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Abstract
Antifungal resistance represents a threat to public health. The widespread use of antifungals in the treatment of oropharyngeal candidiasis among HIV patients raises the risk of emergent resistant Candida species. The objective of this study was to identify Candida strains in people living with HIV and to determine their susceptibility to a range of antifungal agents in Libreville, Gabon. From April to October 2021, people living with HIV with oropharyngeal candidiasis were recruited in the Centre hospitalier universitaire de Libreville, in Gabon. Candida species strains were cultured on Chromatic Candida agar. Antifungal drug (Fluconazole, Miconazole, Ketoconazole, Miconazole, Clotrimazole and amphotericin B) susceptibility of Candida was tested according to the Clinical and Laboratory Standards Institute (CLSI) M44-A procedure. A total of 239 Candida sp. isolates were collected from HIV patients. C. albicans was the most frequent species (55.2%). Among non-albicans Candida species (n=107/239, 44.8%), C. krusei was the predominant species (n=52; 21.8%), followed by C. dubliniensis (n=25/239, 10.5%). C. albicans species exhibited resistance to fluconazole (58.4%) and miconazole (68.5%) in more than half of the isolates. Over 60% of C. dubliniensis isolates also showed resistance to fluconazole and to ketoconazole. The present study highlights a significant prevalence of non-albicans Candida as the cause of oropharyngeal candidiasis in Gabonese HIV-infected patients and a significant proportion of Candida sp. resistant strains.
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1. Introduction
Oropharyngeal candidiasis (OPC) is reported in more than 90% of people living with HIV (PLHIV), notably in advanced stages of HIV/AIDS (Patil et al.., 2018). OPC encompasses various clinical forms and occurs mainly when CD4 cell counts are below 200 cells (Anwar Khan et al.., 2012). Although Candida albicans is the main causative agent of OPC in more than 70% of cases, a change is observed with the emergence of non-albicans Candida species in PLHIV (Yang, 2020).The introduction of antiretroviral therapy (ART) has led to a marked decrease in the incidence of opportunistic infections, including OPC in PLHIV (Musinguzi et al.., 2020). 
However, treatment of candidiasis depends considerably on the site of infection, the host’s immune status, and the species involved (Lu H, 2023). The prevention and treatment of OPC is of enormous importance for the maintenance of the quality of life of affected individuals.
Indeed, early and appropriate OPC therapy is crucial to improving the outcome. Initiation of antifungal treatment is “contingent” on the timely diagnosis of OPC. Strong local epidemiology data, together with a comprehensive understanding of antifungal susceptibility profiles, are therefore important for antifungal therapy (Perlin D, 2017; Castanheira M, 2016; Xiao M, 2018; Alexander BD, 2013).
In Africa, fluconazole is widely regarded as a first-line or reference antifungal agent for the clinical management and prophylaxis of mycoses in PLHIV/AIDS (Mushi, M, 2017). However, the development of resistant Candida species, has made fluconazole treatment failure a major challenge today (Keyvanfar A, 2024). Thus, it is recommended to assess the susceptibility of the Candida isolates, to guide the therapeutic choice and monitoring of antifungal regimens (Goulart L, 2018, Obili GS, 2025). In Gabon, PLHIV represents around 5% of the general population, but this prevalence varies according to the region. As reported in other countries in Sub-Saharan Africa, Gabon rarely performs identification of fungal species related to oral infection in PLHIV, or antifungal susceptibility testing.
Here we provide a prospective study on the distribution of Candida species from the oral cavity of PLHIV and determine the antifungal susceptibility of Candida strains in Gabon.






