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A Clinical Study on Clotrimazole Resistance in Candida albicans Isolated from Women with Vulvovaginal Candidiasis in Port Harcourt

ABSTRACT

Background: Vulvovaginal candidiasis is one of the most common fungal infections affecting women of reproductive age worldwide. It is estimated that approximately 75% of women experience at least one episode of Vulvovaginal candidiasis during their lifetime, with Candida albicans accounting for the majority of cases. Clotrimazole is widely used as a first-line antifungal agent for the management of vulvovaginal candidiasis; however, increasing reports of treatment failure raise concerns about 
emerging antifungal resistance.
Aim: This study aimed
 to evaluate the in vitro susceptibility and minimum inhibitory concentration of clotrimazole against Candida albicans isolated from women with vulvovaginal candidiasis.
Methods: This cross-sectional study involved fifty (50) women clinically diagnosed with vulvovaginal candidiasis who attended selected healthcare facilities in Port Harcourt. Following informed consent, high vaginal swabs and urine specimens were collected aseptically and transported promptly to the laboratory for microbiological analysis. The specimens were cultured on Sabouraud dextrose agar and incubated at 37 °C for 24 hours. Fungal growth was identified based on colony morphology, Gram staining, and the germ tube test for confirmation of Candida albicans. Pure colonies of confirmed Candida albicans isolates were subcultured and subsequently used for antifungal susceptibility testing with clotrimazole at graded concentrations of 32 µg/ml, 16 µg/ml, 8 µg/ml, and 4 µg/ml.

Results: Clotrimazole demonstrated a clear concentration-dependent antifungal effect against Candida albicans isolates. At 4 µg/ml and 8 µg/ml, only 12.5% of isolates were sensitive, while 87.5% exhibited resistance. Sensitivity increased markedly at 16 µg/ml, with 75% of isolates susceptible and 25% resistant. At the highest concentration tested (32 µg/ml), all isolates were sensitive, indicating 100% susceptibility and no detectable resistance. In addition, minimum inhibitory concentration (MIC) analysis showed that clotrimazole inhibited Candida albicans isolates at varying concentrations. The majority of isolates 31 (62.0 %) exhibited an MIC of 16 µg/mL, while 13 isolates (26.0 %) had an MIC of 32 µg/mL. A smaller proportion of isolates 6 (12.0 %) demonstrated an MIC of 4 µg/mL, indicating variability in susceptibility among the isolates.

Conclusion: Clotrimazole remains highly effective against Candida albicans at higher concentrations; however, reduced susceptibility at lower concentrations highlights the risk of resistance associated with sub-therapeutic dosing. These findings emphasize the importance of appropriate antifungal use and support the need for routine susceptibility testing to guide effective management of vulvovaginal candidiasis.
1.0 INTRODUCTION
Vulvovaginal candidiasis is a highly prevalent mucosal infection of the lower female reproductive tract due to infections by the polymorphic opportunistic fungus Candida albicans (Mendling et al., 2004). It is the second most common vaginal infection affecting women of reproductive age and causes damages to the vulva and vagina (Zeng et al., 2018). It is estimated that approximately 75% of women experience at least one episode of vulvovaginal candidiasis during their lifetime, with Candida albicans accounting for the majority of cases (Willems et al., 2020). Candida albicans is a normal commensal of the vaginal flora but can become pathogenic under favorable conditions such as immunosuppression, pregnancy, antibiotic use, and hormonal imbalance (Faustino et al., 2025).

The pathogenesis of vulvovaginal candidiasis involves an imbalance in the normal vaginal microbiota, often triggered by factors such as antibiotic use, hormonal changes (e.g., pregnancy or oral contraceptives), diabetes mellitus, immunosuppression, and poor hygiene (Faustino et al., 2025). Candida albicans possesses virulence factors including adherence to epithelial cells, biofilm formation, and the ability to transition from yeast to hyphal forms, contributing to colonization and infection (Bu et al., 2022).

As one of the normal human flora, Candida albicans is commonly found in the vaginal lumen and causes no symptoms 
(Achkar et al., 2010). However, a symptomatic infection can result from excessive mucosal inflammation that is caused primarily by fungal overgrowth in the vagina and subsequent epithelial invasion and production of virulence factors (Willems et al., 2020). Symptoms associated with vulvovaginal candidiasis are vaginal itching, burning, pain and redness, accompanied by a vaginal discharge consisting of sloughed epithelium, immune cells, yeast, and smelly vaginal fluid (Willems et al., 2020).

