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ABSTRACT
The increasing incidence of drug-resistant fungal infections has raised alarms in healthcare settings and underscores the need for this study which investigated the antifungal susceptibility patterns of yeast from wound specimen. A total of twenty-one (21) wound specimens were collected from patients admitted in different wards at University of Port Harcourt Teaching Hospital (UPTH), and were subjected to isolation of Candida sp., microscopic identification, biochemical test, virulence determination, and antifungal susceptibility test. Results of the study showed an overall 38.1% prevalence of Candida sp. with patients with diabetic wounds contributing the highest quota (52.4%) to the overall prevalence. Also, 87.5% of the isolates possessed germ tube, none of the isolates were haemolytic or produced biofilm, and the mean inhibitory zone of the isolates at 2.5mg/ml ranged between 0.0 ± 0.0 to 33.5 ± 2.1mm for ketoconazole, 00.0 ± 00.0 to 22.5 ± 2.1mm for fluconazole, while the mean inhibitory zone of the isolates at 1.25mg/ml ranged between 0.0 ± 0.0 to 2.5.0 ± 2.8mm for ketoconazole, Fluconazole, and Itraconazole respectively. Due to the high susceptibility of the yeast isolates to ketoconazole compared to other antifungal agents, ketoconazole is recommended as the drug of choice for treating these isolates. 
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INTRODUCTION
Yeast is an opportunistic fungal pathogen that belongs to the Candida species group, commonly found in the human microbiota, particularly in mucosal surfaces of the gastrointestinal tract and genitourinary tract (White et al. 2022). They are commonly found in various environments; but certain species, like Candida albicans, and Candida glabrata, can thrive in moist environments and are often associated with surgical wounds, diabetic ulcers, and other chronic wounds (Watson et al. 2017).
The epidemiology of yeast infections has been evolving, with an increasing incidence observed over recent decades. Yeast is frequently implicated in healthcare-associated infections, especially in intensive care units (ICUs), and immunocompromised individuals, including those undergoing chemotherapy, organ transplantation, or prolonged use of immunosuppressive medications, and patients with conditions like HIV/AIDS, diabetes mellitus, or advanced age are particularly vulnerable to yeast infections (Geber et al. 2017; Martel et al. 2017).
[bookmark: _heading=h.44sinio]The prevalence and susceptibility patterns of yeast infections vary geographically; some regions have reported higher rates of resistance, emphasizing the need for local surveillance and tailored therapeutic approaches (Ferrari et al. 2019; Pais et al. 2022). Clinically, yeast infections present with a spectrum of manifestations, ranging from superficial mucosal infections (such as oropharyngeal candidiasis and vaginitis) to more severe invasive infections (such as bloodstream infections and disseminated candidiasis), and bloodstream infections caused by yeast   are associated with significant morbidity and mortality rates, particularly due to delays in appropriate antifungal therapy and the challenges posed by antifungal resistance (Healey et al. 2016; Pais et al. 2022).
Different antifungal drugs, such as azoles, echinocandins, fluconazole, and polyenes, have varying efficacy against specific yeast species (Akins, 2017; Ksiezopolska et al. 2021). However, yeast poses a significant challenge in clinical settings as they are notorious for their role in wound infections and their ability to develop resistance to commonly used antifungal agents, and their formation of biofilms further complicates treatment, as biofilms provide a protective barrier against antifungal agents (Taff et al. 2016; Webb et al. 2018). 
Additionally, resistance mechanisms, including mutations in drug target sites and the overexpression of efflux pumps, can lead to treatment failures, highlighting the importance of regular susceptibility testing (Walker et al. 2018). Also, the acquisition and genomic description of resistance mechanisms in serial isolates of C. glabrata   from patients undergoing antifungal therapy have raised important questions regarding the evolution and persistence of drug resistance (Alcaza-Fuoli & Mellado, 2017; Dujon et al. 2017). The genomic basis of antifungal resistance in Candida glabrata involves mutations in genes encoding drug targets, alterations in drug transporters, and changes in cell wall composition (Sanglard et al. 2021).
The increasing incidence of drug-resistant fungal infections has raised alarms in healthcare settings (Healey et al. 2016; Webb et al. 2018). Understanding the genetic basis of resistance and how it evolves over time is critical for optimizing treatment strategies and improving patient outcomes (Berkow & Lockhart, 2017; Fiori et al. 2021), and by analyzing serial isolates collected longitudinally from the same patient before, during, and after antifungal treatment, researchers can track the evolution of resistance and explore the genetic diversity within yeast populations (Bhakt et al. 2022). This study therefore investigated antifungal susceptibility patterns of yeast, especially those isolated from wounds, and contributes to public health knowledge. Moreover, understanding resistance trends can help inform infection prevention strategies, guiding healthcare facilities and control measures to limit the spread of resistant strains in the study area, and advancing research in this area not only benefits immediate patient care but also contributes to the global fight against antifungal resistance.


