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ABSTRACT

 Fluconazole resistance in Candida albicans represents a significant global public health challenge. This study aimed to assess the susceptibility of C. albicans isolates from women with vulvovaginal candidiasis in Port Harcourt to fluconazole. Standard microbiological techniques were employed for the isolation and identification of C. albicans, including culture on Sabouraud dextrose agar (SDA) and microscopic examination using lactophenol cotton blue staining for presumptive identification. Antifungal susceptibility was evaluated using the agar well diffusion method. Of the twenty-five (25) samples analyzed, fifteen (15) yielded positive C. albicans isolates. These isolates were exposed to fluconazole at varying concentrations: 200 mg/mL (100%), 100 mg/mL (50%), 50 mg/mL (25%), and 25 mg/mL (12.5%). The results demonstrated that 60% of the isolates were fully susceptible to fluconazole, whereas 40% exhibited complete resistance. These findings underscore the importance of avoiding unnecessary or inappropriate fluconazole prescriptions, and highlight that long-term therapy should be guided by laboratory confirmation of susceptibility.
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INTRODUCTION
The case of vulvovaginal candidiasis (VVC) caused by Candida species and its resistance to most antifungal agents is of great public health concern. Symptoms include vaginal itching or soreness, dyspareunia, discomfort when urinating and in some cases abnormal vaginal discharge (Melo et al., 2019). Even though most cases of vulvovaginal candidiasis are mild, some women can develop severe infections that lead to redness, swelling and cracks in the vaginal wall (Melo et al., 2019). It has been estimated RVVC affects about 138 million women annually with a global prevalence of 3871 per 100, 000 women while 372 million women are affected over life time (Denning et al., 2018). The 25–34years group has the highest prevalence (9%) according to Denning et al., (2018). The risk of acquiring RVVC depends on many host-related and behavioral factors like age, pregnancy, diabetes mellitus, therapeutic immune suppression, locality and social economic status (Donders and Sobel 2017). 
Candida species are commensals in various ecological niches of in a human host (Rajilić-Stojanović and de Vos, 2014), by co-existing with the normal bacterial flora in human hosts. The growth of Candida species is continually being restricted by the innate immune system and complex bacterial microbiome dynamics. (Ilkit and Guzel, 2011) Some of these bacteria produce molecules which inhibit the growth of the yeast cells (Maheronnaghsh et al., 2019). Candida can become a pathogen when the normal bacterial flora is disturbed leading to opportunistic infections in the immunocompromised host when the organism overgrows, and causes infection (Viegas et al., 2019). Pathogenicity is enhanced as a result of the activation of the virulent factors in the organism (Liken and Kaufman, 2018), which the fungus uses to establish itself, and interact directly with the host cells (Chen and Huang, 2018). Candida species use nutrient acquisition, stress adaptation and immune evasion mechanisms as well as polymorphism, biofilm formation, and extracellular hydrolytic enzymes to overcome normal bacteria flora. Others include the host’s immune system and subsequent invasion of the host tissues and most of these antifungal drugs such miconazole and fluconazole have been recommended for the treatment of vulvovaginal candidiasis, However, azole antifungal are cheap and the consistent use of these drugs leads to the evolution of resistant strains of Candida albicans (Desai, 2018). Increased regulation of efflux pump genes, alteration of drug target site and missense mutation are mechanisms in which Candida albicans used to enhance resistance to azoles antifungal drugs (Wiederhold, 2017). Therefore, this work is aimed at determining the fluconazole resistant Candida albicans from women with Vulvovaginal Candidiasis from two (2) hospitals in Port Harcourt.
The increasing clinical and microbiological resistance of Candida albicans to several antifungal agent is becoming a serious problem to clinicians as patients suffers from reoccurring infections with Candida albicans.
It has become necessary to carry out antifungal susceptibility testing in Candidia albicans to commonly used agents to inform the clinicians properly on empirical therapy. This study therefore aimed at investigating fluconazole resistant Candida albicans from women with Vulvovaginal Candidiasis in Port Harcourt 


MATERIALS AND METHODS
Description of Study Area
This research was carried out in Port Harcourt using the Springs Hospital and Meridian Hospital as reference points in Obio-Akpor and Port Harcourt local government areas, respectively.

