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Summary The black yeast genus Exophiala is known to cause a wide variety of diseases in

severely ill individuals but can also affect immunocompetent individuals. Virulence

markers and other physiological parameters were tested in eight clinical and 218

environmental strains, with a specific focus on human-dominated habitats for the

latter. Urease and catalase were consistently present in all samples; four strains

expressed proteinase and three strains expressed DNase, whereas none of the strains

showed phospholipase, haemolysis, or co-haemolysis activities. Biofilm formation was

identified in 30 (13.8%) of the environmental isolates, particularly in strains from

dishwashers, and was noted in only two (25%) of the clinical strains. These results

indicate that virulence factors are inconsistently present in the investigated Exophiala

species, suggesting opportunism rather than pathogenicity.
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Introduction

Pathogens are ecologically defined as organisms that

take advantage of a mammalian host at any stage of

their life cycle to enhance their fitness, whereas oppor-

tunists are organisms that are able to survive in the

host only due to coincidental similarities of the host

tissue with its own natural niche. A pathogen is there-

fore hypothesised to be well-adapted to the host

through correlated trait evolution. In contrast, for an

opportunist, the host tissue needs to be only minimally

compatible; therefore, the organism can survive under

non-optimal conditions through resource tracking over

a sloppy fitness landscape.1

Despite the gamut of infections in immunocompe-

tent patients caused by black yeast and related taxa,2

little is known about their virulence determinants.3–7

Members of the genus Exophiala are able to dissemi-

nate in an apparently healthy host and cause fatal dis-

ease,2 but do not seem to possess factors that enhance

entry to the host; indeed, Exophiala infections are often

implantation diseases generated by trauma. Among

the generally known virulence factors are those associ-

ated with morphogenesis, including phenotypic

switching; production of phospholipases, proteinases,

and esterases; siderophores; and adherence and biofilm

formation.8,9

Outside of a human host, members of the genus

Exophiala are frequently encountered in human-made

environments, including creosote-treated wood such as

that found in railway sleepers,10–15 as well as in hot

and humid, nutrient-poor environments such as

Turkish and Finnish saunas,16 bathrooms,17

dishwashers3,18,19 and washing machines.20 Some

Exophiala species also occur on rocks,21 and in drink-

ing and ground water.22 The ability to colonise a high
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diversity of extreme environments has been referred to

as ‘polyextremotolerance’.23 In general, Exophiala spe-

cies seem to evade habitats that are occupied by com-

petitors and are thus pushed into nutrient-poor, toxic,

or otherwise extreme environments.

The virulence of Exophiala may differ significantly

between closely related species.24 Some species are

strictly saprobic (e.g. E. crusticola), some are rare

opportunists (e.g. E. heteromorpha and E. xenobiotica),

whereas others are found regularly on the

human host (e.g. E. dermatitidis and E. phaeomuri-

formis).13–15,18,19 Clinical studies revealed that

E. dermatitidis may be more virulent than E. phaeomu-

riformis, regardless of the anatomical site of infec-

tion.25 Recently, Seyedmousavi et al. [24] reviewed

the known pathomechanisms and host defence mecha-

nisms in Exophiala infection.

In this study, we evaluated a number of characteris-

tics that are generally associated with infection, i.e.

the potential of biofilm formation and the secretion of

hydrolytic enzymes (acid-proteinase, phospholipase,

DNase, urease, catalase and haemolytic and co-haemo-

lytic activities). In addition, we examined the assimila-

tion patterns of the same Exophiala species using a

commercial API ID32C kit, to describe the basic meta-

bolic traits of the fungi.

Materials and methods

Strains analysed

A total of 218 environmental Exophiala isolates [114

from dishwashers (52.3%) and 104 from oak railway

sleepers (47.7%)] were tested, including 42 refer-

ence environmental strains from the CBS-KNAW

Fungal Biodiversity Center, Utrecht, The Nether-

lands, as follows: 137 E. dermatitidis (genotypes A, B,

and C [95 : 27 : 15]), 54 E. phaeomuriformis, 14

E. crusticola, and 13 E. heteromorpha (Table 1). The

strains were previously identified using internal tran-

scribed spacer (ITS)-sequencing (Refgen Biotechnology,

Ankara, Turkey), genotyped, and their physiological

characteristics were determined.13–15,18,19 All strains

are stored in the Division of Mycology at C�ukurova
University, Adana, Turkey. In addition, clinical isolates

of seven E. dermatitidis strains and one E. castellanii

strain were examined, which were obtained from the

CBS collection, Utrecht, The Netherlands (Table 2).