In recent times, longitudinal studies have reported that a significant proportion of patients are now infected with non-albicans Candida species (Aboagye et al., 2025). Thus the potential clinical importance of species-level identification has been recognized as Candida 
species differ in the expression of virulence factors and antifungal susceptibility (Aboagye et al., 2025).
The strategy for the treatment of invasive candidiasis depends on the patient's immune status, location, and severity of the infection (Bhattacharya et al., 2020). In addition to adequate source control, removal of infected medical devices and antifungal agents has been important therapeutic tools for invasive Candida 
infections (Pappas et al., 2016).
Clotrimazole is a broad-spectrum antimycotic agent effective against pathogenic dermatophytes, yeasts, and several species of Candida, Trichophyton, Microsporum, Epidermophyton, and Malassezia (Hashem et al., 2011). Clotrimazole is known to be very effective locally and presents no major side effects (Khatter and Khan, 2025). 
Clotrimazole has a broad antimicrobial activity against Candida albicans and other fungal species (Mendling et al., 2020). Clotrimazole was ﬁrst registered as Canesten in Germany in 1973 (Mendling et al., 2020). The initial formulation for local treatment of vulvovaginal candidosis
 was the vaginal tablet followed by the internal vaginal cream, external cream and soft capsule (Mendling et al., 2020). Additional formulations are marketed under other trade names (Mendling et al., 2004). Clotrimazole has a poor oral bioavailability but if administered intravaginally, approximately 3% of the dose is systemically available thus making it the preferred route of administration (Mendling et al., 2020).

In the last 5 years, several molecular mechanisms by which Candida albicans develops resistance to antifungal drugs have been elucidated (White et al., 2002). Even though in certain patient subpopulations, resistance to clotrimazole has been reported (Crowley & Gallagher, 2014), clotrimazole resistance in vaginal candidiasis is rare and susceptibility testing is usually not recommended normally during treatment (Mendling et al., 2015; Mukasa et al., 2015). It is therefore expected that in the general population, clotrimazole will continue to be widely used in the treatment of Candidiasis (Mendling et al., 2020).

 This project is intended to focus on determining the detection, of clotrimazole resistant ofm 
Candida albicans among Women with Vulvovaginal Candidiasis in some Medical Centres in  Port Harcourt”. This study will be relevant to women; both those suffering from vulvovaginal candidiasis. 

2.0 MATERIALS AND METHODS
2.1 Study Area

The study was carried out at Sonabel Medical Centre in Port Harcourt, Nigeria, From January to August, 2025
2.2   Study Design

This was a cross-sectional study involving 50 women diagnosed of candiasis attending Sonabel Medical Centre in Port Harourt, Port Harcourt. 

2.3 Study Population

Women clinically diagnosed with vulvovaginal candidiasis attending Sonabel Medical Centre, Port Harourt Port Harcourt.

2.4 Inclusion Criteria

Women in attending Sonabel Health centre, aged 18 years and above, presented with clinical features suggestive of vulvovaginal candidiasis, such as vaginal itching, discharge, or irritation, had laboratory-confirmed Candida albicans from vaginal swab samples, and provided informed consent within the study period
Women diagnosed of Candidiasis were incluswd

2.5 Exclusion Criteria 

Participants were excluded from the study if they had used antifungal medications, either topical or systemic, within two weeks prior to sample collection; were diagnosed with vaginal infections caused by organisms other than Candida albicans (e.g., bacterial vaginosis or Trichomonas vaginalis); had mixed Candida species infections or non-albicans Candida isolates; were menstruating at the time of sample collection; or declined or were unable to provide informed consent.
2.6 Sample Collection

High vaginal swabs (HVS) and urine samples were collected aseptically and transported to the laboratory for analysis. 
2.7 Isolation

HVS and urine Samples were cultured on freshly prepared sabouraud dextrose agar media. Wet prep from HVS and urine sediment were examined 
microscopically for presence of yeasts cells.

2.8 Identification of Candida albicans
Identification of Candida albican was based on colony morphology, Gram staining, and germ tube test. The pure colonies were transferred to sabouraud dextrose broths and stored at room temperature
. 
Gram Stain gram staining of the isolates was carried out to demonstrate the Candida albicans cells. Candida albicans cells appear as gram-positive oval cells which are significantly larger than gram-positive cocci (Ochei & Kolhatkar, 2000).

