


THE ROLE OF VAGINAL LACTOBACILLI IN CERVICAL CYTOLOGICAL OUTCOMES AMONG HPV-INFECTED WOMEN IN NIGER STATE, NIGERIA

[bookmark: _GoBack]Abstract
This study investigated the role of vaginal Lactobacilli in influencing cervical cytological outcomes among HPV-infected women in Niger State, Nigeria. A total of 32 women who tested positive for HPV via PCR were assessed for cervical abnormalities using Papanicolaou (PAP) smear, while vaginal swab samples were cultured on de Man, Rogosa and Sharpe (MRS) agar to isolate Lactobacilli, with growth categorized as none, scanty, moderate, or heavy. Results revealed that 68.8% of HPV-positive women had normal cytology, 12.5% had atypical squamous cells of undetermined significance (ASCUS), 12.5% had low-grade squamous intraepithelial lesions (LGSIL), and 6.3% showed inflammation. Notably, half of the participants had no detectable Lactobacilli growth. Statistical analysis showed a significant association between HPV infection and cytological abnormalities (χ² = 19.907, p < 0.001), and between Lactobacilli abundance and cervical cytology (χ² = 20.913, p < 0.001). Higher Lactobacilli levels were predominantly found in women with normal cytology, while absent or scanty growth was associated with abnormal findings. These results underscore the protective role of vaginal Lactobacilli in modulating HPV-related cervical epithelial changes and highlight the need to incorporate vaginal microbiota assessment into cervical cancer screening and prevention strategies, especially in resource-limited settings.
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1. INTRODUCTION
[bookmark: _Hlk199281939]Human papillomavirus (HPV) infection remains the most common sexually transmitted viral infection worldwide and is widely recognized as the primary etiological agent in the development of cervical cancer, particularly in low- and middle-income countries where access to prevention and treatment remains limited (Arbyn et al., 2020; Sung et al., 2021). Globally, persistent infection with high-risk HPV genotypes, notably HPV 16 and 18, accounts for approximately 95% of cervical cancer cases and significantly elevates the risk of progression from cervical intraepithelial neoplasia (CIN) to invasive cervical carcinoma (de Sanjosé et al., 2018). In Nigeria, cervical cancer is the second most common cancer among women, with an estimated 14,943 new cases and 10,403 deaths annually, underscoring a substantial public health burden fueled by low screening coverage, limited HPV vaccination uptake, and inadequate healthcare infrastructure (Bruni et al., 2023). Despite the well-established causal role of HPV in cervical carcinogenesis, infection alone is insufficient to drive the progression to malignancy, as multiple host and environmental factors influence viral persistence and disease development.
Among these factors, the vaginal microbiota has emerged as a critical modulator of susceptibility to HPV infection, persistence, and the risk of cervical epithelial abnormalities (Mitra et al., 2020; Kyrgiou et al., 2017). A healthy vaginal ecosystem is typically dominated by Lactobacillus species, such as L. crispatus, L. gasseri, L. jensenii, and L. iners, which maintain a low pH through lactic acid production, inhibit the growth of pathogenic organisms, and modulate local immune responses to promote mucosal health (Leon-Gomez and Romero, 2025; Ravel et al., 2013). Disruption of this Lactobacillus-dominated environment, known as vaginal dysbiosis, has been linked to an increased risk of HPV acquisition and persistence, possibly by impairing mucosal defenses and creating a pro-inflammatory microenvironment conducive to viral replication and integration (Yang et al., 2022). Furthermore, anaerobic bacteria such as Gardnerella vaginalis, Atopobium vaginae, and Sneathia species, commonly associated with dysbiosis, have been implicated in promoting inflammation and cellular changes that may accelerate HPV-induced neoplastic transformation (Santella et al., 2022).
