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ABSTRACT 

Background: Candidiasis, primarily caused by Candida albicans, represents a significant 

opportunistic infection in immunocompromised individuals, particularly those living with HIV. 

Understanding socio-demographic determinants and risk factors is essential for developing 

targeted public health interventions. 

Objective: To investigate socio-demographic determinants and risk factors associated with 

oral, gastrointestinal (GI), and vulvovaginal candidiasis (VVC) among immunocompromised 

patients in Northwest Cameroon. 

Methods: A cross-sectional study was conducted at Bamenda Regional Hospital involving 500 

immunocompromised patients. Data were collected through structured questionnaires 

assessing socio-demographic characteristics, candidiasis knowledge, and clinical symptoms. 

Microbiological cultures from oral, stool, and high vaginal swabs confirmed C. albicans 

infections. Antifungal susceptibility testing was performed using disk diffusion methods. 

Statistical analyses included descriptive statistics, and multivariate logistic regression (SPSS 

v21.0). 

Results: The study population was predominantly female (86.4%), aged 25–34 years (49.6%), 

married (57.8%), and Christian (98.2%). Candidiasis prevalence was 4.2% for oral infections 

(95% CI: 2.4–6.0%), 6.4% for GI infections (95% CI: 4.2–8.6%), and 28.0% for VVC (95% CI: 

24.0–32.0%). Female sex (OR=4.1, 95% CI: 2.3–7.4, p<0.001) and low candidiasis knowledge 

(OR=2.8, 95% CI: 1.6–4.9, p<0.001) emerged as significant determinants. Site-specific risk 

factors included oral lesions (oral candidiasis), abdominal discomfort and constipation (GI 

candidiasis), and vaginal irritation with discharge (VVC). Median knowledge scores of 4 /10, 

indicated substantial awareness gaps. Antifungal susceptibility varied: clotrimazole (100% 

sensitive for oral infections), itraconazole (93.1% for GI), flucytosine (97% for VVC), and 

fluconazole (>82% overall), while griseofulvin showed complete resistance. 

Conclusions: Female sex, inadequate knowledge, and limited education represent critical 

determinants of candidiasis in immunocompromised Cameroonians. These findings 

underscore the urgent need for targeted public health interventions, including gender-specific 

education programs, enhanced screening protocols, and antimicrobial stewardship initiatives 

to reduce disease burden and combat antifungal resistance. 

Keywords: Candidiasis, Socio-demographic determinants, Risk factors, Immunocompromised 

patients, HIV, Public health, Cameroon, Antifungal resistance 
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1. INTRODUCTION 

Candida albicans, a commensal fungus colonizing 

mucosal surfaces in 30–50% of healthy 

individuals, transitions to a pathogenic state in 

immunocompromised hosts, causing oral, 

gastrointestinal (GI), and vulvovaginal 

candidiasis (VVC) [1,2]. Immunosuppression, 

particularly in individuals with HIV and CD4+ T-

cell counts below 200 cells/μL, significantly 

elevates candidiasis risk [3]. In sub-Saharan 

Africa (SSA), where HIV prevalence remains 

disproportionately high, the burden of 

opportunistic fungal infections, including 

candidiasis, is substantial [4]. 

In Cameroon specifically, published studies 

document oral candidiasis prevalence rates of 

30–40% among HIV-positive patients [5], with 

similarly elevated rates of VVC among women of 

reproductive age [6,7]. Beyond the immediate 

clinical implications, candidiasis presents 

significant public health challenges, including 

reduced quality of life, increased healthcare 

costs, and the emergence of antifungal 

resistance. 

Socio-demographic factors play pivotal roles in 

candidiasis susceptibility. Female sex, younger 

age groups, and limited health literacy have been 

consistently associated with increased infection 

rates [8,9]. Knowledge deficits regarding 

candidiasis prevention, symptoms, and 

treatment contribute to delayed diagnosis and 

inappropriate antifungal use, consequently 

exacerbating resistance patterns [10]. Public 

health interventions incorporating education 

and systematic screening are therefore critical 

components of comprehensive candidiasis 

management strategies [11]. 