METHODOLOGY
Study Design and Area
A cross-sectional study design was adopted in this study which was conducted at University of Port Harcourt Teaching Hospital (UPTH), East West Road Port Harcourt. The hospital lies within 4.8998o N, 6.9292o E. It is a major tertiary care teaching hospital and research facility in Rivers State, which consists of various departments for distinct health cases and a great number of patients from many geographical regions. The hospital is the largest hospital presently receiving and managing cancer associated cases in Port Harcourt, Rivers State.
Consent form and Ethical Approval
Consent from parents/guardians of the wards and individuals was sought before the collection of samples, and ethical approval was also sought and obtained from the University of Port Harcourt Ethical committee before commencement of the research.
Inclusion and Exclusion Criteria
The clinical specimen used in this study are wound swabs. The wound swabs were only collected from patients within the surgical sites, emergency units and patients in different wards. The samples that are not related to the sample mentioned in the inclusive criteria were not investigated for this study.
Collection of Samples
[bookmark: _heading=h.h3d1d6ga70w7]A total of twenty-one (21) wound specimens were collected from patients admitted in different wards at University of Port Harcourt Teaching Hospital (UPTH). Wound swaps were collected from patients. The wound surface was cleaned of excess saline using sterile gauze and the pus swabs were obtained by swabbing the wound’s surface with a sterile swab. A total of 21 patients were sampled from the hospital, then the swab specimen was taken to the microbiology laboratory at Rivers State University for immediate analysis.
Isolation of Yeast from Specimens
The specimens were cultured on Sabouraud Dextrose Agar plates (SDA) for the isolation of Candida sp. In this method, the wound swab was aseptically swabbed on the surface of freshly prepared SDA (TM media, India) plates. All inoculated plates were incubated at 35 ± 2°C for 48 hours. Cultures were considered positive if there were growth on the plates while negative results were plates that had no yeast growth after 48 hours of incubation.
Isolation of Pure Cultures
The obtained yeast colonies were sub-cultured onto newly prepared SDA plates to obtain pure yeast culture. The pure cultures were used for further identification of yeast-like organisms.
Microscopic Identification
A thin smear of the yeast isolate was prepared by emulsifying a loopful of the test isolate on a clean grease-free slide with a drop of water. The film was spread to make a thin film and then air dried after which it was stained with lactophenol cotton blue dye and observed using a light microscope with the x40 magnification.
Identification with Biochemical Test
The biochemical test used in the identification of the yeast isolates was the germ tube test and sugar fermentation test.
Germ Tube Test Method
For germ tube test, 0.5 ml of serum, containing 0.5% glucose, was lightly inoculated with the test organism and incubated at 35℃ for 2 - 3 hours. On microscopy, the production of germ tubes by the cells is presumptive for C. albicans (Sarah et al., 2016).
Sugar Fermentation Test 
The sugars tested were glucose, sucrose, fructose, maltose, lactose and mannitol. 1g of sugar was added into 80ML of peptone water and stirred thoroughly to solubilize the sugar, after which 20 mL of 0.2% (w/v) phenol red indicator was added to the sugar-peptone water solution. 10 mL of the sugar-peptone water solution was dispensed into test tubes containing inverted Durham’s tubes and autoclaved at 121oC for 15 minutes. The test tubes were allowed to cool, inoculated with an overnight growth culture (24 hours old culture). The tubes were incubated at 37oC for 24 hours. An orange color showed a positive result for both fermentation and oxidation and presence of bubbles in the Durham’s tubes indicated gas production.
Determination of Virulence of Candida albicans
The virulence of Candida albicans was determined via biofilm production and hemolysin production.
Congo red Agar Method (CRA)
The yeast isolates were streaked on the surface of Congo Red Agar and incubated at 37ºC for 24-48 hours. Black colored colonies with dry crystalline consistency interpreted as positive biofilm producing strains. Red colored colonies- interpreted as negative for biofilm production.
Haemolysin Assay
Haemolysin activity was performed by inoculation overnight culture of yeast on Sugar-enriched sheep blood agar. The Blood base agar medium was prepared by adding 15% fresh blood to Sabouraud supplemented with 3% glucose. The plates were incubated at 37ºC in 5% CO2 for 48 hours. The ratio of diameter of colony to the sum of diameter of the colony and the zone gives Haemolytic Index (Hz value).


