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Abstract

Background: The aim of this study was to determine the biofilm formation, the extracellular enzymatic activities of
182 clinical isolates of the Candida parapsilosis complex.

Methods: Molecular identification of the C. parapsilosis species complex was performed using PCR RFLP of SADH
gene and PCR sequencing of ITS region. The susceptibility of ours isolates to antifungal agents and molecular
mechanisms underlying azole resistance were evaluated.

Results: 63.5% of C. parapsilosis were phospholipase positive with moderate activity for the majority of strains.
None of

the C. metapsilosis or C. orthopsilosis isolates was able to produce phospholipase. Higher caseinase activities were
detected in C. parapsilosis (Pz = 0.5 + 0.18) and C. orthopsilosis (Pz = 049 + 0.07) than in C. metapsilosis isolates
(Pz=10.72 £ 0.1). 96.5% of C. parapsilosis strains and all isolates of C. metapsilosis and C. orthopsilosis produced
gelatinase. All the strains possessed the ability to show haemolysis on blood agar. C. metapsilosis exhibited the
low haemolysin production with statistical significant differences compared to C. parapsilosis and C. orthopsilosis.
The biofilm forming ability of C. parapsilosis was highly strain dependent with important heterogeneity, which was
less evident with both C. orthopsilosis and C. metapsilosis.

Some C. parapsilosis isolates met the criterion for susceptible dose dependent to fluconazole (10.91%), itraconazole
(16.36%) and voriconazole (7.27%). Moreover, 5.45% and 1.82% of C. parapsilosis isolates were respectively resistant
to fluconazole and voriconazole. All strains of C. metapsilosis and C. orthopsilosis were susceptible to azoles; and
isolates of all three species exhibited 100% of susceptibility to caspofungin, amphotericin B and 5-flucytosine.

Conclusions: A combination of molecular mechanisms, including the overexpression of ERG11, and genes
encoding efflux pumps (CDR1, MDR1, and MRR1) were involved in azole resistance in C. parapsilosis.
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Antifungal susceptibility, Mechanisms of resistance

* Correspondence: ineshadrich@yahoo.fr

“Laboratory of Fungal and Parasitic Molecular Biology, School of Medicine,
University of Sfax, Sfax, Tunisia

Full list of author information is available at the end of the article

- © The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
( B|°Med Central International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12929-017-0376-2&domain=pdf
mailto:ineshadrich@yahoo.fr
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Neji et al. Journal of Biomedical Science (2017) 24:67

Background

The Candida parapsilosis complex has emerged as an
opportunistic fungal pathogen especially notable for
causing nosocomial infections worldwide. It is composed
of three genetically distinct species, namely C. parapsilosis
sensu stricto, C. orthopsilosis and C. metapsilosis, which
are physiologically and morphologically indistinguishable
[54]. Previous data have shown that these three species
exhibit different prevalence rates, virulence, and in vitro
antifungal susceptibility [3, 23, 56, 59].

Many virulence factors contribute to the pathogen-
esis of candidiasis, allowing the fungal cells to escape
and/or overcome the host defenses. Among these fac-
tors proposed in the literature, adherence to host cells
and/or tissues as well as to inert supports, phenotypic
switching, biofilm formation and secretion of a large
array of hydrolytic enzymes are included [1, 45, 47,
60]. But differences in these virulence factors among
C. parapsilosis complex species have not been widely
investigated. Aggravating this scenario, many contra-
dictory results have been generated [64]. So, further
studies are needed to better understand the character-
istics, including putative virulence traits, drug resist-
ance trends, especially of the two rarely isolated
species, C. orthopsilosis and C. metapsilosis. A better
knowledge could have clinical relevance, as it may be
useful in guiding therapeutic decisions [13].

The aim of our study was to investigate the distribu-
tion of five virulence factors namely: biofilm production,
caseinase, gelatinase, phospholipase and haemolysin
extracellular production among C. parapsilosis complex
isolates. The association of these virulence factors with
resistance to antifungal agents was studied and the sus-
ceptibility of ours isolates to antifungal agents was evalu-
ated in vitro. Additional aim of this study was to assess
the relative contribution of the number of copies of drug
resistance genes and their overexpressions to the azole
resistance of C. parapsilosis.

Methods

Fungal strains

A total number of 182 C. parapsilosis complex species
isolates included in this study were recovered from clin-
ical samples received by Department of Parasitology —
Mycology-university hospital - Sfax, Tunisia, during a
14 year period (from January 2002 to January 2016).
They were 172 strains of C. parapsilosis sensu stricto,
6 strains of C. metapsilosis and 4 strains of C. orthopsilo-
sis. Isolates were identified to the species level by standard
methods. Molecular identification of the C. parapsilosis
species complex was performed by Banl PCR RFLP of
SADH gene according to Tavanti A et al. [54], and supple-
mented, as needed by internal transcribed spacer 1 (ITS1),
5.8S, and ITS2 region rRNA sequence analysis [62]. Ten
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of these isolates were as reference strains, identified by
ITS sequence analysis of the ribosomal DNA, and deposed
in GenBank: C. parapsilosis sensu stricto (KT948326),
C. metapsilosis (KU665248, KU665249, KU665250,
KU665251 and KU665252) and C. orthopsilosis (KU
665253, KU665254, KU665255, and KU665256).

Seven reference strains were included: C. parapsilosis
(ATCC 22019), C. orthopsilosis (1,219,482, 1,343,124), C.
metapsilosis (1240011), C. albicans (ATCC 3153), C.
glabrata (CBS 138) and C. tropicalis (ATCC 66029).

