than species is one of the common nondermatophyte onychomy-
70 human-pathogenic Fusarium species primarily belong to coses in South America but not in temperate regions.2 We
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herein report a Japanese case of ungual hyalohyphomycosis
caused by F cugenangense, a member of the FOSC, that was
successfully treated with the topical application of an efina-
conazole solution.

2 | CASE REPORT

A 45-year-old male construction worker in Kumamoto,
Japan, presented in January 2017 with a whitish discolora-
tion at the base of his left big toenail and painful paronychia
that he had first noticed 1 month previously (Figure 1A).
His father was diabetic. He had also been treated with ipra-
gliflozin in combination with metformin for type 2 diabetes
since 2015. Because he did not comply with his treatment,

FIGURE 1
onychomycosis with paronychia on the left

A, Proximal subungual

big toenail. B, Clinical and mycological
cures were attained in 12 mo

FIGURE 2 A, Acropetal and
intercalary chlamydoconidia (Zoomblue™
fungal staining solution, Hisamitsu
Pharmaceutical Co., Tokyo, Japan, original
magnification X 400). B, Septate hyphae
and chlamydoconidia (periodic acid-Schiff
staining, original magnification X 400)

his blood glucose fluctuated and was uncontrolled (hemo-
globin Alc level, 6.8%). His complete blood count was
within normal range, and an HIV test was negative. Blood
chemistry tests showed slightly increased liver enzyme
levels.

A direct microscopic examination of the nail speci-
men revealed acropetal and intercalary chlamydoconidia
(Figure 2A). A histopathological study revealed septate
hyphae and chlamydoconidia (Figure 2B). Plate culture on
Sabouraud dextrose agar (SDA; Nissui Plate Code 51 033,
Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) at 30°C for
3 weeks yielded a whitish floccose to felty colony with a
pinkish-gray reverse (Figure 3A). Slide culture on SDA re-
vealed septate hyphae, conidiophores, phialides, and ellipsoi-
dal microconidia (Figure 3B).
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FIGURE 3 A, Plate culture of
Fusarium cugenangense, a white floccose
colony with pinkish-gray reverse, on
Sabouraud dextrose agar (SDA). B, Slide
culture on SDA, showing ellipsoidal
microconidia accumulating around

the tips of the phialides and along the
hyphae (lactophenol cotton blue, original
magnification X 400)

DNA FIGURE 4 The phylogenic tree of
F cug (MH485011)
‘ F. cugenangense (MH485012)
{7 F carminascens (MH485028)

F oxysporum species complex on the EF1-a

gene using the neighbor-joining method

I glycines (MH485033)

Clade Ill

F duoseptatum (MHA84987)
F elacidis (MH484961)

F. gossypinum (MH485000)
L i’i F fabacearum (MHA485030)
E callistephi (MH484966)

F.. oxysporum (MH485044) Clade V

F. libertatis (MH485035) Clade Il

F. veterinarium (MH484990) Clade VII

F. hoodiae (MH4850209) Clade IV
F. languescens (MH484971) Clade VI
F. nirenbergiae (MH484978) Clade VIII

(MH484969) Clade |

F. udum (MH484957, outgroup)

I odoratissi

0.005
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TABLE 1 MICs for Fusarium cugenangense strain

AMPH-B AMF EFCZ SFC FLCZ ITCZ KCZ MFG MCZ VRCZ

MIC (ug/mL) 1 >16 0.5 >64 64 >16 64 0.06 16 2 2
Evaluation S IL S IL IL, 1L, IL S IL S S

Antifungals TRF

Abbreviations: SFC, 5-fluorocytosine; AMF, amorolfine; AMPH-B, amphotericin B; EFCZ, efinaconazole; FLCZ, fluconazole; ITCZ, itraconazole; KCZ,
ketoconazole; L, low sensitive; MCZ, miconazole; MFG, micafungin; S, sensitive; TRF, terbinafine; VRCZ, voriconazole.

The fungal DNA was extracted using the DNA the Agarose Gel DNA Purification Kit (Qiagen, Valencia, CA,

Extraction Kit, Dr. GenTLE™ (Takara Bio Inc Ltd., Shiga,
Japan); the translation elongation factor 1-alpha (EFI-)
gene was amplified using the primers EF1 (5'-ATGGGT
AAGGARGACAAGAC-3") and EF2 (5'-GGARGTACCAGT
SATCATGTT-3")"; and the PCR products were purified using

