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 Photodynamic therapy (PDT) appears to be an effective method for the 

inactivation of Candida species, but limited reports of clinical 

investigations in this context have been conducted. This randomized 

clinical trial assessed the efficacy of photodynamic therapy (PDT) using 

methylene blue (MB) in comparison with fluconazole in the treatment of 

oral candidiasis in patients undergoing chemotherapy. A total of 20 adult 

patients undergoing chemotherapy with oral candidiasis were assigned 

randomly to the photodynamic therapy group (PDT; n=10) receiving six 

sessions of PDT treatments for 2 weeks, or the control group (CONT; 

n=10) undergoing treatment with fluconazole (100 mg tablets) once a 

day for 2 weeks. C. Albicans yeast isolates from the mucosa of the 

infected area were seeded on Sabouraud agar to measure the colony-

forming units (CFUs). This assessment was made immediately before 

and after the treatment, and after 15, 30, 60 days in the two groups. 

Patients were assessed for the clinical recovery of oral lesions and 

improvement of symptoms. PDT decreased the CFUs to a significantly 

greater extent than fluconazole at the immediate post-treatment 

assessment (p<0.001) and significantly decreased the oral lesions and 

clinical symptoms (p=0.017). There was no significant differences 

between the two groups at 15, 30 and 60 days for the clinical and 

microbiological evaluations. PDT could better reduce the fungal load 

and improve the clinical symptoms of oral candidiasis than fluconazole 

treatment in patients undergoing chemotherapy at the immediate post-

treatment assessment. But there is an observed relapse in clinical and 

microbiological response after 15,30, and 60 days. 

 

 

 

   

 

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

International License. 

 

 

1. Introduction 

Candidiasis is a common opportunistic infection, mainly related to the state of health, such as 

immunosuppression and/or other reasons like prolonged hospitalization, the use of broad-spectrum 

antibiotics, chemotherapy, and renal failure [1], [2]. It manifests itself in two manners either as a superficial 

or as a systemic infection [3]. The most common oral fungal infection in humans is Candida Albicans, 

considered the most common species of the Candida genus. It is responsible for the majority of oral 
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candidiasis [1], [2]. Local and systematic factors are the key for transforming this organism from the state 

of commensalism to the state of pathogen [4]. Xerostomia and chronic local irritants may alter the oral 

mucous membranes, predisposing them to colonization and invasion by Candida species [5]. Bacterial flora 

changes mostly accompany such changes and together they increase the chances of multiplying candida 

species [3]. 

 

The efficacy of conventional therapies has decreased with the increase in antifungal resistance [5]. 

Treatments consume time and hence demand more health care budgets [6], [7]. In addition to that, current 

antifungal drugs only have a limited spectrum of action and toxicity [7]. Microorganism's high-level drug 

resistance has improved the use of PDT as an effective and alternative method to inactivate these pathogens.  

 

During the last few years, PDT has been proposed as an alternative treatment strategy for a wide variety of 

infections [8], [9]. This method has proved itself as a non-toxic and effective method in eliminating C. 

Albicans in numerous in vitro and in vivo investigations [9], [10]. Meanwhile, PDT has also been shown to 

have some advantages in reducing recurrence compared to conventional anti-fungal drugs [11]. 

 

PDT relys on the interaction between a photosensitizer (PS) and a light in the presence of oxygen [11], [12]. 

The PDT mechanism of action is based on using energy to excite the PS molecule to form species such as 

toluidine blue or methylene blue (MB), with the subsequent production of reactive oxygen species (ROS) or 

singlet molecule oxygen 1O2 [11], [13]. Methylene blue (MB) is the most often used dye amongst the 

phenothiazinium dyes, because it can perfectly damage fungal membranes and cause structural damage to 

the cells [14], [15]. Light absorption causes a change from the S0 singlet state (GS) to the excited singlet 

state S1 (ES) [9], [14]. The excited PS molecule can initiate transformations that produce radical forms of 

ROS, which subsequently contribute to cell membrane destruction, DNA damage, enzyme inactivation, and 

receptor dysfunction [16]. Microorganisms have different sensitivities to oxidative processes, depending on 

the biochemical composition andstructure of the cell [17]. Type I reactions occur mainly in Gram-positive 

bacteria, while type II reactions occur in Gram-negative bacteria and yeasts that possess a more complex 

cell wall [10], [17]. The thin purine channels in the cell wall prevent the passage of PS [11]. PDT involves 

the administration of PS, which selectively accumulates in certain cells or tissues [11], [13], [18]. The 

photooxidation of biological materials occurs, when the PS is illuminated in the presence of oxygen with a 

light of adequate wavelength and sufficient dosage, which kills the microorganism through oxidative stress 

[14], [19]. And subsequently, PDT could be used as well as an adjuvant therapy decreasing the amount of 

antifungal needed for microbial eradication. 

