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Abstract Adhesion and biofilm formation, which
can occur on abiotic and biotic surfaces, are key
components in Candida pathogenicity. The aims of
this study were to infer about the C. tropicalis clinical
isolates ability to adhere and form biofilm on abiotic
and biotic surfaces and to correlate that with the
multilocus sequence typing and other virulence fac-
tors. Adhesion and biofilm formation were measured
in 68 C. tropicalis isolates from 3 hospitals in China on
abiotic (polystyrene) and biotic (human urinary blad-
der epithelial cell) surfaces by crystal violet assay and
2,3-bis (2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetra-
zolium-5-carboxanilide reduction assay. In our study,
almost all C. tropicalis isolates could adhere and
produce biofilm on abiotic and biotic surfaces in a
strain-dependent manner. The isolates from blood
showed relatively lower adhesion and biofilm capacity
on polystyrene surface, but had strong secreted
aspartyl proteinase activity. Moreover, significant
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differences were found among MLST groups for
adhesion and biofilm capacity. C. tropicalis in mul-
tilocus sequence typing group5 and group6 showed
high adhesion and biofilm, while isolates in groupl
exhibited low adhesion and biofilm formation. Over-
all, it is important to note that C. tropicalis isolates
adhere to and produce biofilm on abiotic and biotic
surfaces with strain specificity. These data will play an
important role in subsequent research on the patho-
genesis of C. tropicalis.
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Introduction

With the increasing number of immunocompromised
patients, long-term hospitalized patients, and invasive
medical inspection and therapy, the genus Candida
has emerged as a major opportunistic pathogens that
cause superficial and invasive infections in humans
[1-3]. Although the majority of candidosis cases are
attributed to C. albicans, a growing number of
infections caused by non-Candida albicans Candida
species, such as C. tropicalis, have been reported in
recent years [4]. C. tropicalis is considered the leading
pathogen in nosocomial fungemia and hepatosplenic
fungal infections in patients with cancer, especially
leukemia [5, 6]. In addition, C. tropicalis is the second
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most frequently isolated non-C. albicans Candida
pathogen in the Asia—Pacific region and in Brazil
[7, 8].

Several factors were reported to contribute to
Candida pathogenicity, including adhesion to abiotic
and biotic surfaces, biofilm formation (BF) and
secretion of hydrolytic enzymes containing aspartyl
proteases, phospholipases and hemolysins [9]. Adher-
ence to host cells, which plays a vital role in its
pathogenicity, is the first step in the invasive infections
of Candida. Once the pathogens adhere to the host’s
tissues or medical devices, cell division and prolifer-
ation will be activated, and biofilm will eventually
develop [10]. Biofilm mainly consists of micro
colonies of yeast, hyphae, pseudohyphae and extra-
cellular matrix arranged in a complex structure
[11, 12]. BF can confer significant tolerance to
antifungal therapy primarily by limiting the penetra-
tion of substances through the biofilm matrix and
protecting the embedded cells from host immune
responses [9]. Another feature of Candida biofilms is
their enhanced pathogenicity [13].

Although there is growing evidence of the impor-
tance of Candida adhesion and biofilm in their
pathogenic mechanism, limited studies have been
performed on C. tropicalis. The objective of this study
was to determine the adhesion ability and biofilm
production of C. tropicalis clinical isolates from China
on abiotic (polystyrene) and biotic (human urinary
bladder epithelial cell) surfaces, to analyze the corre-
lation of adhesion/BF with the multilocus sequence
typing (MLST) and other virulence factors, and to
support further research on the role of virulent factors
in pathogenesis of C. tropicalis.

Materials and Methods
Candida tropicalis Strains

A total of 68 C. tropicalis isolated from three general
hospitals in Beijing, China, during a period of 3 years
(2010.8-2013.9) were included in this study. These
strains belong to the archive collection of the Chinese
Centre for Disease Control and Prevention. The origins
of these strains were as follows: 3 from blood, 3 from
drainage, 7 from feces, 1 from prostatic secretion, 1
from sanies, 31 from sputum, 2 from throat swab, 10
from urea, 4 from vaginal secretion and 6 from

@ Springer

unknown specimens. ATCC (American Type Culture
Collection) 750 was used as a quality control. All
strains were stored at —80 °C in brain-heart infusion
(Oxoid) and maintained in Sabouraud dextrose agar
media (SDA, Oxoid) at 25 °C during the study.

