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Biofilm is one of the known virulence factors of Candida, an important pathogen and commensal. Early
detection of biofilm production may be useful for clinical decision because of its suggestive property
for potential pathogenic capacity of Candida isolates. In this study, we simultaneously screened 411
clinical isolates of Candida spp. by microtiter plate (MTP), visual tube (TM) and congo red agar (CRA)
methods for determining their ability to form biofilm and also evaluated the reliability of these methods
in order to determine most suitable screening method. The accuracy of TM and CRA methods were also
evaluated by using MTP as reference method. Of the 411 Candida spp., 159 (38.7%) displayed a biofilm-
positive phenotype by MTP method. Sensitivity and specificity of the tube method were 68 and 98%,
respectively and the positive predictive value (PPV) was 97% and the negative predictive value (NPV)
was 83%. The sensitivity for congo red agar test was 79% and the specificity was 99%, and the PPV was
99% and the NPV was 88%. Tube method showed very good agreement for the isolates producing
strong biofilm, whereas differentation of isolates producing weak biofilm was difficult. By the congo red
method, classification of existing biofilm was problematic. Among the three methods studied, microtiter
plate method may be suggested as the most sensitive method, which is easy to conduct and applicable

as aroutine process.
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INTRODUCTION

Candida is the major fungal pathogen of humans causing
a variety of afflictions ranging from superficial mucosal
diseases to deep seated mycoses (Seneviratne et al.,
2008). One of the important factors contributing to the
virulence of Candida is the formation of surface-attached
microbial communities known as “biofilm” (Seneviratne et
al., 2008). Eradication of biofilms is difficult and biofilm
producing Candida species are significantly less
susceptible to antimicrobial agents (Mathur et al., 2006;
Douglas, 2003). With the emergence of biofilm associa-
ted diseases, there are considerable diagnostic problems
for the clinical laboratory; decreased antimicrobial

*Corresponding author. E-mail: idag280@gmail.com. Tel: +90-
222-2393750-1363.

susceptibility, false negative cultures, visible but not
cultivable organisms or inappropriate specimen (Aparna
and Yadav, 2008). The determination of biofilm
production in Candida spp. may be important for the
management of invasive infections (Vinitha and Ballal,
2007). However, this requires an easy and reliable
method that can be performed in any mycology
laboratory. There are only a few reports comparing the
biofilm formation of Candida species (Gokce et al., 2007).

Various methods are used in routine laboratories for
the detection of biofilm production, such as tissue culture
plate (TCP), tube method (TM), congo red agar (CRA) or
bioluminescent assay (Oliveira and Cunha, 2010). Each
method has several advantages or disadvantages.
Electron microscopic or molecular techniques such as the
polymerase chain reaction complement these methods.
Although, these assays give more definite and objective
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results, they can not be available in routine mygology
laboratories (Oliveira and Cunha, 2010). Congo Red Agar
used as an alternative method for the detection of biofilm
production in bacteria (Freeman et al., 1989). The black
colonies on the red solid medium allows the recognition
of biofilm positive strains, however, the evaluation of
variability in colony colour may be difficult (Arciola et al.,
2001). Visual inspection of biofilm formation in tubes has
been widely used as a basic screening method for
biofilm-producing bacteria (Rossi et al., 2007). This
method reveals the ability to adhere to surfaces and to
grow in biofilm layer (Christensen et al., 1982). On the
other hand, the use of this test for characterization of
biofilm formation has led to contradictory results by
different investigators (Knobloch et al., 2002).

One of the most widely used methods to phenotypically
identify biofilm-producing strains are the microtiter plate
test (MTP) devised by Christensen et al., 1982). MTP
employs a 96-well-plate reader spectrophotometer to
measure the optical density of formed biofilms. In this
study, we simultaneously screened 411 clinical isolates of
Candida spp. MTP, TM and CRA methods for
determining their ability to form biofilm and also evaluated
the reliability of these methods in order to determine most
suitable screening method.

MATERIALS AND METHODS
Isolates

In this study, a total of 411 non-repetitive Candida isolates including
C. albicans (n: 239), C. glabrata (n: 85), C. krusei (n: 36), C.
parapsilosis (n: 2), C. tropicalis (n: 18) and C. kefyr (n: 31) were
used. Isolates were obtained from Eski ehir Osmangazi University,
Medical Faculty Hospital. They were isolated from urine (n: 186),
throat (n: 24), genital samples (n: 21), blood (n: 20), wound (n: 8),
sputum (n: 101), body fluids (n: 3), soft tissue (n: 2), catheter (n: 2)
and lower respiratory tract (n: 44) specimens.

