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ABSTRACT 

	

Aims: Oral candidiasis (OPC) is one of the most common opportunistic infections in people living with HIV (PLHIV), however, it remains under-documented in sub-Saharan Africa. This study aimed to assess the association between OPC and CD4 cell count in HIV-positive patients in Libreville, Gabon.
Study design:  Prospective, cross-sectional, study.
Place and Duration of Study: Infectiology Unit, Centre Hospitalier Universitaire de Libreville (CHUL), between April to October 2021.
Methodology: A prospective cross-sectional study was conducted from April to October 2021 at the Centre Hospitalier Universitaire de Libreville (CHUL). PLHIV aged ≥18 years with clinical suspicion of OPC were enrolled. Oral samples were cultured on CHROMagar™ Candida for species identification. Statistical analyses used Fisher's exact test, Student's t-test, and the Mann–Whitney U test (significance threshold: p<0.05).
Results: Of 255 PLHIV enrolled, 205 (80.0%) had confirmed OPC. The majority were female (72.5%). Six Candida species were identified from 239 isolates; C. albicans was most frequent (55.2%), followed by C. krusei (21.8%), C. dubliniensis (10.5%), C. glabrata (9.2%), C. tropicalis (2.1%), and C. parapsilosis (1.2%). The most common clinical forms were pseudomembranous candidiasis (74.4%; n=191), angular cheilitis (63.3%; n=161), and erythematous candidiasis (53.3%; n=136). OPC prevalence was highest in WHO stage III patients (89.3%; 84/94) and in those with CD4 cell counts <200 cells/mm³ (64.4%; n=114); this association was statistically significant (p=0.03).
Conclusion: C. albicans remains the dominant causative species of OPC among PLHIV in Libreville, although non-albicans Candida (NAC) species also contribute substantially. OPC is significantly more prevalent in patients with advanced HIV disease (WHO stages III–IV) and CD4+ counts <200 cells/µL. Antifungal susceptibility testing should be incorporated into routine diagnostic practice.
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1. INTRODUCTION 

Human immunodeficiency virus (HIV) infection remains a major public health problem in sub-Saharan Africa, a region that accounts for 65% of the 40.8 million people living with HIV worldwide [1]. In Gabon, as in many Central African countries, the epidemic continues to place considerable strain on healthcare systems, with an estimated national prevalence of approximately 3.4% among adults [2]. The progressive impairment of the immune system caused by HIV, characterised by a decline in CD4 lymphocyte counts, renders patients vulnerable to a wide range of opportunistic infections [3]. Oral candidiasis (OPC) is one such opportunistic infection and represents one of the most common and earliest clinical manifestations in people living with HIV (PLHIV) [4]. OPC is a fungal infection caused primarily by Candida albicans, a commensal fungus of the oral and gastrointestinal mucosae that becomes pathogenic in immunocompromised individuals [5]. In HIV-infected patients, it is often the first clinical sign of significant immunosuppression, typically occurring when the CD4 cell count falls below 200 cells/µL [4]. Its presence thus serves as a valuable clinical marker for assessing the degree of immunosuppression and guiding treatment decisions, particularly in resource-limited settings where access to laboratory investigations remains restricted [7]. The diagnosis of OPC is often based on clinical presentation alone, without identification of the causative agent [8]; however, empirical management is frequently inadequate and may lead to antifungal resistance, persistent symptoms, and life-threatening dissemination [9]. Despite its diagnostic and prognostic significance, OPC remains under-documented in sub-Saharan Africa, particularly in Gabon. A study conducted by Sibi et al. reported a prevalence of 89% among PLHIV [10]. However, data on the risk factors for OPC and its correlation with immunological parameters remain scarce, limiting the implementation of prevention and management protocols tailored to local epidemiological conditions. The aim of this study was to assess the association between the occurrence of OPC and CD4 lymphocyte counts in HIV-positive patients receiving care in Libreville, Gabon.

