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Onychomycosis Caused by Blastoschizomyces capitatus
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Blastoschizomyces capitatus was cultured from the nail of a healthy patient with onychomycosis. The identity
of the isolate was initially established by standard methods and ultrastructural analysis and was verified by
molecular probing. Strains ATCC 200929, ATCC 62963, and ATCC 62964 served as reference strains for these
analyses. To our knowledge, this is the first case of nail infection secondary to paronychia caused by this
organism reported in the English literature.

Approximately 18 to 40% of nail disorders, including
chronic inflammation of the periungual tissue (paronychia),
are fungal infections (1, 2, 16, 21, 27). Fungal infections of the
nail (onychomycosis) are frequently caused by dermatophytes,
but nondermatophytic agents and certain yeasts are also in-
volved (13, 14, 24, 28). The yeasts most often responsible are
Candida spp., particularly Candida albicans. Other yeasts, such
as Candida parapsilosis, Candida famata, Candida krusei, Can-
dida guillermondi, and Candida zeylanoides are less frequently
isolated but are not uncommon, whereas Blastoschizomyces
capitatus has not yet been reported as an agent that causes
onychomycosis (19). B. capitatus may be recovered from the
soil, and it is also a normal constituent of human skin and of
the digestive and respiratory tracts. It has been recognized as
an emerging fungal pathogen in immunocompromised pa-
tients, particularly in those with hematologic malignancies (6,
18). Systemic infections have been observed in larger numbers
in Europe (85% of reported cases) than in North America
(10% of all cases). B. capitatus can be distinguished from other,
similar yeastlike species such as Geotrihum candidum and Tri-
chosporon beigelii because of its formation of annelloconidia at
the tip of a proliferating conidiogenous cell, its inability to
utilize urea, and its resistance to cycloheximide (23, 25, 26). We
describe here the first known case of onychomycosis secondary
to paronychia caused by B. capitatus in a healthy patient.

CASE REPORT

In March 1997, a 40-year-old female was referred to the
“Santo Spirito” General Hospital of Pescara, Pescara, Italy, for
onychomycosis with associated paronychia. Her right thumb-
nail showed signs of maceration, and there was irritation of the
skin surrounding the nail. Her history revealed that she was a
homemaker. She was used to performing household chores
without gloves, and at the medical examination her hands
showed evident signs of inflammation. The lateral nail-fold
area showed a yellowish discoloration that spread toward the

distal portion. Moreover, there was considerable subungual
debris. On the first visit the patient was not taking any topical
and/or systemic antimycotic drugs. Multiple specimens of par-
onychial scrapings and nail clippings from different parts of the
infected nail were collected for microbiological investigation;
in addition, debris was scraped from beneath the nail. After the
detection of B. capitatus, the patient was scheduled for two
more visits in order to confirm the microbiological diagnosis.
At the time of these visits, further specimens were collected.
The specimens revealed a yeastlike fungus morphologically
and physiologically consistent with B. capitatus. The patient
was then placed on fluconazole. Mycological cure (permanent-
ly negative KOH stains and cultures) was obtained after 6
weeks of treatment. Fluconazole administration was prolonged
for 6 more weeks, and up to now no relapse has been recorded.

MATERIALS AND METHODS

Evaluation of fungal infection of the nail. The following criteria were used to
assess the roles of fungi as nail pathogens (5): (i) clinical observation, including
onycholysis, erosion or thickening of the nail plate or nail bed with no other
known cause; (ii) positive microscopy revealing pseudohyphae and/or hyphae
with nail tissue penetration; (iii) culture of fungi and no other pathogens; and (iv)
reisolation of the fungus on successive patient visits with no isolation of a
dermatophyte or microscopic detection of dermatophytic elements in nail tissue.

Specimen collection and processing. Specimens from the lesions were repeat-
edly collected (on the first, second, and third visits) before the patient was treated
pharmacologically. The affected nail was cleaned with 80% ethanol, after which
the distal part of the nail was removed. By the clipping technique (15), several
small samples of the affected nail were taken with a scalpel and nail scissors and
were homogenized (31). Debris was scraped from beneath the nail. Paronychial
scrapings were also processed. Direct microscopic examination of clinical spec-
imens was accomplished after clearing of fungal elements with a 10% potassium
hydroxide solution. For fungal cultures, all samples were directly plated onto
Sabouraud glucose agar (SGA; Difco Laboratories, Detroit, Mich.) plates and
Dermatophyte Test Medium Agar (DTM; Difco) and were then inoculated into
Sabouraud dextrose broth (Difco). Fungal cultures were incubated in a humid-
ified chamber at 28 and 37°C in ambient air for 3 weeks to allow the isolation of
slowly growing fungi and were examined on a daily basis. Positive cultures were
processed for identification of fungi as soon as a positive culture was detected.
Other samples were cultured for bacteria by conventional methods (10). Further
samples were used to prepare tissue sections, which were stained with periodic
acid-Schiff (PAS) reagent. Ultrastructural analysis was performed by scanning
electron microscopy (SEM). For examination by SEM, the nail fragment was
fixed in 3% (vol/vol) glutaraldehyde solution in 0.1 M cacodylate buffer at pH 7.4
containing 0.2% ruthenium red for 24 h at room temperature. After three washes
in the same solution, the nail was postfixed in 1% osmium tetroxide and 1%
thiocarbohydrazide in distilled H2O for 2 to 4 h at room temperature with gentle
agitation (2, 17). The nail fragment was then dehydrated in graded ethanol. The
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sections were mounted on stubs with silver dag glue and were covered with gold
with an SCD040 Balzers sputterer. The specimen was finally observed by SEM
(Philips XL 30 CP).