Despite growing recognition of the interaction between vaginal microbiota and HPV pathogenesis, data from sub-Saharan Africa remain limited, and findings from other populations may not fully apply due to sociocultural, environmental, and genetic differences influencing vaginal microbial communities (Orya et al., 2024). In Nigeria, where cervical cancer morbidity and mortality remain alarmingly high, understanding the role of vaginal Lactobacilli in modulating cervical cytological outcomes among HPV-infected women is especially important for developing locally appropriate prevention strategies. This study aimed to evaluate the prevalence of vaginal Lactobacilli and characterize cervical cytological abnormalities among HPV-positive women in Niger State, Nigeria, providing essential epidemiological data. The findings have potential implications for integrating vaginal microbiota assessment into HPV screening programs and tailoring interventions to reduce cervical cancer risk in resource-constrained settings.
2. MATERIALS AND METHODS
2.1 Study Design and Ethical Considerations
A hospital-based, descriptive cross-sectional study was conducted over a three-month period at the General Hospital Minna, Niger State, Nigeria. Ethical approval for the study was obtained from both the Niger State Ministry of Health Ethics Committee and the General Hospital Minna Ethical Review Board. Prior to participation, written informed consent was obtained from all participants. The study enrolled a total of thirty-two (32) women, aged between 20 and 55 years, who tested positive for Human Papillomavirus (HPV) via PCR. Eligible participants were those who had previous sexual experience, were capable of undergoing a pelvic examination, and had abstained from vaginal probiotic use for at least 30 days and from sexual intercourse for at least 7 days before sample collection. Exclusion criteria included individuals who were virgins, pregnant, had a history of cervical precancer treatment within the past six months, had undergone hysterectomy, or had diagnosed immune system disorders.
2.2 Sample Collection and Laboratory Techniques
Vaginal swab samples were collected from each participant by trained clinical personnel using sterile cotton swabs. Two swabs were obtained per participant by rotating along the lateral walls of the vagina to collect adequate cellular and microbial material. One swab was immediately smeared onto a clean glass slide for cytological evaluation. These slides were fixed in 95% ethanol to preserve cellular morphology and transported to the histology laboratory at General Hospital Minna. There, the slides were stained using the standard Papanicolaou (PAP) smear protocol, involving sequential application of hematoxylin, acid alcohol, orange G6, eosin azure, and xylene. After staining, the slides were mounted with dibutyl phthalate polystyrene xylene (DPX) and examined microscopically for cytological assessment.
The second swab was used for microbiological analysis to isolate and quantify vaginal Lactobacilli. This swab was transferred to the pathology laboratory and inoculated onto de Man, Rogosa, and Sharpe (MRS) agar. Following incubation, bacterial colonies were subjected to standard biochemical identification procedures to confirm Lactobacilli presence and assess growth levels, which were categorized as no growth, scanty, moderate, or heavy.
2.3 Data Analysis
All collected data were entered and analyzed using IBM SPSS Statistics software, version 20. Descriptive statistics were used to summarize the data, and results were presented as frequencies and percentages in tables. Associations between HPV infection, cervical cytology findings, and Lactobacilli growth levels were assessed using the Chi-square (χ²) test. A p-value of less than 0.05 was considered statistically significant.
3. RESULT PRESENTATION 
Table 1 shows the distribution of HPV-PCR positive cases based on cervical cytology results among 32 participants. The majority of HPV-positive women (68.8%) exhibited normal cytology. However, 12.5% had atypical squamous cells of undetermined significance (ASCUS), another 12.5% had low-grade squamous intraepithelial lesions (LGSIL), and 6.3% showed negative cytology with inflammation. A Chi-square test revealed a statistically significant association between HPV infection and cervical cytology categories (χ² = 19.907, df = 3, p < 0.001), indicating a strong link between HPV presence and cytological abnormalities.
	PAP Smear Test Result
	No. of Samples
	Point Prevalence (%)
	n=32