 

To date, no study has been performed that evaluated the anti-fungal efficacy of methylene blue PDT and 

compared it with fluconazole in the treatment of oral candidiasis for patients undergoing chemotherapy. 

Therefore, the present randomized clinical study aimed to compare the efficacy of PDI and fluconazole in 

reducing Candida albicans in cases with candidiasis in patients undergoing chemotherapy. 

 

2. Materials and Methods 

 

2.1 Study design and settings 

This was a Randomized Control Trial conducted at the Faculty of Dentistry, the University of Damascus 

between November 2020 and December 2021. Ethical approval was obtained from the Local Research 

Ethics Committee at the Faculty of Dentistry at Damascus University (UDDS-2246-23082020/SRC-2488) 

and registered at the German Clinical Trials Register (DRKS-ID: DRKS000029232). It was performed in 

compliance with the Declaration of Helsinki. 
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2.2 Patient recruitment and entry in this trial 

Patients undergoing chemotherapy who were attending the Department of Oral Medicine at Damascus 

University were screened. 42 patients were clinically examined, those who proved to be eligible for the 

study met the following inclusion criteria:signs and symptoms which suggest the presence of oral 

candidiasis like the presence of white plaque, erythematous lesions, ulcerative lesions, dryness of mouth, 

pain, altered taste sensation, and halitosis. Exclusion criteria were: Pregnant women, patients with 

removable partial or total dentures, and patients with AIDS infection. 27 of the 42 patientsmet the inclusion 

criteria, 7 of the 27declined from participating in this study. All selected patients were informed about the 

procedures and agreed to participate in the research as a volunteer. They expressed their consent on 

receiving this treatment, then they were randomly divided into two separate groups (Figure 1). 

 

 
Figure 1: The Consolidated Standard of Reporting Trials (CONSORT) flow diagram of patients' 

recruitment, follow-up, and entry into data analysis. 

 

2.3 Randomization 

Randomization was performed using a computer-generated random list (Excel 2016, Microsoft Windows) 

with an allocation ratio of 1:1. patients were randomly distributedon two groups. In the first group, the 

patients received Photodynamic Therapy, whereas, in the second group, the patients received Fluconazole. 

(The allocation process which involved blindness during data analysis was conducted by one of the 

academic staff who was not involved in this research, it was concealed from the researcher by using sealed 

envelopes that were sequentially numbered. 
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2.4 The experimental group: the PDT group 

Patients in this group underwent photodynamic therapy (PDT) and received methylene blue (450 µg/mL) 

for 10 min (pre-irradiation time) by applying it on the affected area with the use of a sterile cotton swab. 

Followed by laser irradiation (Diode laser, Oral Medicine Department, Faculty of Dentistry, Damascus 

University) using the parameters Wavelength = 650 nm, Peak Power Output = 100mW, Spot Size of 0.5 

cm2, and Energy Density 8 J/cm2 in contact with the mucosafor 40 sec per point (1 cm2 for each point). 

This procedure has been applicated in six sessions for 2 weeks. 

 

2.5 The control group: the drug group 

Patients in this control group were treated with oral antifungal fluconazole, 100 mg/day, for 14 days. 

 

2.6 Outcome measures 

2.6.1 Clinical efficacy 

The clinical efficacy response was classified as Level A, clinical cure as the oral lesions and symptoms 

showing negative results were entirely resolved with or without a smear culture test; in Level B, the oral 

lesions and symptoms were partly resolved with a recovery in the lesions greater than 75 %; Level C, the 

oral lesions and symptoms were partly resolved with a recovery in the lesions between 50 and 75%; and 

Level D, the oral lesions and symptoms showed whole relapse [14]. 