Determination of Adhesion and Biofilm Formation
on Abiotic (Polystyrene) Surface

Adherence assay was performed in 96-well polystyr-
ene flat-bottomed microtitre flat plates (PMP; Corn-
ing) according to Galan-Ladero et al. [14]. In short, C.
tropicalis colonies from SDA plates were incubated in
Sabouraud dextrose broth media (SDB, Oxoid) for
18 h at 120 rpm (revolutions per minute) at 37 °C.
Then cells were harvested by centrifugation at 5000 g
for 5 min and washed twice with phosphate buffer
solution (PBS). The washed yeast cells were then
suspended in PBS to 1 x 10’ CFU ml™'. Next, the
prepared suspension was distributed at 250 pl per
well. After being incubated at 37 °C for 15 min and
24 h, unattached cells were removed by washing the
wells three times with cold PBS. The immediate
adhesion (IA) and the late adhesion (LA) were
determined. All wells were detected at OD 9. A well
containing only PBS was used as a negative control.

BF assay was performed in 96-well PMP as
according to Ramage et al. [15] with some modifica-
tions. Yeast suspension was prepared in RPMI-1640
culture medium (Gibco) with a concentration of
1 x 10" CFU ml™". The plates were then incubated
at 37 °C for 24 and 72 h. Non-adherent C. tropicalis
cells were removed by washing three times with cold
PBS. In accordance with previously described proto-
cols [16, 17], BF was quantified by two methods: the
crystal violet (CV) assay and the semi quantitative 2,3-
bis(2-methoxy-4-nitro-5-sulfo-phenyl)-2H-tetrazolium-
5-carboxanilide (XTT) reduction assay. In addition,
adhesion and BF on PMP surfaces were confirmed by
inverted light microscopy (Nikon Eclipse Ti-S, 40x
magnification).

Determination of Adhesion and Biofilm Formation
on Biotic (Human Urinary Bladder Epithelial Cell)
Surface

A human urinary bladder epithelial cell line (TCC-
SUP; ATCC HTB-5™) was used in this study. Cells
were cultured in minimum essential medium (Gibco)
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containing 10% fetal bovine serum (Gibco) supple-
mented with MEM non-essential amino acids solution
(Gibco) and sodium pyruvate (Gibco) in cell culture
flasks at 37 °C with 5% CO,. Cells were washed off
using 0.25% trypsin-EDTA solution (Gibco). The
cellular density was adjusted to 1 x 10° cells ml™" in
fresh minimum essential medium using a Neubauer
chamber. Two milliliter of the suspension was added
to a 12-well plate and incubated for 24 h. Before
adhesion and BF assay on the TCC-SUP surface, the
wells were washed twice with PBS.

For adhesion assay, mainly as according to Negri
et al. [18], the washed yeast cells were resuspended in
minimum essential medium, and the cellular density
was adjusted to 1 x 107 cells ml~'. Two ml suspen-
sion of each C. tropicalis isolate was added to the
corresponding well containing a confluent layer of
epithelial cells. After being incubated at 37 °C with
5% CO, for 2 h, the wells were washed twice with
PBS to remove unattached cells.

For the BF study, the first step was the same as the
adhesion assay. After the wells were washed twice with
PBS, the washed wells were loaded with 2 ml minimum
essential medium and incubated at 37 °C under 5% CO,
for 24 h. Later the wells were washed twice with PBS.
Adhesion and BF on TCC-SUP surface were also
confirmed by microscope observation (40x magnifica-
tion) and determined by CV assay [19] and XTT assay
[20]. There were a few differences with methods used
for BF on PMP surface. Basically, for the CV assay,
1 ml 1% CV was added to the pre-washed wells and
allowed to stain for 5 min. Then the CV was abandoned
and the wells were washed three times with PBS. To
remove the stain from the epithelial cells, 1 ml of
ethanol: acetone (1:1) was added to the wells and
discarded immediately. Acetic acid (33%, 2 ml) was
added to the wells and incubated at 37 °C for 5 min. The
absorbance was read at 570 nm. For the XTT assay,
200 pl XTT/menadione and 1.8 ml PBS were put into
each well. Subsequently the plate was incubated in the
dark at 37 °C for 2 h, and the absorbance was read at
420 nm. The well containing only TCC-SUP cells was
used as a negative control. All experiments were
performed at least three times for each strain.