The identification of Candida species was conducted by using
conventional methods (germ tube formation, microscopic
morphology in cornmeal-Tween 80 agar, carbonhydrate
fermentation tests) and additionally, through a commercial kit API
20 C AUX (bioMérieux, Marcy I'Etoile, France) (Koehler et al.,
1999). Prior to being tested, all strains were subcultured at least
twice on Sabouraud dextrose agar (SDA) to ensure viability and
purity. Biofilm producer Staphylococcus epidermidis ATCC 35984,
non-biofilm producer S. epidermidis ATCC 12228 and C. albicans
ATCC 10231 reference strains were included in this study.

Determination of biofilm formation
Microtiter plate method (MTP)

Organisms were grown for 24 h at 35°C on SDA, and saline-
washed suspensions of each strain of Candida species were
prepared. The turbidity of each suspension was adjusted to the
equivalent of 3 x 10" CFU/mI with Sabouraud dextrose broth (SDB)
supplemented with glucose (final concentration, 8%). Next, each
well of microtitration plates (Nunclon; Nalge Nunc International,
Roskilde, Denmark) was inoculated with aliquots of 20 pl of yeast
cell suspension and 180 ul of SDB. Plates were then incubated at

35°C for 24 h without agitation. The assessment of biofilm formation
was performed thrice in three wells for each strain. After 24 h of
incubation, planktonic cells were removed by washing the wells
once with distilled water (BIO-TEK ELx50) and 200 pl of distilled
water was added to each well. Biofilm was measured directly by
spectrophotometric readings at 405 nm with a microtiter plate
reader (BIO-TEK, ELx800, USA).

The percent transmittance (%T) was calculated by subtracting the
%T value for each test sample from the %T value for the reagent
blank to obtain a measure of the amount of light blocked passing
through the wells (%Twioc). Biofilm production by each isolate was
scored as either negative (%Tpioc, < 5), 1+ (%Tpioe, 5 to 20), 2+
(%Thioe, 20 to 35), 3+ (% Tpioe, 35 to 50), or 4+ (% Ty, 350). Each
isolate was tested duplicate (Shin et al., 2002; Tumbarello et al.,
2007).

Congo red agar method (CRA)

Biofilm production was determined by using a modification of the
test established for coagulase-negative staphylococci (Freeman et
al., 1989); which requires the use of a specially prepared solid
medium-brain heart infusion broth (BHI) (Oxoid) supplemented with
glucose and Congo red. The medium was composed of BHI (37
gms/L), glucose (80 gms/L), agar no.1(10 gms/L) and congo red
stain (0.8 gms/L). Congo red was prepared as concentrated
aqueous solution and autoclaved at 121°C for 15 min, separately
from other medium constituents and was then added when the agar
had cooled to 55°C (Freeman et al., 1989). Plates were inoculated
and incubated aerobically for 24 to 48 h at 37°C.

Positive result was indicated by dark red colonies. Weak biofilm
producers usually remained pink, though occasional darkening at
the centers of colonies was observed. Biofilm negative strains
produced white or very light pink colored colonies. The experiment
was performed in triplicate and repeated three times.

Tube method (TM).

A loopful of organisms from the surface of SDA plate was
inoculated into polystyrene tube (Falcon conical tube with a screw
cap [Becton Dickinson]) containing 10 ml of SDB supplemented
with glucose (final concentration, 8%) (Gokge et al., 2007). After
incubation at 35°C for 48 h, the broth in the tubes were aspirated
gently, and tubes were washed once with distilled water and then
stained with 1% safranin after media and yeast cells were
discarded. The adherent biofilm layer was scored visually as either
negative or weakly (1+), moderately (2+ or 3+), or strongly (4+)
positive as described by Pfaller et al (Pfaller et al. 1995). Each
isolate was tested at least three times and read independently by
two different observers. In this study, all positive results, including
weak, moderate, or strong, were regarded as positive (Shin et al.,
2007).

Statistical evaluation of MTP, TM and CRA method for
detection of biofilm formation

The comparative statistical analysis for three methods by using 2x2
table given as described previously (Mathur et al.,, 2006).
Parameters like sensitivity: a / (a + c), specificity: d / (b + d),
negative predictive value (PV -): d / (c + d), positive predictive value
(PV +):a/ (a +b) and accuracy; (a +d) / (a + b + ¢ + d): were
determined, wherein a, b, ¢ and d refer to number of determinants
in which true positives (a) were biofilm producers by TM and CRA
as well as positive by standard MTP method. F (false) positives (b)