2. Material and method
2.1 Study sites
A cross-sectional trial was carried out from April to October 2021 in the Department of Parasitology-Mycology-Tropical Medicine of the Université des Sciences de la Santé, in Owendo, Gabon, an the Infectious Diseases unit at the Centre Hospitalier-Universitaire de Libreville.
2.2. Study population
PLHIV hospitalized in the Infectious Diseases ward were invited to join the study subsequent to obtaining informed consent.
2.3 Patient’s inclusion criteria
Participants aged 18 years or older and with a clinical diagnosis of oropharyngeal candidiasis were eligible.
2.4 Non-inclusion criteria
Patients without written consent were not included.
2.5 Patient’s data collection
Socio-demographic data, symptoms, and history of medical conditions were collected on a standardized questionnaire.
2.6 Sample collection
A buccal swab sample using a sterile cotton swab contained in a tube was taken early in the morning before brushing the teeth. Tubes labelled with the patient's code were transported in an isothermal packaging 2 to 3 hours after collection to the laboratory of Parasitology-Mycology.
The Chromatic TM Candida (LIOFILCHEM) - a selective and differential chromogenic medium useful for identifying various Candida species— was performed for culture. Candida albicans and non-albicans Candida species were discriminated according to growth characteristics and coloration as recommended by the manufacturers.
Isolates were stored at −40°C in Tryptic Soy Broth medium with 0.5% yeast extract supplemented with 50% glycerol. They were cultured on Chromatic Candida at 37 °C for 24 hours before carrying out the antifungal susceptibility testing (AFST).

2.6 Antifungal Susceptibility Testing
The assay was performed and interpreted using the disk diffusion method as described elsewhere (World Health Organization, 2024). Five colonies were re-suspended in 5 mL of sterile saline to make the inoculum. The turbidity was then compared to the 0.5 McFarland Standard, reference for adjusting the turbidity of microorganisms. C.albicans (ATCC 90028) and C.tropicalis (ATCC 750) were used as controls for both identification and AFST. Antifungal disks panel included fluconazole or Fluc (25 μg), ketoconazole or Ket (15 μg), clotrimazole or Clo (10 μg), nystatin or Nys (10 μg), miconazole or Mic (10 μg), and amphotericin-B or AMB (10 μg).The zone of inhibition surrounding the disk was measured following incubation of the medium at 37°C for 24 hours, using a graduated ruler to classify the resistant and sensitive strains (Obili GS, 2025).

 Figure 1 shows the results of the antifungal
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Figure 1: ATF results using antifungal
The clinical presentation of oral thrush is shown below in Figure 2
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Figure 2: The clinical features of oral candidiasis in patients
2.7 Statistical analysis 
Data were logged in an Excel sheet. Statistical analyses were performed using StatView 05. All reported p-values were two-tailed, and a p-value < 0.05 was considered statistically significant.
3. Results
Sociodemographic characteristics of people living with HIV
Overall, 255 patients were screened. Details of demographic and clinical data are summarized in table 1. Women were predominant, and more than 90% of the participants were ˂60 years.
Almost 20% (n=32) of the participants were smarried or widowed. The majority of the patients (n=194) were at WHO stages II and III of HIV disease. PLHIV with CD4 cell counts, had frequently CD4+ T cell count below 500 cells/μl (Table 1).Among the patients, 205 had positive samples in culture, and from these, 239 isolates were recovered. Six species were identified, mainly C.albicans (n=132, 55.2%) and C.krusei (n=52). Twenty-eight samples were coinfected by two different species and two by three species.
In vitro antifungal drug susceptibility
The tests were done with 98% (n=239) of the isolates, as indicated in table 2.
The test revealed that more than 50% of C. albicans and C. dubliniensis were resistant to Fluc and Ket (table 2) isoles. Resistance to MIC was frequent among. C.albicans, C.glabrata, and C.dubliniensis. Clo inhibited the growth of at least 60% of Candida sp isoles: C.albicans, C.dubliniensis, C.krusei, and C.glabrata isolates (table 2). Otherwise, AMB and Nys inhibited the growth of more than 70% of each isolated species. None of the C.tropicalis isolates were resistant to Nys. AMB, Clo, and Nys inhibited the multiplication of the 2 C.parapsilosis isolates.
Distribution of isolates according to PLHIV with OPC
All participants at WHO clinical stage IV (n=10) carried resistant Candida strains (table 3) (p=0.03). Resistant strains were less frequent in patients under AFT treatment than among the untreated ones: 65.3% vs. 83.9% (p=0.002).