Determination of Hydrolytic Enzymes Activity

The activity of hydrolytic enzymes, including the
secretion of aspartyl proteinases, phospholipases and

hemolysins, was determined on plates containing
specific substrates by observing precipitation or
translucent halo, mainly as according to Galan-Ladero
et al. [21]. The activity of the secreted aspartyl
proteinases was expressed according to PrZ_48 h
(colony diameter/total diameter of the colony plus
precipitation halo), the phospholipases activity was
expressed according to PhZ (colony diameter/total
diameter of the colony plus precipitation halo), and the
hemolytic activity was expressed according to
HZ_72 h (colony diameter/total diameter of the
colony plus hemolysis halo).

MLST Analysis of Candida tropicalis Strains

The MLST type of 58 C. tropicalis isolates out of 68
isolates in this study was analyzed and published in our
previous study [22]. In order to analyze the correlation
between virulent activity and MLST types, the remain-
ing 10 C. tropicalis isolates were also analyzed using
MLST method following the same procedure as
published [22]. The genetic relationship among the 68
strains and the MLST clonal clusters were determined
using the minimum spanning tree of the BioNumerics
software version 5.1 (Applied Maths, Kortrijk, Bel-
gium). The method determines the putative relation-
ships among isolates as related and records isolates as
related when fewer than two of the six MLST gene loci
are different. In addition, data from the variable loci
from the six C. tropicalis alleles were conjoined into a
single sequence, and then each base in the sequence was
rewritten twice for a homozygous (A, C, G, or T) datum
or as the two component bases for a heterozygous (K,
M, R, S, W, Y) datum. These revised sequences could
then be used to generate the genetic distance matrices.

Statistical Analysis

Analyses were performed using SPSS version 22.0.
The results of the experiments were statistically
described with frequency, medium and quartile range.
Wilcoxon signed-rank test was used for comparison
differences between two groups; the Kruskal-Wallis
H test was used to determine statistically significant
differences among groups; Spearman’s rank correla-
tion was used for correlation analysis; Mantel test was
used to compare two distance matrices; and “Cor-
rplot” in R was applied in graphically illustrating the
correlation coefficients in a circle graph. A P value
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less than or equal to 0.05 was considered to be of
statistical significance.

Results

Differentiated Adhesion Ability of Candida
tropicalis Isolates on Abiotic and Biotic Surfaces

In this study, all C. tropicalis isolates displayed
adhesion ability on PMP surface for both IA and LA
(Figs. 1a, 2a, b). Several isolates (CYCTO1, CYCTO2,
FXCTO01, FXCT02,ZRCT16 and ZRCT32) showed the
lowest IA ability with OD49y = 0.001. The FXCTO1
isolate also exhibited the lowest LA with
ODy49g = 0.003 (Fig. 1a). Strain ZRCT47 displayed
the highest IA and LA ability with OD,9y = 0.021 and
0.056, respectively (Fig. 1a). The adhesion ability of
LA was higher than IA in 97.1% of the strains, and only
in two cases (ZRCT35 and ZRCT60) was it similar.
This indicates that the adhesion ability strengthens over
time, which is vital for subsequent BF and infection.
Adhesion of C. tropicalis on TCC-SUP surface was
determined by CV and XTT assay. In the CV assay, a