Dag et al. 2765
Table 1. Biofilm formation results of 411 Candida isolates by microtiter plate method.
Candida spp. no (%) No of biofilm negative (%) No of biofilm positive (%)
4 (+) 3 (+) 2 (+) 1(+) Total
C. albicans 239 (58.1) 145 (60.7) 3(3.19) 9 (9.57) 17 (18.08) 65 (69.14) 94 (39.3)
C. glabrata 85 (20.7) 57 (67.1) 1(3.6) - 10 (35.7) 17 (60.7) 28 (32.9)
C. krusei 36 (8.8) 18 (50) 211.11) 7 (38.88) 5 (27.77) 4 (22.22) 18 (50)
C. kefyr 31 (7.5) 22 (71) - - - 9 (100) 9 (29)
C. tropicalis 18 (4.4) 9 (50) - 4 (44.44) 4(44.44) 1(11.11) 9 (50)
C. parapsilosis 2 (0.5) 1 (50) - 1(100) - - 1 (50)
Total 411 (100) 252 (61.3) 6 (3.8) 21 36 96 (60.4) 159 (38.7)
Table 2. Distribution of Candida isolates in different clinical samples.
. Clinical specimens

Candida spp. (n) - -

Urine  Sputum LRT* Throat Blood Genital samples Wound Other Total
C. albicans (239) 102 55 30 18 12 12 4 6 239
C. glabrata (85) 40 25 4 6 4 4 2 - 85
C. krusei (36) 20 10 - - 2 2 2 - 36
C. tropicalis (18) 10 4 3 - - - - 1 18
C. kefyr (31) 12 7 7 - 2 3 - - 31
C. parapsilosis (2) 2 - - - - - - - 2
TOTAL 186 101 44 24 20 21 8 7 411

*LRT: Lower respiratory tract.

were biofilm producers by TM and CRA method but negative by
MTP method, false negatives (c) were non biofilm producers by TM
and CRA but biofilm producers by standard MTP, true negatives (d)
were non biofilm producers by all the methods.

RESULTS

Table 1 shows the biofilm formation results of 411
Candida isolates by microtiter plate method. C. albicans
showed higher percentage of biofilm positivity (94 of 239;
39.3%) than non-albicans Candida strains. (65 of 172;
37.79%). In this study, C. albicans was the most
dominant species isolated from blood, urine, sputum and
respiratory specimens followed by C. glabrata, C. krusei,
C. tropicalis and C. kefyr (Table 2). Strong biofilm
producers were 6 (1.45%), 57 (13.86%) were moderate
and 96 (23.35%) were weak and 252 (61.34%) isolates
were evaluated as non biofilm producers (Table 1 to 3).
The TM showed good correlation with the MTP assay for
strongly and moderate biofilm forming isolates and total 5
(1.21%) isolates were evaluated as strong and 50
(12.16%) were moderate biofilm producers (Figure 1a).
However, it was difficult to discriminate between weakly
and non-biofilm producing isolates.

In CRA, strong biofilm producers were 2 (0.48%), 15
(3.64%) were moderate and 113 (27.49%) were weak
and 281 (68.36%) isolates were considered as non
biofilm producers (Figure 1b and Table 3). By CRA

method, most of the strains displayed variations in colony
colours which is from red to pink or white and it was
difficult to classify. Using data obtained by standard MTP
method was evaluated by the TM and CRA methods
(Table 4). Sensitivity and specificity of the tube method
were 68 and 98%, respectively and the PPV was 97%
and the NPV was 83%. The sensitivity for congo red agar
test was 79% and the specificity was 99%. The PPV was
99% and the NPV was 88%.

DISCUSSION

Since Candida biofilms have been considered as a
virulence factor contributing to infection associated with
various medical devices, a reliable method for their
diagnosis is necessary. In this study, we evaluated 411
Candida spp. from clinical samples, namely, blood, urine,
lower respiratory tract, genital samples etc. Out of 411
Candida spp., 239 (58.15%) were C. albicans and 172
(41.84%) were non-albicans spp. These isolates were
tested by three in vitro screening tests for biofilm
production namely MTP, CRA and TM methods. The
biofilm positivity rates obtained in our study (38.7%) were
considered to be an important finding because of the fact
that biofilm production is a special feature of Candida
pathogenity. However, we found that C. albicans had
larger percentage of biofilm positivity (94 of 239, 39.3%)
with respect to non-albicans Candida species (65 of 172,
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Figure 1(a). Screening of biofilm producers by tube method. First tube, biofilm negative; second tube,
biofilm positive (b). Screening of biofilm producers by Congo red agar medium; biofilm positive isolate
gives red colonies, biofilm negative isolate gives white colonies on Congo red agar.

Table 3. Screening of 411 candidal isolates for detection of biofilm formation by MTP, TM and CRA method.

