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Abstract

Aim: This study was aimed to evaluate the antifungal, antibiofilm, and anti-filamentation activities of three commonly used biocides
against clinical Candida isolates.

Material and Methods: The in vitro activities of benzalkonium chloride (BZC), chlorhexidine digluconate (CHX), and triclosan (TRC)
were studied against three Candida (C. albicans, C. parapsilosis, and C. glabrata) isolates. The isolates were identified, using the germ tube
test, Cornmeal agar, and ID32 C (bioMerieux, France) kit. Antifungal susceptibility of these isolates was determined using the broth
microdilution method. Antibiofilm activity of biocides were assessed with a colorimetric method based on crystal violet. The effect
of biocides on the ability of C. albicans to form hyphae was examined microscopically.

Results: The antifungal, antibiofilm, and anti-filamentation activities of biocides used were determined against Candida isolates.
Antifungal activities of biocides against Candida isolates ranged from 1—4 pg/ml. The potent fungistatic effect of biocides tested was
detected against Candida spp. at 1 pg/ml. All tested biocides showed good antifungal activity against Candida isolates. The results of
the antibiofilm activity assay showed that the highest biofilm inhibition ratios were reported in BZC, CHX, and TRC (66%, 60.3%, and
58%, respectively) at 16 and 32 pg/ml. The lowest biofilm inhibition ratios were reported at MIC values for each biocide between 6%
and 12%. In addition, the anti-filamentation activity of biocides tested was screened against C. albicans at concentrations of 1, 2, and
4 pg/ml of biocide and the inhibition rates varied from 10% to 59%.

Conclusions: Important information has been obtained about the fungistatic/fungicidal, antibiofilm activities, and effects on
C. albicans micromorphology of the biocides used in this study.
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INTRODUCTION
In recent years, the increase in the number of
immunocompromised  patients and  hospitalized

patients has led to a dramatic increase in the incidence
of fungal infections (1,2). Candidiasis is one of the
most common fungal infections worldwide. Candida
species are opportunistic fungal pathogens leading to
various diseases that found in normal microbiota in the
gastrointestinal tract, respiratory tract, genital region, and
mouth (2-4). Although Candida albicans (C. albicans) is the
most common cause of mucocutaneous and systemic
infections, the incidence of non-albicans Candida (NACA)
species, such as C. tropicalis, C. glabrata and C. parapsilosis
related disease are also increased (4,5).

Candida species have various virulence factors that
enabling avoidance of host defence mechanisms and
invasion of host tissues (6). One of the most important
virulence factors of Candida spp. is that it adheres to the
surfaces of medical devices such as catheters, prosthetic
heart valves, and artificial joints forming biofilms. Biofilm
formation causes negative consequences as it leads to
the development of resistance to antifungal agents that
are most frequently used in the clinical practice (7,8).
Among Candida spp. biofilm production is most commonly
observed in C. albicans. Biofilm production has also been
reported to be a major virulence factor for C. parapsilosis,
which plays a significant role in catheter-related infections.
In addition, it has been showed that C. tropicalis, C.
parapsilosis, and C. glabrata are producing biofilms (9-11).
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The pseudohyphae formation of C. albicans is a cell
dimorphism that depends on environmental conditions
(12). The transition from the yeast cells to filamentous
forms (pseudohyphae or hyphae) represents a major
virulence factor associated with fungal cells escaping from
the phagocytosis of macrophages, invading host tissues
and causing greater damage. Furthermore, filamentation
is crucial for the development of robust biofilm which
further complicates treatment (13-15).