Fig. 1 Diversity of adhesion and biofilm formation among C.
tropicalis isolates on PMP and TCC-SUP surfaces. a Immediate
adhesion, late adhesion and biofilm formation on PMP surface
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total of 61 (89.71%) isolates showed adhesion, and the
remaining seven strains (CYCTO02, ZRCTO6,
ZRCT48, ZRCT54, ZRCT61, ZRCT62 and ZRCT63)
displayed no adhesion ability on the TCC-SUP surface
(Figs. 1b, 3a). Strain ZRCT47 displayed the highest
adhesion with ODs;5 = 0.027, while strains ZRCTO02,
ZRCT20, ZRCT42, ZRCT43 and ZRCT51 displayed
the lowest adhesion (ODsy, = 0.001) on the TCC-
SUP surface (Fig. 1b). In the XTT assay, all 68 strains
displayed adhesion on the TCC-SUP surface (Fig. 1b).
Strain ZRCT45 displayed the highest adhesion
(ODygp = 0.186), while ZRCT31 and ZRCTS52
showed the lowest adhesion (ODg49g = 0.006)
(Fig. 1b). The tested value of all strains in the XTT
assay was higher than that in the CV assay. This may
indicate that the XTT assay was more sensitive than
the CV assay in detecting the adhesion of C. tropicalis
on the TCC-SUP surface.

Biofilm Formation Ability of Candida tropicalis
Isolates on Abiotic and Biotic Surfaces

BF of C. tropicalis on PMP and TCC-SUP surfaces
were also quantified by CV and XTT assay. The total
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determined by CV and XTT assay. b Adhesion and biofilm
formation ability on TCC-SUP surface measured by CV and
XTT assay
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Immediate adhesion Late adhesion
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BF_24h BF_72h
Fig. 2 Adhesion and biofilm formation of typical C. tropicalis
isolate on PMP surface by microscope. a Immediate and late
adhesion of C. tropicalis. b Three adhesion levels of C.
tropicalis. ¢ Biofilm formation of C. tropicalis at 24 and 72 h.
d Three biofilm formation levels of C. tropicalis. All panels

Low adhesion

Low BF

High adhesion

Medium BF High BF
were photographed at the same magnification (x40). The
adhesion and biofilm formation were divided into three groups
according to their distinct adhesion and biofilm ability on PMP
surface using the following ranks: <25%, low; 25-75%,
medium; and >75%, high

Low BF

Medium BF

Fig. 3 Distinct levels of adhesion and biofilm formation by C.
tropicalis on TCC-SUP surface in microscope. a Three adhesion
levels of C. tropicalis. b Three biofilm formation levels of C.
tropicalis. The red arrow points to TCC-SUP cells. All panels
were photographed at the same magnification (x40). The

biomass of biofilm was determined by CV assay, and
the biofilm metabolic activity was determined by XTT
assay. Regarding BF on PMP surface, all strains tested
could form biofilm (Figs. la, 2d). The extent of

High BF

adhesion and biofilm formation were divided into three groups
according to their distinct adhesion and biofilm ability on TCC-
SUP surface using the following ranks: <25%, low; 25-75%,
medium; and >75%, high. (Color figure online)

biofilm formed at 24 and 72 h were similar (Fig. 2c).
Thus, data of BF at 24 h were used in the following
analysis. Strain CYCTO1 produced the lowest biofilm
in both CV and XTT assays (Fig. la). However,
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isolates producing the most massive mass of biofilm in
these two methods were distinct: Strain ZRCT40
produced the strongest biofilm on PMP surface with
ODs70 = 3.804 in CV assay, while strain ZRCTS51
produced the most biofilm with OD49y = 2.022 in
XTT assay (Fig. 1a).

Regarding BF on TCC-SUP surface, all C. tropi-
calis 1isolates formed biofilm except for strains
CYCTO1, ZRCT16 and ZRCT51 by the CV method
and strains CYCTO02, ZRCT35 and ZRCTS51 by the
XTT method (Figs. 1b, 3b). In CV assay, ZRCT09
showed the largest biofilm biomass with
ODsy9 = 0.140; while strain CYCTO02, ZRCT52,
ZRCT55 and ZRCT64 showed the smallest biofilm
biomass with ODs7o = 0.001. In XTT assay, ZRCT47
displayed the highest biofilm metabolic activity with
ODy499 = 0.570; while ZRCT50 showed the lowest
biofilm metabolic activity with ODy49g = 0.004
(Fig. 1b). Significant correlation was found between
the two methods used for biofilm quantification on the
abiotic surface (rs = 0.572) and the biotic surface
(rs = 0.655) (Fig. 4).