Strain identification. The yeastlike isolates were identified according to mor-
phological characteristics and the biochemical profile. The cycloheximide resis-
tance of organisms was examined on Mycosel (BBL Microbiology System, Cock-
eysville, Md.) slants incubated at 30°C. Conidial morphology and ontogeny were
observed by use of 7- to 10-day-old potato dextrose agar (Unipath s.p.a., Gar-
bagnate Milanese, Milan, Italy) plates and cornmeal agar (Unipath) slide cul-
tures. Potassium nitrate assimilation was determined with a nitrate test medium
as reported by others (22). Biochemical tests were performed by using ID32 C
strips with an ATB reader (API System; BioMerieux Italia, Rome, Italy). Three
American Type Culture Collection (ATCC) strains of B. capitatus from humans
were used as reference strains (ATCC 62963, ATCC 62964, and our previous
blood isolate ATCC 200929). In vitro antifungal susceptibility tests were per-
formed according to the guidelines of the National Committee for Clinical
Laboratory Standards (20).

Keratinolytic activity. The isolates of B. capitatus were tested for their capa-
bility to digest keratin according to the method of Gottlich et al. (12).

DNA biotyping by REA. The nail isolates were examined by genomic DNA
restriction endonuclease analysis (REA), and the results were compared with
those for reference B. capitatus strains (ATCC 62963, ATCC 62964, and ATCC
200929). Independently, several single colonies of each B. capitatus isolate were
grown to the stationary phase in YPD medium (1% [wt/vol] yeast extract, 2%
[wt/vol] Bacto Peptone, 2% [wt/vol] dextrose; Difco) at 30°C in a horizontal
shaker incubator (Gallenkamp), and whole-cell DNA was prepared as described
previously (3). The following endonucleases were used: EcoRI, HindIII, BglII,
and HpaII (Boehringer Mannheim GmbH, Mannheim, Germany). Approxi-
mately 10 mg of total cellular DNA was incubated for 4 to 6 h at 37°C with 40 to
60 enzyme units. The fragments were separated by electrophoresis in a 1%
agarose gel (Bio-Rad) at 30 V overnight in TBE (Tris-borate-EDTA) buffer,
stained with ethidium bromide, and photographed with Polaroid type 667 film.

RESULTS

Direct microscopic examination with KOH showed yeast
cells and several hyphal elements in paronychial scrapings, in
nail plate specimens, and in subungual debris. PAS-stained

sections of these samples revealed the presence of small frag-
ments of fungal filaments with a few yeast cells. In particular,
the nail-plate specimen showed fungal elements that pene-
trated into the nail tissue. SEM examination of the thumbnail
showed annelloconidia that developed from conidiogenous
cells (Fig. 1). Neither direct and PAS-stained microscopic ex-
amination nor SEM showed fungal structures attributable to
dermatophytes. No bacterial growth was observed after culture
of the specimens by conventional methods. A pure growth of
several cream-colored yeastlike colonies was observed on
SGA. The microscopic observation of a small amount of
growth on SGA revealed arthroconidiumlike structures. The
characteristics of these colonies were compatible with those of
B. capitatus. A search for dermatophytes was negative for all
the specimens. Fungal isolates were unable to utilize potassium
nitrate as the sole nitrogen source, were unable to hydrolyze
urea on Christensen urea agar (Unipath), and were resistant to
cycloheximide on Mycosel (BBL Microbiology System). Direct
readings from the API system showed assimilation profiles
consistent with those of B. capitatus.

We compared the isolates with our previous clinical isolate
(ATCC 200929) and two more ATCC reference strains (ATCC
62964 and ATCC 62963). All these strains had identical mor-
phological and biochemical characteristics.

In terms of antifungal susceptibility, B. capitatus strains were
susceptible to fluconazole (MICs, 0.16 mg/ml), itraconazole
(MICs, 0.08 mg/ml), and amphotericin B (MICs, 0.004 mg/ml).
An analogous profile was detected for the ATCC reference
strains ATCC 62964 and ATCC 62963, whereas our previous
clinical isolate (ATCC 200929) was resistant to fluconazole
(MICs, .32 mg/ml).

FIG. 1. Annelloconidia developing from conidiogenous cells in thumbnail (A and B). (B) Enlargement of the image outlined in panel A.
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Keratin digestion studies showed that the B. capitatus iso-
lates did not possess keratinolytic properties.

