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Speciation and antimicrobial characteristics of Candida species implicated in Vulvovaginal candidiasis amongst women living with HIV in Niamey Republic of Niger
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ABSTRACT 

	 Aims: Vulvovaginal candidiasis (VVC) is one of the most common fungal infections. This study aimed to determine the speciation and antimicrobial characteristics of vulvovaginal candidiasis amongst HIV positive women in Niamey, Niger Republic.
Study design: Cross sectional study.
Place and Duration of Study: Department of Microbiology, Nassarawa State University, Keffi, and tree tertiary hospitals of HIV management in Niamey, Niger, from March 2023 to April 2024.
Methodology: Vaginal swabs from 333 women living with HIV were cultured, and Candida species were isolated and identified using chromatic TM candida and Vitek 2. Antifungal susceptibility testing was done using Vitek 2.	Comment by Dr. Najwan: Vulvovaginal swaps were collected from 333 women infected with HIV .........	Comment by Dr. Najwan: Rewite the scientific names with italic style 
	Comment by Dr. Najwan: Delet 
Results: The prevalence of VVC was 26.12% (n=87). Of the 12 Candida species isolated, C. albicans (n=27; 31.03%) was predominant, followed by C. krusei (n=19; 21.83%), C. glabrata (n=16; 18.39%), C. tropicalis (n=8; 9.19%), and C. guilliermondii (n=3; 8.16%). Most isolates were susceptible to voriconazol (98. 61%), micafungin (95.83%), caspofungin, and amphotericin B (91.66%). However, isolates were less susceptible to fluconazole (81.94%) and flucytosine (70.83%). with C. glabrata and C. krusei being highly resistant to fluconazole and flucytosine respectively. C. albicans remain the most common species of vulvovaginal infection in HIV-living women in Niger, despite the high prevalence of non-candida species.	Comment by Dr. Najwan: Rephrase........... 
Candida spp. Isolated from where? Explean 
Conclusion: Most Candida species were resistant to fluconazole and flucytosine. Overall, this study provided insights for enhancing the management and treatment of VVC in Niger Republic.	Comment by Dr. Najwan: Highlight the main results of the prevalence of Candida spp. Then antifungals suseptibility 
.





1. INTRODUCTION 

Vulvovaginal candidiasis (VVC) is a common genital infection, representing one of the primary reasons for gynecological consultations in women (Farr et al., 2021). Globally, approximately 75% of women experience VVC at least once in their lifetime (MacAlpine et al., 2024). Various factors contribute to the occurrence of VVC, including diabetes mellitus, pregnancy, hormonal contraceptives, hormone replacement therapy, antibiotics, steroids, immunosuppressive diseases, and hygienic practices (Disha et al., 2022). Clinical symptoms of VVC are nonspecific and include intense pruritus, leukorrhea, dysuria, vulvar hyperemia, and dyspareunia (Sobel, 2016). Laboratory diagnosis typically involves culture on chromogenic or non-chromogenic media, PCR, and serological tests (Pereira et al., 2021).
Vulvovaginal candidiasis is primarily caused by the Candida genus, with C. albicans being the most common species (Pfaller & Diekema, 2007). Since the emergence of HIV/AIDS, the etiological profile of vaginal candidiasis has shifted, with an increasing number of cases caused by non-albicans Candida species (Sobel, 2016). Women infected with HIV are more prone to recurrent vaginal candidiasis compared to their HIV-negative counterparts (Pappas et al., 2018). Candidiasis significantly contributes to the high morbidity and mortality rates observed in HIV-positive patients, particularly in underdeveloped regions (Taverne-Ghadwal et al., 2022). Persistent candidiasis is a common AIDS-defining condition in patients classified under World Health Organization (WHO) clinical stages III and IV (WHO, 2007). The pooled prevalence of VVC in Africa is estimated at 29.1%, with the highest rates reported in Uganda (45.4%) and the lowest in Sudan (14%) (Mushi et al., 2022). In Niger, recent studies on Candida species among people living with HIV (PLHIV) are scarce. 
This research aims to provide valuable information to clinicians, facilitating more accurate diagnoses and improved targeting of antifungal treatments. The objective of this study is to determine the speciation and antimicrobial characteristics of vulvovaginal candidiasis in HIV-positive women in Niamey, Niger Republic.	Comment by Dr. Najwan: Replace with (identification )

2. material and methods 

2.1 Study Design and Sites

This descriptive cross-sectional study was conducted from March 2023 to December 2024 at Maternity Issaka Gazobi, National Hospital Amirou Boubacar Diallo and National Hospital in Niamey, Niger, and the Microbiology and Parasitology Medical Laboratory at National Hospital, Abuja, Nigeria.