Table 1. Demographic and clinical characteristics of people living which HIV (n = 205) 
Demographic	            Number (n)	Percentage (%)
Sex
Female	149	 73.4
Male 	 54	 26.6
Age groups
 [18-38] 	  98	47.9
 [39-59]  	   90	43.9
             ≥ 60 years                                                                17                                                  	     8.2
Marital status
Single	   173	  84.3
Married 	    28	  13.7
Widowed  	     4	    2.0
Clinical forms of oropharyngeal candidiasis 
Pseudomembranous candidiasis	   159	77.5
Angular cheilitis candidiasis	   135	65.9
           Erythematous candidiasis	                         114	           55.6
WHO Clinical stages of HIV
            II	                         108	             52.6
            III                                                                             86                                                            41.9	
            IV		11	               5.5 
CD4 groups
[0-200[ 	                     105	       51.2
[200 - 499]	                    47  	       22.9
         ≥   500                                                                         25                                                           12.1	
          None                                                                           28	
	______________________________________________________________________________



Table 2: Frequency of resistant Candida species according to the type of antifungal drug
___________________________________________________________________________Antifungals               R/S*    FLU n(%)   KET n(%)   MIC n(%)    AMB n(%)    CLO n(%)   NYS n(%)

Candida species        
C. albicans (n=130 )   R        76 (58.4)      69 (53.1)      89 (68.5)       16 (12.3)         42 (32.3)     19 (14.6)
C. dubliniensis (n=25) R      16 (64.0)     15 (60.0)      10 (40.0)          1 (4.00)	 4 (16.0)        1(4.00)
C. krusei (n=52)            R             -                13 (25.0)      16 (30.7)       16 (30.7)         11 (21.2)        6(11.5)
C. glabrata (n=21)        R            9 (42.8)       8 (38.1)      12 (57.1)         1 (4.70)           6 (28.5)        1(4.70)
C. tropicalis (n=5)        R           2(40.0)       2(40.0)        1(20.0)         1(20.0)	  2(40.0)        0(0.00)
C. parapsilosis (n=2)    R           1(50.0)       1(50.0)        1(50.0)         0(0.00)	  0(0.00)        0(0.00)
R/S*    R: resistant; S: sensitive 



















Table 3: Frequency of resistant Candida species according to the patient’s characteristics


			Resistant Isolates % (n)	Sensitive Isolates %(n)	p-value
Sex											0.77
Female			77.8 (116)			22.2 (33)
Male			75.9 (41)			24.1 (13)
HIV diagnosis									0.2
1-2 years		71.4 (50)			28.6 (20)
3-5 years		75.7 (25)			24.3 (8)
˃ 5 years		82 (82)				18 (18)

ART										           0.5
Yes			76.6 (131)			23.4 (40)
No			81.2 (26)			18.8 (6)

ATF treatment									0.002
Yes			65.3 (47)			34.7 (25)
No			83.9 (110)			16.0 (21)

WHO Clinical stages								0.03
II                                  84 (89)	                           16 (17)	                                     
III  	                        66.7 (58)                                33.3 (29)                                              
IV   	                        100 (10)                                 0.0 (0)	 	                

CD4 cells count									0.6
[0-200[                         75.2 (79)	                              24.8 (26)			   	
[200 - 499]                    80.4 (37)	                            19.6 (9)	           
> 500                             83.3 (20)                               16.7 (4)                                                            	
                                                                        




