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ABSTRACT

Objective: Biofilm formation is one of the most important virulence factors of Candida
species which leads to permanent infection foci by adhering to foreign materials and
which are difficult to treat. Candida parapsilosis, which is one of the most common causes
of candidemia in our country, is frequently isolated as a causative agent in catheter-
related infections. The most commonly used methods for evaluating the biofilm formation
of Candida species are measuring cell viability with XTT (2,3-bis (2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazolium hydroxide) and evaluating the
total biofilm mass with crystal violet (CV). The aim of this study is to evaluate the biofilm
formation ability of C. parapsilosis candidemia isolates by XTT and (CV) methods and
compare these methods with each other.

Materials and Methods: C. parapsilosis isolates sent from various hospitals between 2015
and 2019 were included in the study retrospectively, and the species-level identification
was performed using the matrix- assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF/MS) The biofilm formation of the isolates was compared based
on the optical density (OD) values obtained by crystal violet and XTT methods. The biofilm
formation of the isolates was evaluated by categorizing them into low, medium and high
biofilm groups as + 20% according to the median value of all strains.

Results: Totally, 79 C. parapsilosis candidemia isolates were included in this study and
categorical compatibility between CV and XTT methods in low, medium and high biofilm
groups was found as 69.6%, 60.6% and 73.9%, respectively. The OD values of the XTT method
in the high biofilm group were found statistically significantly higher when compared with
the values from the CV method.

Conclusion: The compatibility of XTT and crystal violet methods in terms of biofilm
measurement in C. parapsilosis isolates was considered acceptable, and no major variations
were detected between the categories. According to these results, when evaluating the
biofilm levels of C. parapsilosis isolates, high OD values obtained by the XTT method should
be confirmed with the CV method.
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Comparison of C. parapsilosis Biofilm Evaluation Methods

INTRODUCTION

iofilm formation is one of the most important

virulence factors for Candida species (1). Bio-

film can be defined as a whole microbial com-
munity formed by microorganisms producing extra-
cellular polymers and clustering in the matrix on
various surfaces (2). Biofilm formation provides es-
cape from host defence and also mediate the forma-
tion of resistance to antifungal drugs (3, 4). Candida
species similar to other microorganisms also form
biofilms on artificial surfaces (5). In Candida species,
adhesion factors, biofilm formation and extracellu-
lar polymer synthesis are controlled by extremely
complex cellular pathways. By transcriptomic stud-
les revealing these pathways, transcription factors
closely related to biofilm formation have been iden-
tified such as “biofilm and cell wall regulator 1 (Bcr-
1)”, “enhanced filamentous growth protein 1(Efg-1)"
and “transcription activator 1 (Tec-1)” (6).

Candidemia is the spread of Candida species from
an endogenous oOr exogenous source, causing
bloodstream infection. (7). Candida species cause
recurrent candidemia with extremely high mortali-
ty by forming biofilms on surgical implants, central
venous catheters or urinary catheters. (8). Cath-
eter-related Candida infections cause important
treatment difficulties in patients with immunosup-
pression, bone marrow or solid organ transplanta-
tion in clinics (9).

C. parapsilosis is the second most common cause
of candidemia in Turkey after Candida albicans (10).
C. parapsilosis which mostly causes infections in
newborns and healthcare-associated outbreaks
in hospitals is often isolated as a causative agent
in catheter-related infections due to its ability to
adhere to artificial surfaces and form “slime” (11).
Therefore, evaluation of the biofilm-forming abili-
ties of C. parapsilosis candidemia isolates has gained
importance.

One of the most commonly used methods for the
evaluation of biofilm formation in Candida species
by phenotypic methods is the colorimetric method
in which cell viability is measured using XTT (12).
Another frequently used method in which biofilm
formation is evaluated in Candida isolates is the
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total mass evaluation method with CV staining.
Among these methods, living cells in the biofilm are
detected with XTT, while the biofilm mass is evalu-
ated as a whole in the CV staining method (13). The
number of studies comparing these methods with
each other is extremely limited, and generally, only
one method is chosen in the studies. In addition,
threshold values for these methods have not yet
been determined and the methods have not been
standardized yet (14). This study aims to evaluate
the biofilm-forming abilities of C. parapsilosis candi-
demia isolates with XTT and CV methods to show
the compatibility of these methods with each other.