Acid-proteinase activity

Proteinase activity was analysed by measuring the

zone of clearance on bovine serum albumin agar med-

ium, as previously described.26 A suspension of each

Exophiala test strain was prepared in a broth of yeast

extract, peptone and glucose; the final density was

adjusted as McFarland Standard No. 0.5. Turbidity

was measured using McFarland densitometry. A 10-ll
aliquot of this suspension was placed on a sterile paper

disc placed on the surface of the bovine serum albu-

min agar medium (pH 5.0), and the plates were incu-

bated at 30 °C for 6 days. Plates were observed daily

for an increasing opacity around the discs caused by

growing fungi, and transparent zones around the colo-

nies were measured.

Phospholipase activity

Phospholipase activity was analysed using an egg-yolk

agar method described by Price et al. [27] and modi-

fied by Samaranayake et al. [28]. Test isolates were

grown on Sabouraud glucose agar (Merck, Darmstadt,

Germany) with the density adjusted to 1–2 9 106,

and 1-ll aliquots were transferred to the egg-yolk

agar. The plates were incubated at 37 °C for 48–72 h.

Table 1 Distribution of environmental Exophiala isolates accord-

ing to sample type.

Isolate

Sample type

TotalDishwasher Railway sleeper

E. crusticola – 14 14

E. dermatitidis genotype A 44 51 95

E. dermatitidis genotype B 23 4 27

E. dermatitidis genotype C 11 4 15

E. heteromorpha – 13 13

E. phaeomuriformis 36 18 54

Total 114 104 218

Table 2 Characteristics of clinical Exophiala dermatitidis isolates

used in this study.

CBS No Genotype Substrate of isolation Country

115663 B Endotracheal aspirate Doha, Qatar

424.67 A – Germany

581.761 A Disseminated

chromomycosis

–

686.92 A Blood culture Hannover, Germany

120429 A Cystic fibrosis Finland

120473 A Brain infection USA

109154 A Fatal brain infection South Korea

149.90 A3 Cystic fibrosis Aachen, Germany

1Exophiala castellanii.

© 2016 Blackwell Verlag GmbH

Mycoses, 2016, 59, 343–350344

H. Sav et al.



Phospholipase activity was determined by dividing the

colony diameter by the diameter of the precipitation

zone (Pz) around the colony formed on the plate.

Phospholipase activity was graded as follows: Pz = 1,

absent; Pz = 0.64–0.99, moderately positive;

Pz ≤ 0.63, strongly positive.29

Haemolysis activity

Haemolytic activity was examined using Columbia

agar supplemented with 5% bovine (CBA) and Colum-

bia agar supplemented with 5% bovine (COA) erythro-

cytes (Besimik, Istanbul, Turkey). Plates were

incubated at 27 °C for 7 days. To increase haemolytic

activity, strains were additionally incubated at 36 °C
for 1–5 days. Haemolytic activity was measured

macroscopically, and test results were recorded each

day.30,31

CAMP factor

The Christie, Atkins, and Munch-Peterson (CAMP) test

was performed using CBA and COA media (Besimik).

Exophiala isolates were inoculated on the medium at a

single point using a needle. The tester strains: (i) a b-
haemolytic strain (Staphylococcus aureus ATCC 25923);

(ii) an a-haemolytic strain (Streptococcus pneumoniae

ATCC 6303) and (iii) a non-haemolytic strain (Entero-

coccus faecalis ATCC 29212) were intersected in

straight lines across the plate, at a distance of 10 mm

from the border of the colony, using the edge of a

loop, and then were incubated at 27 °C for 1–7 days.

CAMP-like reactions were examined daily for 7 days.

The presence of a distinct arrowhead of haemolysis at

the intersection between the tester strain and the test

Exophiala streaks was considered as positivity.31,32

Biofilm formation

Biofilm formation was tested with a modification of

the crystal violet staining method described by Toledo-

Arana et al. [33]. Briefly, one colony of each isolate

was placed into a tube containing 2 ml of brain-heart

infusion broth (BHIB) with glucose (0.25%). Tubes

were incubated at 37 °C for 24 h, and suspensions

were diluted at a ratio of 1 : 20 in freshly prepared

BHIB with glucose. A 200 ll aliquot of this dilution

was added to each well of a microplate. After incuba-

tion for 24 h at 37 °C, the microplate was rinsed

three times with phosphate-buffered saline (PBS) and

then inverted to blot, and 200 ll of 1% crystal violet

was added to each well. After incubation for 15 min

at room temperature, the microplate was again rinsed

three times with PBS. Next, 200 ll of an ethanol: ace-

tone mixture (80 : 20 w/v) was added to each well.