2. material and methods 

Study Design, Site, and Population
A prospective cross-sectional study was conducted from April to October 2021. The study population comprised patients admitted to the infectious diseases ward of the Centre Hospitalier Universitaire de Libreville (CHUL), the largest referral hospital in Libreville, the capital city of Gabon. PLHIV aged 18 years or older and clinically suspected of having OPC were eligible for inclusion. All enrolled patients provided written informed consent. Data collected included sociodemographic characteristics, clinical parameters, comorbidities, current antiretroviral therapy (ART), and antifungal treatment history. HIV-specific information, including CD4 cell count, was also recorded. After individual interview, oral samples were collected and microbiological analyses were performed in the Department of Parasitology, Mycology and Tropical Medicine of the Université des Sciences de la Santé, Libreville, Gabon. Each participant was assigned a unique identification code to ensure confidentiality.
Sampling and Identification of Candida Species
All participants underwent oral mucosal examination. Oral samples were collected using sterile swabs and transferred immediately into transport medium. Swabs were applied by rubbing the entire surface of each lesion; the sampled area was determined by lesion size. Samples were cultured on CHROMagar™ Candida (LIOFILCHEM), a selective and differential chromogenic medium for Candida species. CHROMagar™ Candida detects specific enzymatic activity and enables presumptive identification of clinically relevant Candida species, including C. albicans, based on colony colour and morphology following incubation at 37°C for 18–24 hours.
Statistical Analysis
Data were entered into Microsoft Excel (Microsoft Corporation, Seattle, USA). Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software version 20 (IBM SPSS, Chicago, USA). Fisher's exact test was used to assess differences in proportions of categorical variables. Normally distributed continuous variables were compared using Student's t-test. The Mann–Whitney U test was used to evaluate associations between carriage rates and CD4+ cell count and HIV-1 viral load. A p-value of <0.05 was considered statistically significant.
3. results and discussion
A total of 255 PLHIV were enrolled in this study, of whom 205 (80.0%) had confirmed Oral candidiasis (n=205). The majority of participants were female (n=185; 72.5%). Sixteen instances of co-infection with two Candida species (biparasitism) were recorded. Six Candida species were identified from 239 isolates; C. albicans was the most frequently isolated species (55.2%; n=132/239). Other species included C. krusei (21.8%), C. dubliniensis (10.5%), C. glabrata (9.2%), C. tropicalis (2.1%), and C. parapsilosis (1.2%). No statistically significant association was found between OPC positivity and gender, marital status, place of residence, level of education, occupation, or behavioural factors such as smoking, tobacco use, oral hygiene practices, or mode of HIV transmission (Table 1). Among OPC-positive patients, the majority were female (72.5%; n=185), aged between 39 and 59 years (51.8%; n=98; p=0.028), single (83.1%; n=173), employed (43.2%; n=110), and had a plaque index of 0.1–0.9 (75.7%; n=142). The majority of patients overall reported moderate oral hygiene, as did those who were OPC-positive (56.1%; n=143 and 79.7%; n=114, respectively). Almost all patients (85.1%; n=217) were receiving ART, as were the majority of OPC-positive patients (79.2%; n=172). More than half received a TDF+3TC+DTG-based regimen, representing 64.3% (n=164) of all patients and 65.3% (n=134) of OPC-positive patients (Table 2).
Table 1: Distribution of sociodemographic and clinical characteristics by Oral candidiasis status
	Characteristic
	OPC Positive n (%)
	OPC Negative n (%)
	p-value

	Gender
	
	
	0.65

	  Female
	150 (73.1)
	35 (70.0)
	

	  Male
	55 (26.9)
	15 (30.0)
	

	Age group
	
	
	0.69

	  ≤55 years
	176 (85.9)
	44 (88.0)
	

	  >55 years
	29 (14.1)
	6 (12.0)
	

	Marital status
	
	
	0.05

	  Single
	173 (84.3)
	35 (70.0)
	

	  In a relationship
	28 (13.6)
	11 (22.0)
	

	  Widowed
	4 (1.9)
	4 (8.0)
	

	Occupation
	
	
	0.82

	  Employed
	86 (41.9)
	24 (48.0)
	