No. of isolates

Biofilm formation

Screening methods

MTP? CRA" T™®
Clinical isolates (n:411) &Z‘ii"ate g; 11153 22
Non biofilm producers 252 281 303

2 Microplate titer plate method, °Congo red agar method Tube method.

Table 4. Statistical evaluation of modified MTP, TM and CRA methods for detection of biofilm formation in Candida
species (n = 411).

Test characteristics (%)

Methods — —

Sensitivity Specifity PPV* NPV** Accuracy
Tube method 68 98 97 83 87
Congo red agar 79 99 99 88 91

*Positive prediction value, ** Negative predictive value.

37.79%), in contrast to the findings of other workers.
(Tumbarello et al., 2007; Shin et al., 2002; Vinitha and
Ballal, 2007).

Although, there are many studies related to methods
which are used to determine the biofilm production in
bacteria, very few data exist on comparison of the biofilm
screening methods for Candida. Cerikcioglu et al. (2004)
evaluated biofilm production ability of seven Candida

isolates with visual tube method and compared their
results with the transmission electron microscope. They
suggested that the use of TM was simple and reliable for
early detection of biofilm production. Gokce et al. (2007)
studied biofilm production ability of 99 Candida strains
isolated from blood cultures using both TM and
spectrophotometric methods. Comparison of both
methods displayed strong correlation. Similarly, Oliveira



and Cunha stated that the tube method was reliable for
determining of biofilm production in routine use (Oliveira
and Cunha, 2010). However, some investigators reported
that the tube method could detect strong biofilm producer
easily while it was inadequate to determine weak biofilm
producer in clinical staphyloccus isolates (Mathur et al.,
2006; Knobloch et al., 2002). In also our study, the tube
test correlates well with the MTP test for strongly biofilm
producing isolates. However, since the classification of
weakly biofilm-positive isolates was difficult than the
biofilm negative isolates, tube test can not be
recommended at all as a method for detection of biofilm
formation in Candida species.

The CRA screening test as well as the tube test is well
established for the detection of biofilm formation of
Staphylococcus epidermidis (Deighton et al., 2001). But
the use of CRA test for determination of S. aureus biofilm
formation yields inconsistent results. In the study of Jain
and Agarwal, CRA and MTP methods were used for
detection of biofilm production in 200 staphylococcal
isolates. The sensitivity and specifity of CRA method was
evaluated by using microtiter plate method as a gold
standard. In their studies, sensitivity and specifity of CRA
were found as 90.63% and 90..79% for S. aureus, and
75.86% and 96.88%, respectively for coagulase negative
staphylococci. The investigators reported that the use of
CRA was simple and reliable to determine whether an
isolate has the potential for biofilm production or not (Jain
and Agarwal, 2009). In contrast, Mathur et al. tested 152
clinical isolates of staphylococci by three in vitro
screening procedures (tissue culture plate, TM and CRA)
method for their ability to form biofiim. CRA method
showed very little correlation with either of the two
methods and the parameters of sensitivity (7.6%),
specificity (97.2%) and accuracy (51.3%) were found as
very low (Mathur et al., 2006). In also our study, the
diversity in colony colours (from red to pink or white) was
variable and sometimes it was difficult to differentiate.

It is known that, Congo red has interaction with various
polysaccharides, however it shows high affinity to chitin
and glucan (Roncero and Duran, 1985). Congo red not
only binds to the carbohydrates of extracellular matrix
(ECM) generated by the Candida but also to chitin and
glucan present in the cell wall; therefore, we conclude
that the interaction of the Congo Red with extracellular
matrix and the cell wall composition could limit its use in
the evaluation of fungal biofilm formation. So we can not
recommend CRA test as a general screening for biofilm
formation of Candida spp. As also seen in Table 4, for
both CRA and TM, sensitivities are low but PPV are high.
So, we think that these tests may not be useful for biofilm
screening, but they can be useful for the confirmation of
the presence of biofilm. Microtiter plate procedure has
been determined according to well-established protocols
and can be modified for various biofilm formation assays.
This test is fast, efficient, reliable, and reproducible
method and it gives a cantitative result (Djordjevic et al.,
2002; Tumbarello et al., 2007). In our study, biofilm was
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measured directly by spectrophotometric readings with a
microtiter plate reader. By MTP method, of the 411
Candida spp. 159 (38.7%) found as biofilm-positive and
strains were further classified as high 6 (1.45%),
moderate 57 (13.86%), weak 96 (23.35%) and while in
252 (61.31) in isolates no biofilm was detected. These
data correlate well with those reported by Gokce et al
(Gokce et al., 2007).

Our data indicates that the MTP method is a reliable
and practical method for determining the biofilm formation
of clinical Candida isolates. However, because the
polystyrene tubes or plates may not reflect exactly the
ability to form a biofilm in vivo, clinical decisions must be
given carefully.
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