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is more predominant in �ngernails, especially in individuals whose 

hands are frequently immersed in water [3]. The most common 

NDMs associated with onychomycosis are Scopulariopsis brevi

caulis, Acremonium species, Aspergillus species, Fusarium spe-

cies, and Neoscytalidium [4, 5]. 

All members of the genus Elsinoë are specialized phytopatho-

gens that cause diseases in many plant hosts [6]. Here, we report 

the �rst clinical case of human onychomycosis caused by the El

sinoë species. 

CASE REPORT

In October 2020, a 63-year-old female with suspected onycho-

mycosis in her right great toenail, was referred to the dermatology 

department at Chung-Ang University Hospital. She was suffering 

from an ingrowing nail on which there was a signi�cant whitish 

discoloration with a subungual hyperkeratosis that caused color 

alteration and surface roughness. The pattern of nail involvement 

was recognized as distal subungual onychomycosis. The patient 

had no underlying diseases or history of trauma prior to the le-

sion. The causative pathogen for her onychomycosis was investi-

gated. 

INTRODUCTION

Onychomycosis, accounting for approximately 50% of nail dis-

eases, is a common chronic fungal infection of the nail plate or 

nail bed caused by dermatophytes, yeasts, and non-dermatophyte 

molds (NDMs) [1]. Owing to social factors, the appearance of a 

healthy nail has received great importance, thus increasing atten-

tion to the treatment of onychomycosis.

Most dermatophyte nail infections (60–70%) are caused by Tricho

phyton rubrum and Trichophyton mentagrophytes [2, 3]. Yeast 

onychomycosis is most likely caused by Candida species, which 
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Onychomycosis has been reported to be caused mainly by dermatophytes, yeast, and non-dermatophyte molds. Here, we report the first case of 
onychomycosis caused by Elsinoë species, which has been known as a phytopathogen that causes diseases in many plant hosts. The mold was iso-
lated from the right great toenail of a 63-year-old woman with no history of underlying diseases. Cultured colony morphology showed slow-grow-
ing, erumpent, cerebriform, brownish to black-colored colonies, characteristic of Elsinoë species. Internal transcribed spacer (ITS) and large sub-
unit (LSU) region sequence analyses were used for identification, and the results showed consistently high identity scores (>90%) for Elsinoë 
species. This is the first clinical case of Elsinoë species infecting a non-plant organism, particularly a human, as a host.
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Direct microscopic examination with 15% potassium hydroxide 

(KOH) showed no spores or hyphae. Toenail specimens were cul-

tured on two slants of Sabouraud dextrose agar with chloramphen-

icol at 25°C for 4 weeks, and fungal growth was con�rmed on the 

�rst inoculated slant. Subcultures were done on potato dextrose 

agar medium. The colony was very slow-growing (approximately 

12 mm diameter after 18 days) on potato dextrose agar. It had ir-

regular, erumpent, folded cerebriform surfaces with brownish to 

black, smooth, and sinuate margins (Fig. 1). The backside of the 

colony was greyish to black. The macroscopic morphology 

showed similarities with Elsinoë solidaginis. The fungus was mi-

croscopically examined using a lactophenol cotton blue stain. 

The conidiogenous cells were hyaline, smooth, and ampulliform 

to doliiform. The conidia were hyaline, smooth, aseptate, guttu-

late, and subcylindrical with obtuse ends (Fig. 2). 

PCR ampli�cation and sequencing analysis were performed for 

accurate identi�cation. The target ampli�ed regions included the 

internal transcribed spacer (ITS) and the large subunit (LSU) re-

gion. The universal primer ITS (ITS1/ITS4) was used for the 1,170 

base pair ITS gene amplicons for ITS sequencing. The sequence 

data was analyzed using a GenBank BLAST search [7]. All taxa 

showed identity levels up to 97%, which is often presented as a 

fungal species identi�cation threshold [8], and only Elsinoë spe-

cies showed an identity level higher than 90%: Elsinoë murrayae 

(GenBank MF099859.1; Identities=242/266 (91%), 4 gaps (1%)). 

Thus, the mold could be attributed to the family Elsinoaceae or 

genus Elsinoë; however, assigning this microorganism to a spe-

cies level was impossible. For LSU sequencing, primers NL1F (5′- 

GCATATCAATAAGCGGAGGAAAAG-3′) and NL4R (5′-GGTCC-

GTGTTTCAAGACGG-3′) were used, and a 556 base pair ampli-

con was obtained. The closest hits from LSU sequencing had high-

est similarity to Elsinoë banksiigena (GenBank NG_064552.1; Iden-

tities=523/556 (94%), 0 gaps (0%)), Elsinoë heveae (GenBank MH-

869112.1; Identities=520/556 (94%), 0 gaps (0%)), and Elsinoë faw

cettii (GenBank JN940385.1; Identities=516/556 (93%), 0 gaps (0%)). 

We subsequently performed RNA polymerase II subunit 2 (rpb2) 

and translation elongation factor 1-α (TEF1-α) gene sequencing. 

However, no signi�cant hits were obtained from BLAST. Speci�c 

primer sets for two previously reported Elsinoë species that caused 

citrus scab in the Republic of Korea, E. fawcettii (Efaw-1, Efaw-2) 

and E. australis (Eaut-1, Eaut-2, Eaut-3, Eaut-4, Eaut-5) [9], were also 

used for PCR ampli�cation; however, no ampli�cation was detected 

Fig. 1. Growth on potato dextrose agar (PDA) plate. A) The colony of 
the fungus on PDA after incubation at 25°C for 30 days. B) Single 
colony showing raised, erumpent, cerebriform, and sinuate margins.