A B. capitatus isolate was also examined by restriction frag-
ment length polymorphism (RFLP) analysis of whole-cell
DNA with four endonucleases (EcoRI, HindIII, HpaII, and
BglII), and the profiles were compared with those of the ATCC
reference strains of B. capitatus (ATCC 200929, ATCC 62963,
and ATCC 62964). For each endonuclease, the B. capitatus
isolate had an electrophoretic profile with the restriction frag-
ments that was similar to those of our previous clinical isolate
and strain ATCC 62964. On the contrary, ATCC 62963 was
clearly different. Figure 2 shows the results of RFLP analysis
with HpaII and BglII.

DISCUSSION

The role of nondermatophytic fungi as etiological agents of
onychomycosis is still controversial (14). It has been suggested
that in some cases nondermatophytic fungi penetrate and col-
onize nails as secondary invaders of material preconditioned by
the digestive activity of dermatophytes (29). Nonetheless, up to
25% of nails infected with a dermatophyte may fail to yield a
dermatophyte in culture from the first specimen taken (11).
This would erroneously lead investigators to attribute a causal
role to nondermatophytic yeast isolates. To overcome this
problem, in this study particular attention has been paid to
searching for dermatophytes from the patient’s lesion. Speci-
men collection was performed on three different occasions
before the patient was treated. This approach substantially
increased the chance of detecting dermatophytes (8, 11, 30).
Specimens were taken from different areas of the lesion to
minimize the problem of false-negative results owing to dor-
mant or dead hyphae, which are more frequently present in the
distal portion of the infected nail. Given that nonetiologic or
coinfecting yeasts may have a very strong suppressive effect on
the outgrowth of dermatophytes in culture, a semiselective
dermatophyte isolation medium (DTM) was also used, and all
colonies, which might have been dermatophytes, were subcul-
tured as soon as they appeared on the plate. Despite all these
efforts, no dermatophyte was isolated. Moreover, neither di-
rect and PAS-stained microscopic examination nor SEM
showed fungal structures attributable to dermatophytes. All

this evidence would confidently exclude the possibility of an
unrevealed infection with a dermatophyte.

On the contrary, other evidence was supportive of a causal
role for B. capitatus. The presence of fungal filaments with a
few yeast cells by direct microscopy and the development of
annelloconidia from conidiogenous cells as detected by SEM
were strongly suggestive of a true invasion of the nail by B.
capitatus (29). Repeat isolation of B. capitatus from the pa-
tient’s lesion is further evidence of an etiological role for this
yeast, according to the criterion of consistency of association of
the putative etiological agent with the disease. In fact, this
consistency is demonstrated by examination of one or more
successive repeat samples from the patient’s lesion and the
finding of the same nondermatophyte again. Such a finding
tends to indicate long-term colonization of the nail, implying
pathogenicity (29). Nonetheless, most investigators tend to feel
that yeasts, due to their lack of keratinolytic activity, are rarely
the primary cause of onychomycosis. However, given predis-
posing conditions, an opportunistic infection of the nail plate
by nondermatophytic fungi is quite possible. It has been re-
ported that nondermatophytic onychomycoses are usually sec-
ondary to chronic paronychia, leading to a diseased nail fold
and nail bed, which may house a great number of yeasts ready
to invade the damaged nail (4, 9). This is in line with our
findings. In fact, our patient had a primary paronychia result-
ing in the separation of the nail plate from the nail bed. This
provided an excellent “pocket” where moisture could collect,
and it is likely that B. capitatus, despite the lack of keratinolytic
activity, was able to multiply in this site and enter the damaged
nail plate, where it grew quite well and further contributed to
nail disruption. Moreover, the patient had been exposed to
constant contact with water and wet material, which has been
reported to be an important predisposing factor for nonder-
matophytic onychomycosis.

The molecular typing of the strain that caused the onycho-
mycosis provided a definitive identification of B. capitatus. In
fact, this strain was genetically indistinguishable from a previ-
ous isolate of B. capitatus from the same geographical area
(ATCC 200929) as well as one (ATCC 62964) of two more
ATCC reference strains. The difference in the REA profiles
observed between two ATCC strains (ATCC 62963 and ATCC
62964) which were apparently epidemiologically related sup-
ports the fact that our molecular typing system has sufficient
discriminatory power. Moreover, the comparison of the
genomic REA profiles obtained for B. capitatus in this study
with the profiles reported in our previous paper (7) revealed
identical results, even though the analyses were performed in
different laboratories, suggesting that the typing method has
very good reproducibility. This genomical relatedness, al-
though it is based on data for only a few isolates, also suggests
a common parental strain for the B. capitatus strains that cir-
culate in our area. The difference in terms of fluconazole
susceptibility between our previous isolates and the strain that
caused onychomycosis is to be attributed to the widespread use
of fluconazole in our hospital as a prophylactic and therapeutic
agent; this might have exerted a selective pressure, inducing
the appearance of a resistant strain of B. capitatus. In conclu-
sion, the spectrum of microorganisms responsible for nail in-
fections should be expanded to include B. capitatus, which,
although rare, should be taken into proper consideration when
assessing the etiology of onychomycosis secondary to paro-
nychia.
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