2.2 Study Population

The study population comprised HIV-positive women of reproductive age (12 to 47 years) from six HIV management centers. Participants presenting clinical signs of vulvovaginal infections and who provided informed consent were included.

2.3 Data Collection

A standardized questionnaire was administered to each participant to gather data on patient demographics and clinical manifestations.

2.4 Laboratory Diagnosis

2.4.1 Swab Collection 
Faire suinter le liquide de suppuration en appuyant légèrement sur les deux côtes de la plaie, les prélèvements sont effectués avec deux écouvillons stériles un (1) pour l'examen à l'état frais, et l'autre pour la culture. Les échantillons sont acheminés au laboratoire dans les 30mn qui suivent le prélèvement.	Comment by Dr. Najwan: Transulate to English lunguage please !!

2.4.2 Direct Examination

 For immediate microscopic analysis, the first swab was emulsified in physiological saline and placed between a slide and coverslip to detect yeast cells or filamentous structures. Gram staining was also performed to assess the vaginal flora under a 100x immersion objective microscope.	Comment by Dr. Najwan: What about KOH direct examination?

2.4.3 Seeding and Incubation

 The second swab was streaked onto Sabouraud Dextrose Agar (SDA) supplemented with chloramphenicol to promote fungal growth while inhibiting bacterial contamination. The inoculated plates were carefully transported under controlled conditions to maintain sample integrity. The inoculated SDA plates were incubated at 37°C for 24 to 48 hours. The presence of at least ten creamy yeast colonies was considered indicative of vulvovaginal candidiasis (VVC).	Comment by Dr. Najwan: Detet 	Comment by Dr. Najwan: 	Comment by Dr. Najwan: What is the source you relied on?
Write references 

2.4.4 Germ Tube Test

 Germ tube production in serum was used to differentiate C. albicans complex (C. albicans, C. stellatoidae type I, C. dubliniensis and C. africana) from other species. A yeast colony was incubated in human serum at 37°C for 3 hours, and germ tube formation was observed microscopically.

2.4.5 Species Isolation

 Yeast cultures grown on Sabouraud medium were sub-cultured onto chromogenic Candida-selective medium (Chromatic™ Candida), where species identification was based on characteristic colony colors according to the manufacturer's guidelines.

2.4.6 Confirmation & Antifungal Susceptibility Testing: The Vitek 2 automated system was used for species confirmation and antifungal susceptibility testing, ensuring accurate microorganism identification and resistance profiling.

2.5 Statistical Analysis
Data was entered into Excel and analyzed using SPSS version 21.0. Differences 
were considered significant if P < 0.05 using the chi-square (χ2) test.

3. results and discussion

A total of 333 women living with HIV and presenting clinical signs of VVC were included in this study. The age of the patients varied between 16 and 46 years. Table 1. Among the patients selected for the study 273 (81.98%) were married and the majority 242 (72.67%) were illiterate.	Comment by Dr. Najwan: Infected with

Table 1. General characteristics of the study population
	Socio- demographic characteristic 
	Category
	Frequency
	Percentage (%)

	Age group (years)


	16-20
21-40
41 46
Total
	9
250 
74 
333 
	2.70
75.97
21.32
100


	Marital status
	Divorced
Married
Single
Widow
Total
	17
273
15
28 
333
	5.10
81.98
4.50
8.40
100

	Educational status 
	Illiterate
Primary
Secondary
Tertiary
Total
	242
19
59
13
333
	72.67
5.7
17.71
3.9
100




Prevalence of Different Candida species Isolated Among the Study Population
The prevalence of different Candida species isolated among the study population based on Vitek method is illustrated in Table 2. Here a total of 87 isolates were found with C. albicans coming up 27(31.03%) followed by C. krusei 19(21.83%), C. glabrata 16(18.39%), C. tropicalis with 8(9.19%), C. guilliermondii 3(3.44%) followed by C. dubliniensis, C. parapsolisis and C. cefferri 2(2.29%), each, C. lusitaniae and C. stelatoidae 1(1.14%) and 2 unidentified species.	Comment by Dr. Najwan: Rephrase to (Out of 87 isolates, 27 (31.03%) were identified as C. albicans, followed by ...........