 

2.7 Microbiological evaluation 

Cultures from swabs were taken at the same sites used before treatment. The assessment of clinical efficacy 

was done at the end of treatment. Then on days 15, 30, and 60 after the procedure in all groups. The 

evaluation of microbiological response using oral sterile swabs on the affected area and immediately seeded 

on Sabouraud agar tubes plus antibiotic (Sabouraud agar, Condalab, Madrid, Spain). The Sabouraud agar 

tubes were incubated at 27°C for 2-7 days. The colony-forming units (CFUs) which were recovered from 

the infected area mucosa were counted, and the results were expressed in degrees of each of the following: 

density; Degree 0, no growth; Degree 1, growth from 1 to 9 CFUs; Degree 2, growth from 10 to 24 CFUs; 

Degree 3, growth from 25 to 100 CFUs; Degree 4, growth greater than 10 CFUs, and Degree 5, confluent 

growth [20] as shown in (Figure 2). This evaluation was carried out before, at the end of treatment, 15, 30, 

and 60 days after treatment. 
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Figure 2: Candida growth counting: A: Degree 0, no growth; B: Degree 1, growth from 1 to 9 colony-

forming units (CFU); C: Degree 2, growth from 10 to 24 CFU; D: Degree 3, growth from 25 to 100 CFU; 

E: Degree 4, growth greater than 100 CFU; F: Degree 5, confluent growth. 

 

2.8 Statistical Analysis 

Data were presented as the mean ± standard deviations (SDs) and analyzed with SPSS version 22.0 (IBM 

Corp., Armonk, NY, USA). We used The Kolmogorov-Smirnov to test the normality of data distribution. 

We also used The student’s t-test was to detect significant differences between the two groups. The level of 

significance was set at 5%. 

 

3. Results 

 

3.1 Basic characteristics of the sample 

Twenty patients (14 males and 6 females, mean age 49.90 ± 12.76 years) were recruited and allocated 

randomly to either the PDT group or the Control group. No dropout has happened during this study, and 

complete follow-up and analysis were achieved for all patients. 

 

3.2 Main findings 

3.2.1 Changes in each group 

In the control group, after 14 days of fluconazole administration, two out of ten patients (20%) showed 
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clinical cure, Table 1. The oral lesion was partly resolved with a B level of recovery in 4 out of ten patients 

(40%), while 3 patients (30%) showed a C level of clinical improvement, and in one patient (10%) the 

clinical picture was unchanged. On day 15, one patient (10%) showed an A level of recovery, while 3 out of 

ten patients (30%) showed a B level of clinical improvement. Four patients (40%) showed a C level of 

clinical improvement. At one month following application, 7 out of patients (70%) showed a recurrence of 

signs and symptoms and recurrence increased to 9 out of patients (90%) after two months. Regarding 

Candida growth, immediately after fluconazole, 3 out of ten patients (30%) showed a decrease in the fungal 

growth to level 2; Table 2. The reduction rates were 2 out of ten patients (20%) to level 2 after 15 days, and 

one patient (10%) to level 2 after 30 days. Four out of ten patients (40%) showed confluent growth in 

Candida after two months 2. 

 

In the experimental group (i.e., the PDT group), a remarkable decrease in the clinical signs of candidiasis 

was observed, Table 1. At the end of treatment, in 6 out of ten patients (60%), the oral lesions and 

symptoms were completely resolved, and 4 out of ten patients (40%) showed level B of recovery. These 

results became (10%) and (50%) after 15 days. (70%) of patients had a whole return of the clinical picture-

like pretreatment one month later. 60 days following treatment, all patients showed a whole return of the 

oral lesions. 

 

Table 1: Clinical evaluation of the treatment efficacy during the follow-up periods. 

Assessment time Group Clinical efficacy of the provided treatment 

  A B C D 

Immediately 
PDT 60% 40% 0% 0% 

Control 20% 40% 30% 10% 

15 days 
PDT 10% 50% 30% 10% 

Control 10% 30% 40% 20% 

30 days 
PDT 0% 0% 30% 70% 

Control 0% 0% 30% 70% 

60 days 
PDT 0% 0% 0% 100% 

Control 0% 0% 10% 90% 

PDT: photodynamic therapy; A: clinical cure as the oral lesions and symptoms were entirely resolved; B, 

the oral lesions and symptoms were partly resolved with a recovery in the lesions greater than 75%; C, the 

oral lesions and symptoms were partly resolved with a recovery in the lesions between 50% and 75%; D, 

the oral lesions and symptoms showed complete relapse. 

 

The microbiological analysis showed that six out of ten patients (60%) exhibited low growth of Candida 

spp. level 1, Table. 2. Fifteen days after treatment, PDT was effective in eradicating yeast cells in (40%) of 

patients at level 2. 30 days post-treatment 4 out of ten patients (40%) still presented moderate growth of the 

fungus level 3, while 60% showed confluent growth of Candida colonies level 5 after 60 days of the 

treatment, corroborating the relapse observed in clinical response. 

