
Contents lists available at ScienceDirect

Medical Mycology Case Reports

journal homepage: www.elsevier.com/locate/mmcr

Biological properties of Phoma macrostoma related to non-dermatophyte
onychomycosis

Elena Kukhara, Ainura Smagulovab, Vladimir Kiyanb,∗

a Department of Microbiology and Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan
b Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan

A R T I C L E I N F O

Keywords:
Onychomycosis
Opportunistic invasive pathogen
Mycelium
Pycnidia
Conidia

A B S T R A C T

We report a rare case of non-dermatophytic onychomycosis of the toenail caused by Phoma macrostoma. Was
studied the biological properties of the strain isolated in Kazakhstan. P. macrostoma forms pink colonies, the
reverzum is pink-orange. The mycelium is colorless, septate. The appearance of growth tubes from pycnidos-
pores occurs within 12 hours, mycelial growth and branching after 18 hours, the appearance of pycnids is 48
hours. The saccharolytic and urease activity of the strain is low.

1. Introduction

Onychomycosis is the most common nail disease. Most cases are
caused by dermatomycetes Trichophyton rubrum, T. mentagrophytes and
Epidermophyton floccosum [1]. In chronic paronychia and onycholysis,
the disease causes by Candida albicans [2]. Mycelial mold fungi of the
genera Aspergillus spp., Fusarium spp., Acremonium spp., Scopulariopsis
brevicaulis, Scytalidium spp. can be also cause nail damage. Mixed in-
fections are often encountered, caused simultaneously by dermato-
phytes, mold and/or yeast [3–5]. It is believed that fungi have weaker
keratinase and proteinase activity compared with dermatomycetes,
which determines their secondary importance in the etiology of ony-
chomycosis [6].

Phoma spp. (synonym Didymella macrostoma) [7] is a diverse group
of organisms that are ubiquitous; commonly found in soil, organic
matter, plants and water sources, are phytopathogens. Diseases caused
by fungi of the genus Phoma spp. called fomosis. The most famous is P.
exigua, the causative agent of potato fomosis, P. rostrupii - causative
agent of carrot fomosis, and P. betae is the causative agent of beet fo-
mosis. Phoma spp. is contaminated seeds, nuts, soy, potatoes, bananas,
sorghum, corn, kiwi, lemons, tomatoes, eggplant and pomegranates
[8–12]. There are reports of pathologies caused by fungi of the genus
Phoma spp. in patients with immunosuppression [13]. Phoma spp. can
transform from opportunistic to pathogenic organisms upon contact
with the corresponding host [14]. It was reported that this species is an
opportunistic invasive pathogen in humans and animals. The number of
infections caused by Phoma spp. increases with the development of
medicine, primarily due to an increase in the number of patients at risk

of immunodeficiency [15]. The incidence of diseases caused by Phoma
spp. is constantly increasing, and the representative of Phoma herbarum
is among the five most common types of coelomycetes [7,13].

For the first time in the Republic of Kazakhstan, we have established
a case of onychomycosis caused by the opportunistic invasive pathogen
Phoma spp. isolated from pathological material. The basic biological
properties of the opportunistic pathogen of onychomycosis were stu-
died and its species affiliation was established.

2. Case

A 32-year-old male patient, during primary sanitization in the de-
partment of narcology, an extensive lesion of the left 1, 2, 3, 4, 5 fin-
gernail and right first fingernail was revealed in the form of opacifi-
cation and thickening; signs of foot mycosis. Fingernails have a lesion
that was 1/3 of the surface at the 2 to 5 toes on the left foot and 2/3 of
the surface at the first toe of both feet. Fingernails are dirty-gray color,
dull, thickened due to subungual hyperkeratosis, crumbling at the free
end. The skin of the feet is thickened due to hyperkeratosis, in the in-
terdigital spaces noticeable flaking and peeling skin, the presence of
vesicles with serous-purulent contents, an unpleasant odor. The patient
does not work anywhere, has been abusing alcohol about 15 years, and
has never been treated for mycosis of the feet or onychomycosis.

Nail clippings from different parts of the affected toenail were col-
lected on day 0 after proper sterilization of the affected area with 70%
alcohol and transported to the mycology research laboratory,
Microbiology and Biotechnology Department at S.Seifullin Kazakh
Agrotechnical University, for examination by culture method.
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During the initial isolation of the pathogen (1 day) and upon ob-
taining a pure culture, the surface cultivation of the fungus was carried
out at a temperature of 28 °C for at least 18 day until the formation of
characteristic colonies. Mycological diagnosis was performed at +20
days. To study the cultural and morphological properties of the isolated
Phoma macrostoma fungus strain were used agar media (Sabouraud's
medium, Chapek's medium, and media based on honey and corn)
(Fig. 1).