Phospholipase activity

Phospholipase activity of Candida species was detected
by egg yolk agar method [40]. The egg yolk medium
consisted of 65 g Sabouraud dextrose agar (SDA),
55.3 g NaCl, 5.5 g CaCl2 and 10% sterile egg yolk. Ten
microliters of saline suspension prepared from a 48 h
yeast culture (approximately 10° cells/ml determined
through densitometer) was spot inoculated in triplicate
onto the medium and incubated at 37 °C for 7 days.
The diameter of the colony (a) and the diameter of the
precipitation zone plus the diameter of the colony ()
were measured. Phospholipase index was designated as
Pz = a/b, as described by Price et al. [40]. According to
this definition, low Pz values mean high enzymatic
production and, inversely, high Pz values indicate low
enzymatic production. The enzymatic activity was
scored into four categories: a Pz of 1.0 indicated no en-
zymatic activity; a Pz between 0.99 and 0.90 indicated
weak enzymatic activity; Pz between 0.89 and 0.70 cor-
responded to moderate activity; and low Pz values
<0.69 meant strong enzymatic activities.

Proteinase activity

For testing the proteinase activity of the Candida isolates,
caseinase, and gelatinase activity tests were performed. A
standard inoculum (10° cells/ml) was prepared in saline
solution from a 48 h yeast culture for each isolate.

Caseinase activity

Caseinase activity was measured by single diffusion tech-
nique in SDA agar plates provided with 1% casein [41].
Three aliquots of 10 pl of standard inoculum were spotted
for each strain. The plate was then incubated at 37 °C for
5 days. The zone of clearance was measured by standard
procedures.

Gelatinase activity

Gelatinase assay was done on SDA agar plates prepared
with 1% gelatin [41]. Single diffusion technique was ap-
plied in triplicate. The plate was then incubated for 5 days
at 37 °C. The appearance of inhibition zone was clearly vi-
sualized by the addition of 0.1% mercuric chloride. The
zone diameter was measured by standard procedures [2].
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Haemolytic activity

Haemolysin assay for Candida strains was performed
according to a previously validated protocol by Luo G
et al. [31]. In brief, Sabouraud dextrose agar supple-
mented with 6% human blood and 3% glucose (pH = 5.6)
was used to determine the hemolysin production. Sus-
pension of yeast (10° cells/ml) was prepared in saline
solution and 10 pl was spot inoculated on human blood
agar plates, incubated at 37 °C in 5% CO2 for 5 days.
The haemolytic activity was calculated by dividing the
diameters of the colony and the translucent zone of
haemolysis.

Biofilm formation

The in vitro Biofilm formation of Candida parapsilosis
complex isolates was quantified by a modification of a
crystal violet assay as described by Silva S et al. [50] with
some modifications. Briefly, Candida isolates were first
cultured at 37 °C for 24 h on SDA plates. 200 ul of
standardized cell suspensions (containing 1 _ 10° cells
ml ! in yeast peptone galactose medium (YPG)) were
trans-ferred to each well of 96-well polystyrene microti-
ter plates (Kartell. SPA, Italy) and incubated at 37 °C on
a shaker at 120 rpm/min. As a negative control, test
medium without cells was added to three wells of each
plate. At 24 h, 50 pl of YPG medium was added. The
preparations were then incubated for a further 48 h.
After the adhesion stage, non-adherent cells were re-
moved by washing the wells twice with sterile ultra-pure
water. Biofilms were fixed with 250 pl of methanol,
which was removed after 15 min of contact. The micro-
titer plates were dried at room temperature, and 250 pl
of crystal violet (CV) (1% v/v) added to each well and in-
cubated for 5 min. The wells were then gently washed
with sterile, ultra-pure water and 250 pl of acetic acid
added to release and dissolve the stain. The absorbance
of the obtained solution was read in triplicate in a
microtiter plate reader (Halo LED 96, Dynamica, EU) at
620 nm. The absorbance values for the controls
(containing no cells) were subtracted from the values for
the test wells to eliminate spurious results due to back-
ground interference. Data were recorded as arithmetic
means of absorbance values. Experiments were repeated
as part of three independent assays.

Antifungal susceptibility testing

Antifungal susceptibility testing was performed as part of
routine patient care. The in vitro susceptibility to eight
antifungal drugs (fluconazole, itraconazole, ketoconazole,
posaconazole, voriconazole, caspofungin, amphotericin B
and 5-flucytosine) was determined using Sensititre Yeast
OneTM YO8 methodology (Trek Diagnostic Systems) fol-
lowing the manufacturer’s Instructions. minimal inhibitory
concentration (MIC) values were interpreted according to
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the M27-A3 and M27-S4 documents published by the
Clinical and Laboratory Standards Institute (CLSI)
(CLSI 2008, CLSI 2012) [38, 39]. The clinical break-
points defined for Candida parapsilosis were used for
the interpretation of minimum inhibitory concentration
(MIC) data as follows: susceptible (S) <2 pg/ml, suscep-
tible dose dependent (SDD) 4 ug/ml, resistant (R) >8 pg/
ml for fluconazole; S < 0.125 pg/ml, SDD 0.25-0.5 pg/ml,
R = 1 pg/ml for itraconazole; S < 0.125 pg/ml, S-DD 0.25—
0.5 pg/ml, R > 1 pg/ml for voriconazole; S < 2 pg/ml,
intermediate (I) 4 pg/ml, R > 8 pg/ml for caspofungin; and
S <4 pg/ml, I 8-16 pg/ml, R = 32 pg/ml for 5-flucytosine.
For amphotericin B, we adopted putative breakpoints as S,
<1 mg/l and R, >1 pg/ml [37].