Relationship of Adhesion and BF Ability
with MLST Types of Candida tropicalis Isolates

The minimum spanning tree dendrogram showed that
most of the isolates were dispersed. Six groups were
generated (Fig. 5 and Additional file 1). There were 7
diploid sequence types (DSTs) and 12 isolates in
groupl. Group2 had 5 DSTs and 6 isolates, group3 had
4 DSTs and 5 isolates, group4 had 3 DSTs and 3
isolates, group5 had 3 DSTs and 4 isolates, and group6
had 6 DSTs and 6 isolates, respectively (Fig. 5).

The analysis between MLST groups revealed
differences in achieving statistical significance in both
adhesion and BF (Table 1), thus indicating the exis-
tence of significant correlation between MLST types
of C. tropicalis and adhesion or BF. C. tropicalis in
groupl had the smallest mean ranks for adhesion on
PMP surface, BF on PMP surface and BF on TCC-
SUP surface (Table 1), which suggests that isolates of
groupl had the lowest adhesion on abiotic surface, the
lowest BF on abiotic surface and the lowest BF on
biotic surface. C. tropicalis in group5 showed the
highest adhesion (LA) on PMP surface and the highest
BF on TCC-SUP surface. Isolates in group6 exhibited
the highest adhesion (by XTT assay) on TCC-SUP
surface and the highest BF (by XTT assay) on PMP
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Fig. 4 Correlation coefficients of different virulence factors for
C. tropicalis isolates. Correlation for each pair of virulence
factors was determined using R statistical computing software
(Spearman’s correlation and two-tailed probability of ¢ for each
correlation). Blue positive correlation, Red negative correlation;
diameter of circles represents the absolute value of correlation
for each pair of the virulence factor—virulence factor matrix. The
time point of biofilm on polystyrene surface (BF_PMP_CV and
BF_PMP_XTT) is 24 h. (Color figure online)

surface. In general, C. tropicalis in MLST group5 and
group6 showed high adhesion and BF, while isolates
in groupl had low adhesion and BF.

In addition, significant correlation existed between
the genetic distance matrices and the phenotypic
distance matrices of BF_PMP_XTT (P = 0.013). But
no significant correlations were found between the
genetic distance matrices and the rest phenotypic
distance matrices of IA_PMP, LA_PMP, Ad_-
cell_CV, Ad_cell_XTT, BF_PMP_CV, BF cell_CV,
BF_cell_XTT, PrZ_48 h, and HZ_72 h. The P values
are 0.501, 0.479, 0.901, 0.119, 0.945, 0.219, 0.539,
0.991 and 0.535, respectively.

Correlation of Adhesion and Biofilm Formation
with Other Virulence Factors

The correlation between adhesion and BF was firstly
investigated. Significant associations were found
between adhesion and BF on PMP surface
(r¢ = 0.495 for TA and biofilm biomass; r, = 0.431
for IA and metabolic activity; ry = 0.315 for LA and
biofilm biomass, and r, = 0.396 for LA and metabolic
activity) (Fig. 4). Positive correlations were also
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Fig. 5 Minimum spanning
tree of all 68 C. tropicalis
isolates (59 DSTs)

Table 1 Comparison of adhesion and biofilm formation capacity of C. tropicalis in different MLST groups

Virulence factors Mean rank (range of rank orders) P
Groupl Group2 Group3 Group4 Group5 Group6

IA_PMP 8.58 22.00 21.50 27.83 25.50 23.00 0.005%*
(1.0-18.0) (12.5-34.0) (9.0-31.0) (15.5-36.0) (5.0-35.0) (19.5-28)

LA_PMP 7.58 21.50 18.30 23.67 31.13 26.50 0.000%*
(1.0-17.0) (14.0-30.0) (7.0-28.0) (16.0-36.0) (24.0-35.0) (18.0-33.0)

Ad_cell_CV 16.88 16.58 13.90 27.67 19.75 22.08 0.483
(3.0-30.0) (4.0-34.0) (2.0-23.5) (17.0-36.0) (1.0-35.0) (7.5-33)

Ad_cell_ XTT 17.13 7.00 16.90 16.33 23.75 31.67 0.003*
(1.0-32.0) (2.0-16.0) (9.5-23.0) (5.0-36.0) (20.0-28.0) (27.0-35.0)

BF_PMP_CV 6.83 32.00 22.80 21.33 24.38 19.42 0.000%*
(1.0-16.0) (29.0-36.0) (14.0-28.0) (12.0-35.0) (18.5-33.0) (13.0-26.0)