	Normal
	22
	68.8
	

	ASCUS (Atypical squamous cells)
	4
	12.5
	

	LGSIL (Low-grade lesion)
	4
	12.5
	

	Negative with Inflammation
	2
	6.3
	

	Total
	32
	100
	


 Table 1: HPV Infection in Relation to Cyto-diagnosis
X2 = 19.907a df = 3 p-value <0.001

Table 2 presents the levels of Lactobacilli growth in vaginal samples from the 32 HPV-positive participants. Half of the HPV-positive women (50%) had no Lactobacilli growth, while 21.9% showed heavy growth, 9.4% moderate growth, and 18.8% scanty growth. Statistical analysis confirmed a significant association between HPV infection status and Lactobacilli growth levels (χ² = 20.913, df = 3, p < 0.001), suggesting that the vaginal microbiota composition correlates with HPV infection.
 Table 2: HPV Infection in Relation to Isolation of Lactobacilli Growths Level
	Lactobacilli Growths Level
	No. of Samples
	Point Prevalence (%)
	n=32

	No Growth
	16
	50.0
	

	Heavy Growths
	7
	21.9
	

	Moderate Growths
	3
	9.4
	

	Scanty Growths
	6
	18.8
	

	Total
	32
	100
	



X2 = 20.913 df = 3 p-value <0.001

Table 3 details the association between Lactobacilli growth levels and cervical cytology results among HPV-positive participants. Among women with no Lactobacilli growth, 21.9% had normal cytology, while 12.5% showed ASCUS, 9.4% had LGSIL, and 6.2% had inflammation. Participants with heavy or moderate Lactobacilli growth all had normal cytology. Scanty Lactobacilli growth was mainly linked to normal cytology (15.6%) or LGSIL (3.1%). This distribution was statistically significant (χ² = 59.770, df = 15, p < 0.001), demonstrating a relationship between vaginal microbiota abundance and cervical cytological outcomes.







Table 3: Distribution of Lactobacilli Growth Levels and Cervical Cytology Among HPV Positive Participants
	
Growths Level
	PAP Smear
	Normal
	ASCUS
	LGSIL
	Inflammation
	
n = 32

	
No Growth
	
	
7 (21.9%)
	
4 (12.5%)
	
3 (9.4%)
	
2 (6.2%)
	

	Heavy Growths
	
	7 (21.9%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	

	Moderate Growths
	
	3 (9.3%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	

	Scanty Growths
	
	5 (15.6%)
	0 (0.0%)
	1 (3.1%)
	0 (0.0%)
	

	Total
	
	22 (68.8%)
	4 (12.5%)
	4 (12.5%)
	2 (6.2%)
	