 

Table 2: Descriptive statistics of the microbiological evaluation for the two groups at the four assessment 

time using the ordinal index 

Assessment time Group The microbiological evaluation according to the employed index 

  Level 1 Level 2 Level 3 Level 4 Level 5 
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Immediately 
PDT 60% 40% 0% 0% 0% 

Control 0% 30% 50% 20% 0% 

15 days 
PDT 0% 40% 60% 0% 0% 

Control 0% 20% 40% 40% 0% 

30 days 
PDT 0% 0% 40% 40% 20% 

Control 0% 10% 50% 40% 0% 

60 days 
PDT 0% 0% 0% 40% 60% 

Control 0% 0% 20% 40% 40% 

PDT: photodynamic therapy; Level 1: growth from 1 to 9 CFU; Level 2, growth from 10 to 24 CFU; Level 

3, growth from 25 to 100 CFU; Level 4, growth greater than 100 CFU; Level 5, confluent growth. 

 

3.3 Inter-group comparisons 

In the clinical evaluation, lesions and clinical symptoms decreased in each group immediately after 

treatment with a statistically significantly greater decrease in the PDT group compared to the control group 

(p=0.017; Table 3). No statistically significant differences were found between the two treatments in the 

clinical recovery at the following assessment times (p>0.05). Our results showed that PDT was significantly 

more effective than fluconazole in decreasing the fungal growth immediately after treatment (p<0.001; 

Table 4). No statistically significant differences were observed between the two groups at the following 

assessment times (p>0.05). 

 

Table 3: Descriptive statistics of the mean values and the differences between the two groups in the clinical 

evaluation of the treatment efficacy and the p-values of significance testing. 

Assessment time Group N Mean SD SE Mean Difference T value P-value† 

Immediately 
PDT 10 1.40 0.516 0.163 -0.90 -2.635 0.017* 

Control 10 2.30 0.949 0.300    

15 days 
PDT 10 2.40 0.843 0.267 -0.30 -0.747 0.464 

Control 10 2.70 0.949 0.300    

30 days 
PDT 10 3.70 0.483 0.153 0.00 0.000 1.000 

Control 10 3.70 0.483 0.153    

60 days 
PDT 10 4.00 0.000 0.000 0.10 1.000 0.331 

Control 10 3.90 0.316 0.100    

SD: standard deviation; SE: standard error; PDT: photodynamic therapy 

*Significant difference † Using a two-sample t-test. 

 

Table 4: Descriptive statistics of the mean values and the differences between the two groups in the 

microbiological evaluation and the p-values of significance testing 

Assessment time Group N Mean SD SE Mean Difference T value P-value† 

Immediately 
PDT 10 1.40 0.516 0.163 -1.500 -5.267 <0.001* 

Control 10 2.90 0.738 0.233    

15 days 
PDT 10 2.60 0.516 0.163 -0.600 -2.012 0.059 

Control 10 3.20 0.789 0.249    
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30 days 
PDT 10 3.80 0.789 0.249 0.500 1.523 0.145 

Control 10 3.30 0.675 0.213    

60 days 
PDT 10 4.60 0.516 0.163 0.400 1.342 0.196 

Control 10 4.20 0.789 0.249    

SD: standard deviation; SE: standard error, PDT: photodynamic therapy 

*Significant difference † Using a two-sample t-test. 

 

4. Discussion 

C. Albicans, is one of the most frequent opportunistic infections that affect chemotherapy patients. It is 

more likely to exists as a biofilm in oral candidiasis patients than as planktonic yeast cells [16]. The 

mechanism of fungus inactivation in PDT is completely different from that associated with antifungal 

agents. PDT produces free radicals and other reactive oxygen species, such as 1O2, which leads to cell 

damage, membrane lysis, and protein inactivation [17], [19], [21]. 

 

Topical azole antifungal drugs are usually used to treat oral candidiasis. This study used 100mg fluconazole 

tablets daily for 14 days. Most of the antifungal agents inhibit the biosynthesis of ergosterol, which is the 

main sterol in the membranes of fungi. The reactive oxygen species generated by PDT enhance the 

perforation of the membrane and cell wall. Hence it allows the photosensitizer to translocate into the cell. 

Once it gets into the cell, oxidizing species generated by light excitation cause photodamage to the internal 

of the cell organelles and thus the cell to die [21], [22]. The more effective methylene blue concentration 

reported by those authors have been used by us [20], [23]. We noticed that individuals from the PDT group 

eradicated the fungus in the colonies and showe a significant reduction in the clinical signs. Moreover, 

patients reported immediate pain relief after irradiation and even up to 15 days after no relapse was verified. 