MATERIAL AND METHOD

Identification of Isolates and Biofilm Formation
C. parapsilosis candidemia isolates that were sent to
our laboratory from various hospitals between 2015
and 2019 were included in the study retrospectively.
Species-level identification of the isolates was
performed by VITEK® MS (bioMérieux, Marcy
I'Etoile, France) matrix-assisted laser desorption
lonization time-of-flight mass spectrometry

(MALDI-TOF/MS) microbial identification system
at Ko¢ University Hospital Microbiology Laborato-
ry. The isolates were passaged from stocks kept at
-80°C to Sabouraud dextrose agar (SDA) (Becton,
Dickinson and Company, USA) and were inoculat-
ed into RPMI medium (Sigma-Aldrich, USA, code:
R6504) containing 2% glucose and incubated for 24
hours at 200 rpm and 37°C. After incubation, 100 pl
of samples were adjusted to 0.5 McFarland density
in RPMI medium with 2% glucose were transferred

HIGHLIGHTS

e In the evaluation of the biofilm formation in C.
parapsilosis, the compatibility of CV and XTT
methods is acceptable, and no major variations
were detected.

e The OD values of the XTT method in the high bi-
ofilm group were found statistically significantly
higher when compared with the values from the
CV method.

e High optical density results obtained with the
XTT method should be confirmed with CV assay.
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to sterile 96-well polystyrene plates. Plates were in-
cubated for 24 hours at 75 rpm and 37°C (13). Test
medium without cells was added to the final well of
each plate as the negative control.

Biofilm Formation by Crystal Violet Method

For the determination of the biofilm mass by the CV
method, RPMI media with 2% glucose were removed
from the wells after 24 hours of incubation, and
after washing twice with phosphate-buffered saline
(PBS), the plates were left to dry for 45 minutes.
Then, 125 pl of 1% crystal violet solution was
added to the wells and incubated for 15 minutes
at room temperature. Plates were washed twice
with PBS and dried at room temperature for 30
minutes, then 200 pl of 95% ethanol solution was
added to the wells. Following the incubation of
the plates for 15 minutes at room temperature,
OD measurement was performed at 540 nm in the
Multiskan GO (Thermo Fisher Scientific Inc., USA)
spectrophotometer device. The absorbance values
of the negative controls were subtracted from the
values of the test wells to minimize background
interference. Three different measurements were
performed for each isolate, and standard deviation
values were determined by taking the average of
the results.

Biofilm Formation by XTT Method

After the biofilm formation, the wells were washed
twice with PBS, and 100 pl of XTT /menadione
(Sigma-Aldrich, USA) (final concentration of 1mM)
was added to the samples and incubated at 37°C
for two hours in the dark. After the incubation, the
viability of the cells in the biofilm was determined by
measuring the OD at 490 nm with the Multiskan GO
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spectrophotometer device. The absorbance values
of the negative controls were subtracted from the
values of the test wells to minimize background
interference. Three different measurements were
made for each isolate, and the standard deviation
(SD) values were determined by taking the average
of the results.

Statistical Analysis

The biofilm formation ability of the isolates was
compared based on the OD values obtained by CV
and XTT methods, and the biofilm formation level
of the isolates was categorized as low, medium
and high biofilm groups according to the median
and +20% of all strains. The median OD value of
all isolates was determined and + 20 of all isolates
were accepted medium biofilm group (n:33) and the
rest was calculated as low (n:23) and high (n:23)
biofilm groups. When the methods were compared
with each other, results in the same category
(low, medium or high) with both methods were
accepted as category agreement. For the statistical
significance test, Tukey’s multiple comparison test
was applied following the one-way ANOVA test, and
p <0.05 was considered statistically significant.