Table 2. Distribution of Candida species among the study population
	Species of Candida
	No. Isolated (%)

	C. albicans
	27 (31.03%)

	C. krusei
	19 (21.83 %)

	C. glabrata
	16 (18.39%)

	C. cefferri
	2 (2.29 %)

	C. dubliniensis
	2 (2.29%)

	C. tropicalis
	8(9.19%)

	C. parapsolisis
	2(2.29%)

	C. guilliermondii
	3 (3.44%)

	C. lusitaniae
	1 (1.14%)

	C. stelatoidae
	1 (1.14%)

	Unidentified
	2 (2.29%)

	Total
	87 (100%)


We found that single respondents, those aged between 16 and 20 years and those with a primary education had the highest prevalence rates of VVC, respect 6(40%), 3(33.33%) and 8(42.10%) positives cases.  Table 3, the p-value for the age group was 0.00 with Pearson value of 19.455. For the criterion of educational status, the p-value obtained is 0.596 with 1.634 as Pearson x2 while the Pearson X2 value of 6.783 and p-value of 0.079 were for those based on marital status.	Comment by Dr. Najwan: Table 3 reffered to the ........	Comment by Dr. Najwan: It prefared to explain the significant differences instead of mention the chi squer value 
Table 3. Distribution of VVC amongst study population
	Socio-demographic characteristic 
	Category
	N° of participants
examined (%)
	Positive N° of VVC (%)
	Negative N° of       VVC (%)
	  P-value

	Age range


	16-20
21-40
41-46
Total
	9
250
74
333
	3(33.33)
65(26)
19(25.67)
87(26.12)

	6(66.66)
185(74)
133(74.32)
246(73.87)
	0.000

	Educational status
	Divorced
Married
Single
Widow
Total
	17
273
15
28
333
	6(35.29)
64(23.44)
6(40)
11(39.28)
87(26.12)
	11(64.70)
209(76.55)
9(60)
17(60.71)
246(73.87)
	0.596

	Marital status
	Illiterate
Primary
Secondary
University
Total
	242
19
59
13
333
	56(23.14)
8(42.10)
20(33.89)
3(23.07)
87(26.12)
	186(76.85)
11(57.89)
39(66.10)
9(76.92)
246(73.87)
	0.079



Table 4. Susceptibility pattern of Candida species isolated from women with reproductive age co infected with HIV in Niamey Republic of Niger from March 2023 to April 2024	Comment by Dr. Najwan: Delet and add ( basied on Vitek 2 system)  
	Antifungals agents
	Antifungal susceptibility
	C. albicans 
 N°. (%)
	C. glabrata
N°. (%)
	C. krusei
N°. (%)
	C. tropicalis
N°. (%)
	C. dubliniensis
N°. (%)

	Amphotericin B
	S
	25(92.59)
	14(87.5)
	17(89.47)
	8(100)
	2(100)

	
	I
	2(7.40)
	1(6.25)
	1(5.26)
	0(0.0)
	0(0.0)

	
	R
	0(0.0)
	1(6.25)
	1 (5.26)
	0(0.0)
	0(0.0)

	
Fluconazol
	S
	26(96.29)
	9(56.25)
	15(78.94)
	7(87.5)
	2(100)

	
	I
	(0)
	2(12.5)
	1(5.26)
	1(12.5)
	0(0.0)

	
	R
	1(3.70)
	5(31.25)
	3 (15.78)
	0(0.0)
	0(0.0)

	
Flurocytosin
	S
	26(96.29)
	9(56.25)
	6(31.57)
	8(100)
	2(100)