	  Unemployed
	68 (33.2)
	16 (32.0)
	

	  Manager
	51 (24.9)
	10 (20.0)
	

	On ART
	
	
	0.28

	  Yes
	171 (83.4)
	45 (90.0)
	

	  No
	34 (16.6)
	5 (10.0)
	

	ART regimen
	
	
	0.03

	  ABC+3TC+ATV/r
	2 (0.9)
	2 (4.0)
	

	  ABC+3TC+DTG
	4 (1.9)
	0 (0.0)
	

	  ABC+3TC+LPV/r
	2 (0.9)
	1 (2.0)
	

	  None
	42 (20.4)
	7 (14.0)
	

	  AZT+3TC+DTG
	1 (0.4)
	0 (0.0)
	

	  AZT+3TC+EFV
	3 (1.3)
	6 (12.0)
	

	  AZT+3TC+ATV/r
	6 (2.9)
	1 (2.0)
	

	  TDF+3TC+DTG
	134 (65.3)
	30 (60.0)
	

	  TDF+3TC+EFV
	8 (3.9)
	3 (6.0)
	

	  TDF+3TC+LPV/r
	3 (1.4)
	0 (0.0)
	


Among the 255 patients enrolled, the majority (57.6%; n=147) were classified as WHO clinical stage II (n=147; OPC+ 110/147, 74.8%). OPC prevalence was highest at WHO stage III (89.3%; 84/94) followed by stage II (74.8%; 110/147) and stage IV (78.6%; 11/14). Comorbidities most frequently reported included tuberculosis (18.4%; n=47 overall; 18.5%; n=38 OPC-positive) and diarrhoea (10.1%; n=26 OPC-positive).
Among local predisposing factors for OPC, smoking was reported in 10.9% (n=28) overall and 11.7% (n=24) of OPC-positive patients; alcohol consumption in 36.8% (n=92) and 38.5% (n=79), respectively; and current antifungal therapy use in 33.1% (n=86) and 83.3% (n=72), respectively. The association between OPC positivity and a CD4+ cell count <200 cells/mm³ was statistically significant (p=0.03); 64.4% (n=114) of OPC-positive patients and 42.2% of OPC-negative patients had CD4+ counts in this range (Table 2).
Table 2: Clinical characteristics and CD4 cell counts according to the presence or absence of Oral candidiasis
	Characteristic
	OPC Positive n (%)
	OPC Negative n (%)
	p-value

	WHO Clinical Stage
	
	
	0.22

	  Stage II
	110 (53.7)
	37 (74.0)
	

	  Stage III
	84 (40.9)
	10 (20.0)
	

	  Stage IV
	11 (5.3)
	3 (6.0)
	

	Associated pathologies
	
	
	

	  Tuberculosis
	38 (18.5)
	9 (18.0)
	0.93

	  Cerebral toxoplasmosis
	32 (15.6)
	3 (6.0)
	0.07

	  Diarrhoea
	26 (10.1)
	6 (2.3)
	0.89

	  Malaria
	21 (10.2)
	4 (8.0)
	0.63

	  Cryptococcal meningitis (CNM)
	12 (5.8)
	1 (2.0)
	0.27

	Risk factors for candidiasis
	
	
	

	  Smoking
	24 (11.7)
	4 (8.0)
	0.107

	  Alcohol consumption
	79 (38.5)
	18 (26.0)
	0.08

	  Antimicrobial treatment
	17 (8.2)
	3 (6.4)
	0.58

	  Corticosteroid therapy
	18 (8.7)
	5 (10.0)
	0.31

	  Neutropaenia
	20 (9.7)
	3 (6.0)
	0.41

	CD4 cell count (cells/mm³)
	
	
	0.03

	  0–200
	114 (64.4)
	19 (42.2)
	

	  201–499
	37 (20.9)
	15 (33.3)
	

	  ≥500
	26 (14.7)
	11 (24.4)
	