RESULTS

In this study, 79 C. parapsilosis strains isolated
from blood culture were included. All isolates were
grouped with an average of +20% (+16 isolates) in
order to evaluate biofilm formation according to
the methods; 23 isolates were in the low, 33 isolates
in the medium and 23 isolates in the high-level bio-
film group. When the biofilm masses of all isolates
were evaluated with CV staining method, the medi-

Table 1. Evaluation of biofilm level of C. parapsilosis isolates according to categories by crystal violet and XTT methods.

v XTT
Biofilm level | Number | Mean (OD nm) | Lowest (OD nm) | Highest (OD nm) | Mean (OD nm) | Lowest (OD nm) | Highest (OD nm)
Low 23 0.127 0.05 0.164 0.183 0.057 0.291
Medium 33 0.348 0.177 0.546 0.476 0.299 0.634
High 23 0.839 0.554 1.37 1.06 0.644 2.399
TOTAL 79 0.427 0.05 1.37 0.561 0.057 2.399

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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an biofilm value was 0.363 nm and the mean value
was 0.427 nm (0.05 -1.37 nm, SD: 0.326). When the
same isolates were evaluated with the XTT meth-
od in terms of biofilm density, the median biofilm
value was 0.494 nm, and the mean value was 0.561
nm (0.05-2.399 nm, SD: 0.426) (Table 1). The biofilm
formation for each isolate was repeated three times
and the mean standard deviation was determined
as 0.08 with CV and 0.09 with XTT.

When the mean OD values of isolates were com-
pared with each other by CV and XTT methods ac-
cording to low (n:23), medium (n:33) and high (n:23)
level biofilm formation groups; there was no statis-
tically significant difference between the two meth-
ods in the low and medium groups (p>0.05), but a
statistically significant difference was found in the
high biofilm group (p: 0.009) (Figure 1).

In the head-to-head comparison of the CV and XTT
methods; 16 (69.6%) of the 23 isolates measured
in the low-level biofilm group by the CV method
also formed low-level biofilms by the XTT, and the
mean OD value of these isolates was determined
as 0.170 and, the remaining seven isolates (30.4%)
formed a medium level of biofilm by XTT method
and the mean OD value of these isolates was 0.402.
In the low-level biofilm group with the XTT method
(mean OD value: 0.120) 16 of the 23 isolates were
also formed low-level biofilms with the CV but sev-
en of them (30.4%) formed medium-level biofilm
with the CV method. The category agreement was
found to be 69.6% for isolates with low biofilm for-
mation by both methods.

When medium-level biofilm groups were evaluat-
ed, 20 of the 33 isolates formed a medium-level of
biofilm by both methods. Six isolates that were in
the medium biofilm group by the CV method were
included in the high-level biofilm group by the XTT
method, and the mean OD value of these isolates
measured by the XTT method was found to be
1.260. The six isolates that formed a medium level
biofilm with the XTT method, formed a high-lev-
el biofilm with the CV method, and the mean OD
value of these isolates is 0.648. The category agree-
ment of the two methods in terms of evaluating the
medium level biofilm formation was determined as
60.6%. While 17 of the 23 C. parapsilosis isolates that
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p=0.009**

OD (CV vs XTT)

0.5

0.0

Figure 1. Comparison of the mean optical density values obtained by crystal
violet (CV) and XTT methods according to the biofilm structure of all isolates

(low, n=23; medium, n=33; high, n=23) **=statistically significant.

formed high biofilm were in the high-level biofilm
group by both methods, but 6 isolates were detect-
ed as medium-level biofilms with each method. In
the evaluation of biofilm formation of high-level
biofilm-forming isolates, the category agreement of
both methods was found to be 73.9%.