Antifungal Susceptibility of Yeast Isolates
Preparation of Antifungal Concentrations
Three antifungal drugs used in this study were Fluconazole (Flucox, phamatex, 150mg), Itraconazole (200mg) and Ketoconazole (Axoral, 200mg). The drug concentration was prepared as recommended by Berkow et al. (2017). About 150mg of Fluconazole was dissolved in 150ml conical flask containing sterile distilled water, while 200mg of Ketoconazole and Itraconazole was dissolved in two separate 150ml conical flasks containing 40ml sterile distilled water. This gave rise to a 5µg/ml concentration of the various drugs. Subsequent two-fold serial dilutions gave rise to 2.5 and 1.25 µg/ml for all drugs respectively. These drug concentrations were impregnated on sterile perforated discs and used for the antifungal susceptibility.
Antifungal Susceptibility Testing Using Disc-Diffusion Method
All the yeasts isolate from samples were subjected to in-vitro antifungal susceptibility test by Kirby-Bauer disc diffusion method. Stock inocula were prepared by adding 24 hours old culture of the test isolates to test tubes containing 4mL sterile normal saline and the turbidity was adjusted to a 0.5 McFarland standard using a UV spectrophotometer at a wavelength of 530 nm. This stock was finally diluted by preparing a 1:100 dilution followed by 1:20 dilution to obtain a final inoculum concentration of 2.5×103 cells per ml. After which, sterile swabs were used to swab the test isolates on the surface of freshly prepared SDA plates labelled accordingly. Plates were allowed to dry before discs containing the antifungal agents were placed aseptically and incubated. After incubating the plates at 37 °C for 24 hours, the plates were observed for zone of inhibition which was measured using a graduated rule. This represented the MIC of the antifungal agents. The minimum inhibitory concentration (MIC) values of fluconazole, nystatin, ketoconazole and itraconazole were interpreted based on clinical breakpoints (CBP). Isolates with an MIC < 8 mg/mL were considered to be susceptible to fluconazole and other antifungal agents while isolates with an MIC > 64 mg/mL were resistant. Thus, the concentration of the antifungal agents used was 1.25 and 2.5 µg/ml.
Statistical Analysis
The obtained data were entered into Microsoft Excel 2022, and SPSS (V 27.0) for Windows was used for the analysis. The mean and standard deviations of the antifungal susceptibility were calculated, and the prevalence of yeast in specimens were determined.

RESULTS
Prevalence of Yeast 
Results of the prevalence of yeast is presented in Table 1. The results showed that out of the 21-wound specimen, only 8 (38.1%) showed the presence of yeast. Also, 52.4% of the wound were due to diabetes, 19% were due to accident, 14.3% were due to sickle cell, while 4.8% were due to breast cancer, infection after operation and prostrate, respectively. For prevalence of yeast based on gender, 47.6% prevalence was recorded among female wounds while 52.45% was recorded for male.
Table 1: Prevalence of Yeast
	Specimen
	Incidence
	Prevalence (%)

	wound
	21
	8 (38.1%)

	Types of wounds 
	
	

	Accident 
	4
	19.0

	Breast Cancer 
	1
	4.8

	Diabetes (leg)
	11
	52.4

	infection after operation 
	1
	4.8

	prostrate 
	1
	4.8

	sickle cell
	3
	14.3

	Gender
	
	

	Female
	10
	47.6

	Male
	11
	52.4



Phenotypic Characteristics of the Isolates
Table 2 shows the results of the phenotypic characteristics of the isolates. From the results, all the eight yeast isolated from the wound specimen were Candida species. 
Table 2: Phenotypic Identification of Yeast Isolates
	Isolate code
	Macroscopy
	Microscopy
	Glucose
	Lactose
	Maltose
	Sucrose
	Probable ID

	Y1
	Creamy, round, raised and rough surface
	elongated, oval cells
	A.G
	A
	A.G
	A.G
	Candida sp.

	Y2
	Creamy, large, round, mucoid
	Budding cells, presence of daughter cells.
	A.G
	A.G
	A.G
	A.G
	Candida sp.

	Y3
	White, large, shining.
	Hyphal cells
	A
	A
	A.G
	A.G
	Candida
sp.