Despite growing recognition of candidiasis as a 

priority pathogen by the World Health 

Organization [12], research examining socio-

demographic determinants and risk factors in 

resource-limited settings, particularly in Central 

Africa, remains limited. This study addresses this 

gap by investigating socio-demographic 

determinants and clinical risk factors for 

candidiasis among immunocompromised 

patients in Northwest Cameroon. By focusing on 

cross-site risk factors—particularly female sex 

and knowledge gaps—and their public health 

implications, this research aims to inform 

evidence-based, targeted interventions to 

reduce disease burden and antifungal resistance 

in vulnerable populations [5,7,13]. 

2. RELATED WORKS 

2.1 Candidiasis in Immunocompromised 

Populations 

Candidiasis in immunocompromised 

populations has been extensively documented in 

the medical literature. The Infectious Diseases 

Society of America (IDSA) guidelines emphasize 

the importance of identifying risk factors for 

effective management [14]. UNAIDS data 

highlight the persistent high HIV prevalence in 

SSA, which correlates directly with increased 

opportunistic infections, including candidiasis 

[4]. 

The pathophysiology of C. albicans infections 

involves complex mechanisms. The organism 

forms biofilms that enhance persistence on 

mucosal surfaces and medical devices, 

contributing to treatment resistance [15,16]. 

The fungal cell wall, composed of glucans, chitin, 

and mannoproteins, plays crucial roles in 

immune evasion and pathogenesis [17]. These 

structural features enable Candida species to 

withstand host defenses and therapeutic 

interventions. 

Regional studies from Cameroon provide 

valuable context. Ngouana et al. [19] reported 

high VVC prevalence rates among Cameroonian 

women [6], while Ambe et al.[5] documented 

30% oral candidiasis prevalence in HIV-positive 

patients [5]. Additional investigations by 

Nguefack et al. [18] and Ngouana et al. [19] have 

contributed important local epidemiological 

insights [18,19]. Across SSA, esophageal 
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candidiasis represents a particularly concerning 

manifestation in HIV-positive individuals 

[20,21]. 

2.2 Antifungal Resistance: Mechanisms and 

Public Health Implications 

Antifungal resistance in C. albicans involves 

multiple molecular mechanisms that 

compromise treatment efficacy. Azole resistance 

primarily arises through mutations in the ERG11 

gene (encoding lanosterol 14α-demethylase), 

overexpression of efflux pump genes (CDR1, 

CDR2, and MDR1), and biofilm formation [22]. 

Echinocandin resistance results from mutations 

in FKS1 and FKS2 genes, which encode 

components of the β-1,3-glucan synthase 

complex [23]. Polyene resistance, though less 

common, involves alterations in ergosterol 

biosynthesis pathways [24]. 

Biofilms significantly enhance resistance 

through multiple mechanisms, including the 

production of extracellular matrix that limits 

drug penetration and the presence of persister 

cells with altered metabolic states [25]. 

Additionally, chromosomal aneuploidy and 

epigenetic modifications contribute to adaptive 

resistance mechanisms [26]. 

The WHO's inclusion of Candida species on its 

fungal priority pathogens list reflects growing 

concerns about resistance patterns globally 

[12,27]. Recent studies have highlighted the 

emergence of multi-drug resistant species, 

including C. auris, and documented concerning 

resistance trends in C. albicans [28,29]. These 

mechanisms necessitate robust public health 

strategies focused on resistance surveillance, 

antimicrobial stewardship, and rational 

antifungal prescribing practices. 

Socio-demographic factors, particularly female 

sex and limited education, have been 

consistently associated with increased VVC risk 

[8,9]. Knowledge gaps regarding fungal 

infections contribute to delayed care-seeking, 

self-medication, and inappropriate antifungal 

use, all of which facilitate resistance 

development [11]. Understanding these 

intersections between socio-demographic 

determinants, clinical risk factors, and resistance 

mechanisms is essential for developing 

comprehensive prevention and treatment 

strategies. 

3. MATERIALS & METHODS 

3.1 Study Design and Setting 

This cross-sectional study was conducted at 

Bamenda Regional Hospital, Northwest Region, 

Cameroon, between January and August 2024. 