BF_PMP_XTT 6.92 23.50 18.60 20.67 23.50 32.17 0.000%*
(1.0-16.0) (17.0-28.0) (11.0-29.0) (14.0-30.0) (15.0-34.0) (26.0-36.0)

BF_cell_CV 12.04 17.50 19.10 22.33 33.75 19.83 0.019%*
(1.0-27.5) (2.5-30.0) (9.0-26.0) (12.0-35.0) (32.0-36.0) (9.0-31.0)

BF _cell_ XTT 10.92 13.83 21.00 20.00 33.25 25.67 0.003*
(3.0-26.0) (1.0-28.0) (16.0-24.0) (10.0-24.0) (31.0-35.0) (11.0-32.0)

IA_PMP, immediate adhesion on PMP surface; LA_PMP, late adhesion on PMP surface; Ad_cell_CV, adhesion on TCC-SUP
surface measured by CV assay; Ad_cell_XTT, adhesion on TCC-SUP surface measured by XTT assay; BF_PMP_CV, biofilm on
PMP surface determined by CV assay; BF_PMP_XTT, biofilm on PMP surface determined by XTT assay; BF_cell_CV, biofilm on
TCC-SUP surface determined by CV assay; BF_cell_XTT, biofilm on TCC-SUP surface determined by XTT assay

The bold numbers refer to the lowest and highest activity according to the left column
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found between adhesion and BF on TCC-SUP surface
in CV analysis (rg = 0.244) and XTT analysis
(rs = 0.602) (Fig. 4).

The hydrolytic enzymes (secreted aspartyl pro-
teinases, phospholipases and hemolysins) for
ZRCTO01-ZRCT64 had previously been studied in
our laboratory (Additional file 2) [23]. The determi-
nation of enzymatic activities by the remaining four
strains (CYCTO1, CYCTO02, FXCTO1 and FXCTO02)
was finished in this study (Additional file 2). Essen-
tially, all C. tropicalis isolates produced proteinase
and hemolytic activity, but no phospholipases were
detected. Positive correlations were found between
PrZ 48 h and IA, LA or biofilm biomass on PMP
surface (r; = 0.390; r, = 0.228; and r, = 0.547,
respectively) (Fig. 4). This indicates that a negative
relationship exists between the activity of secreted
aspartyl proteinases and IA, LA or biofilm biomass on
PMP surface.

Activities of virulence factors by C. tropicalis were
compared among anatomic sites with more than 3
samples, including those from blood, drainage, feces,
sputum, urea and vaginal secretion. Isolates from
blood had a mean rank of 5.67, 4.33 and 4.33 for IA,
LA and secreted aspartyl proteinases (Table 2). Sig-
nificant differences were observed for IA and secreted
aspartyl proteinases among different anatomic sites
(P is 0.018 and 0.050, respectively) (Table 2). This
suggests that the adhesion on PMP of blood isolates
was weak, while the activity of the secreted aspartyl
proteinases was strong. These features of C. tropicalis
isolated in blood may be associated with its invasive
trait.

Discussion

Adhesion is considered to be the first event for
colonization, BF and persistent infection of C. trop-
icalis [9]. In our study, most isolates exhibited
adhesion on PMP and TCC-SUP surfaces. On PMP
surface, the activity of adhesion increased with
prolongation of culture, which is supported by a
previous study [14]. This may be the reason why
inpatients with longer stays in the hospital have much
higher chances of getting infected. On TCC-SUP
surface, the results of adhesion in CV and XTT assay
were slightly deviated. Namely, all strains could
adhere to TCC-SUP surface in XTT assay, while all