	Y4
	Creamy, large, raised and glistering
	Larger oval cells
	A.G
	A
	A
	A
	candida sp.

	Y5
	Creamy, tiny, raised and rough
	Irregularly shaped cells
	A.G
	A.G
	A
	A.G
	candida sp.

	Y6
	Creamy, large raised, and shiny surface
	Multiple budding pattern
	A.G
	A. G
	A.G
	A
	candida sp.

	Y7
	Creamy, flat, glistering and large
	Cylindrical yeast cells
	A.G
	A.G
	A.G
	A.G
	candida sp.

	Y8
	White, small, raised and shiny
	Larger yeast cells
	A.G
	-
	A
	A
	candida sp.



Virulence of the Candida Isolates 
Results of the virulence test of the isolates (Table 3) showed that 100% of the isolates possessed germ tube. Also, none of the isolates were haemolytic or produced biofilm.
Table 3: Virulence Test of Isolates
	Isolate
	Germ Tube
	Haemolyris
	Biofilm Production

	Y1
	+
	-
	-

	Y2
	+
	-
	-

	Y3
	+
	-
	-

	Y4
	+
	-
	-

	Y5
	+
	-
	-

	Y6
	+
	-
	-

	Y7
	+
	-
	-

	Y8
	+
	-
	-

	% Positive
	8(100)
	0
	0

	% Negative
	0
	100
	100


Key: + = Positive for the Test; - = Negative for the test; % = Percentage

Antifungal Susceptibility to the Isolates
Table 4 shows the results of the antifungal susceptibility of the isolates. The isolates were more susceptible to ketoconazole than fluconazole and itraconazole, isolate coded Y2 exhibited resistance to all three azole antifungals, the mean inhibitory zone of the isolates at 2.5mg/ml ranged between 0.0 ± 0.0 to 33.5 ± 2.1mm for ketoconazole, 00.0 ± 00.0 to 22.5 ± 2.1mm for fluconazole, while the mean inhibitory zone of the isolates at 1.25mg/ml ranged between 0.0 ± 0.0 to 2.5.0 ± 2.8mm for ketoconazole, Fluconazole, and Itraconazole respectively, and there was a significant difference (P≤00.5) in the effect of the antifungals on the isolates.
Table 4: Antifungal Susceptibility of the Isolates
	Isolates
	Zone Diameter (mm)