Mechanisms of azole resistance

A RT-qPCR assay was developed to explore mechanisms
of C. parapsilosis azole resistance. The levels of mRNA
and DNA of the tested genes (ERG11, CDR1, MDR1, and
MRR1) and the actin reference gene (ACT1) were mea-
sured. The primers and probes were designed using
Primer3 software (http://bioinfo.ut.ee/primer3-0.4.0/) and
are summarized in Table 1.

Cellular lysates were prepared from cells grown in
culture to mid-log phase using proteinase K (Qiagen®).
RNA was extracted from cellular lysates using the RNeasy
Mini Kit (Qiagen®, Germany) according to the manufac-
turer s’ instructions, and treated with DNase (Promega).
For ¢cDNA synthesis, 2.5 ul of total RNA was used as a
template and subsequent reverse transcription was per-
formed using the PrimeScript RT Reagent Kit (Perfect
Real Time) from TaKaRa (Shiga, Japan), following the
manufacturer’s instructions.

Table 1 The sequences of primers and probes used in RT-gPCR

Gene Primers and probes
ACT1 F 5"- CGAACGTGGTTACGGTTTCT- 3'
R 5'- TGACCATCTGGCAATTCGTA - 3'
Probe TET-TGCAAACCTCATCACAATCA-MGB
CDR1 F 5'- GCTGTTGATCAAAGGGGTGT - 3'
R 5'- ATCCAAAATCCAGGCAACTG - 3
Probe FAM- CTGATAATGCCGCCAATCTT-MGB
ERG11 F 5 TGTTGCATTTGGCTGAGAAG - 3’
R 5'- TCTGAGGGTTTCCTTGATGG - 3
Probe FAM-GGTAAAGGTGGCAACTTGGA-MGB
MDR1 F 5'- TCCCCATTGCTATTGTTGGT - 3'
R 5= TGCGCCCATATAATTGAACA - 3'
Probe FAM- TTGGTCGGCAACGACATATA-MGB
MRR1 F 5'- CAGCTGCAACAACCACAACT - 3

R 5'- TATCATCTAGGCCGCCATTC - 3'
FAM- GCAACCACAGCCTATAGGGA-MGB
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The reaction mixture (20 pl) for TagMan assay
contained 10 pl TagMan Universal PCR Master Mix
(Applied Biosystems, UK), 20 pmol of forward and re-
verse primers, 7 pmol of hydrolysis probe and 1 pl of of
template (extracted DNA or cDNA). The thermal con-
ditions were as follows: initial holding stage at 50 °C for
2 min and 95 °C for 10 min, followed by 50 cycles at
95 °C for 15 s and a final step at 54 °C for 1 min. All re-
actions were performed in triplicate in 48-well reaction
plates using a StepOne™ Real Time PCR machine (Ap-
plied Biosystems).

The software StepOne™ version 2.1 (Applied Biosys-
tems) was used to collect Cq data and to calculate the
relative quantification (RQ). Fold changes in target gene
expression were then normalized to reference gene via the
published comparative 27244 method according to the
formula: RQ _ 2—(Cq target — Cq reference) tested — (Cq target—Cq
reference) control © A change of 2.5 times was considered as
gene overexpression or an increase in gene copy number
[26, 63].

Statistical analysis

All statistical analyses were performed using IBM SPSS
software (version 20.0; IBM SPSS Inc., New York,
USA). Categorical variables were compared using the
x2 or Fisher’s exact test, and continuous variables by
the ANOVA test. One-way ANOVA followed by
Tukey’s post-hoc test were used to evaluate the level of
statistical significance of clustering. A P value of 0.05
was considered significant. Pearson’s correlation coeffi-
cient (r) was calculated to measure correlation between
different virulence factors. Where the value r = 1,
means a perfect positive correlation, the value r = 0,
means no correlation and the value r = -1, means a
perfect negative correlation.

Results

In our study, we evaluated the in vitro capacities of 172
C. parapsilosis isolates, 6 C. metapsilosis isolates, 4 C.
orthopsilosis isolates and 32 C. albicans isolates to pro-
duce phospholipase, hemolysin and proteases (caseinase
and gelatinase enzyme). Enzymatic activities of tested
isolates were expressed as mean + SD (Table 2), and
activity distributions were summarized in Table 2. All
the fungal strains were able to produce at least two types
of hydrolytic enzymes. Table 3 presented the data from
the variance analyses of the different clinical samples
from which the strains were isolated and the levels of
the different virulence factors.

Phospholipase activity

Of the 172 isolates of C. parapsilosis, 111 (63.5%) were
phospholipase positive. 92 (53.5.0%) had moderate activity.
The mean Pz value for positive C. parapsilosis isolates was
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0.85 + 0.12. None of the C. metapsilosis or C. orthopsi-
losis isolates was able to produce phospholipase
(Table 2). A significant difference in phospholipase
activity was detected between C. parapsilosis and C.
metapsilosis isolates (P = 0.028).

The phospholipase activity of C. albicans was statisti-
cally significantly higher than that of the C. parapsilosis
complex species (P = 0.0001).

The strains isolated from blood culture, skin, and hand
carriage of health workers showed similar Pz average
values with no statistically significant differences observed
among them (P > 0.668).

Caseinase activity

A total of 157 (92.3%) isolates of C. parapsilosis were
caseinase producers, most of which (87.2%) showed
strong enzymatic activity. For C. metapsilosis, all isolates
were proteinase positive, 2 (33.3%) of which were shown
to be strong producers. For C. orthopsilosis, the four
isolates (100%) were strong producers.

Higher caseinase activities were detected in C. para-
psilosis (0.5 £ 0.18) and C. orthopsilosis (0.49 + 0.07)
than in C. metapsilosis isolates (0.72 + 0.1) with a stat-
istical significant difference (P = 0.012).