@ Springer

isolates except for seven strains displayed adhesion in
CV assay. These results suggest that the XTT method
was more sensitive in detecting adhesion of C.
tropicalis on TCC-SUP. It may indicate that XTT
assay seems to be a good quantification method for
adhesion of Candida on epithelial cells. C. tropicalis
isolates from blood cultures demonstrated lower
adhesion on PMP surface. It is worth noting that a
similar phenomenon has been reported in a study on C.
parapsilosis, where the systematic isolates demon-
strated lower adherence to buccal epithelial cells than
the superficial isolates [24]. At the same time, blood
isolates exhibited strong secreted aspartyl proteinases
activity. Secreted aspartyl proteinases are capable of
degrading epithelial and mucosal barrier proteins,
which facilitate invasion [25]. These results reveal that
low adherence and strong activity of secreted aspartyl
proteinases may be related to the invasive feature of C.
tropicalis. This should be confirmed with an expanded
sample size in a further study. At the same time,
negative correlations existed between secreted aspar-
tyl proteinases activity and adhesion on PMP, which
was in accordance with the traits of blood strains.
We found that the tested C. tropicalis isolates
produced large amounts of biofilm on the PMP surface
as described previously [3, 26]. This has revealed that
C. tropicalis show strain-dependent BF ability [2, 14].
According to the cutoffs (CV assay: low BF <0.44,
medium BF = 0.44-1.17, high BF >1.17; XTT assay:
low BF <0.097, medium BF = 0.097-0.2, high BF
>(.2) proposed by Marcos-Zambrano et al. [27], 40
out of 68 C. tropicalis isolates were graded as low BF
by CV method, while most (92.6%) strains were
categorized as high BF by XTT assay in our study. It
illustrates that although our strains displayed rela-
tively small amounts of biomass, they showed higher
rates of metabolic activity of BF [27]. Several studies
indicate that biofilm metabolic activity is highly
correlated with biomass (r > 0.7) [11, 28], but no
correlation between those two methods was found in
Silva’s study [26]. In our study, significant correlation
existed between CV and XTT assay, but the coefficient
of correlation was small (r; = 0.572). Interestingly,
we also found that the majority of C. tropicalis with
high biomass of biofilm showed relatively low
metabolic activity. This phenomenon aligned very
well with the paper reported by Marcos-Zambrano
etal. [27] and Negri et al. [29]. Several reasons may be
responsible for the differences between the two
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Table 2 Comparison of virulence factors activity of C. tropicalis with different anatomic sites

Virulence factors Mean rank (range of rank oders) P
Blood Drainage Feces Sputum Urea Vaginal S

IA_PMP 5.67 37.50 16.86 30.42 36.55 38.75 0.018*
(1.5-10.0) (16.5-51.0) (1.5-50.0) (5.5-58.0) (22.6-56.5) (20.0-49.0)

LA_PMP 4.33 24.33 28.86 31.60 33.10 28.13 0.161
(1.0-7.0) (17.0-36.0) (8.0-57.0) (2.0-58.0) (3.0-52.0) (11.0-51.0)

Ad_cell_CV 35.00 34.83 35.50 24.65 34.40 36.25 0.351
(16.5-52.0) (16.5-57.0) (3.5-54.0) (3.5-56.0) (13.0-58.0) (16.5-49.0)

Ad_cell_XTT 31.50 25.33 30.93 28.90 31.75 27.63 0.991
(24.5-41.0) (15.0-40.0) (11.0-52.0) (1.0-58.0) (2.0-56.0) (13.0-49.0)

BF_PMP_CV 10.50 43.67 23.07 32.42 26.85 28.38 0.150
(8.5-13.0) (28.0-55.0) (1.5-56.0) (4.5-58.0) (1.5-47.0) (4.5-42.0)

BF_PMP_XTT 11.00 34.33 19.57 31.87 30.90 35.25 0.192
(4.0-24.0) (29.0-42.0) (1.0-38.0) (3.0-58.0) (10.0-54.0) (9.0-49.0)

BF_cell_CV 14.17 24.67 29.64 31.75 29.55 26.75 0.641
(8.5-22.0) (18.0-31.5) (2.0-54.0) (2.0-58.0) (7.0-48.0) (14.041.5)

BF_cell_XTT 34.00 23.00 25.86 32.89 26.40 18.88 0.528
(25.0-42.0) (2.0-38.0) (2.0-55.0) (2.0-58.0) (6.0-51.0) (4.0-43.5)

PrZ_48 h 4.33 39.67 28.29 33.65 23.80 25.00 0.050*
(2.0-7.0) (25.0-54.0) (8.0-42.0) (6.0-58.0) (1.0-57.0) (3.0-48.0)