Sample Collection
A total of twenty-five (25) high vaginal swabs (HVS) were collected from women with vulvovaginal candidiasis from the two (2) hospitals in Port Harcourt. Swab sticks of about 3 cm in length were inserted into the upper part of the vaginal lumen and gently rotated. The swab stick was then withdrawn carefully to avoid contamination from the external genitalia and immediately inserted into its plastic pack, properly labeled and transported to the Department of Microbiology Laboratory Rivers State University, for further analyses. 
Isolation of Candida albicans
The swab stick was used to make a smear (a primary inoculum) on Sabouraud’s dextrose agar (SDA) plates in duplicate, and the plates were streaked out to obtain discrete colonies, which were then incubated for 24-72 hours at 37 °C (Cheesbrough, 2005).
Maintenance of Pure Culture
Pure cultures were obtained by identifying discrete colonies based on their morphological characteristics on the cultured plates and aseptically subcultured onto a freshly prepared Sabouraud’s dextrose agar plate, then incubated at 37˚C for 24-72 hours.

Presumptive Identification of Candida albicans
Presumptive identification of Candida albicans was carried out using microscopic examination, 
germ tube test, and cornmeal agar morphology.
Microscopic examination was performed using the lactophenol cotton blue staining method. A smear of the yeast isolate was prepared on a clean glass slide, a drop of lactophenol cotton blue reagent was added, and the preparation was covered with a cover slip. The slide was examined under 
the ×40 objective lens for the presence of budding yeast cells, pseudohyphae, conidia, and other
 characteristic fungal structures. Lactophenol cotton blue is a methylene blue stain used for wet mount preparations and allows clear visualization of fungal morphology (Samson & Reenen-Hoekstra, 2010; Cheesbrough, 2005).
The germ tube test was carried out for presumptive identification of Candida albicans. A small portion of a fresh yeast colony was inoculated into 0.5 mL of sterile human serum contained in a test tube and incubated at 37°C for 2–3 hours. A drop of the suspension was placed on a clean glass slide, covered with a cover slip, and examined microscopically under the ×40 objective lens. The presence of germ tubes, seen as short, non-septate filamentous outgrowths from the yeast cells, was considered a positive result and indicative of Candida albicans.
The cornmeal agar (CMA) test was performed to observe chlamydospore formation and morphological features characteristic of Candida albicans. The yeast isolate was streaked onto cornmeal agar supplemented with Tween 80 using the Dalmau plate technique. A sterile cover slip was gently placed over the inoculated area, and the plate was incubated at 25–28°C for 48–72 hours. After incubation, the edges of the cover slip were examined microscopically under the ×10 and ×40 objective lenses for the presence of chlamydospores, pseudohyphae, and blastoconidia. The presence of large, round, thick-walled chlamydospores was considered characteristic of Candida albicans.

Preservation of Pure Culture
The pure cultures of the isolates were stored in an agar slant in a bijou bottle for further analysis.

Preparation of Standard Fungal Suspension and Sabouraud’s Dextrose Agar
[bookmark: _Hlk64954568]Candida albicans from the pure culture was emulsified in a sterile saline solution, and the turbidity of the solution adjusted to match 0.5 McFarland standard (Cheesebrough, 2005). The agar plates were prepared according to manufacturer’s specifications. The medium was prepared by dissolving 65 g of the powder in 1 litre of distilled water and was autoclaved at 121°C (15 psi) for 15 minutes.