	
	I
	0(0.0)
	1(6.25)
	2(10.52)
	0(0.0)
	0(0.0)

	
	R
	1(3.70)
	6(37.5)
	11(57.89)
	0(0.0)
	0(0.0)

	
Micafungin
	S
	25(92.59)
	15(93.75)
	19(100)
	8(100)
	2(100)

	
	I
	0(0.0)
	1(6.25)
	0(0.0)
	0(0.0)
	0(0.0)

	
	R
	2(7.40)
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)

	
Capsofungi
	S
	26(96.29)
	16(100)
	14(73.68)
	8(100)
	2(100)

	
	I
	0(0.0)
	0(0.0)
	2(10.52)
	0(0.0)
	0(0.0)

	
	R
	1(3.70)
	0(0.0)
	3(15.78)
	0(0.0)
	0(0.0)

	
Voriconzol
	S
	27(100)
	15(100)
	19(100)
	8(100)
	2(100)

	
	I
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)

	
	R
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)
	0(0.0)



Most of the isolated Candida were more sensitive to vorioconazol (99%), Micafungin (96.7%), Caspofungin (95.60%) and amphotericin B (90.21%). Fluconazole (79.12%), and fluorocytosine were the least sensitive (78.02%). 

We found the rate of resistance of C. glabrata to fluconazol and a high rate of resistance of C. krusei to flurocytosin as shown in Table 4. These findings align with some studies by Mulu et al. in Ethiopia that show a higher prevalence of VVC in women with limited educational backgrounds, possibly due to lower awareness of hygiene practices and health-seeking behaviors (Mulu et al., 2013; Bitew & Abebaw, 2018).	Comment by Dr. Najwan: Write all Scientific names and et al. With italis font style 
Our study identified a variety of Candida species among the population, with C. albicans being the most prevalent (31.03%). This is consistent with previous research indicating that C. albicans is the predominant species in VVC cases (Kangatharalingam & Santhanam, 2017). However, the significant presence of non-albicans Candida species like C. krusei and C. glabrata highlights the changing epidemiology of VVC, possibly linked to the increased use of antifungal treatments and the HIV status of the participants (Ribeiro et al., 2018; Achkar & Fries, 2010).
We observed high VVC prevalence among younger respondents (16-20 years) and those with primary education. This finding suggests a potential vulnerability of younger women and those with limited education to VVC, possibly due to a lack of adequate reproductive health education and resources. The p-value for age group correlation was highly significant, suggesting a strong relationship between age and VVC prevalence. Similar trends have been reported in studies conducted by Mukasa et al., (2017) and Kamala et al., (2019), emphasizing the role of socio-demographic factors in the prevalence of VVC among HIV-positive women.	Comment by Dr. Najwan: The discussion needs to be enriched with information, as the researcher did not attempt to explain the basic research results, such as the effect of the age factor on infection, or the effect of the basic factor, which is immunodeficiency disease, on infection with vaginal candidiasis. The limits and exceptions were not mentioned.
The antifungal susceptibility reveal that most Candida isolates were highly sensitive to voriconazole and micafungin, with relatively lower sensitivity to fluconazole. The resistance of C. glabrata to fluconazole and the high resistance of C. krusei to fluorocytosine align with global concerns regarding antifungal resistance, particularly among non-albicans Candida species (Pappas et al., 2018; Pfaller & Diekema, 2012). This emphasizes the necessity for routine antifungal susceptibility testing to guide effective treatment in HIV-infected populations.
This study highlights the prevalence of VVC among HIV-positive women in Niamey, Niger, with C. albicans being the most common. The incidence of non-albicans species, high VVC prevalence in younger/less educated, and rising antifungal resistance. Therefore, there is the need for routine susceptibility testing, targeted health education, and tailored interventions.

4. Conclusion

This study highlights the prevalence of VVC among HIV-positive women in Niamey, Niger, with C. albicans being the most common. The incidence of non-albicans species, high VVC prevalence in younger/less educated, and rising antifungal resistance. Therefore, there is the need for routine susceptibility testing, targeted health education, and tailored interventions.
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