4. Discussion
This study reports the antifungal resistance level of Candida species collected from people living with HIV in Gabon. Among these patients, women were predominant, as previously reported in the general population (EDSG-II, 2012). Moreover, participants aged less than 50 years were the most frequent in the study population, as observed by others (Rosenberg NE et al., 2023).
Oral colonization by Candida species is common in PLHIV, as found in studies carried out in China (Shu W, 2020), Brazil (Goulart L,2018), and Nigeria (Osaigbovo I, 2017).
The present study underlined that oropharyngeal candidiasis was common in PLHIV with a declining immune response. Indeed, OPC were found (near 80%) in patients with low CD4 cell counts (Shu W, 2020; Ambe NF, 2020).
As reported elsewhere, half of these HIV-infected patients with OPC had at least one clinical symptom (Shu W, 2020, Yuliana D, 2025). Pseudomembranous candidiasis and angular cheilitis candidiasis were the most common clinical forms (Shu W, 2020).
The study also revealed C.albicans as the predominant species, which is in agreement with previous studies carried out elsewhere (Musinguzi B, 2024; Ambe NF, 2020; Maheshwari M,2016).
Non-albicans Candida species were also frequently found. C.krusei isolates were the most frequent, followed by C.glabrata in the present study (Obili GS, 2025). Identification of prevalent species in epidemiological studies is crucial and may assist in therapeutic decision-making. The emergence of these non-albicans species presents a challenge due to their capacity to develop resistance to the antifungals most frequently employed, such as fluconazole (Lamichhane K, 2020). The rise of difficult-to-treat Candida infections is due to host factors and antifungal resistance (Cornely OA, 2025; Siopi M, 2023). 
Alternatively, three different species of Candida were found in two clinical samples while two different species infected twenty-eight samples. The coexistence of various species in the same clinical specimen has been reported elsewhere (Siopi M, 2023). 
Resistance to fluconazole of Candida species such as C.albicans and non-albicans species such as C.parapsilosis poses serious global health risks (Cornely OA, 2025, Yuliana D, 2025).
In our study, tests carried out using the disk diffusion method revealed a significant proportion of it isolates resistant to fluconazole, ketoconazole and nystatin.

Overall, of the tested isolates, more than 50% of C. albicans were resistant to various azole antifungals, comprising fluconazole and miconazole. The results is not missing due to the high frequency of antifungal azole use in Gabon.
A cross-resistance to other azoles was observed when fluconazole resistance was reported in Candida species (Muller FM, 2000; Xia C, 2025). Resistance to fluconazole could result from drug pressure due to its extensive use as the first-line therapy for oropharyngeal candidiasis, both in the short or long term, in HIV-infected immunocompromised patients.
Among the antifungals tested, the most active was nystatin, with at least 85% to 100% of Candida species growth inhibited. It was followed by amphotericin B, which blocked the multiplication of Candida species in a range of 70 to 100% according to the species. Among the tested strains, C.tropicalis and C.parapsilosis exhibited the greatest susceptibility to antifungals agents. Although reported in 12% of C.albicans strains and in 30% of C.krusei isolates, AMB resistance is still uncommon in non-albicans species (C.dubliniensis, C.glabrata, C.parapsilopsis). More than 90% were susceptible, as found elsewhere (Terças AL, 2017). Only one out of 5 C.tropicalis isolates was resistant to AMB.
As reported by Ambe et al. in Cameroon, in the present study, nystatin followed by amphotericin B and miconazole were strongly active in more than 70% of the strains isolated (Ambe NF, 2020). In contrast, Njunda et al. reported that ketoconazole is still active in isolates collected in another part of Cameroon (85.5%) (Njunda AL, 2012).
Possible explanations for such variation within different areas or between countries may be related to the methodology, timing, drug use, immune status and intrinsic resistance of the Candida species.
PLHIV are particularly vulnerable to fungal infections, and resistant strains may significantly affect their clinical outcomes. All patients at WHO clinical stage IV were infected by resistant Candida sp. Strains. This suggests underlying a relationship between the disease evolution and the resistance of the species detected to the drugs currently used although the sample size was small. Therefore, timely initiation of effective antifungal therapy is necessary, and AFST should precede antifungal treatment whenever possible. Given the difficulty observed in treating mycoses in some patients, it would be advantageous to determine the antifungal susceptibility profile of Candida species which could serve as a guide in the selection of antifungal therapy and inform monitoring strategies.
The main limitation of this study is the lack of molecular identification of the different species.


Conclusion 
This study revealed a high proportion of Candida albicans isolates resistant to fluconazole, the main antifungal agent used in the treatment and prophylaxis of fungal infections, in people living with HIV. Non-albicans Candida species, notably C.krusei, C.tropicalis, and C.glabrata were also resistant to fluconazole, although less frequently. Molecular characterization of circulating strains would serve for the surveillance of resistance development.  
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