Bamenda Regional Hospital serves as a tertiary 

referral center for the Northwest Region, 

providing comprehensive healthcare services 

including HIV/AIDS treatment and management 

programs. 

3.2 Study Population and Sampling 

The study enrolled 500 immunocompromised 

patients, predominantly individuals living with 

HIV. Sample size was calculated using the 

formula for cross-sectional studies with an 

expected prevalence of 30% (based on previous 

regional studies), 95% confidence level, and 5% 

margin of error. 

Inclusion criteria: 

 Confirmed immunocompromised status 

(HIV-positive with CD4+ count <500 

cells/μL, or other documented 

immunocompromising conditions) 

 Age ≥18 years 

 Written informed consent 

Exclusion criteria: 

 Current or recent antifungal therapy 

(within 4 weeks) 

 Inability to provide informed consent 

 Pregnancy (to avoid confounding VVC data) 

3.3 Data Collection 
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Data were collected through structured, 

interviewer-administered questionnaires in 

English or French, depending on participant 

preference. Questionnaires assessed: 

1. Socio-demographic characteristics: 

Age, sex, marital status, religion, monthly 

income, educational attainment 

2. Candidiasis knowledge: A 10-point 

awareness scale assessing knowledge of 

causes, symptoms, prevention, and 

treatment 

3. Clinical symptoms: Site-specific 

symptoms for oral (lesions, pain, 

dysphagia), GI (abdominal discomfort, 

constipation, nausea), and vulvovaginal 

(irritation, discharge, dyspareunia) 

candidiasis 

3.4 Microbiological Procedures 

Specimen collection: 

 Oral swabs from buccal mucosa and 

tongue 

 Stool samples for GI evaluation 

 High vaginal swabs for VVC assessment 

(females only) 

Culture and identification: Specimens were 

inoculated onto Sabouraud Dextrose Agar 

supplemented with chloramphenicol and 

incubated at 37°C for 24–48 hours. C. albicans 

was identified based on colony morphology, 

germ tube formation in serum, and 

chlamydospore production on corn meal agar. 

Antifungal susceptibility testing: Disk 

diffusion method was performed following 

Clinical and Laboratory Standards Institute 

(CLSI) M44-A2 guidelines [30]. Antifungal agents 

tested included clotrimazole (10 μg), 

itraconazole (10 μg), flucytosine (10 μg), 

fluconazole (25 μg), and griseofulvin (10 μg). 

Zone diameter interpretations followed CLSI 

breakpoints. 

3.5 Statistical Analysis 

Data were analyzed using IBM SPSS Statistics 

version 21.0 (IBM Corp., Armonk, NY, USA). 

Prevalence rates were calculated with 95% 

confidence intervals (CI) using the Wilson score 

method.Associations between categorical 

variables were assessed using Fisher's exact test 

(when expected cell counts <5). A p-value <0.05 

was considered statistically significant. 

Multivariate logistic regression modeling was 

performed to identify independent predictors of 

candidiasis. The logistic regression model was 

specified as: 

𝑧 = In (
𝑃

1 − 𝑃
) = β0 +  βᵢ Xᵢ+ . . . +  βn Xn 

where p represents the probability of 

candidiasis, β₀ is the intercept, βᵢ are regression 

coefficients, and Xᵢ represent predictor variables 

[31,32]. Odds ratios (OR) with 95% CI were 

calculated to quantify associations. Model fit was 

assessed using the Hosmer-Lemeshow 

goodness-of-fit test. 

 

3.6 Ethical Considerations 

Ethical approval was obtained from the Regional 

Delegation of Public Health, Northwest Region, 

Cameroon (Approval No.: 

RDPH/NW/2024/018). All participants 

provided written informed consent after 

receiving detailed information about study 

procedures, risks, and benefits. Confidentiality 

was maintained through anonymous coding of 

data. Participants diagnosed with candidiasis 

received appropriate treatment according to 

national guidelines at no cost. 
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4. RESULTS & DISCUSSION 

4.1 Socio-Demographic Characteristics 

The study enrolled 500 immunocompromised 

participants with a mean age of 31.8 ± 7.9 years 

(range: 18–65 years). Detailed socio-

demographic characteristics are presented in 

Table 1. 