The plates were read at 450 nm using a plate reader

(Biotek ELx808, USA). The percent transmittance (%T)

value of each test sample was subtracted from the %T

value of the reagent blank to obtain a measure of the

relative amount of light blocked by the sample (%

Tbloc). Biofilm production by each isolate was assessed

as negative (%Tbloc, <5), +(%Tbloc, 5–20), ++(%Tbloc,

20–50) or +++(%Tbloc, >50).

DNase

To detect extracellular DNase production, plates of

DNase Test Agar (HiMedia, Mumbai, India) were pre-

pared.34 All samples were plated on DNase medium

and incubated at 30 °C for 7 days. The plates were

then flooded with 1N hydrochloric acid and the clear

zones formed around the colonies were measured.

Urease activity

Urease activity was investigated as described by Chris-

tensen [35]. Strains were inoculated in urease test

medium (Sigma, Milan, Italy) and incubated for

3 days at 25 °C. Discoloration was monitored and

when the medium became pinkish, the strain was

recorded as urease-positive.

Catalase activity

Samples of 20-ll were added to cuvettes containing

0.1% hydrogen peroxide in 1 ml of 50 mmol l�1

KPO4, pH 7.0. The rate of hydrogen peroxide decom-

position at 37 °C was recorded as the decrease in

absorption at 240 nm, and activity was calculated

based on the initial rate (up to 20 s). One unit was

defined as the decomposition of 1 lmol of hydrogen

peroxide per minute.36

Nutritional physiology

The API ID 32C Yeast Identification System

(bioM�erieux, Marcy L’Etoile, France) was applied, con-

sisting of 32 cupules with 29 different carbon source

substrates, one susceptibility test (cycloheximide), and

a negative control. A test for esculin activity is also

included in the system and was employed in this

study. The system was modified for use with melanised

fungi, which included an extended culture incubation

time of 3 days.37 API strips were used according to
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the manufacturer’s instructions, with manual inocula-

tion. The culture was grown on malt extract agar

(Merck, Darmstadt, Germany) and black colonies were

covered and placed in API suspension medium. Final

turbidity was adjusted to the equivalent of McFarland

Standard No. 2, and the suspension was distributed to

each cupule. Strips were examined visually, and

growth was determined to be positive or absent based

upon the presence or absence of turbidity in the wells.

Numerical profiles were constituted from the reaction

patterns and were used to obtain identifications with

the identification software.

Quality control strains

As controls, proteinase activity was determined for

quality control (QC) strain Candida albicans CBS 2730

as ++, and phospholipase activity was determined for

QC in C. albicans SC 5314 as +. Biofilm activity was

measured for the QC strain ATCC C. albicans 92228 as

+ (%Tbloc, 5–20). DNase and catalase activities were

determined for QC strain Staphylococcus aureus ATCC

25923 as +, and urease activity was determined for

QC strain Proteus mirabilis ATCC 29906 as +.

Statistical analysis

Distributions of data were tested with the Shapiro–
Wilk test. Two-group comparisons were evaluated

with the Mann–Whitney U test, and multiple-group

comparisons were evaluated with Kruskal–Wallis

analysis of variance with post hoc Tukey HSD assess-

ment for pairwise comparisons. In comparisons of

categorical variables, the Pearson chi-squared test

was used. Data analysis was conducted with R STUDIO

software, and the significance level was accepted as

P < 0.05.

Results

Virulence factors

Proteinase activity was observed as (+) in four E. der-

matitidis isolates (genotypes A and C [3 : 1]) from

dishwashers (n = 2) and oak-wood sleepers (n = 2).

DNase activity was detected in only three of 218 envi-

ronmental isolates, which were restricted to E. der-

matitidis genotype A and dishwasher isolates.