Most caseinase-producing C. albicans strains had strong
(59.4%) or moderate (28.1%) enzymatic activity. Statistical
significant difference was observed between the mean
caseinase indices of C. albicans and C. parapsilosis com-
plex species (P = 0.0001).

It was noted that a higher percentage of C. parapsilosis
isolates recovered from blood (96.8%), skin (100%) and
catheter (100%) were positive for caseinase activity
(Table 3). No statistical significant difference was observed
between the mean caseinase indices and the clinical site of
isolation (P > 0.356).

Gelatinase activity

The majority of tested fungal isolates showed gelatinase
activity except for 6 among 172 C. parapsilopsis strains.
47.1% of C. parapsilosis and 50% of C. metapsilosis iso-
lates exhibited low Pz values, which indicate high en-
zymatic production; whereas the majority of C. albicans
isolates (78.1%) and C. orthopsilosis isolates (75%) dis-
played moderate Pz values.

No statistical significant difference was observed between
the mean gelatinase Pz values of C. albicans and C.
parapsilosis complex species (P = 0.698).

Gelatinase production was high in C. parapsilosis iso-
lated from vaginal sample and respiratory tract (Pz =0.67).
For C. orthopsilosis and C. metapsilosis, strains isolated
from blood culture exhibited stronger activities with low-
est average Pz values (Table 3).
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Haemolytic activity

All of the C. albicans, C. parapsilopsis, C. metapsilosis
and C. orthopsilosis isolates had haemolytic activity on
human blood SDA. The majority (79.7%) of C. parapsilo-
sis isolates showed a strong activity. But, the majority of
C. metapsilosis (83.3%) and C. orthopsilosis (75%) isolates
showed moderate activities. Moreover, C. metapsilosis
exhibited the low hemolysin production with statistical
significant differences compared to C. parapsilosis
(P =0.0001) and C. orthopsilosis (P = 0.026).

The haemolytic activity of C. albicans was statistically
significantly lower than that of the C. parapsilosis isolates
(P =0.0001).

But, no statistical significant difference was observed
between the mean hemolysin production and the clinical
site of isolation (P > 0.05) (Table 3).

Biofilm formation

Table 4 presented the results of biofilm quantification
using CV staining. Importantly, it was noticed that gen-
erally C. parapsilosis biofilms had more total biomass
(average Absgyo = 0.475) compared with C. orthopsilosis
(average Absgyo = 0.301) and C. metapsilosis (average
Absgyg = 0.075).

In contrast, C. parapsilosis strains were heterogeneous
in terms of the level of biofilm formation with a range of
0.003-3.903 and a 1301-fold difference between the high-
est and lowest biofilm-producing strains. C. metapsilosis
strains exhibited a more homogeneous behavior with all
strains being low biofilm formers. But, no significant
difference in biofilm-forming ability was detected between
C. parapsilosis, C. orthopsilosis and C. metapsilosis isolates
(P =0.384).

The mean Abseyg value for the C. albicans strains was
0.421 (+0.504, SD) with a range of 0.075-2.033. No
statistical significant difference was observed between
biofilm formation of this species and C. parapsilosis
complex species (P = 0.967).

There was no statistically significant association be-
tween biofilm-forming ability and the clinical origin of
the isolates (P > 0.05).

Correlation analysis results with Pearson’s coefficient re-
vealed a positive correlation between secretion of caseinase
and hemolysin (r = 0.219, P < 0.01). Moreover, biofilm pro-
duction was correlated to secretion of gelatinase (r = 0.148,
P < 0.05). But, a negative correlation (r = -0.234, P < 0.01)
between, biofilm production and phospholipase production
was detected.

Antifungal susceptibility testing

The profiles of the in vitro susceptibility of C. parapsilosis
complex species to to eight antifungal drugs are summa-
rized in Table 5. According to the interpretative criteria
for resistance used for the antifungal drugs described in
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the material and methods, we found that few isolates were
resistant to azoles. Some C. parapsilosis isolates met the
criterion for S-DD to fluconazole (10.91%), itraconazole
(16.36%) and voriconazole (7.27%). Moreover, 5.45% and
1.82% of C. parapsilosis isolates were respectively resistant
to fluconazole and voriconazole. All strains of C. metapsi-
losis and C. orthopsilosis were susceptible to azoles; and
isolates of all three species exhibited 100% of susceptibility
to caspofungin, amphotericin B and 5-flucytosine.