Colonies grow rapidly on Sabouraud agar, and are wrinkled,
velvety, intensely pigmented, pink-orange, diameter 6.3 × 6.0 cm, and
often largely submerged in the medium. From the front, colonies are
initially white (0.5 cm) and later become brown. The center of the
colony is unevenly raised. From the reverse, they are dark brown
(Fig. 1A). Colonies on honey-agar are smooth, velvety-fluffy, diameter
6.8 × 5.8 cm, with pronounced zoning. From the front, colonies are
initially unpainted (0.8 cm) with a pronounced growth zone of colorless
mycelium. The middle of the colony is velvety, pale pink; the central
region is intensely pink with secondary foci of white mycelium growth.
From the reverse, they are light pink (Fig. 1B). On honey-agar the co-
lonies are small, shapeless and brownish, diameter 4.0 × 3.8 cm. The
central region is dark brown (Fig. 1C). On Chapek's medium are formed
small and pale pink colonies, diameter of 3.9 × 3.3 cm, more intensely
colored in the center, almost colorless by half the diameter (Fig. 1D).

The growth characteristics of the mycelium strain were studied by
agar block method. Phenotypic identification was performed using the
determinant of microorganisms (Sutton D. at el., 2001) [16]. Micro-
scopic structure of the P. macrostoma strain is characterized by devel-
oping of the septate, branching and colorless mycelium passing into
conidiophores (Fig. 2.1). Conidiophores had different lengths (short
and long), in the structure are more thickened than mycelial hyphae,
multicellular (Fig. 2.2). Mature pycnidia are large, round to pyriform
and deeply immersed in agar (Fig. 2.3). Pycnidia are dark in color and
bear phialides at their inner lining, with one to several openings - os-
tioles (Fig. 2.4). Picnospores come from mature pycnidia as mucoid
droplet mass.

Genomic DNA was extracted from fungal strain using liquid ni-
trogen and phenol-chloroform extraction method, and the genomic
DNA was analyzed by electrophoresis on 1% agarose gel. The ITS region
on rDNA was amplified by using specific primers ITS4 (5′-TCCTCCGC
TTATTGATATGC-3′) and ITS5 (5′-GGAAGTAAAAGTCGTAACAAGG-3′)
(Integrated DNA Technologies, Inc., USA) and received the PCR product
with size of 526 bp. The PCR reaction was done in a SimpliAmp thermal
cycler (Applied biosystems) under the following conditions: an initial

denaturation set up at 94 °C for 5 min was followed by 35 cycles of
denaturation at 95 °C for 30 sec, annealing at 52 °C for 40 sec and
extension at 72 °C for 50 sec, with a final extension step of 72 °C for 7
min. The sequencing was done by using BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) and the sequence was deposited in
GenBank with accession no. MN701978.1 (ITS). These sequences were
compared with other sequences in the GenBank by using the BLAST
analysis. The phylogenetic analysis was carried out with MEGA 6
software.

At +21 days, oral lamisil (250 mg/day) in combination with topical
terbinafine cream (1%), twice per day were given for a further 3
months. At +31 days, the patient visited the dermatology out-patient
department; his fingernails were not completely cured, KOH micro-
scopy of nails revealed fragments of mycelial filaments. After discharge,
the patient did not visit the dermatology out-patient department of
hospital after the last therapy, for that reason the patient medical
condition cannot be confirmed.

3. Discussion

In the present study, we isolated a fungus strain from the toenail of a
32-year-old man that was assigned to the genus Phoma (synonym
Didymella). We confirmed the identification of our isolate to species
level as Didymella macrostoma (synonym Phoma macrostoma) (accession
no. MN701978.1) by DNA sequence analysis. A nucleotide BLAST
search with 582 bp showed a maximum homology of 96% with Phoma
spp. of China origin (FJ176472.1), 95% with USA D. macrostoma strains
(MH854608.1), 92% with New Zealand P. macrostoma strains
(DQ474097.1) and with P. macrostoma from USA (DQ474072.1)
(Fig. 3).

According to Bennett A. et al. fungi of the genus Phoma can be
potentially pathogenic for plants, animals and people [17]. Indeed, in
2007, Faisal M. et al. described two cases of outbreaks of phaeohy-
phomycosis in the chinook salmon grown in the hatchery (Oncor-
hynchus tshawytscha) caused by Phoma herbarum [18]. Recently, an
immunocompromised population increases, so do the reports of these
infections. Human infections by coelomycetous fungi are becoming
more frequent and range from superficial to systemic dissemination.
The number of infections caused by Phoma spp. increases with the de-
velopment of medicine, primarily due to the increase in the number of
patients at risk of immunodeficiency conditions.