However, none of the clinical Exophiala isolates

showed DNase and proteinase activities. All strains

studied showed urease and catalase activity, but none

showed phospholipase, haemolytic and co-haemolytic

activities. Proteinase, phospholipase and biofilm forma-

tion characteristics of the 218 environmental and

eight clinical Exophiala isolates are summarised in

Table 3.

Biofilm forming ability was determined in 30

(13.8%) environmental Exophiala isolates, including

25 dishwasher isolates and five oak-sleeper isolates,

which represented a statistically significant difference

(P < 0.05). Specifically, the numbers of biofilm-positive

isolates were 21 for E. dermatitidis (70%), eight for

E. phaeomuriformis (26.7%) and one for E. heteromor-

pha (3.3%). Notably, biofilm activity was commonly

observed in genotypes C and A of E. dermatitidis and

E. phaeomuriformis isolates respectively. The highest

biofilm activity was observed in E. dermatitidis geno-

type C, and this difference was statistically significant

(P < 0.05). Biofilm activity was not detected in any of

the strictly environmental E. crusticola isolates, and

only in one of the E. heteromorpha isolates. Two clini-

cal strains, namely E. dermatitidis CBS 109154 (geno-

type A) and CBS 115663 (genotype B), were

determined to have biofilm forming abilities; the

Table 3 Virulence factors of environmental and clinical Exophiala isolates.

Species (n) Proteinase Phospholipase DNase Urease Catalase Biofilm

Environmental isolates

E. crusticola (14) 0/14 0/14 0/14 14/14 14/14 0/14

E. dermatitidis genotype A (95) 3/95 0/95 3/95 95/95 95/95 8/95

E. dermatitidis genotype B (27) 0/27 0/27 0/27 27/27 27/27 1/27

E. dermatitidis genotype C (15) 1/15 0/15 0/15 15/15 15/15 12/15

E. heteromorpha (13) 0/13 0/13 0/13 13/13 13/13 1/13

E. phaeomuriformis (54) 0/54 0/54 0/54 54/54 54/54 8/54

Clinical isolates

E. castellanii (1) 0/1 0/1 0/1 1/1 1/1 0/1

E. dermatitidis (7) 0/7 0/7 0/7 7/7 7/7 2/7

Total 4/226 0/226 3/226 226/226 226/226 32/226

© 2016 Blackwell Verlag GmbH

Mycoses, 2016, 59, 343–350346

H. Sav et al.



strains were recovered from a fatal brain infection and

endotracheal aspirate respectively.

Assimilation profiles

The carbohydrate assimilation profiles of Exophiala spe-

cies determined with the commercial API ID32C kit

are shown in Table 4. All environmental Exophiala iso-

lates could assimilate D-xylose and glucose, except one

and two isolates respectively. Most of the environmen-

tal strains (>50%) assimilated arabinose, trehalose, 2-

keto-D-gluconate, sorbitol and glycerol. In addition, 14

E. crusticola isolates could not assimilate lactose and a-
methyl-D-glucopyranoside, but the other carbohydrates

tested were found to be well assimilated. Notably, all

E. crusticola isolates showed esculin activity, whereas

none of the E. phaeomuriformis isolates showed this

activity. All clinical Exophiala isolates assimilated tre-

halose. All clinical isolates, except for CBS 581.76

(genotype A) assimilated galactose, a-methyl-D-gluco-

pyranoside, sorbitol and glucose.

Discussion

Fungi that are adapted to reside in mammalian tissues

are hypothesised to possess the ability to secrete the

appropriate hydrolytic enzymes needed to feed on host

cell compounds. The main categories of such com-

pounds are proteinases that hydrolyse peptide bonds,

phospholipases to digest phospholipids and haemoly-

sins.31,38,39 Exophiala black yeast enter the human

host from the environment and the infected hosts are

not contagious,40 suggesting that environmental

strains should have a set of virulence factors similar to

that of clinical strains. In this study, a selection of

virulence factors and nutritional profiles of 218 envi-

ronmental and eight clinical strains were compared.

All strains showed urease and catalase activity, but

none showed phospholipase activity. Limited DNase

and proteinase activity was observed in environmental

E. dermatitidis isolates. There was no significant differ-

entiation or specific distribution patterns of virulence

markers between strains from different sources, except

biofilm formation that was particularly developed in

the dishwasher isolates.