Mechanisms of azole resistance

We were also interested in elucidating the molecular
mechanisms associated with the resistance of clinical
strains of C. parapsilosis to azoles. For this we analyzed by
RT-qPCR the quantitative expression and copy number of
four genes (CDR1, MDR1 and MRR1) responsible for the
efflux of the azoles and the ERG11 gene (target of the
azoles) of four resistant strains, six dose- dependent sus-
ceptible strains and twelve susceptible strains isolated
from blood culture, comparing to the ACT1 gene and the
susceptible strain TN106HC05 (GenBank Accession num-
ber KX421285). The overexpression of one or more genes
was observed in five (50%) of the 10 clinical isolates of
dose-dependent susceptible and resistant C. parapsilosis
isolates (Fig. 1). None of these genes was overexpressed in
the strains susceptibles to the different azoles (Table 6).
An overexpression of the CDR1 and MRR1 genes was
noted in 2 out of 4 resistant strains and 2 out of 6 dose-
dependent susceptible strains. In susceptible strains, the
level of expression of CDR1, MRR1 and MDRI1 varied re-
spectively from 0.077 to 2.296, 0.052 to 2.108 and O to
2.352. The level of expression of CDR1 varied from 0.88
to 12.99 folds and the level of MRR1 varied from 0.558 to
25.498 in resistant and dose-dependent susceptible strains.
The overexpression of the CDR1 and MRR1 genes was
significantly associated with the resistant and dose-
dependent susceptible phenotype (P = 0.015). The over-
production of the MDR1 gene was observed in a single
dose-dependent susceptible strain with a level of expres-
sion equal to 13.401. Overexpression of the MRR1 gene
was correlated with overexpression of the MDRI1 gene
only for a single strain (TN377HC03) among the four
strains over-expressing the transcription factor MRR1. For
the ERG11 gene, overproduction was observed also in the
single isolate (TN377HCO03) with a dose-dependent sus-
ceptible phenotype and it was expressed 3.518 folds. No
upregulation of ERG11 was noted in susceptible strains.
The overexpression of the CDR1, MDR1 and ERG11
genes was not associated with an increased copy number
of gene in our strains of C. parapsilosis. However, the
presence of MRR1 transcription factor in multiple copies
at the genome has been associated with overexpression in
two dose-dependent susceptible strains of C. parapsilosis
(Table 6).
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Table 5 In vitro susceptibility of C. parapsilosis complex species to eight antifungal drugs

C. parapsilosis (N = 55) C. metapsilosis (N = 6) C. orthopsilosis (N = 4)

Range Mean S% SDD% R % Range Mean S% SDD % R % Range Mean S% SDD % R%

ug/ml pg/ml pg/ml pg/ml ug/ml pg/m
Fluconazole 0.25-32 2427 8364 1091 545 0.5-1 0833 100 O 0 0.25-0.5 0437 100 O 0
[traconazole 0.008-0.5 009% 8364 1636 0 0016-0.125 0078 100 O 0 0.016-0.064 0052 100 O 0
Ketoconazole 0.008-16  0.321 ND ND ND  0.008-0016 0013 ND ND ND 0.008-0016 0010 ND ND ND
Posaconazole 0.008-1 0.106  ND ND ND 0016-008 0040 ND ND ND 0032-008 0052 ND ND ND
Voriconazole 0.008-8 0.190 9091 727 1.82 0.008-0.032 0018 100 O 0 0.008-0.016 0.010 100 O 0
Caspofungin 0.032-15 0426 100 0 0 0.064-025 0136 100 O 0 0.064-025 0126 100 O 0
Amphotericin B 0.016-1 0293 100 0 0 0.064-0.5 0240 100 O 0 0.064-025 0172 100 O 0
5-Flucytosine 0.03-2 0110 100 O 0 0.03-0.03 0030 100 O 0 0.03-0.064 0055 100 O 0

ND Not determined due to lack of validated clinical breakpoints, S susceptible, SDD dose-dependent susceptible, R resistant

In addition, correlation analysis results with Pearson’s co-
efficient revealed that there was no statistically significant
association between all virulence factors (biofilm-forming
ability, gelatinase, caseinase, hemolysin, phospholipase) and
the expression of the four genes (CDR1, MDR1 and MRR1)
responsible for the efflux of the azoles and the ERG11 gene
(P> 0.05).

Discussion

Multiple virulence factors such as extracellular secreted
hydrolytic and biofilm development have been developed
by Candida species to assist in their ability to colonize

host tissues, cause disease, and overcome host defenses.
Since the report that C. parapsilosis was a cryptic complex
of three species, many epidemiological studies have been
reported worldwide. However, a less number of studies
focused on biochemical/metabolic properties, antifungal
susceptibilities, virulence factors’ expression and patho-
genesis of the three specie [1, 13, 36, 64]. Moreover, some
discrepancies were observed in findings among studies
from different geographical regions. So, we conducted this
study to compare the pathogenic potential of Candida
parapsilosis complex species isolated from various clinical
samples based on the examination of the following
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features: hydrolytic enzyme production, biofilm formation,
and antifungal susceptibilities.

Extracellular hydrolytic enzymes seem to play an
important role in candidal overgrowth, as these enzymes
facilitate adherence and tissue penetration and hence
invasion of the host [47]. Phospholipases facilitate the
invasion of host mucosal epithelia by hydrolysing one/
more ester linkages in glycerophospholipids, which are
believed to be involved in disrupting the host cell mem-
branes [45]. In our study, among the 172 isolates of C.
parapsilosis 63.5% were phospholipase positive with mod-
erate activity for the majority of strains. Similarly,
Trevino-Rangel Rde | et al. reported that 63% of the C.
parapsilosis sensu stricto isolates exhibited phospholipase
activity, and 53% were strong producers [59]. Others stud-
ies founded low or undetectable phospholipase activity
among C. parapsilosis isolates [1, 13, 36, 64]. Though, the
majority of phospholipase- negative C. parapsilosis isolates
was able to produce another lypolytic enzyme such ester-
ase [1].

None of the C. metapsilosis or C. orthopsilosis isolates
was able to produce phospholipase as it was reported by
others studies [13]. However, Treviio-Rangel Rde | et al.
described that almost all of the C. orthopsilosis (97%)
and C. metapsilosis (80%) isolates showed phospholipase
activity [59]. Moreover, Ge YP et al. showed that 90.5%
of C. parapsilosis and 91.7% of C. metapsilosis isolates
were phospholipase producers with high proportion of
strong production [23].

This wide variation in phospholipase activity of C. para-
psilosis complex species is of interest. It was attributed to
the use of different media for enzymatic test, small sample
size, and/or inherent biological variations among iso-
lates... [1, 13, 23].