The prevalence of the various clinical forms of OPC varied significantly according to WHO clinical stage, CD4 cell count, and ART status. Among patients at WHO stage III, pseudomembranous candidiasis was present in 89.4% (n=84), cheilitis candidiasis in 83.4% (n=84), and erythematous candidiasis in 78.7% (n=74). Among patients with a CD4 cell count <200 cells/mm³, the most common clinical forms were pseudomembranous candidiasis (84.4%; n=103), cheilitis candidiasis (77.0%; n=94), and erythematous candidiasis (69.7%; n=85). No statistically significant difference in clinical form distribution was found between patients receiving and not receiving ART (p=0.36; p=0.14; p=0.65, respectively) (Table 3).
Table 3: Prevalence of clinical forms of oral candidiasis according to WHO stage, ART status, and CD4 cell count
	
	Cheilitis Candidiasis n (%)
	p
	Pseudomembranous Candidiasis n (%)
	p
	Erythematous Candidiasis n (%)
	p

	WHO Clinical Stage
	
	<0.01
	
	<0.01
	
	<0.01

	  Stage II
	63 (42.9)
	
	94 (63.9)
	
	50 (34.0)
	

	  Stage III
	84 (83.4)
	
	84 (89.4)
	
	74 (78.7)
	

	  Stage IV
	14 (100.0)
	
	13 (92.9)
	
	12 (85.7)
	

	ART status
	
	0.36
	
	0.14
	
	0.65

	  Yes
	137 (63.4)
	
	166 (76.9)
	
	117 (54.2)
	

	  No
	24 (61.5)
	
	25 (64.1)
	
	19 (48.7)
	

	CD4 cell count (cells/mm³)
	
	<0.01
	
	<0.01
	
	<0.01

	  <200
	94 (77.0)
	
	103 (84.4)
	
	85 (69.7)
	

	  200–499
	31 (47.7)
	
	49 (75.4)
	
	24 (36.9)
	

	  ≥500
	15 (42.7)
	
	19 (54.4)
	
	11 (31.4)
	