The study population was predominantly female 

(86.4%), with nearly half (49.6%) aged 25–34 

years. The majority were married (57.8%) and 

Christian (98.2%). Over half (52.4%) reported 

monthly incomes below 50,000 XAF 

(approximately $80 USD), and 60.2% had 

secondary education or less.  

4.2 Candidiasis Knowledge Assessment 

Knowledge scores regarding candidiasis 

revealed a median score of 4 out of 10, indicating 

substantial knowledge deficits across the study 

population. Only 23.4% of participants (n=117) 

achieved scores ≥5, classified as adequate 

knowledge. Major knowledge gaps included 

limited awareness of transmission routes 

(correctly identified by 31.2%), risk factors 

(38.6%), and prevention strategies (29.8%). 

4.3 Candidiasis Prevalence 

Overall, 193 participants (38.6%) tested positive 

for candidiasis at one or more anatomical sites. 

Site-specific prevalence rates were: Oral 

candidiasis: 4.2% (n=21; 95% CI: 2.4–6.0%), 

Gastrointestinal candidiasis: 6.4% (n=32; 95% 

CI: 4.2–8.6%), and Vulvovaginal candidiasis: 

28.0% (n=140 of 432 females; 95% CI: 24.0–

32.0%) 

VVC represented the most prevalent form, 

affecting more than one-quarter of female 

participants (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Socio-Demographic Characteristics of Study 

Participants (N=500) 
 

Characteristic Frequency Percentage 

Age group (years)   

18–24 87 17.4 

25–34 248 49.6 

35–44 112 22.4 

45–54 38 7.6 

≥55 15 3 

Sex   

Female 432 86.4 

Male 68 13.6 

Marital status   

Single 146 29.2 

Married 289 57.8 

Divorced/Separated 42 8.4 

Widowed 23 4.6 

Religion   

Christian 491 98.2 

Muslim 7 1.4 

Other 2 0.4 

Monthly income 

(XAF)   

<50,000 262 52.4 

50,000–100,000 158 31.6 

>100,000 80 16 

Education level   

None/Primary 134 26.8 

Secondary 167 33.4 

Tertiary 199 39.8 

 

http://www.iqresearchjournal.com/


 

 
23 

 

www.iqresearchjournal.com  Lem C.A. & al., 2026 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Prevalence of Candidiasis Types Among Immunocompromised Participants [Bar chart 

showing: Oral 4.2%, GI 6.4%, VVC 28.0%] 

 

Table 2. Socio-Demographic Determinants and Clinical Risk Factors for Candidiasis 

Candidiasis 

Type 

Key 

Determinants p-values 

Primary Clinical Risk 

Factors  

 P-

values AOR P-Value 

Oral  

Sex (Females) 0.012 Oral lesions  0.001 
2.5 

(1.3-

1.8) 

0.006 
Knowledge  0.008 

Pain/difficulty 

swallowing 0.004 

Age (35- 44) 0.015 White patches 0.008 

       

GI 

Sex (Females) 0.002 Abdominal discomfort 0.003 3.0 

(1.5–

6.2) 

0.002 Knowledge  0.005 Constipation  0.007 

Income(low ) 0.010 Nausea 0.009 

       

VVC 
Sex (Females) <0.001 Vaginal irritation <0.001 4.1  

(2.3–

7.4) 

<0.001 Knowledge  0.001 Abnormal discharge <0.001 

 Age (35- 44) 0.003 Dyspareunia 0.002 

OR = Odds Ratio; CI = Confidence Interval; GI = Gastrointestinal; VVC = Vulvovaginal Candidiasis  
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4.4 Socio-Demographic Determinants and 

Risk Factors 

Multivariate logistic regression identified female 

sex as the strongest determinant across all 

candidiasis types, with adjusted OR ranging from 

2.5 for oral candidiasis to 4.1 for VVC (all 

p≤0.006). Low candidiasis knowledge (score 

<5/10) was consistently associated with 

increased infection risk (overall OR=2.8, 95% CI: 

1.6–4.9, p<0.001). Secondary education or less 

was independently associated with higher 

candidiasis risk (OR=2.1, 95% CI: 1.2–3.8, 

p=0.009). 