Preparation of the Antifungal Concentrations
The fluconazole agent was diluted to five the following strengths: (100%(200mg/mL), (50%(100mg/mL), (25%%(50mg/mL) and (12.5%%(25mg/mL). 200mg of fluconazole was dissolved in 2 mL of distilled water to give a 100% solution of the antifungal drug (Fluconazole); 1mL from the 100% solution was dispensed into 2 mL of distilled water to obtain 50% of the antifungal drug (Fluconazole); 1mL from the 50% solution was dispensed into 2 mL of distilled water to give 25% of the antifungal drug (Fluconazole); 1mL from the 25% solution was dispensed into 2 mL of distilled water to give 12.5% of the antifungal drug (Fluconazole)  (Pitt and Hocking, 2004).

Susceptibility Pattern of Candida albicans to Fluconazole
Agar well Diffusion Method 
[bookmark: _Hlk64954954]The well diffusion test was performed using Sabouraud’s dextrose agar (SDA). A suspension was made in sterile saline solution (0.85%) and the turbidity was adjusted to match a 0.5 McFarland standard. Twenty milliliters (20 mL) of Sabouraud’s dextrose agar were prepared and cooled to 55oC and inoculated with 1 mL of the organism suspension. The inoculated agar was poured into the assay plate and allowed to set on leveled surface. Once the medium was solidified, four (5) wells, 4 mm in diameter were cut using a sterile borer and 20 L of the antifungal agent was dispensed into each well and incubated for 24 hours at 35-37 °C. National Committee for Clinical laboratory standards (NCCLS) disk diffusion breakpoints were used for the interpretative breakpoint. (Pitt and Hocking, 2004)
Susceptible = ≥19mm
Resistant = ≤12mm 

RESULTS
Morphological and Microscopic Identification of the Fungal Isolates
The identities of isolates were identified on the basis of their colonial and morphological characteristics such as color, texture, shape, size, and surface appearance.

Presumptive Identification of Candida albicans 
The lactophenol cotton blue staining method was used to identify Candida albicans showing the pseudo-hyphae of the yeast.

[bookmark: _Hlk64955049]Percentage Occurrence of Candida albicans in High Vaginal Swab Samples from the Hospitals 
Percentage occurrence of Candida albicans in high vaginal swab samples from the hospitals is presented in Table 1. Meridian hospital recorded a prevalence of sixty percent (60%) while the Spring Hospital had a prevalence of forty percent (40%).

Percentage Occurrence of Fluconazole-Resistant Candida albicans from the Hospitals
Percentage occurrence of Fluconazole-Resistant Candida albicans from the hospitals is presented in Table 2. Meridian Hospital had the highest fluconazole-resistant Candida albicans (66.67%), while Springs Hospital (33.33%) had the least fluconazole-resistant Candida albicans 

Susceptibility Pattern of Candida albicans to Fluconazole from the Hospitals
A total of fifteen (15) Candida albicans were subjected to fluconazole at different concentrations. At (100% (200mg/mL), (50% (100mg/mL), (25% (50mg/mL) and (12.5% (25mg/mL) concentration about sixty (60%) of the Candida albicans were completely susceptible to the antifungal drug and forty (40%) where completely resistant to the antifungal drug (fluconazole) (Table 3).

Table 1: Percentage Occurrence of Candida albicans in High Vaginal Swab Samples from the Hospitals 
	Locations
	Prevalence (%)

	Meridian Hospital
	9(60)

	Springs Hospital
	6(40)



















Table 2: Percentage Occurrence of Fluconazole-Resistant Candida albicans from the Hospitals
	Locations
	Prevalence (%)

	Meridian Hospital
	4(66.67)

	Springs Hospital
	2(33.33)























Table 3: Susceptibility Pattern of Candida albicans to Fluconazole from the Hospitals
	Isolate code