Biocides have been used for many years in a wide variety
of commonly used compounds, including disinfectants,
antiseptics, food preservatives, toothpaste, home-
used detergents, and pesticides (16,17). They have
also an essential role in the prevention and control of
nosocomial infections (18). Benzalkonium chloride (BZC),
chlorhexidine digluconate (CHX) and triclosan (TRC) are
the most commonly used biocides in healthcare (19). BZC
is a quaternary ammonium compound that has been in
clinical use for many years. It is used as a disinfectant
and antiseptic in food industry, healthcare institutions
and households as well as as antimicrobial preservatives
in drugs (20,21). CHX is a cationic bisbiguanide with broad
antimicrobial activity. It is widely used as a disinfectant
and preservative. Due to its antiseptic feature, it is
also found in hand washing and oral products (22,23).
TRC (Irgasan), is a non-ionizing, synthetic, and broad-
spectrum antimicrobial agent. In clinical practice, TRC
is used as a disinfectant and an antiseptic in implants,
surgical sutures, scrubs, and medical devices. TRC is
available as a preservative in various consumer products
such as cosmetics, soaps, shower gels, antiperspirants,
hand lotions, hand creams, toothpastes, plastics and toys
(24,25).

Widespread use of biocides in many areas, concerns
about their effects on human health, and their impact on
biocide resistance in microorganisms have increased (17).
It is believed that the mechanism of action of biocides,
which have fungicidal and fungistatic activity on fungi, is
similar to the antibacterial activity. In addition, there are
a limited number of studies evaluating the effectiveness
of biocides against fungi (26). The aim of this study was
to investigate the fungistatic/fungicidal and antibiofilm
activities of BZC, CHX and TRC against clinical C. albicans
and NACA isolates, and also to evaluate its effect on C.
albicans filamentation.

MATERIAL and METHODS

Fungal isolates

Three Candida (C. albicans, C. glabrata, and C. parapsilosis)
isolates were selected from the Gazi University Medical
Mycology Laboratory culture collection. These isolates
were cultured on Sabouraud dextrose agar (SDA) (OXOID,
Italy) and incubated at 37°C for 24—48 hours under aerobic
conditions. All isolates were identified at the species level
using macroscopic and microscopic observations of cell
morphology (germ tube and cornmeal agar) and the ID32 C
(bioMerieux, France) kit was used for confirmation.

Biocides

Biocides were supplied from the manufacturers. The
concentrations of biocides were determined through a
preliminary study. The highest concentrations of BZC
(Sigma, Denmark), CHX (Sigma, Spain) and TRC (Sigma,
India) were determined as 256 pg/ml, 64 pg/ml, and 16 pg/
ml, respectively.

Antifungal susceptibility assay

In this study, the in vitro susceptibility test with
microdilution method was performed in accordance with
the Clinical and Laboratory Standards Institute (CLSI)
M27-A3 guidelines (27). Serial dilutions were performed
10 times for each biocide starting from 256 pg/ml, 64 pg/
ml and 16 pg/ml concentrations for BZC, CHX, and TRC,
respectively. The yeast suspension was prepared to be 1.5
x 108 CFU/ml and 10 pL of the prepared yeast suspension
was transferred to microplate wells containing different
biocide concentrations. Positive and negative control was
included in each assay. The microplates were incubated
at 35°C for 24 hours and the presence or inhibition of
microbial activity was determined visually. Minimum
inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) values were determined for each
isolate. To determine the MFC value, 10 pL of aliquots of
the wells that equal and two- and four-fold of the MIC value
were transferred to SDA plates. Following the incubation
at 35°C for 48 hours, the plates were examined for colony
formation. The concentration without fungal growth was
determined as MFC value. In the experiment, fluconazole
(FLC) was used as the reference antifungal agent.

Biofilm formation assay

Antibiofilm activity of the biocides was tested using a 96-
well flat-bottom microplate. Four different concentrations
(MIC, 2 x MIC, 4 x MIC, and 8 x MIC) prepared from each
biocides were tested. Briefly, 0.5 McFarland of yeast
suspensions were prepared in Sabouraud dextrose Broth
(SDB) and 100 L from yeast suspension was added to each
well of the microplate. Microplates were incubated at 37°C
for 24 hours in shaker incubator (at 180 rpm). Following
the incubation, the microplates were washed three times
with phosphate-buffered saline (PBS) to remove unbound
cells. 100 pL of the prepared concentrations of biocide was
added to each well and incubated with shaking at 37°C
for 24 hours. Following the incubation, the microplates
were washed three times with PBS and 100 pL of 0.1%
crystal violet was added to each well. After waiting for
five minutes at room temperature, the microplates were
washed again three times with PBS. Then, 150 pL of 0.04
N HCl-isopropanol and 50 pL of 0.25% sodium dodecyl
sulfate (SDS) were added to each well. Then the optical
density (OD) of each well was read at 590 nm. The wells
identified as positive controls in the experiment were those
containing only SDB and yeast suspensions. The rate of
biofilm inhibition was calculated using the following
formula. The biofilm inhibition rates were expressed as
percent (%) by comparison with positive controls (28).
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Biofilm inhibition rate =
control) x 100