Site-specific clinical risk factors showed distinct 

patterns: 

 Oral candidiasis: Presence of oral lesions, 

dysphagia, and white oral patches 

 GI candidiasis: Abdominal discomfort, 

constipation, and nausea 

 VVC: Vaginal irritation, abnormal 

discharge, and painful intercourse 

4.5 Antifungal Susceptibility Patterns 

Antifungal susceptibility testing revealed 

variable resistance patterns across agents. 

 Clotrimazole: 100% susceptibility (oral 

isolates) 

 Itraconazole: 96% susceptibility (GI isolates) 

 Flucytosine: 97% susceptibility (VVC 

isolates) 

 Fluconazole: 82% overall susceptibility 

(18% resistance) 

 Griseofulvin: 0% susceptibility (complete 

resistance) 

The observed 17.8% fluconazole resistance and 

complete griseofulvin resistance are concerning, 

highlighting the need for enhanced antimicrobial 

stewardship and resistance surveillance 

programs.  

This study provides comprehensive evidence on 

socio-demographic determinants and risk 

factors for candidiasis among 

immunocompromised patients in Northwest 

Cameroon, revealing important patterns with 

significant public health implications. 

 Prevalence Patterns 

The 28.0% VVC prevalence observed in this 

study aligns with previous African studies, 

including a systematic review documenting high 

VVC rates among pregnant African women [7]. 
This finding underscores the substantial burden 

of vulvovaginal infections in female populations 

living with HIV in resource-limited settings. The 

lower prevalence of oral (4.2%) and GI (6.4%) 

candidiasis compared to VVC may reflect 

improved antiretroviral therapy (ART) coverage 

in Cameroon, which has been shown to reduce 

oral opportunistic infections [5]. 

Female Susceptibility and Gender-Specific 

Risk 

The strong association between female sex and 

candidiasis (OR=4.1 for VVC, p<0.001) has 

multiple biological and social explanations. 

Anatomically, the vaginal environment provides 

conditions conducive to Candida colonization, 

including warmth, moisture, and glycogen-rich 

epithelium. Hormonal fluctuations, particularly 

elevated estrogen levels, promote fungal 

adherence and growth [9]. Beyond biological 

factors, socio-cultural practices including 

feminine hygiene products, tight clothing, and 

traditional vaginal practices may contribute to 

increased susceptibility [6]. 

The overwhelming female predominance in our 

study population (86.4%) likely reflects gender 

disparities in healthcare-seeking behavior, with 

women more frequently accessing HIV care and 

treatment services. This finding emphasizes the 

critical need for gender-sensitive healthcare 

delivery and female-focused prevention 

strategies. 
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Table.3. Antifungal Susceptibility Profile of C. albicans Isolates  

Antifungal Variables Oral 

Percentage 

(%) GI 

Percentage 

(%) VVC 

Percentage 

(%) 