Germ tube tests provide tentative identification for Candida albicans species (Ochei & Kolhatkar, 2000). A small portion of the yeast isolate was suspended in 0.5mL of human serum and incubated at 370C for 3 hours, 
after which a wet prep of the suspension is prepared and viewed microscopically to demonstrate Candida albicans germ tubes. Only Candida albicans produces germ tubes within 3 hours of incubation at 370C (Ochei & Kolhatkar, 2000).

2.9 Preparation of Clotrimazole Concentrations

Clotrimazole (10 mg Clovigal vaginal tablet) was the antifungal agent used in this study. Due to its very low solubility in water (0.49 mg/L) (Balata et al., 2011), clotrimazole formed a suspension rather than a true solution when preparing the various concentrations. Previous studies have reported in vitro minimum inhibitory concentrations (MICs) of clotrimazole against Candida albicans ranging from 0.06 to 8 µg/mL (Pelletier et al., 2000). In the present study, clotrimazole concentrations ranging from 4 to 32 µg/mL were prepared, and tetracycline and chloramphenicol were added to inhibit bacterial contamination.

A stock suspension of clotrimazole (1000 µg/mL) was prepared aseptically by grinding and weighing Clovigal tablets equivalent 
to 100 mg (100,000 µg) and transferring the powdered material into 100 mL of sterile distilled water. Serial dilutions were then prepared to obtain final concentrations of 32, 16, 8, and 4 µg/mL using the dilution formula M1V1=M2V2M​ (Manilla et al., 2001). For example, to prepare 100 mL of a 32 µg/mL suspension, 3.2 mL of the stock mixture was mixed with 96.8 mL of sterile distilled water. Similar calculations were performed to prepare the 16 µg/mL, 8 µg/mL, and 4 µg/mL dilutions. All mixtures were thoroughly agitated to ensure uniform distribution of the antifungal suspension.
2.10 Antifungal Susceptibility Testing

Clotrimazole susceptibility was determined using graded concentrations (32 µg/ml, 16 µg/ml, 8 µg/ml, and 4 µg/ml). The antifungal susceptibility of Candida albicans isolates was assessed using the agar diffusion method. Sabouraud dextrose agar (SDA) plates were prepared and labelled according to each isolate. For each isolate, four plates were prepared in quadruplicate, with each plate corresponding to one of the different clotrimazole concentrations. The plates were inoculated with isolates obtained from broth cultures, and the inoculum was evenly spread across the agar surface using a sterile swab. Following inoculation, 1 mL of the respective clotrimazole suspension was applied to each plate and thoroughly mixed to ensure uniform distribution of the antifungal agent. The plates were then incubated at 37°C for 72 hours. After incubation, the presence or absence of confluent fungal growth was recorded to determine the sensitivity or resistance of each isolate to clotrimazole. Results were interpreted as sensitive or resistant based on observed growth inhibition.

3.0 RESULTS
3.1 Result of Candida albican susceptibility and Resistance of Clotrimazole Concentrations 

Clotrimazole demonstrated a concentration-dependent antifungal activity against Candida albicans isolates from women with vulvovaginal candidiasis. At concentrations of 4 µg/ml and 8 µg/ml, only 12.5% of isolates were sensitive, while 87.5% exhibited resistance. Sensitivity increased markedly at 16 µg/ml, with 75% of isolates susceptible and 25% resistant. Complete susceptibility was observed at 32 µg/ml, where all isolates (100%) were sensitive and no resistance was detected (Table 1.)
Table 1.: Percentage of Sensitivity and Resistance of Clotrimazole Concentrations to Candida albicans isolates from Women with Vulvovaginal Candidiasis
	S/N
	Clotrimazole Concentration (ug/ml)
	% Sensitivity
	% Resistance

	1
	4
	12.5%
	87.5%

	2
	8
	12.5%
	87.5%

	3
	16
	75%
	25%

	4
	32
	100%
	0%


3.2 Results of Minimum Inhibitory Concentrations 
Minimum inhibitory concentration (MIC) analysis showed that clotrimazole inhibited Candida albicans isolates at varying concentrations. The majority of isolates 31 (62.0%) exhibited an MIC of 16 µg/mL, while 13 isolates (26.0%) had an MIC of 32 µg/mL. A smaller proportion of isolates 6 (12.0%) demonstrated an MIC of 4 µg/mL, indicating variability in susceptibility among the isolates (Table 2)