 

Our preliminary clinical trial demonstrated that six PDT sessions significantly reduced the viability of C. 

Albicans, improved clinical signs and symptoms of oral candidiasis, and prevented recurrence even 15 days 

after the start of care. Despite clinical improvement during the first 15 days of treatment, our data showed 

no significant fungus reduction, allowing Candida spp. recolonization after 30 days, the disease relapsed, 

and the patient's general health status worsened. Patients reported the unpleasant taste of the medication and 

a burning sensation in the beam area just on the same day after the session. PDT has been reported as an 

alternative to antimycotics in aids patients [17], [26]. 

 

Our data agree with Scwingel's study [23], which shows the eradication of 100% of the fungus colonies but 

disagrees with the recurrence of candidiasis up to 15 days after the irradiation. Some hypotheses 

mayillustrate these results. The first hypothesis involves light parameters and irradiation protocol. We used 

a 100mW red laser in six sessions, 8 J/cm2/point during 40 sec on every 1 cm2 of the affected mucosa. 

Those authors used a 30mw red laser, and the fluence was 7.5 J/cm2 point during 10 sec on nine points of 

the affected mucosa. The second possible illustrationmay be related to the virulence factors of the pathogen 

C. Albicans. The severity and chronicity of the oral candidiasiscould be associated with an immune 

deficiency in the affected patients [24]. 

 

Thirdly, as we mentioned, C. Albicans is more likely to exist as a biofilm in oral candidiasis patients. It may 

form mono-species biofilm or multi-species biofilm in the oral cavity, especially in chemotherapy patients. 

In addition, pH variations, saliva presence, and mucosal characteristics [25], such as the lack of oral 

hygiene and diet, can also affect the follow-up growth of the C. Albicans isolates which survived after 

applying PDT. Accordingly, these are all factors that could affect the efficiency of PDT. 
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[14] studied antimicrobial photodynamic therapy (PDT) using two concentrations of methylene blue (MB) 

plus potassium iodide (KI) in aids patients for two sessions. They showed that PDT could reduce the 

number of viable C. Albicans fungal cells and improve the clinical symptoms of oral candidiasis. Still, The 

biofilm formation of C. Albicans isolates did not change before and after PDT. 

 

In vitro studies demonstrate the process of selective killing of microorganisms under certain conditions in 

which mammalian cells were unaffected. Our result was in allignment with an in vitro study reported by 

[26]. while it showed disagreement with [27]. 

 

Clinical studies in dentistry have demonstrated that such a therapy could be a new adjuvant approach to 

denture stomatitis [20], [21], [28]. Even though their study was to compare the effect of oral miconazole gel 

to PDT combined with low-power laser (LPL) therapy in the treatment of denture stomatitis, we agree with 

[21] study about the recurrence rates Fifteen days after the end of treatment. [20] suggest that PDI with 

methylene blue (MB)- mediated can reduce fungal load and decrease inflammation in patients with 

Candida-associated denture stomatitis. [28] study; compared the efficacies of photodynamic inactivation 

(PDI) to nystatin (NST) in terms of the prevalence of Candida species in cases with denture stomatitis (DS) 

without studying the clinical features. Showed that PDI was equally effective as nystatin for DS treatment. 

 

Hence, we think that the most important factors that influence the PDT effecienyare the immune and 

ecological conditions of the oral cavity that facilitates the C. Albicans' location. These properties may help 

to increase the biofilm formation ability, pathogenicity, or antifungal susceptibility of the Candida Albicans. 

However, such hypothesis needs further investigation. Both the factors that influence the fungicidal effect 

of clinical PDT on C. Albicans, and the optimized PDT parameters which are suitable for clinical oral 

candidiasis of patients undergoing chemotherapy still need to be studied in the following works. 

 

Limitations of the current study 

Both the short evaluation period and the need for several sessions of treatment were the key limitations of 

this study. Moreover, this study depended on one photosensitizer methylene blue to evaluate photodynamic 

therapy. Therefore, further randomized controlled studies with a comparison between another 

photosensitizer and different PDT parameters should be carried out. 

 

5. Conclusions 

Considering the current findings and the advantages of the PDT, its nature as anon traumatic methodwith 

low cost and great efficiency in decreasing virulence factors, the PDT using MB could be considered a 

potential alternative for controlling oral candidiasis and relieving its symptoms in patients undergoing 

chemotherapy. 
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