The most frequent clinical forms of OPC were: pseudomembranous candidiasis alone (n=44), angular cheilitis alone (n=13), and erythematous candidiasis alone (n=1). Mixed presentations included: erythematous candidiasis + angular cheilitis (n=55), angular cheilitis + pseudomembranous candidiasis (n=17), pseudomembranous + erythematous candidiasis (n=4), and the triple combination of erythematous + angular cheilitis + pseudomembranous candidiasis (n=126).
Discussion
Little is known about the epidemiology of OPC and the Candida species responsible for this infection in Libreville, particularly among PLHIV. This study provides local data on OPC prevalence, causative Candida species, and associated risk factors in this population. These data are important for the design or revision of control strategies aimed at reducing the morbidity and mortality attributable to OPC in PLHIV.
The overall prevalence of OPC was 80.0% (n=205/255), which is consistent with the high rates reported in other African settings and confirms the heavy infectious burden borne by PLHIV in this context. OPC prevalence was higher in women (73.1%; 150/205) than in men (26.9%; 55/205), although this difference was not statistically significant (p=0.65). This finding is consistent with studies conducted in Cameroon [11], Uganda [23] and Mexico [12], and is likely attributable to the higher burden of HIV infection among women in sub-Saharan Africa. Participants aged under 55 years had the highest prevalence of OPC (85.9%), although the difference between age groups was not statistically significant (p=0.69). This is consistent with findings from Cameroon [11], but contrasts with a study from Mexico [12] in which Candida colonisation was shown to be age-dependent. The predominance of OPC in the under-55 age group likely reflects both their over-representation in the study sample and the established epidemiology of HIV as primarily a disease of young adults.
C. albicans was the most frequently isolated species among PLHIV with OPC (55.2%), compared with 48.5% for non-albicans Candida (NAC) species. This predominance of C. albicans is consistent with studies from Indonesia (50%) and Iran (58%) [12,14]. Its superior ability to adhere to buccal epithelial cells and to form complex biofilms explains why C. albicans is isolated more frequently than NAC species in Oral infections. Nevertheless, the high frequency of C. albicans may partly reflect misidentification due to the use of less sensitive conventional diagnostic methods, which may underestimate NAC species [15].
NAC species accounted for approximately 38.5% of isolates from the Oral cavity. This proportion is consistent with findings reported in Cameroon (39.8%) [16], Brazil (44%) [17], and sub-Saharan Africa more broadly (20–40%) [18]. Among NAC species, C. krusei (21.8%) was the most frequent, followed by C. dubliniensis (10.5%), C. glabrata (9.2%), C. tropicalis (2.1%), and C. parapsilosis (1.2%). This species distribution is broadly consistent with data from sub-Saharan Africa [17,18], although some variation in species recovery rates is noted. The public health significance of these findings lies in the intrinsic resistance of certain NAC species — particularly C. krusei — to fluconazole, the most widely used azole antifungal in low-resource settings [19]. Given the co-occurrence of C. albicans and NAC species in OPC among PLHIV in Africa, accurate species-level identification and antifungal susceptibility testing, including molecular approaches where feasible, are essential to guide appropriate therapy, reduce treatment failure, and improve the quality of life for PLHIV.
The most common clinical forms of OPC overall were pseudomembranous candidiasis (74.4%; n=191; OPC-positive: 83.2%; n=159), angular cheilitis (63.3%; n=161; OPC-positive: 83.8%; n=135), and erythematous candidiasis (53.3%; n=136; OPC-positive: 83.8%; n=114). The predominance of pseudomembranous candidiasis is consistent with findings from other clinical studies in PLHIV [18, 23].
Among patients at WHO stage II (n=147), 74.8% (n=110) had OPC, whereas OPC was present in 89.3% (84/94) of stage III patients — confirming a progressive increase in OPC prevalence with advancing clinical stage. These observations are consistent with previous reports [20,21].
Both CD4 cell count and WHO clinical stage were significantly associated with the different clinical forms of oral candidiasis, consistent with previous studies demonstrating a significant association between CD4 cell count and OPC incidence in PLHIV [9,20,21]. CD4 cell count is inversely associated with OPC prevalence, such that PLHIV with low CD4 counts are at greatest risk of developing OPC [22]. Highly active antiretroviral therapy (HAART) improves immunity through immune reconstitution, leading to increases in CD4 cell counts and improvement in clinical status, even when WHO stage classification remains unchanged [4,8]. In addition, antiretroviral agents inhibit the secretory aspartyl proteinase enzymes required for Candida growth, thereby reducing OPC incidence [22].
4. Conclusion
Although c. albicans remains the dominant causative species of OPC among plhiv in libreville, nac species also contribute substantially to the overall infectious burden and should not be overlooked. OPC was significantly more prevalent among patients with advanced hiv disease (who stages iii–iv) and among those with cd4+ cell counts below 200 cells/µl, placing these individuals at heightened risk of severe and invasive fungal infections. the incorporation of antifungal susceptibility testing into routine diagnostic practice is strongly recommended

Limitations
This study has several limitations. The relatively small sample size and the single-centre design limit the generalisability of the findings. Although both C. albicans and NAC species were identified, antifungal susceptibility testing (antifungigramme) was not performed, which represents an important gap: without susceptibility data, the clinical significance of NAC species — particularly those with intrinsic or acquired resistance to azoles — cannot be fully assessed, and appropriate treatment selection remains challenging. Furthermore, virulence attributes of the isolated Candida species were not investigated. Understanding virulence factors is essential for elucidating OPC pathogenesis and informing diagnostic and therapeutic strategies in PLHIV. Future studies should incorporate antifungal susceptibility testing, molecular species characterisation, and virulence profiling. Policy-makers and stakeholders should invest in strengthening mycology laboratory capacity and supporting research into Candida species diversity, antifungal resistance, and related diagnostic innovations.
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Definitions, Acronyms, Abbreviations
WHO : World Health Organization; CHUL : Centre Hospitalier de Libreville; HIV : Human immunodeficiency virus; OPC: Oral Candidiasis; PLHIV: person living with HIV; NAC: non-albicans Candida; ART: antiretroviral therapy; 


