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Abstract

Background

Although Candida albicans is the most frequent etiological agent of candidiasis, it has been reported a
sizable number of infections related to the non-albicans Candida (NAC) species, Candida krusei. In addition,
dual biofilms (biofilms composed by two species) may easily occur in vivo, becoming even more challenging
the treatment of an infection. The fungicide effect of Photodynamic Therapy (PDT), using toluidine blue O
(TBO) on both C. albicans and C. krusei development has been demonstrated. Thus, the objective of this study
was to investigate the effects of PDT on dual-species biofilms of Candida albicans and Candida krusei.

Methods

The effect of PDT was observed on the metabolic activity of mature dual-species biofilms of Candida albicans
and Candida krusei by a metabolic assay based on the reduction of XTT (2,3-bis(2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide sodium salt) assay and the identification of Candida albicans
and Candida krusei was performed on CHROMagar Candida medium.

Results

it was observed a reduction of ~30% in the metabolic activity of a mature biofilm treated with PDT, using
0.05mg-mL™! TBO and during biofilm formation a predominance of C. albicans on C. krusei was observed. The
inhibition observed was related to reduction in the number of Colony Forming Units (CFU) of Candida
albicans from 31.33 + 3.7 to 17.0 £ 1.5. The number of CFU of C. krusei was not significantly modified.

Conclusions

These results demonstrated the efficiency of PDT in inhibiting the dual-species biofilms of Candida albicans
and Candida krusei by reducing C. albicans development.
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Introduction

It has been demonstrated that in the world over one million deaths per year have been related to invasive
fungal infections [1]. Furthermore, Candida infection is one of the most common fungal producing
infections globally [2], and the opportunistic fungus Candida albicans is amongst the most isolated from
various types of infection. This fungus is part of the human microbiota and can be found in the oral cavity
mucosa, as well as the female urogenital tract [3,4]. It is a commensal microorganism easily found in healthy
individuals, where it does not cause harm or disease, however if the environment allows it, whether it
happens because of prolonged antibiotic therapy or other immunologic-related issues, C. albicans can
produce an infection and be disseminated to other sites of the human body [4], [5], [6], [7].

Although C. albicans is the most frequent etiological agent of candidiasis, it has been reported a significant
number of infections related to the non-albicans Candida (NAC) specie, Candida krusei [8], [9], [10].

Candida krusei is recognized as one of the most resistant species within the genus because of its intrinsic
resistance to antifungal drugs currently available, such as fluconazole [7,11]. In addition, a high mortality
rate (40-58%) was observed in infections produced by C. krusei [12]. This fungus can be found as a transitory
microorganism in different sites of the human microbiota, but it is commonly isolated from the oral mucosa
[7,13]. Candidiasis produced by this species are emergent, given the severity of the causes and the
difficulties in the treatment. It is usually observed in cylindrical shape, and its colony morphology white and
round is similar to other yeasts [7,12].

Both microorganisms have been largely studied for years, mainly because of their ability to cause severe
infections, but also because of the ability to form biofilms on biotic and/or abiotic surfaces [3,7,12]. Biofilms
are communities of microorganisms produced as a protection mechanism, but it also works as a virulence
factor because of their ability to escape from the immunologic system and the fact that conventional
antifungal drugs are not able to pass through the superficial layers and eradicate the cells [5,7,11,12,14].

They have been for the past years one of the most important challenges in the healthcare systems. Biofilms
are complex aggregates that are formed initially by planktonic cells. These cells, free in the environment,
adhere to a surface, whether human or animal tissue, and from then on they begin to produce substances
that allow the biofilm to be formed, such as microcolonies, hyphae or pseudo hyphae [5,12,14,15]. The
adhesion phase is the only one reversible. Once the biofilm is adhered, it becomes extremely hard to remove
it. After the adhesion and the microcolony formation, the next phase consists of the biofilm maturation. In
this phase occurs the extracellular matrix (ECM) formation [3,14,15]. This is a crucial step because the ECM
protects the microorganism against antimicrobial drugs and the cells of the host's immune system [14,15].

In addition, biofilms can be formed by one single species or more [15,16]. Dual (composed by two species) or
polymicrobial (composed by three or more species) biofilms may easily occur in vivo because the human
body is colonized by hundreds of different microorganisms. In these cases, where two or more species
coexist in a unique environment, it becomes even more challenging the treatment of an infection because of
the need to apply higher doses of a drug increases along with the risks for the patient. It is known that
antifungal drugs, especially if used for extended periods can harm kidney and liver cells given their toxicity
[3,16,17]. Therefore, it is extremely necessary to develop new ways to treat infections caused by fungi,
especially the ones accompanied by biofilms.

Photodynamic Therapy (PDT) has been used as a safe alternative to inactivate microorganisms and
cancerous cells for years given its ability to cause irreversible damage to target cells [11,18,19]. This modality
of therapy is based on the association of visible light, a non-toxic photosensitizer (PS) and molecular oxygen
[17], [18], [19], producing reactive oxygen species (ROS). These products are highly reactive to biological
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components, damaging several vital components of the microorganism, such as DNA, proteins, lipids,
resulting in cell death [13,[17], [18], [19], [20], [21], [22]].

It has been demonstrated the fungicide effect of PDT, using toluidine blue-O (TBO), a phenothiazinium salt,
on C. albicans [4,5,19,20,23,24]. Moreover, the effect of PDT using TBO on C. krusei was more recently
demonstrated [4,11,19]. Taken together, these results demonstrate the ability of PDT using TBO to inhibit
both C. albicans and C. krusei development, leading us to consider the potential of PDT in modifying the
development of biofilms formed by two species of Candida. Thus, the objective of this study was to
investigate the effects of PDT, using TBO, on mature dual-species biofilms of Candida albicans and Candida
krusei.

Section snippets

Organisms and growth conditions

Cultures of both Candida albicans strain ATCC 10231 and Candida krusei strain ATCC 6258 were plated on
Sabouraud dextrose agar (Merck, Darmstadt, Hesse, Germany) and incubated in atmospheric air, at 37°C.
After 48 hours of incubation, a sample of the colonies was removed from the surface of the agar plate and
suspended in sterile physiological solution (0.85 % NaCl), at a cell density of 107 cell-mL™!, determined using
the Neubauer chamber in the presence of the vital dye, toluidine blue-O (0.5 ...

Results

Initially, the effect of PDT was observed on the metabolic activity of dual-species biofilms of Candida
albicans and Candida krusei. It was observed an inhibition of ~30 % in the metabolic activity of mature
biofilms treated with PDT, using 0.05 mg-mL™! TB (Fig. 1). PDT using TBO in concentrations varying from
0.02 to 0.1 mg-mL™! produced a reduction of the metabolic activity of the biofilm between 22 and 33%.
Biofilms either only irradiated or in the presence of TBO, but not irradiated, were...

Discussion

It has been observed in the recent decade that an alarming number of microorganisms have been presenting
resistance to the conventional drug therapies employed. Thus, it is necessary to investigate new alternatives
that may contribute to the inactivation of microorganisms [47]. In this scenario, PDT emerged as a safe and
accessible alternative to help in the process of inactivating microorganisms that are difficult to treat with
the methods currently at reach.

Fungi infections are known to be...
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