DISCUSSION

Biofilm formation, which is one of the most import-
ant virulence factors of Candida species, leads to
the formation of persistent foci and recurrent can-
didemia due to the adhesion to foreign surfaces,
causing treatment failures with antifungal drugs
(15). Biofilm formation has been associated with
poor clinical outcomes, and mortality in Candida
infections caused by high biofilm-forming isolates
was found to be higher than low biofilm-forming
isolates (16). In a study, infection with higher bio-
film-forming Candida isolates, presence of central
venous catheter and suboptimal dose of fluco-
nazole were found to be independent risk factors
for persistent candidemia (17). Considering the ef-
fect of biofilm formation on the follow-up and prog-
nosis of patients in candidemia, there is an urgent
need for an accurate, fast and standardized biofilm
measurement method.
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There are many methods based on different tech-
niques are used in the evaluation of biofilm forma-
tion of Candida species. One of the most commonly
used methods for this purpose is the XTT method,
in which cell viability is determined colorimetri-
cally. This method is based on the conversion of
XTT to formazan, an orange-colored compound,
by mitochondrial succinoxidase, cytochrome P450
enzymes and flavoprotein oxidases in the presence
of metabolic activity (12). Another frequently used
method is the CV method and biomass measure-
ment and in previous studies, these two methods
have been used separately or together in the eval-
uation of biofilm formation in Candida species. In
addition to these methods, the evaluation of the
biofilm mass as a colony-forming unit (cfu) could
be performed by separating the biofilm mass from
the plastic surface by methods such as scraping,
homogenization and sonication (18). Moreover,
scanning electron microscopy or confocal micros-
copy are used in the evaluation of the density of
the biofilm in centers where the infrastructure is
sufficient. In the evaluation of biofilm formation in
Candida species, the use of proteomic analyzes with
the matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS)
has come to the fore, and more successful results
have been obtained in the demonstration of biofilm
compared to standard methods (19).

The number of studies comparing the methods
used in the evaluation of biofilm formation in Can-
dida species is extremely limited. Marcos-Zambrano
et al. compared the methods of biomass measure-
ment with CV and metabolic activity measurement
with the XTT method in the evaluation of biofilm
formation in Candida fungemia isolates from blood
cultures. They found that the agreement between
the two methods was higher in C. albicans and C.
parapsiosis isolates, but lower in C. tropicalis, C. kru-
sel, C. glabrata species, and stated that both methods
should be used together in determining the biofilm
density (20). In our study, when we examined the
agreement of both methods in C. parapsilosis candi-
demia isolates, the category agreement was found
to be 73.9%, 60% and 69.6% in high, medium and
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low biofilm-forming isolates, respectively. When
the categorical compatibility of C. parapsilosis iso-
lates forming biofilms was evaluated in our study,
the isolates detected in the high biofilm group with
one of the methods were included in the high or
medium biofilm group with the other method but
were not included in the low biofilm group. Simi-
larly, the isolates that were found to be in the low
biofilm group with one method were also included
in the low or medium group with the other method
but were not in the high biofilm-forming group.

Although there was no major categorical change
(transition from the low biofilm formation category
to high group or from the high biofilm formation
category to low group) between the two methods,
higher mean OD values were detected in all three
categories with the XTT method. In the high biofilm
group, the OD values obtained by the XTT method
were found to be statistically significantly higher
when compared with CV. Zou et al. studied the bio-
film-forming capacities of various Candida species
with both XTT and CV methods, showing that C.
parapsilosis was the highest biofilm-forming species
and that the agreement of the two methods was ac-
ceptable in other Candida species except C. tropicalis
and similar to the results of our study, higher OD
values were determined by the XTT method in this
study as well (21).

In our study, similar to previous studies, the com-
patibility of XTT and KV methods in terms of bio-
film measurement was considered acceptable, and
no major errors were detected between the cate-
gories. Higher OD values were determined by the
XTT method in all isolates, and this difference was
statistically significant in isolates with high biofilm.
According to these results, when evaluating biofilm
levels in C. parapsilosis isolates, the high OD values
obtained by the XTT method should be confirmed
by the CV method. The results of this study should
be supported by larger studies involving different
Candida species with a larger sample group, using
different methods such as confocal microscopy and
colony formation counting in addition to XTT and
CV methods.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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