(OD control-OD sample / OD

Inhibitory effect of the biocides on C. albicans filamentation
The ability of C. albicans to form pseudohyphae at 37°C
is one of the virulence factors and is the first step in the
adhesion to surfaces and colonization. This experiment
aimed to investigate the effect of biocides on the ability
of C. albicans to form hyphae. The experiment was carried
out as defined by Romo JA. et al. with some modifications
(29). Briefly, different dilutions of biocides (MIC, 2 x MIC, 4
x MIC) were prepared on Yeast Extract Peptone Dextrose
(YPD) medium containing 10% fetal bovine serum and the
prepared dilutions were inoculated with 10 pL of yeast
suspension and incubated at 37°C for six hours with
shaking. After incubation, the samples were centrifuged
at 300 rpm for four minutes and samples were prepared
by using the pellets formed. Samples without biocide were
used as positive controls in the experiment. Per sample, 50
cells were randomly selected and the number of C. albicans
cells with filamentation was noted. Morphological changes
were compared with positive control and examined
microscopically.

RESULTS

Fungistatic and fungicidal effects of biocides

Broth microdilution method was used to examine the
antifungal activities of the biocides tested. FLC (128 ug/
ml) was used as reference antifungal agent. The MIC
and MFC values of the biocides against C. albicans, C.
glabrata, and C. parapsilosis are given in Table 1. The MIC
range values for biocides tested were 1-4 pg/ml for BZC
and 1-2 pg/ml for CHX and TRC in the test. The potent
fungistatic effect was detected against Candida isolates
at 1 pg/ml concentration. As for the standard antifungal
drug, MIC values of FLC against

C. albicans and NACA were found to be 4-16 pg/ml.
Comparison of the MIC values of biocides with the
reference drug showed that the fungistatic effect of
biocides against Candida isolates was more effective than
FLU. The MFC range values for biocides tested found to
be 4-16 pg/ml for BZC, 4-8 pg/ml for CHX and 4-16 pg/
ml for TRC. MFC values of FLC were found to be higher
than from MFC values of biocides (Table 1). Thus, it was
concluded that all biocides tested had fungicidal activity
against Candida isolates at low concentrations.

Table 1. Antifungal activity of biocides and fluconazole against

clinical Candida isolates

Isolates BZC CHX TRC FLC
MIC MFC MIC MFC MIC MFC MIC MFC
C. albicans 1 8 1 ) 1 4 4 16
5 b 4 16 2 8 2 16 16 64