Nystatin 

Sensitive 13 76.5 27 93.1 61 45.9 

Intermediate 0 0.0 0 0.0 15 11.3 

Resistant 4 23.5 2 6.9 57 42.9 

Voriconazole 

Sensitive 1 5.9 17 58.6 44 33.1 

Intermediate 4 23.5 9 31.0 12 9.0 

Resistant 12 70.6 3 10.3 77 57.9 

Clotrimazole 

Sensitive 17 100.0 21 72.4 66 49.6 

Intermediate 0 0.0 1 3.4 23 17.3 

Resistant 0 0.0 7 24.1 44 33.1 

Ketoconazole 

Sensitive 12 70.6 23 79.3 85 63.9 

Intermediate 0 0.0 1 3.4 12 9.0 

Resistant 5 29.4 4 13.8 36 27.1 

fluconazole 

Sensitive 14 82.4 25 86.2 111 83.5 

Intermediate 0 0.0 1 3.4 0 14.3 

Resistant 3 17.6 3 10.3 23 17.8 

Flucytosine 

Sensitive 8 47.1 26 89.7 129 97.0 

Intermediate 4 23.5 1 3.4 1 0.8 

Resistant 5 29.4 2 6.9 3 2.3 

Amphotericin 

B 

Sensitive 8 47.1 28 96.6 106 79.7 

Intermediate 7 41.2 1 3.4 17 12.8 

Resistant 2 11.8 0 0.0 10 7.5 

Itraconazole 

Sensitive 14 82.4 27 93.1 100 75.2 

Intermediate 3 17.6 0 0.0 27 20.3 

Resistant 1 5.9 2 6.9 6 4.5 

Miconazole 

Sensitive 2 11.8 15 51.7 103 77.4 

Intermediate 3 17.6 2 6.9 16 12.0 

Resistant 12 70.6 12 41.4 14 10.5 

Econazole 

Sensitive 9 52.9 13 44.8 108 81.2 

Intermediate 1 5.9 4 13.8 8 6.0 

Resistant 7 41.2 12 41.4 17 12.8 

Griseofulvin 

Sensitive 0 0.0 0 0.0 0 0.0 

Intermediate 0 0.0 0 0.0 0 0.0 

Resistant 17 100.0 29 100.0 133 100.0 
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These deficits have cascading consequences: 

delayed care-seeking, inappropriate self-

medication, incomplete treatment adherence, 

and continued high-risk behaviors. Educational 

interventions must therefore constitute a 

cornerstone of comprehensive candidiasis 

prevention programs. Community-based 

approaches leveraging existing HIV support 

groups, peer educators, and mass media 

campaigns could effectively address these 

knowledge gaps [11]. 

Antifungal Resistance Concerns 

The observed resistance patterns—particularly 

18% fluconazole resistance and complete 

griseofulvin resistance—align with global trends 

documented by the WHO and other authorities 

[12,27]. Fluconazole, widely used for candidiasis 

treatment due to its availability and 

affordability, faces increasing resistance driven 

by mechanisms including ERG11 mutations, 

efflux pump overexpression, and biofilm 

formation [22]. 

Griseofulvin, primarily indicated for 

dermatophyte infections, showed expected 

inefficacy against Candida species. Its inclusion 

in testing protocols serves as a negative control 

and highlights the importance of appropriate 

antifungal selection. 

The high susceptibility to clotrimazole (100%), 

itraconazole (96%), and flucytosine (97%) 

suggests these agents remain viable therapeutic 

options. However, continuous surveillance is 

essential to detect emerging resistance patterns 

and inform treatment guidelines. 

Study Limitations 

Several limitations warrant consideration. The 

single-center design limits generalizability to 

other Cameroonian regions or settings with 

different healthcare infrastructure and 

population demographics. Self-reported 

knowledge data may be subject to social 

desirability bias, potentially overestimating true 

awareness levels. The cross-sectional design 

precludes causal inference, though observed 

associations remain valuable for hypothesis 

generation and intervention planning. 

Additionally, the study focused on C. albicans, the 

most common causative agent, but did not 

systematically evaluate non-albicans Candida 

species, which have distinct epidemiology and 

resistance profiles. Resource constraints limited 

molecular characterization of resistance 

mechanisms, which would enhance 

understanding of resistance patterns. Finally, the 

predominantly HIV-positive population may not 

fully represent all immunocompromised groups, 

including transplant recipients or patients 

receiving immunosuppressive therapies for 

autoimmune conditions. 

 

5. CONCLUSION 

Female sex, inadequate candidiasis knowledge, 

and limited educational attainment are 

significant determinants of candidiasis among 

immunocompromised patients in Northwest 

Cameroon. Comprehensive strategies should 

integrate: targeted educational campaigns; 

enhanced screening programs integrated into 

HIV care services; antimicrobial stewardship 

initiatives promoting rational antifungal use; 

and gender-sensitive healthcare delivery. 

Implementation of these evidence-based 

interventions is essential to reduce candidiasis 

burden, prevent complications, combat 

antifungal resistance, and improve health 

outcomes among this vulnerable population. 
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