HZ 72 h 23.00 35.33 27.57 29.65 31.90 26.25 0.940
(13.0-41.0) (16.0-55.0) (4.0-45.0) (1.0-58.0) (9.0-57.0) (10.0-37.0)

Vaginal S vaginal secretion

IA_PMP, immediate adhesion on PMP surface; LA_PMP, late adhesion on PMP surface; Ad_cell_CV, adhesion on TCC-SUP
surfaces measured by CV assay; Ad_cell_XTT, adhesion on TCC-SUP surfaces measured by XTT assay; BF_PMP_CV, biofilm on
PMP surface determined by CV assay; BF_PMP_XTT, biofilm on PMP surface determined by XTT assay; BF_cell_CV, biofilm on
TCC-SUP surface determined by CV assay; BF_cell_XTT, biofilm on TCC-SUP surface determined by XTT assay

PrZ_48 h = colony diameter/total diameter of the colony plus precipitation halo; which indicates the activity of secreted aspartyl

proteinases

HZ_72 h = colony diameter/total diameter of the colony plus hemolysis halo; which indicates the activity of hemolysins

The bold numbers refer to the lowest immediate adhesion ability, and the highest ability of secreted aspartyl proteinases of C.

tropicalis isolate from blood

methods: First, CV can stain both active cells and the
extracellular matrices, while XTT assay measures BF
only through living cells’ metabolic activity [28].
Second, the compact structure and thick extracellular
matrix of biofilm with high biomass can impair
diffusion of nutrients and oxygen [30], thus leading
to lower metabolic activity in cells. Although Candida
could form biofilm on mucosal surfaces and trigger
recurrent infections [31], there have not been many
studies on BF of Candida on cell surface until now. BF
of C. tropicalis on monolayer cell (TCC-SUP) surface
was firstly analyzed in our study. Most (95.59%) C.
tropicalis in CV and XTT assay could form biofilm on
TCC-SUP surface. In our study, a positive correlation

was found between adhesion and BF. Silva et al. also
showed that positive association exists between adhe-
sion and biofilm biomass for C. tropicalis [26].
However, both correlations were small. Therefore,
we think that adhesion is likely to be related to BF for
C. tropicalis, but adhesion is not the only factor for
predicting BF of C. tropicalis. Besides, Galan-Ladero
demonstrated that cellular surface hydrophobicity,
growth and filamentation ability play a fundamental
role in BF [14].

Until now, there have been few studies focusing on
the association between virulent phenotypes and
genotypes in Candida. In Li’s study, C. albicans
within a clone or a clonal lineage determined by PCR-
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RFLP demonstrated phenotypic diversity. No signif-
icant differences were found among these clonal
lineages. However, there were two groups containing
strains with high BF [28]. Silva-Rocha et al. discovered
that genotype C of C. albicans were more resistant to
phagocytosis by polymorphonuclear neutrophils than
genotypes A and B [32]. Our study firstly analyzed the
relationship between virulence factors and MLST
types. Significant differences were found among
MLST groups for adhesion and BF. Most isolates in
group5 and 6 displayed high adhesion or BF, while C.
tropicalis of groupl exhibited lower adhesion and BF.
This suggests that significant correlation exists
between MLST types and virulence activity for C.
tropicalis. In the future, with large population structure
performed by whole genome sequencing, whether
there are groups of C. tropicalis isolates with higher
virulent or invasive ability or potential ability evolving
to high virulent isolates will be determined.

In conclusion, the profile of adhesion and biofilm
on abiotic and biotic surfaces by 68 C. tropicalis
clinical isolates were analyzed. Almost all isolates
could produce adhesion and BF with a strain-depen-
dent feature, which is helpful for selecting represen-
tative strains in further studies. Blood isolates
exhibited low adhesion on PMP surface and had
strong activity of secreted aspartyl proteinases, which
provides clues in studying the invasive mechanisms of
C. tropicalis. In addition, significant correlations
existed between adhesion/BF with MLST type. Most
C. tropicalis in MLST group5 and group6 were
associated with high adhesion and BF, while groupl
contained strains with low adhesion and BF. Above
all, the identification of virulence factors and their
correlation with each other will aid in the understand-
ing of C. tropicalis pathogenesis of infection.
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