Medical advances have allowed for the increase the number of
organ transplant operations, chemotherapies and other im-
munosuppressants to treat malignancies, which have resulted in a
greater population at risk when exposed to diverse fungi including
Phoma spp [17].

Fig. 1. Macroscopic appearance of cultured colony of P. macrostoma on
Sabouraud agar (A), honey-agar (B), corn-agar (C) and Chapek's medium (D).

Fig. 2. Microscopic structures of Phoma macrostoma like the mycelium is sep-
tate, branching and colorless (1); conidiophores are long, thick and multi-
cellular (2); pyriform pycnids (3), ostiole (4), Scale bar = 50 μm.
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The first case of human infection caused by Phoma spp. was regis-
tered in 1973. Young N.A. et al. revealed the causative agent in a
subcutaneous abscess in a patient after kidney transplantation and
using mycological and histological methods confirmed his affiliation
with Phoma spp [15]. In 1981, Bakerspigel A. et al. reported a case of
isolation a strain of the soil-borne fungus P. eupyrena from the skin of an
18-month-old boy who had a crusting, erythematous, perioral eruption
[19].

Tullio V. et al. (2010) reported about three cases of foot dermato-
mycoses caused by filamentous fungi are described in im-
munocompetent subjects. Among the pathogens, which were identified
under a light microscopy, processed in a 20% KOH solution, cultured in
Mycobiotic agar and Sabouraud dextrose agar containing chlor-
amphenicol was P. herbarum, Chaetomium globosum and Microascus ci-
nereus [13].

Annually, there are reports of diseases caused by Phoma spp. Proof of
this is the data of cultural-morphological and molecular genetic studies
provided by various authors [17]. The results of determining the dis-
tribution of the coelomycetes in clinical samples by a phenotypic and
molecular study of a large set of 230 isolates received from a U.S. re-
ference mycological institution identified P. herbarum and D. hetero-
derae as among the five most prevalent pathogens [7].

Our research has expanded the list of lesions in people caused by
fungi of the genus Phoma. Onychomycosis of the fingernail plate
identified as D. macrostoma (synonym P. macrostoma), was detected in a
patient of a narcological clinic.

The culture of P. macrostoma, which caused damage to the patient's
fingernail plate, was distinguished by characteristic features, not de-
scribed earlier. During the first day, the surface cultivation on honey
and Sabouraud agar was noted the formation of a colony with a deli-
cate-pink tinge, gradually acquired a pronounced pinkish-orange color.
The substrate is also painted in a delicate-pink color. On the corn-agar,
the formation of velvety light to dark-brown colonies was noted.
Similar colonies are described by Sutton D. et al. [16].

In the thickness of the agar, a colorless, septate, grayish mycelium
growth was noted. On the third day of growth on the hyphae were
formed “alternarioid” chlamydospores and spherical pycnids with os-
tioles. It should be noted the presence of a lot of characteristic short and
rare long-thick conidiophores, not characteristic of Phoma spp. The in-
creasing volume and ripening, spherical pycnidia changed shape to
pyriform, due to the allocation of oval pycnospores in the form of a
mucous mass. The conidia accumulation on the pycnidia was in the
form of droplets, which gradually distributed along the growth of my-
celial filaments, into the space between the hyphae. Biochemical

analysis revealed low enzymatic activity of the strain: low saccharolytic
activity and practical absence of urease activity.

Phoma spp. identification remains controversial and difficult, since
the form of damage to the toenail plates is similar with onychomycosis
caused by pathogens T. rubrum, T. interdigitale and Candida spp [20].
The identification is performed using morphological characteristics in
vitro: colony color, size and shape of pycnidia, conidiophores and
chlamydospores, rate and nature of the formation of structures on agar
media. These signs must be considered when differentiating from other
pathogens. The presence of unicellular or multicellular alternarioid
chlamydospores arranged in the form of chains of dark brown color
requires differentiation from Alternaria spp. or Stemphylium spp. Rela-
tively reliable morphological criteria are the presence of pycnids, their
shape and the outlet on them. Also characteristic is the mucus-like
accumulation of pycnidospores at the pycnidic membrane and between
mycelial hyphae.

In conclusion, we report the case of onychomycosis of a toenail of a
young addict male caused by P. macrostoma. Identification of the causal
agent was confirmed by molecular methods. Drug addiction is likely to
be a predisposing factor in our reported case.
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