USA) and sequenced using the BigDye™ Terminator Cycle
Sequencing Ready Reaction Kit (Applied Biosystems, Foster
City, CA, USA) on an Applied Biosystems 3130 Genetic
Analyzer (Applied Biosystems), according to the manufac-
turer's instructions. The base sequence of the EF1-a gene
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had 100% homology (402/402bp) to that of F cugenangense
CBS 130 304 (GenBank Accession No. MH485012), CBS
130308 (MH485011), and CBS 131 393 (MH485019). Thus,
we identified the isolate as F cugenangense N. Maryani, L.
Lombard, and Kema et Crous (MycoBank MB826807)
(Figure 4).3

The patient was diagnosed with ungual hyalohyphomy-
cosis caused by F cugenangense using 3 or more out of these
6 major criteria: identification of mould in the nail by direct
microscopy, isolation in culture, repeated isolation in cul-
ture, inoculum counting, failure to isolate a dermatophyte
in culture, and histology.2 Antifungal susceptibility testing
of the isolate was performed according to the Clinical and
Laboratory Standard Institute M38-A2 protocol. Since the
minimum inhibitory concentration (MIC) breakpoints of
Fusarium species were not established,* we evaluated drug
susceptibility referring to the MICs for Fusarium species.5
The F cugenangense strain was susceptible (MICs: <2 pg/
mL) to amphotericin B, efinaconazole, micafungin, terbi-
nafine, and voriconazole, and was low or less susceptible
(MICs: >16 pg/mL) to amorolfine, 5-fluorocytosine, fluco-
nazole, itraconazole, ketoconazole, and miconazole (Table
1). Six-month treatment with 10% efinaconazole solution
cured the disease after 12 months (Figure 1B). As of March
2020, no recurrence of onychomycosis or paronychia has
been detected.

3 | DISCUSSION

Fusarium species are opportunistic pathogens that cause
locally invasive cellulitis and disseminated infection in an
immunocompromised patient.6 However, Fusarium onycho-
mycosis usually occurs in healthy individuals in the absence
of trauma or dystrophic abnormalities. An ex vivo study
showed that F oxysporum could invade the healthy human
nail, resulting in biofilm formation.” In J apan, 17 cases of un-
gual hyalohyphomycosis caused by Fusarium species (male,
n = 9; female, n = 8; mean age, 55.4 years old) have been
reported, mainly in immunocompetent individuals (Table 2).
Two patients had diabetes, and one had scleroderma. The af-
fected sites were the fingernails, toenails, and both in 4, 11,
and 2 cases, respectively. Three patients (17.6%) had paro-
nychia. The pathogens were F oxysporum, F cugenangense,
F solani, F proliferatum, and F verticillioides in five, one,
three, three, and three cases, respectively.

Fusarium cugenangense was described in 2019 as a new
species causing Fusarium wilt in banana plants. Using mul-
tilocus phylogenetic inference and subtle morphological dif-
ferences with the newly established epitype of F oxysporum
as a reference point, 15 cryptic taxa were resolved and de-
scribed as a species, including F cugenangense.3 Cugenang

in Indonesia, where the species epithet is derived from,® has
a tropical climate with an average temperature of 19.7°C and
annual precipitation of 2,669 mm (1.05 inches) (Koppen cli-
mate classification Af). Kumamoto is located in the south
end of the Japanese archipelago and has a subtropical cli-
mate (Cfa) with an average temperature of 17.2°C and annual
precipitation of 1,986 mm (0.78 inches). Geographically, the
southwest Japanese archipelago and the islands of Java are
both on the edge of Eurasian plate where many earthquakes
and volcanic eruptions occur.

Onychomycosis caused by Fusarium species is resistant to
terbinafine or itraconazole. Both itraconazole and terbinafine
pulse therapies were only partially effective on Fusarium on-
ychomycosis, and their clinical cure rates were 52% (13/25
nails) and 50% (4/8 nails), respectively.9 Treatment modal-
ities include nail avulsion, surgical debridement, and com-
bination therapy with oral and topical antifungal agents.10
An amphotericin B solution (2.0 mg/mL in a 1:1 mixture of
DSMO and isopropyl alcohol) was applied in Switzerland."!
In Japan, five patients were successfully treated with antifun-
gals (itraconazole, n = 2; efinaconazole, n = 2; voriconazole,
n = 1), and the proportion of patients cured with antifungals
was 29.4% (5/17 cases).12 The MIC of efinaconazole against
Fusarium species is lower than that of itraconazole.'*!?
Moreover, efinaconazole shows a broad spectrum of anti-
fungal activities and is expected to be effective for nonder-
matophyte onychomycosis due to Candida, Aspergillus, and
Fusarium species.13 The topical efinaconazole is a promising
medicine for not only tinea unguium but also nondermato-
phyte onychomycosis.
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