X2 = 59.770 df = 15 p-value <0.001

4. DISCUSSION
Understanding the interactions between Human Papillomavirus (HPV) infection, cervical cytological outcomes, and vaginal microbiota composition is critical to advancing cervical cancer prevention strategies, especially in regions with limited access to healthcare resources. This study examined these associations among HPV-positive women in Niger State, Nigeria, providing novel epidemiological evidence that highlights the role of vaginal Lactobacilli in modulating cervical health outcomes. The findings reveal significant correlations between HPV infection, cytological abnormalities, and Lactobacilli growth, underscoring the importance of holistic screening approaches that consider both virological and microbiological factors in cervical disease management.
The observed significant association between HPV infection and cervical cytology abnormalities reinforces the well-established role of HPV as a primary etiological factor in the development of cervical epithelial changes. While a considerable proportion of HPV-positive participants (68.8%) exhibited normal cytology, the detection of atypical squamous cells of undetermined significance (ASCUS) and low-grade squamous intraepithelial lesions (LGSIL) among others is consistent with the literature. For example, Sankaranarayanan et al. (2009) and Tamarelle et al. (2018) have documented that persistent HPV infection can gradually induce cellular transformation leading to cervical intraepithelial neoplasia. The strong statistical association in this study (χ² = 19.907, p < 0.001) underscores the clinical importance of regular cytological surveillance, even in HPV-positive individuals with initially normal findings. Cytological screening, such as the Papanicolaou (PAP) smear, remains an effective, low-cost tool for early detection and timely intervention, especially in resource-limited settings.
Equally significant is the inverse relationship identified between HPV infection and Lactobacilli abundance in the vaginal flora. The observation that 50% of HPV-positive women had no detectable Lactobacilli suggests a state of vaginal dysbiosis that may compromise mucosal immunity and epithelial barrier function. This disruption in microbiota balance may create a more permissive environment for HPV acquisition and persistence. These findings are in line with those of Kyrgiou et al. (2017) and Santella et al. (2022), who have highlighted the protective function of a Lactobacillus-dominated vaginal ecosystem. The acidic environment maintained by Lactobacilli, alongside the production of hydrogen peroxide and other antimicrobial substances, is known to inhibit pathogenic colonization and support immune homeostasis (Ravel et al., 2013; Mitra et al., 2020). In contrast, the absence of these protective bacteria has been associated with higher inflammatory markers and epithelial susceptibility, contributing to HPV pathogenesis.
Further supporting these results is the clear association observed between Lactobacilli growth levels and cervical cytological outcomes. Women with heavy or moderate Lactobacilli presence predominantly exhibited normal cytological profiles, whereas those with scanty or absent Lactobacilli were more likely to present with ASCUS or LGSIL. This reinforces the hypothesis that Lactobacilli play a protective role not only in HPV prevention but also in mitigating the progression of HPV-related cervical abnormalities. This pattern corroborates findings from Yang et al. (2022) and Leon-Gomez and Romero (2025), who documented that vaginal dysbiosis—characterized by a decline in beneficial Lactobacilli—correlates with higher HPV viral loads and more advanced cervical lesions. The protective mechanisms of Lactobacilli include competitive exclusion of pathogens, downregulation of pro-inflammatory pathways, and promotion of epithelial repair, all of which are vital in maintaining cervical homeostasis.
Overall, the results from this study align with meta-analytic conclusions by Tamarelle et al. (2018), affirming that the composition of vaginal microbiota plays a crucial role in influencing HPV infection dynamics and the trajectory of cervical disease. The data from Niger State contribute to the growing body of global evidence supporting the integration of microbiota assessment into cervical cancer prevention frameworks. Given the rising burden of cervical cancer in sub-Saharan Africa and the limited availability of HPV vaccination and advanced screening tools, interventions that promote a healthy vaginal microbiome—such as probiotic therapies or microbiota-focused public health initiatives—could serve as valuable adjuncts to existing preventive measures.
5. CONCLUSION
This study highlights a significant relationship between HPV infection and cervical cytological abnormalities among women in Niger State, Nigeria. The data suggest that HPV-positive women are more likely to exhibit cytological changes ranging from ASCUS to low-grade lesions. Importantly, the presence and abundance of Lactobacilli in the vaginal microbiota were significantly associated with HPV infection and cervical cytology outcomes, with higher Lactobacilli levels linked to normal cervical cytology. These findings support the hypothesis that a healthy vaginal microbiome, dominated by Lactobacilli, may confer protective effects against HPV persistence and progression to cervical lesions. Therefore, interventions aimed at maintaining or restoring a balanced vaginal microbiota could complement existing cervical cancer screening programs. Future research should explore longitudinal relationships and mechanisms underlying the interplay between vaginal microbiota and HPV pathogenesis to inform targeted prevention strategies in Nigerian women.
6. RECOMMENDATION
· Based on the findings of this study, it is recommended that vaginal microbiota assessment, particularly the evaluation of Lactobacilli abundance, be integrated into existing cervical cancer screening programs. This integration could enable early identification of women at increased risk of cervical cytological abnormalities and allow for more targeted and effective interventions. Incorporating vaginal health assessment as part of routine screening may enhance the overall efficacy of HPV management strategies.
· Furthermore, public health initiatives should explore and promote interventions aimed at restoring or maintaining a healthy vaginal microbiota. These may include the use of probiotics or culturally appropriate lifestyle modifications that support Lactobacilli dominance in the vaginal environment. Such strategies could potentially reduce HPV persistence and the progression to cervical lesions, contributing to improved reproductive health outcomes.
· Efforts to increase HPV vaccination coverage and expand access to routine cervical screening must continue, especially in resource-limited settings like Niger State. Alongside these clinical efforts, public education campaigns should be intensified to raise awareness about HPV infection, its relationship with cervical cancer, and the protective role of vaginal microbiota. Educating women about vaginal health and cervical cancer prevention is essential for encouraging timely screening and healthcare engagement.
· In addition, further research is warranted to better understand the complex interactions between vaginal microbiota and HPV infection. Longitudinal studies investigating the causal mechanisms by which Lactobacilli influence HPV persistence and cervical lesion development are necessary. Such research could pave the way for innovative microbiome-based diagnostic tools and therapeutic approaches tailored to local populations.
· Healthcare providers should also receive capacity building and training on the significance of vaginal microbiota in reproductive health and its implications for HPV infection and cervical cancer risk. Empowering healthcare workers with this knowledge will improve patient counseling, management, and holistic care.
· Lastly, community engagement and education programs should be developed to promote awareness of vaginal health and the importance of regular cervical screening. Addressing cultural barriers and reducing stigma surrounding gynecological health will be key to encouraging women to seek preventive care and participate actively in cervical cancer control efforts.
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