	
	Ketoconazole
	Fluconazole
	Itraconazole

	
	2.5 µg/ml
	1.25µg/ml
	2.5 µg/ml
	1.25µg/ml
	2.5 µg/ml
	1.25µg/ml

	Y1
	11.5 ± 0.7
	8.5 ± 0.7
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0

	Y2
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0

	Y3
	27.5 ± 2.1
	25 ± 2.8
	28.5 ± 2.1
	19.0 ± 1.4
	18.0 ± 0.0
	14.5 ± 0.7

	Y4
	23.5 ± 2.1
	16.0 ± 1.4
	24.0 ± 0.0
	18.0 ± 1.4
	18.0 ± 1.4
	15.0 ± 1.4

	Y5
	21.5 ± 2.1
	17.0 ± 1.4
	21.0 ± 0.0
	18.5 ± 0.7
	24.0 ± 1.4
	21.0 ± 1.4

	Y6
	19.5 ± 0.7
	16.5 ± 0.7
	17.0 ± 2.8
	16.5 ± 0.7
	11.5 ± 0.7
	8.0 ± 1.4

	Y7
	33.5 ± 2.1
	21.0 ± 1.4
	20.0 ± 1.4
	17.5 ± 0.7
	18.5 ± 0.7
	6.5 ± 0.7

	Y8
	32 ± 1.4
	23.0 ± 0.0
	29.5 ± 0.7
	25.0 ± 1.4
	36.5 ± 0.7
	22.5 ± 2.1

	P- value
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001



DISCUSSION
Globally, the prevalence of Candida spp. infections has been increasing (Goyal et al. 2016), and in Nigeria generally, Oladugba (2022) posited that identification and cultivation of yeast are rarely performed in routine laboratories. These claims served as a catalyst of this study. In this study, a prevalence of 38.1% was reported as 8 out of the 21 wound specimen collected had yeast growth. Also, prevalence was higher in males than females, and an array of wound such as those from diabetes, accidents, breast cancer, infection after operation, and prostrate supported the growth of yeast in the study area (Table 1). 
This study's low incidence of Candida spp. (Table 1) is consistent with data by Nurat et al. (2015), who reported a prevalence of 26%, but contradicts earlier reports of a greater prevalence of 66.1% by Girah et al. (2024) in their study conducted at the Rivers State University Teaching Hospital, Nigeria. While the University of Port Harcourt Teaching hospital and Rivers State University Teaching Hospital are both located in Rivers State, Nigeria, the difference in the findings of this study and those of Girah et al. (2024) may be attributed to the source of the specimens used for Candida spp. identification and antifungal susceptibility testing. In this study, samples were collected from wound specimens while in the study of Girah et al. (2024), samples collected include vaginal discharge, urine sample, and oral (mouth) swabs. 
Also, the gender-based prevalence results in this study (Table 1) are consistent with the study of Shaik et al. (2016), which found that males are more likely than females to be infected, with incidences of 62.6% and 37.3%, respectively. On the other hand, Girah et al. (2024) found that the prevalence was higher in female patients (86.4%) than in male patients (13.6%), which agrees with previous findings by Ajah et al. (2020), who reported a higher distribution of females than males in their research. In clinical studies of candidiasis in various age groups, gender plays a significant impact since males and females have varying infection rates and yeast growth intensities (Choi et al. 2023). This highlights the importance of accounting for gender variations in the epidemiology and clinical manifestations of candidiasis.
Furthermore, results of the virulence test of the Candida isolates showed that 87.5% of the isolates possessed germ tube and none of the isolates were hemolytic or produced biofilm (Table 3). These results contradicts those of Girah et al. (2024), who posited that several Candida species produced biofilm, which in turn contributed to their high resistance rates. Similarly, Costa-de-Oliviveira & Rodrigues (2020), maintained that Candida can form biofilms that allow them to flourish when exposed to antifungal drugs, and further improve their ability of resistance.
The antifungal susceptibility test in this study showed a varied response of yeast isolates to antifungal drugs especially Ketoconazole, Fluconazole and Itraconazole at 2.5mg and 1.25mg. Candida spp. were more resistant to Fluconazole and Itraconazole, but were more susceptible to Ketoconazole antifungals. Similar to these findings and those of Shaik et al. (2015), and Chongtham et al. (2022), the study of Girah et al. (2024) showed that 34.1% of all Candida species were resistant to itraconazole, while 18.2% were resistant to fluconazole, ketoconazole, miconazole, and nystatin, respectively. Similarly, isolates of Candida species were found to be susceptible to the antifungal drugs in the study by Song et al. (2020); for instance, the fluconazole resistance rates for Candida albicans and the C. parapsilosis complex were modest, at 5.0 and 4.3%, respectively. These findings agreed with those of Guo et al. (2017), Brilhante et al. (2018), and Zeng et al. (2019), who earlier reported low incidence of fluconazole resistance among C. albicans isolates, but maintained that among other Candida species, there was a tendency towards either a rise in resistance or the formation of naturally resistant species. 
Additionally, the study by Song et al. (2020) verified that over a ten-year period, azole resistance was mostly seen in isolates of C. tropicalis and C. glabrata. Numerous well-established mechanisms such as up-regulation of drug transporters, overexpression or modification of the drug target, and cellular alterations brought on, occasionally, by non-target effects due to stress reactions contributes to azole resistance in Candida species, (Cowen et al. 2015; Perlin et al. 2017). Also, chromosome defects and genetic variables like DNA repair contribute to the development of drug-resistant phenotypes, and resistance also develops as a result of drug exposure (Perlin et al. 2017). Notably, between 2006 and 2012, the rate of fluconazole resistance increased from 2.4% to 55.4%, but in 2013, it fell to 8.9%, and from 2006 and 2023, the rates of miconazole and itraconazole resistance increased significantly, rising from 2.4% and 7.1%, respectively (Girah et al. 2024). Although the illness spectrums of different species of Candida are similar, their susceptibilities to agents and severity levels differ, which helps to explain their epidemiology and mode of transmission.
CONCLUSION
Studying the antifungal susceptibility of yeasts isolated from wound specimens is very important for treating infections effectively, because as fungal infections become more common, especially in patients with weak immune systems, knowing which antifungal medicines work best for different types of Candida is crucial, and testing how these yeasts respond to antifungal drugs helps doctors choose the right treatments and keeps track of any resistance that develops. Based on findings in this study, it is concluded that Candida sp. had low prevalence in the study area, occurred more in wounds of diabetic patients, had germ tube but lacked haemolyris, did not produce biofilm, and were more susceptible to ketoconazole than fluconazole and itraconazole.
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