Additionally, contrasting findings were also reported in
studies comparing systemic and superficial isolates. Some
investigators found positive activity only in blood isolates
[59] while others identified a higher level of activity among
superficial isolates [23]. In our study, we don’t found an
interesting statistical association between the clinical ori-
gin of the isolates, particularly those recovered from blood
and phospholipase production. But, it was interesting to
note that the strains isolated from blood culture, skin, and
hand carriage of health workers showed similar activity.
Therefore, phospholipase production can become a par-
ameter to distinguish virulent invasive strains from non-
invasive colonizers [12, 45].

Proteinases exhibit broad substrate specificity and are
capable of degrading host epithelial and mucosal barrier
proteins such as albumin, collagen, keratin, and mucin.
They also aid Candida to resist cellular and humoral im-
munity by degrading antibodies, complement, and cyto-
kines [7]. Most of the studies on exoenzymes produced by
C. parapsilosis complex species are focused on secreted
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aspartyl proteinases (SAP) which are secreted in vitro
when the organism is cultured in the presence of
exogenous protein (usually bovine serum albumin) as
the nitrogen source. However, variable protease activity
(ranged from 17% to 100%) has been found by different
authors among C. parapsilosis sensu stricto isolates [1, 13,
34, 56, 59]. In this study, we opted to use casein and gel-
atin as substrates for evaluation of proteinase activity.
92.3% of C. parapsilosis isolates were caseinase producers,
most of which (87.2%) showed strong enzymatic activity.
Limited phenotypic data pertaining to the caseinolytic
activities of C. parapsilosis complex species are available.
The only previous study of caseinolytic activity among C.
parapsilosis complex displayed that only 50% of C.
parapsilosis sensu stricto produced it [64].

Moreover, previous studies reported variable protein-
ase activity among the two others species of the cryptic
complex. Some authors reported that none of the C.
metapsilosis or C. orthopsilosis isolates exhibited pro-
teinase activity [13, 56]. Sabino R et al. showed that C.
orthopsilosis were SAP producers, whereas C. metapsi-
losis were not [44]. Others recent reports found also a
high proportion of isolates of both C. metapsilosis and
C. orthopsilosis exhibiting protease activity [23, 34, 59].
Using casein as substrate, all ours isolates of C. metap-
silosis and C. orthopsilosis were proteinase positive.
Higher caseinase activities were detected in C. parapsi-
losis and C. orthopsilosis than in C. metapsilosis isolates
with a statistical significant difference. Ziccardi M et al.
reported that none of C. orthopsilosis isolates was casei-
nase producer [64].

Interestingly, we showed that 96.5% of C. parapsilosis
strains and all isolates of C. metapsilosis and C. orthopsilo-
sis produced gelatinase. But, none of C. albicans, C. glab-
rata and C. krusei isolates possessed the ability to
hydrolyze gelatin in another study [41]. In the present
data, statistical significant difference was observed be-
tween the mean indices of C. albicans and C. parapsilosis
complex species for caseinase but not for gelatinase.

The ability to express proteinase enzymes not only
varies among different species of Candida but also
differs among the strains of same species isolated from
different body sites [16, 42]. Corroborating these find-
ings, De Bernardis F et al. identified positive proteolytic
activity in all skin isolates of C. parapsilosis but none in
blood ones [14]. Cassone A et al. also detected a higher
proteolytic activity in vaginal C. parapsilosis isolates
when compared with blood isolates [9]. Tosun I et al.
described that urine-derived isolates have higher SAP
activities [56]. However, we showed that no statistical
significant association between anatomical origin and
production of this virulence factor [55].

Haemolytic activity is another virulence factor exhibited
by pathogenic microorganisms which permits growth in
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the host using as a source of iron the hemoglobin an iron-
binding protein [30]. In this study, all the strains possessed
the ability to show haemolysis on blood agar as it was
reported by others investigations [1, 20]. Moreover, C.
metapsilosis exhibited the low hemolysin production with
statistical significant differences compared to C. parapsilo-
sis and C. orthopsilosis. Treviio-Rangel Rde ] et al
described that hemolysin activity was significantly more
abundant in C. orthopsilosis (87%) than C. parapsilosis
sensu stricto (67%) and C. metapsilosis (80%) [59].
Interestingly, we noted that the haemolytic activity of C.
albicans was statistically significantly lower than that of
the C. parapsilosis isolates, which contrasted with the
finding of previous studies [12, 36].

Biofilm formation is considered a virulence factor due
to the ability to confer resistance to antifungal therapy
and protect the fungal cells from host immune responses
[60]. It besides possibly being in Candida a key factor for
the survival of these species, and may also be responsible
for them being particularly well adapted to colonization of
tissues and indwelling devices [50]. However, this issue is
not completely clear, once the literature reports many
controversial data about the biofilm-forming capacity of
the three species of the C. parapsilosis complex [43]. In
our study, these three species were able to form biofilm.
This finding agrees with the results of previous studies
[32, 43]. The species with the highest biofilm production
was C. parapsilosis, followed by C. orthopsilosis and fur-
ther by C. metapsilosis [32, 43]. Though, Lattif AA et al.
reported that clinical isolates of C. parapsilosis, C. metap-
silosis, and C. orthopsilosis were able to form biofilm with
similar surface topography and architecture on abiotic
surface (silicone disks) [28]. Some authors have reported
that C. orthopsilosis and C. metapsilosis isolates are not
able to produce biofilms in vitro [15, 51, 56].

In the present work, it was noted also that the biofilm
forming ability of C. parapsilosis was highly strain
dependent with important heterogeneity, which was less
evident with both C. orthopsilosis and C. metapsilosis.
Silva S et al. demonstrated that biofilm forming ability,
structure and matrix composition are highly species
dependent with additional strain variability occurring with
C. parapsilosis [50]. Such findings undoubtedly reflect in-
herent physiological differences between strains and could
have significance with respect to pathogenic potential
[50]. So, investigations of biochemical and genetic mecha-
nisms in biofilms are needed.