C. parapsilosis 1 4 1 4 2 8 8 16
BZC: Benzalkonium chloride; CHX: Chlorhexidine digluconate; TRC:

Triclosan; FLC: Fluconazole. Values are expressed in pg/ml

Antibiofilm activity assay

The antibiofilm activity of used biocides was evaluated
via crystal violet method by exposing Candida isolates to
four different dilutions (MIC, 2xMIC, 4xMIC, and 8xMIC) of
each biocide. Figure 1 provides the biofilm inhibition rate
(%) for each biocide. As for preformed biofilms, exposure
to 1-32 pg/ml of biocides tested could only reduce the
viability of mature biofilms by 6%-66%, as compared to
positive controls. The highest biofilm inhibition rates were
determined at 8—32 pg/ml (above MIC values). Therefore,
the highest biofilm inhibition ratios were reported for
BZC, CHX and TRC (66%, 60.3% and 58%, respectively)
at 16 and 32 pg/ml. The lowest biofilm inhibition ratios
were reported at MIC values for each biocide between 6%
and 12% at MIC values. Most powerful antibiofilm activity
was observed with 66% inhibition rate in BZC at 32 pg/
ml against C. glabrata isolate. On the other hand, the
weakest antibiofilm activity of biocides was observed in
CHX against C. albicans at 1 pg/ml with an inhibition rate
6%. The results showed that the antibiofilm activity of the
biocides was dose-dependent.
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Figure 1. Biofilm inhibition rates of biocides against C. albicans
(A), C. glabrata (B) and C. parapsilosis (C) isolates. Four different
dilutions (MIC, 2xMIC, 4xMIC, and 8xMIC) of each biocide was
used to examine the antibiofilm activities of the biocides tested
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Anti-filamentation activity of biocides

In the present study, the effects of biocides tested on
pseudohyphae/hyphae formation in clinical isolate
of C. albicans have been investigated. As shown in
Figure 2, increasing the biocide concentration resulted
in the reduction of the hyphal form. In the microscopic
examination, untreated control sample showed massive
hyphal growth in C. albicans after six hours whereas
biocides treated sample were reduced the hyphal
formation in a concentration-dependent manner in tested
medium. In the experiment, anti-filamentation activity of
biocides against C. albicans isolate ranged 10%—59% at
concentrations of 1, 2 and 4 pug/ml of biocide. The best
inhibition ratios were reported for BZC, CHX and TRC (59%,
47% and 45%, respectively) at 4 pg/ml concentration.

Rate of inhibition (%)

40
20

BZC CHX TRC

B1pug/miu2 ug/miid pg/mil

Biocide concentration

Figure 2. Inhibitory effect of biocides tested on C. albicans
filamentation

{c D

Figure 3. Microphotographs (40X) of C. albicans in the absence
and presence of biocides. (a) C. albicans (in the absence of the
biocides) as controls showing the presence of pseudohyphae.
(b, c and d) decreased ability of the yeast to develop germ tube or
pseudohyphae after exposure to BZC, CHX and TRC, respectively
at a concentration of 4 pg/ml

Also biocides showed an inhibitory effect with inhibition
rates ranged 10%-32% at 1 pg/ml and 2 pg/ml
concentrations. At higher concentration (4 pg/ml) the
yeast form prevailed so that and the filament forms were
significantly reduced. It has been found that the biocides

affect the morphological transition capability, preventing
the formation of germ tube or pseudohyphae (Figure 3).

DISCUSSION

Biocides are antimicrobial chemicals used to protect
surfaces in the hospitals setting or products in the industry
from environmental contamination. Effective application
of disinfection is important in the prevention and control of
hospital infections. However, biocide resistance occurring
in microorganisms causing hospital infection is one of the
problems encountered in disinfection applications (30,
31).

As for bacteria, the mechanisms of fungal resistance to
biocides can be divided into the intrinsic and the acquired
mechanisms. Intrinsic mechanisms refer to a natural
feature of the fungal cell, such as decreased permeability,
stimulated activity of efflux pumps, repair mechanisms,
phenotypic modulation, and inactivation of biocides. In
parallel, acquired resistance mainly refers to the mutation
or collection of genetic materials that allow cells to survive
in detrimental condition (32).

In the present study, we selected BZC, TRC and CHX
biocides as they are widely used in hospitals, foods and
cleaning agents for disinfectant or protective purpose.
Therefore, these biocides encounter fungi at low doses for
along time.

Here, we evaluated both the antifungal and antibiofilm
activities of the selected biocides against clinically
isolated C. albicans, C. parapsilosis, and C. glabrata and
further investigated the effects of these biocides on the
micromorphology of C. albicans (ability to form hyphae).

Biocides, which were tested according to their MIC and
MFC values determined via microdilution method, were
found to have both fungistatic and fungicidal activity
against C. albicans and NACA isolates at different
concentrations.