	Concentrations (%) (mm)
	Organism

	
	100
	50
	25
	12.5
	

	S1
	25
	20
	18
	12
	Candida albicans

	S2
	21
	16
	14
	15
	Candida albicans

	S3
	18
	12
	18
	16
	Candida albicans

	S4
	20
	18
	16
	15
	Candida albicans

	S5
	0
	0
	0
	0
	Candida albicans

	S6
	0
	0
	0
	0
	Candida albicans

	M7
	24
	22
	20
	19
	Candida albicans

	M8
	22
	18
	17
	15
	Candida albicans

	M9
	20
	18
	16
	19
	Candida albicans

	M10
	18
	15
	20
	17
	Candida albicans

	M11
	20
	17
	17
	15
	Candida albicans

	M12
	0
	0
	0
	0
	Candida albicans

	M13
	0
	0
	0
	0
	Candida albicans

	M14
	0
	0
	0
	0
	Candida albicans

	M15
	0
	0
	0
	0
	Candida albicans




Discussion
Vulvovaginal candidiasis in women is a major health problem among women of child bearing age ad 5-8% of these women have recurrent vulvovaginal candidiasis (Lee et al., 2007). The distribution of Candida albicans in vaginal candidiasis among women was investigated. Risk factors for infection with Candida albicans are similar to those of fungal infections in general and vary in cause, but are generally due to medical intervention or health status of the patient (Cleveland et al., 2015) and level of immune system of the patients as also reported by (Casqueiro et al., 2012). The occurrence of Candida albicans were high from this study and studies of Achkar and Fries, 2010, have shown that the distribution of Candida albicans in women with vaginal candidiasis vary with geographic locations as well as the populations studied might be the reasons behind the high occurrence of Candida albicans in this study. 
The susceptibility pattern of the fifteen (15) Candida albicans to fluconazole indicate that about sixty (60%) were susceptible to fluconazole at (100%(200mg/ml), (50%(100mg/ml), (25%(50mg/ml) and (12.5%(25mg/ml) concentration. Fluconazole is highly active against Candida albicans due to their ability to prevents the activation of oxygen and in turn the demethylation of lanosterol, which inhibits the process of ergosterol biosynthesis. As ergosterol is an essential component of fungal cell membranes, this inhibition is toxic; methylated sterols accumulate in the fungal cellular membrane, and cell growth is stopped (Heimark et al., 2002). The work of Melo, 2019 revealed the high prevalence of Candida albicans among women of child bearing age and shows that the organisms were susceptible to fluconazole. About forty (40%) Candida albicans were resistant fluconazole as demonstrated in this work at (100%(200mg/ml), (50%(100mg/ml), (25%(50mg/ml) and (12.5%(25mg/ml) concentration. The resistance of Candida albicans to fluconazole is uncommon with short term treatment but has been increasingly reported in immunocompromised patients especially women, including those with HIV infection who are receiving long term systemic or maintenance therapy (Heimark et al., 2002). Vaginal fluconazole resistant C. albicans isolates are extremely rare in non-immunocompromised women. As over the counter oral fluconazole antifungals are now widely available, there is potential for drug resistance to increase. Pfaller et al. 2008, also reported a case of vulvovaginal candidiasis due to fluconazole resistant C. albicans in woman with about 30% fluconazole resistant C. albicans which is similar to the case in this research project. Resistance to fluconazole was also developed over time were Candida albicans are exposed to antifungal drugs due to improper prescription as well as low dosage used during treatment ad this report was also revealed by shah et al., 2012
 Conclusion
A high population of Candida albicans was recorded from the women sampled. Fluconazole resistant Candida albicans was isolated in this study and emergence of fluconazole resistant C. albicans can be considered a consequence of the selective pressures imposed by antifungal drug. Fluconazole resistance and reduced susceptibility Candida albicans strains causing vulvovaginal candidiasis infection are increasingly emerging and responsible for considerable suffering, especially when high-level resistance exists. The following recommendations are hereby put forward: Indiscriminate use of antifungal such as fluconazole should be prohibited, public availability of fluconazole over the counter should be discouraged, The use of deodorant and vaginal creams by women should be discouraged to reduce the rate of vulvovaginal candidiasis due to suppression of Lactobacillus in the vagina, Fluconazole can be used as drug of choice since majority of the isolates were susceptible to the drug, Fluconazole susceptibility trends require monitoring and new antimycotic agents are urgently needed.
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