Proteolytic activity has also traditionally been used

to distinguish dematiaceous fungi.5 Members of the

black yeast group (e.g. genera Fonsecaea and Cladophia-

lophora) were found to be negative, whereas the ubiq-

uitous contaminant Cladosporium showed positive

proteolytic activity. This strongly suggests that this

factor is not related to pathogenesis. Several T
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researchers have reported that E. jeanselmei and E. der-

matitidis did not show proteolytic activity.7 In this

study, proteinase activity was observed in 1.8% of the

environmental Exophiala isolates and in none of the

clinical isolates. Consistent with our findings, phospho-

lipase activity was not detected in a strain of

E. jeanselmei from case of human chromoblastomyco-

sis.6 However, Gugnani and Okeke [41] evaluated 39

environmental dematiaceous opportunists and found

positive phospholipase activity in two E. jeanselmei

isolates.

The presence of urease, catalase and extracellular

DNase has been associated with pathogenesis; e.g. in

group A Streptococcus and in Cryptococcus.42–44 Urease

enables the utilisation of urea as a nitrogen source

and has been reported as an extracellular enzyme pro-

duced by dematiaceous fungi.41 Vicente et al. [11]

reported that E. xenobiotica showed urease activity. In

this study, urease and catalase activity was observed

in all environmental and clinical Exophiala isolates

tested. DNases may enhance evasion of the innate

immune response.43 DNase activity proved to be

absent from E. jeanselmei.6 In our study, the enzyme

was rarely found among the isolates tested, being lim-

ited to the most common opportunist, genotype A of

E. dermatitidis. This may suggest that the presence of

this factor enhances infection by an otherwise envi-

ronmental species.

Haemolysin mediates the severity of infectious dis-

eases, and loss of this activity often results in aviru-

lence, particularly in bacteria.45 Haemolytic activity

has been described in Aspergillus,46 Candida47 and der-

matophytes.30,31 Dermatophyte strains recovered from

both symptomatic and asymptomatic lesions have

been shown to have haemolytic and co-haemolytic

activities using COA and CBA.31 However, these activ-

ities were absent from the black yeast evaluated.

Biofilm formation was observed in 13.8% and 25%

of the environmental and clinical Exophiala isolates

respectively. Among the environmental strains, dish-

washer isolates showed significantly more biofilm

forming ability compared with the oak-sleeper isolates

(P < 0.05), suggesting that this ability is linked to

habitat choice. The rare genotype C of E. dermatitidis

showed greater biofilm forming ability (57.1%) com-

pared to genotypes A (38.1%) and B (4.8%) of this

species; C strains originated predominantly from dish-

washers compared to oak-wood sleepers with a ratio

of 3 : 1. Heinrichs et al. [4] noted that E. lecanii-corni,

and occasionally E. dermatitidis and E. phaeomuri-

formis, were present in municipal water networks with

biofilm formation. Sudhadham et al. [48] noted that

genotype A of E. dermatitidis is more frequently

encountered as an aetiological agent of systemic dis-

ease in immunocompetent humans than genotype B,

which is mainly environmental; it was repeatedly

recovered from the faeces of frugivorous animals.48 In

this study, biofilm forming ability was also identified in

two of eight clinical strains (two isolates each of geno-

type A and B); this factor may contribute to infection,

but given the environmental habitat choice of these

black yeast, a role in their natural niche seems more

likely. The limitation of this study is that only eight

clinical isolates have been investigated. Future studies

with a higher number of clinical isolates are required

before reaching any solid conclusion about the differ-

ence in virulence markers between environmental and

clinical Exophiala strains.

Exophiala species are able to decompose aromatic

hydrocarbons,49,50 assimilate different detergents,51

and can survive under harsh and extreme conditions,

including high temperature, high pH, and up to 17%

NaCl.3,13–15,18,19 Clinically significant species tend to

be thermotolerant.3,13–15,18,19 These abilities suggest

that Exophiala species by nature are clinical species,

occupying relatively extreme (micro)niches to evade

competition by rapidly growing microbes. The infec-

tious ability, even though occurring relatively fre-

quently in immunocompetent individuals, is therefore

judged to be opportunistic. The frequently infectious

species did not differ markedly in their virulence profile

from the strict saprobe, E. crusticola. In the literature,

there are no indications of host-to-host transmission in

Exophiala, and enhancement of fitness by use of an

animal vector as yet seems unlikely. However, the pos-

sibility of adaptation to a mammalian host with suc-

cessful and repeated infection, as observed in agents of

chromoblastomycosis, cannot be excluded.
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