Interestingly, there was no statistically significant asso-
ciation between biofilm-forming ability and the clinical
origin of ours isolates [13, 15, 50]. Others reports have
demonstrated that blood biofilm production was linked
to anatomical origin of isolates [55]. Nevertheless, it is
noteworthy that several of these mentioned studies are
not directly comparable because they differ in important
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aspects, such as the biofilm formation process, the
methods to evaluate biofilm production (i.e., crystal violet
staining, XTT reduction assays, or measured transmit-
tance or absorbance without staining), and the criteria for
considering an isolate as a biofilm producer [13].

Interestingly, we found a statistically significant inverse
correlation between phospholipase activity and the abil-
ity to form biofilm. This suggests that phospholipids are
directly implicated in biofilm composition and stability,
for C. parapsilosis complex species. According to Lattif
AA et al, candida biofilms contained significantly higher
levels of phospholipid and sphingolipids than planktonic
cells and lipid rafts are critical to the ability of Candida
to form biofilm [27].

Overall, our findings demonstrate that C. metapsilosis
was the least virulent species of the psilosis group ex-
cept for gelatinase activity, which was supported by the
literature. In fact, according to the studies conducted in
vitro or in vivo, C. metapsilosis has been reported as a
less virulent member of the C. parapsilosis complex in
an epithelial and epidermal tissue models [21], in an in vitro
infection model using microglial cells [35], in a murine
model of vaginal candidiasis [5] and also in an in vivo
model system using Galleria mellonella larvae [34].

There is a growing concern related to antifungal suscep-
tibility profiles of C. parapsilosis complex species. In this
investigation, all C. parapsilosis isolates were susceptible
to amphotericin B, and 5-flucytosine. Nevertheless, Some
C. parapsilosis isolates met the criterion for S-DD to flu-
conazole (10.91%), itraconazole (16.36%) and voriconazole
(7.27%). 5.45% and 1.82% of C. parapsilosis isolates were
respectively resistant to fluconazole and voriconazole with
some strains displayed a multiazole resistant phenotype
[43, 49, 58]. These results are discordant with several
studies demonstrating the greater efficacy of these new
triazoles (i.e., voriconazole) against C. parapsilosis com-
plex isolates [3].

According to the recently revised CBPs, none of our iso-
lates were resistant to echinocandins [6, 55, 57]. Our data
are inadequate to others surveys who described a reduced
susceptibility to echinocandins probably due to a naturally
occurring Proline to Alanine amino acid change (P660A)
in the glucan synthase enzyme Fkslp [3, 22, 58]. More-
over, all C. orthopsilosis and C. metapsilosis were sensitive
to the others tested drugs. In contrast, some reports have
shown that these two species exhibited low susceptibilities
to amphotericin B [17, 43], to fluconazole [11, 13, 24, 53]
and to itraconazole [3, 43]. However, because of the small
number of isolates belonging to the newly identified
species, our study may not provide an entirely accurate
picture of the antifungal susceptibility patterns of C.
parapsilosis complex species. So, testing more isolates is
required for determination of virtual rates of resistance
among the strains of the two former species.
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Despite the potentially rising incidence of C. parapsilosis
and the threat that fluconazole resistance could pose in a
clonally expanding population, previous studies have
provided limited information concerning molecular mech-
anisms of azole resistance in C. parapsilosis [25, 48, 52,
63]. Quantification of drug resistance gene expression in
Candida isolates with reduced azole susceptibility is a
valuable tool for understanding the molecular mecha-
nism(s) of azole resistance and monitoring for the
emergence of resistance [29]. To our knowledge, this is
the first assessment at molecular level of azole resist-
ance mechanisms in C. parapsilosis isolates from
Tunisia. We assessed the quantitative expression of the
ABC transporter CDR1, the MFS transporters MDR],
the zinc cluster transcription factor MRR1, and also
ERG11.

In our study, we confirmed the involvement of drug
transporters CDR1 and MDRI in the phenomenon of
azole resistance in strains. Our findings showed an in-
crease in CDR1 expression in 50% of the resistant strains
and 33.3% of the dose-dependent susceptible strains,
suggesting that this transporter contributes to the azole
resistance. According to Berkow EL et al. (2015), sixteen
strains of C. parapsilosis resistant isolates (45.7%) showed
an increased CDR1 expression with a minimum of 2-fold
[4]. In contrast, all resistant isolates of C. parapsilosis
expressed increased levels of CDR1 (3.3-9.2 fold) in the
presence of fluconazole during the study of Souza AC et
al. (2015); but with a varied expression of the two drug
transporters genes. More isolates showed CDR1 overex-
pression than MDRIloverexpression [52]. In addition,
overexpression of CDR1 and CDR2 has been shown to
lead to cross-resistance of the same isolate to multiple
azole antifungals, whereas overexpression of MDR1 has
been associated with fluconazole resistance only [19, 61].
It has also been reported that CDR1 is more closely asso-
ciated with azole resistance than CDR?2 in C. glabrata [46]
and in C. albicans [10].

Berkow EL et al. (2015) have suggested that the over-
expression of the putative drug transporters CDR1 was
due to activating mutations in the genes encoding their
transcriptional regulators. In fact, among 16 CDRI1-
overexpressing isolates, mutations G650E and L978 W
leading to amino acid substitutions were detected in
TAC1 in respectively 2 isolates and 1 isolate. None of
these SNPs corresponded to a documented activating mu-
tation in CaTAC]1 of C. albicans [4]. Silva AP et al. (2011)
suggested an overexpression of CDR1 in fluconazole in-
duced resistant C. parapsilosis strains, since they observed
upregulation of the transcription factor NDT80 which, in
C. albicans, modulates azole tolerance by controlling the
expression of the CDR1 gene [48].