The antibiofilm activity of the biocides was investigated in
vitro using crystal violet method. Biofilm inhibition rates
were calculated by adding different concentrations of the
biocides tested against Candida spp. biofilms. Results
showed that the highest biofilm inhibition ratio was in
BZC which was found to reduce the biofilm formation of
the C. glabrata isolate by 66% at 32 pyg/ml. The highest
antibiofilm activity of the biocides was seen at 8, 16, and
32 pg/ml, which was the highest concentrations, whereas
the lowest activity was observed at MIC values. Our
findings have shown that the antibiofilm activity of the
biocides is dose-dependent.

Cell dimorphism (transition from the yeast form to
pseudohyphal-hyphal form), which is an important
virulence factor of C. albicans, has been investigated in
the presence of biocides. Biocides significantly inhibited
the production of C. albicans pseudohyphae/hyphae
formation up to 59% at 4 pg/ml biocide concentration
(Figure 2). The difference in C. albicans micromorphology
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was found to be directly proportional to the difference
in biocide concentrations. Therefore, suppression of
C. albicans' filamentation by biocides also inhibits the
adherence and virulence of Candida. When all the results
obtained from the experiments were evaluated, biocides
tested have been found to have both antifungal activities
and inhibits the biofilm and filamentation of Candida.

Although biocide resistance on bacteria and bacterial
biofilms has been investigated in detail over a number of
years, a limited number of studies have been conducted
on the susceptibility of fungus and fungal biofilms to
biocides.

Gupta et al. reported that chlorhexidine and calcium
hydroxide used in canal treatment in teeth was effective
on C. albicans and Enterococci (33).

In another study, antifungal activity of 12 commercial
essential oils, two biocides (chlorhexidine and triclosan)
and two terpenes on C. albicans planktonic and biofilm
phases was evaluated. While all compounds have
antifungal activity on the planktonic phase of C. albicans,
six of these compounds, including chlorhexidine, were
also effective against C. albicans biofilms (34).

Theraud et al. evaluated the effectiveness of UV
radiation, five antiseptics and three biocides against
the cultures, yeast mixtures, and biofilms of clinical and
environmental yeast isolates. Three clinical (C. albicans,
Rhodotorula rubra and Cryptococcus neoformans)
and two environmental yeast isolates (C. albicans and
Cryptococcus uniguttulatus) were included in their study.
They reported that in seven of the eight biocides tested
and UV radiation, the sensitivity was not different by type,
species or origin. Biocides were effective on planktonic
cultures and less effective on yeast mixtures. When the
effect on biofilms was examined, only one of the nine
biocides was found to be effective on the biofilm. In the
study, Chlorhexidine (0.5%) was found to be only agent
effective on all forms (35).

Leung et al. assessed the efficacy of commonly used
biocides (sodium hypochlorite (Clorox), hydrogen peroxide,
ethanol and iodine solution) on different growth stages of
Escherichia coli and Candida species. They reported that
the planktonic phase was sensitive to all biocides, whereas
both adhesion and late biofilm phase of biofilms were less
sensitive to biocides at recommended concentrations.
They stated that biocides could not completely eliminate
microbial cells adhering after short exposure and forming
biofilms on biocide treated surfaces (36).

The data obtained in this study are consistent with the
results of studies evaluating the effectiveness of biocides
on yeasts. However, the low number of yeast species and
samples was limitation of our study. Further studies with
larger sample size, fungus diversity and common biocides
are needed to investigate the biocide resistance on fungus
and fungal biofilms.

CONCLUSION

Important information has been achieved about the
antifungal effectiveness, antibiofilm activity and effects
on C. albicans micromorphology by the used biocides in
the present study. In vitro and in vivo studies investigating
other properties of these biocides should be performed to
ensure that they can be used effectively in the prevention
of fungal infections. However, should not be forgotten the
improper use of such biocides can lead to the development
of resistance in fungi as well as in bacteria. For this reason,
it is great importance to select the appropriate biocides
and determine their effectiveness against the causative
agents of infection.
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