Table 2: Minimum Inhibitory Concentrations (ug/mL) of Clotrimazole 
	S/N
	Minimum Inhibitory Concentration (ug/mL)
	Number of Candida Isolate 

	1
	4
	6 (12.0 %)

	2
	16
	31 (62.0%)

	3
	32
	13 (26.0 %)


4.0 DISCUSSION
The findings of this study demonstrate a clear concentration-dependent antifungal activity of clotrimazole against Candida albicans isolates obtained from women with vulvovaginal candidiasis. Complete susceptibility was observed at the highest concentration tested (32 µg/ml), where all isolates was sensitive, while a marked reduction in susceptibility occurred at lower concentrations. At 4 µg/ml and 8 µg/ml, the majority of isolates (87.5%) were resistant, indicating that sub-therapeutic concentrations of clotrimazole may be insufficient for effective inhibition of Candida albicans. This pattern highlights the importance of adequate dosing in the management of vulvovaginal candidiasis to prevent treatment failure and the potential development of antifungal resistance.

The minimum inhibitory concentration (MIC) results further support the concentration-dependent nature of clotrimazole activity observed in this study. Most isolates exhibited MIC values of 16 µg/mL (62.0%), followed by 32 µg/mL (26.0%), while only a small proportion of isolates (12.0%) demonstrated low MIC values of 4 µg/mL. The predominance of higher MIC values suggests a reduced susceptibility among a substantial number of isolates, which may reflect prior exposure to azole antifungals or widespread empirical use of clotrimazole in the study population.

These findings are comparable to reports from other studies that have documented variable susceptibility of Candida albicans to clotrimazole. Pelletier et al. (2000) reported MIC values ranging from 0.06 to 8 µg/mL, which are lower than the MICs observed in the present study. The higher MIC values recorded in this study may indicate emerging resistance or regional differences in antifungal usage patterns. Similarly, studies conducted in other developing settings have reported increasing azole resistance among Candida isolates, particularly in populations with frequent over-the-counter antifungal use (Singh et al., 2029). In contrast, some studies from regions with stricter antifungal stewardship have reported higher susceptibility rates and lower MIC values, emphasizing the role of antifungal use practices in resistance development (Maillard et al., 2025).

The results of this study suggest that while clotrimazole remains effective against Candida albicans at higher concentrations, reduced susceptibility at lower concentrations poses a risk for therapeutic failure. These findings underscore the need for rational antifungal use, patient adherence to recommended treatment regimens, and routine antifungal susceptibility testing to guide effective management of vulvovaginal candidiasis.

5. CONCLUSION
This study demonstrated that clotrimazole exhibits a clear concentration-dependent antifungal activity against Candida albicans isolated from women with vulvovaginal candidiasis. Complete susceptibility was observed at higher concentrations, particularly at 32 µg/ml, while markedly reduced sensitivity and increased resistance were evident at lower concentrations. The minimum inhibitory concentration analysis further revealed variability in susceptibility among the isolates, with most exhibiting moderate to high MIC values, indicating reduced sensitivity in a proportion of the isolates.
6. LIMITATIONS
Despite the valuable findings obtained from this study, certain limitations should be acknowledged. First, the study was conducted on a relatively limited number of Candida albicans isolates, which may restrict the generalizability of the findings to the wider population of women with vulvovaginal candidiasis. Second, only Candida albicans was investigated, whereas non-albicans Candida species, which are increasingly implicated in vulvovaginal candidiasis and may exhibit different antifungal susceptibility patterns, were not included.

Additionally, the study focused solely on clotrimazole, and therefore did not compare its antifungal activity with other commonly used antifungal agents such as fluconazole or nystatin. Molecular mechanisms underlying antifungal resistance were also not explored, limiting insight into the genetic basis of the observed reduced susceptibility. Furthermore, clinical factors such as patients’ treatment history, recurrent infections, and adherence to previous antifungal therapy were not assessed, which could have influenced the susceptibility patterns observed.

7. RECOMENDATION

These limitations suggest that future studies incorporating larger sample sizes, multiple Candida species, comparative antifungal agents, and molecular analyses would provide a more comprehensive understanding of antifungal susceptibility in vulvovaginal candidiasis.
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