For C. parapsilosis, Berkow EL et al. (2015) observed a
marked overexpression of the major facilitator efflux
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pump MDRI1 in only three (out of 35) resistant isolates
with a minimum 25-fold increase [4]. The same was found
to be true for the isolates of C. parapsilosis examined in
the present study which showed an overexpression of
MDR1 for only one strain. In addition, in the study real-
ized by Souza AC et al. (2015), 2 of 9 isolates showed in-
creased mRNA expression of MDRI1 in the presence of
fluconazole [52]. However, MDR1 expression was upregu-
lated by 19.43 and 40.22 folds in the resistant strains ob-
tained after exposure to fluconazole and to voriconazole
[48]. As for C. albicans, overexpression of MDR in C.
parapsilosis is also correlated with increased expression of
aldo-keto reductases and other genes associated with the
oxidative stress response, which may protect cells from
damage caused by toxic molecules produced in the pres-
ence of azoles and also contribute to antifungal drug re-
sistance. The expression of these genes is also regulated
by MRR1 transcription factor [48].

The present study showed that the expression of MRR1
was also upregulated in C. parapsilosis. Silva AP et al.
(2011) also correlated the overexpression of MDR1 and
mutations within MRR1 with fluconazole resistance in re-
sistant isolates of C. parapsilosis [48]. More recently, a
surveillance study of a collection of clinical isolates of C.
parapsilosis has again implicated MDR1 and MRR1 in re-
sistance to fluconazole in this species [4]. As reported for
C. albicans, upregulation of MRR1 may be caused by sin-
gle gain-of-function mutations [18, 33]. Two mutations
(G1747A and A2619C) were identified in the MRR1 cod-
ing sequence of azole-resistant C. parapsilosis isolates that
resulted in an amino acid exchange (G583R and K873 N)
[8, 48]. According to Zhang L et al. (2015), overexpression
of MDR1 genes were detected in the two resistant isolates,
and this was associated with a homozygous mutation in
MRR1 genes (T2957C /T2957C), with the amino acid
exchange L986P [63]. According to Grossman NT et al.
(2015), polymorphisms in MRR1 are common, and only
some are associated with overexpression of MDRI.
They suggest that there is a hot spot for gain-of-
function mutations in MRR1, in the region coding from
amino acids 852 to 875.They identified one clinical iso-
late with a polymorphism in this region, corresponding
to L779F (G2337 T), which has 73-fold upregulation of
MDR1 [25].

The upregulation of the ERG11 gene was noted only in
one dose-dependent susceptible isolate from this collec-
tion. However, in the study of Berkow EL et al. (2015),
ERG11 was found to be overexpressed in many of the
azole-resistant clinical C. parapsilosis isolates, as has been
observed in C. albicans. Eight isolates (22.8%) exhibited a
minimum increase in ERG11 expression from 2-fold to
11-fold in C. parapsilosis [4]. Silva AP et al. (2011)
founded that expression of ERG11 was reduced in the re-
sistant strains of C. parapsilosis [48]. This observation
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might be related to the fact that the ERG11 overexpres-
sion was assessed in the absence of exposure to azoles,
likewise in our study [52]. Overexpression of ERG
genes is correlated with increased expression of the
transcription factors UPC2 and NDT80. In fact, a re-
sistant strain obtained after exposure to posaconazole
showed upregulation of these two transcription factors
(UPC2 and NDT80) and increased expression of 13
genes involved in ergosterol biosynthesis [48].

Other resistance mechanisms apart from those
already described, such as mutations in the target en-
zymes, might be implicated [8, 48]. Grossman NT et al.
(2015) also examined the sequences of ERG11 for the
presence of amino acid substitutions. They identified
the Y132F substitution as well and in fact observed it in
56.7% of their fluconazole- resistant isolates. They con-
cluded that this mutation is perhaps largely responsible
for most of the fluconazole resistance observed within
this species [25].

Contrary to what was expected, the upregulation of the
CDR1, MDR1 and ERG11 genes was also not associated
with an increased copy number of gene in our strains of
C. parapsilosis. Thus, the presence of genes that encode
membrane transporters in multiple copies at the genome
of C. parapsilosis was not responsible for an increase in
transcription levels in our isolates. Thus, in these strains
the upregulation of these genes is controlled by another
molecular mechanism.

Conclusion

In conclusion, this investigation provides more informa-
tion about the frequency of the production of the major
enzymes considered to be virulence factors of C. para-
psilosis complex species and reinforce the heterogeneity
of this fungal complex. But, it still remains unclear what
virulence factors may play a role in the final outcome.
Moreover, the fact that phenotypic properties were
found to significantly differ in strains isolated from vari-
ous geographical regions suggests that other mecha-
nisms such as epigenetic modifications may be used by
this yeast to adapt to environmental changes [55]. Fur-
ther in vivo studies are necessary and the molecular
mechanisms of pathogenicity should be more explored,
to better understand the pathogenesis of the infections
caused by the C. parapsilosis species complex. Finally,
we have demonstrated that a combination of molecular
mechanisms, including the overexpression of ERGII,
and genes encoding efflux pumps are involved in azole
resistance in C. parapsilosis. However, it is likely that the
presence of point mutations in the ERG11 gene or add-
itional mutations in transcription factors, or other mech-
anisms still unknown, probably exist in ours strains of C.
parapsilosis.
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