A

B

Fig. 2. Direct microscopy showing conidiogenous cells and subcylin-
drical conidia (lactophenol cotton blue, 400×).
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from electrophoresis. Antifungal susceptibility test was implemented 

to de�ne the minimum inhibitory concentration using the Sensiti-

tre YeastOne (Thermo Fisher Scienti�c, MA) method based on 

broth microdilution. However, slow growth and poor sporulation 

did not allow the determination of minimum inhibitory concen-

tration.

Considering all the clinical characteristics and phenotypic and 

molecular experimental results, the patient was considered to have 

developed onychomycosis due to Elsinoë species, rather than E. 

fawcettii or E. australis. The patient rejected oral drug treatment, 

and therefore, she received a topical combination therapy of di�u-

cortolone valerate and isoconazole nitrate, which was applied twice 

daily for 3 months. This signi�cantly improved her toenail lesion. 

Later, the patient ground her whole toenail for cosmetic purposes, 

including the onychomycosis lesion; thus, further identi�cation 

and follow-up could not be performed. The patient denied any 

history of contact with plants, trees, or farmland.

DISCUSSION

An increasing prevalence of onychomycosis due to NDMs across 

the globe has been recently reported [10]. One study highlighted 

the importance of “pestalotioid fungi,” which is known as phyto-

pathogen, as the rare etiologic agent of onychomycosis and sug-

gested the keratinolytic potential of Pestalotiopsis species [11].

Species of Elsinoë are phytopathogens that cause scab and spot 

anthracnose on several plants. Plant disease symptoms are often 

easily recognized and are referred to as signature-bearing diseases 

because of the cork-like appearance of older infected tissues due 

to scabs [6]. Morphological characteristics of Elsinoë species are 

dif�cult to observe. Therefore, molecular techniques have become 

increasingly important for interpreting morphological variations 

[12]. E. fawcettii was isolated from citrus scabs grown on Jeju Is-

land, Korea [13]; however, few other species of Elsinoë have been 

reported in Korea [14].

Because of the lack of a de�nitive percentage sequence similar-

ity that could precisely indicate conspeci�c taxa, no single cutoff 

value has been universally established for species identi�cation 

across the kingdom of fungi [15]. A study showed that the taxono-

mic thresholds predicted for �lamentous fungal identi�cation at 

the genus, family, order, and class levels were 94.3%, 88.5%, 81.2%, 

and 80.9%, respectively, based on ITS sequences, and 98.2%, 96.2%, 

94.7%, and 92.7%, respectively, based on LSU sequences [16]. How-

ever, the optimal threshold can vary depending on which order 

or class the fungus belongs to. 

ITS is considered a useful locus for distinguishing most species 

of Elsinoë; however, the rpb2 and TEF1-α regions were reported 

to perform much better at species resolution [6]. In the case of E. 

banksiigena, based on a BLAST search of NCBIs GenBank nu-

cleotide database, the closest hits using the ITS sequence were 

found to be similar to that of other Elsinoë species, with 85% iden-

tities and 4% gaps. The LSU sequence showed higher similarity 

(identities=97% with E. quercusilicis). However, rpb2 showed 

lower similarity (identities=73% with E. pitangae), and no signi�-

cant hits were obtained from the tef1 sequence [17]. 

Therefore, there is a relatively low concordance of sequencing 

regions among different Elsinoë species. However, ITS and LSU 

sequencing consistently showed high identity scores (>90%) for 

Elsinoë species; the culture revealed a typical morphology of El

sinoë species. Although molecular characterization works well in 

most cases, the identi�cation of fungi should be made using a com-

bination of micromorphological, cultural, and molecular charac-

teristics [15]. In fact, when all these results were considered, the 

mold was concluded to be of the Elsinoë genus rather than E. faw

cettii or E. australis.

This study had several limitations. First, this case showed typi-

cal onychomycosis despite an unusual fungal species infection; 

however, further identi�cation of the infected lesion could not be 

implemented because of patient-related reasons. Second, antifun-

gal susceptibility testing was performed on the mold; however, 

the mold had a very slow growth rate, and the solubility was very 

poor, resulting in inconclusive results using broth microdilution 

methods. Third, the clinical signi�cance of the cultured isolate is 

unclear because of a lack of detailed histopathological examina-

tion and treatment course. However, the keratin of the nail bed 

below the lesion site was scraped directly for fungal culture, so 

the test is considered to have been accurately performed. Patho-

gens of Elsinoë species are rare in Korea, and no other pathogens 

have been identi�ed. Therefore, it is assumed that this cultured 

fungus was the only pathogen that caused onychomycosis in this 

case. 

In conclusion, we report the �rst onychomycosis caused by El

sinoë species infection; thus, this case is valuable for its novelty. 

Further studies are required to determine the species-level identi-
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�cation and antifungal susceptibility of the observed microbe. 

요 약

조갑진균증은 주로 피부사상균, 효모 및 기타 비피부사상균 등에 

의해 발생하는 것으로 알려져 있다. 본 증례 보고는 기존에 식물 

병원체로 알려진 Elsinoë 속의 진균이 처음으로 조갑진균증의 원

인균으로서 발견된 첫 사례이다. 기저질환의 병력이 없는 63세 여

성의 우측 엄지발톱에서 해당 진균이 분리되었으며, Elsinoë 속의 

배양 시 특징적으로 나타나는 느린 성장 속도와 돌출된 대뇌양의 

갈색에서 검은색의 집락을 보였다. 분자적 동정을 위해 ITS (inter-

nal transcribed spacer) 및 LSU (large subunit) 영역의 염기서열을 

분석하여 Elsinoë 속에 국한되어 높은 동일성 점수(>90%)를 갖는 

결과를 얻었다. 본 증례는 Elsinoë 속의 진균이 동물 숙주에 감염

된 최초의 임상 사례로 사료된다.
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