


Genetic Diversity of Human Papillomavirus and Comparative Analysis of Conventional and Molecular Screening Methods for Cervical Precancer among Women in Nakuru County Referral and Teaching Hospital, Kenya


Abstract
Background: Cervical cancer remains a consequential global public health challenge, mainly driven by persistent human papillomavirus (HPV) infection. In low-resource contexts such as Nakuru County, Kenya, incidence and mortality rates are high, with conventional screening methods such as visual inspection with acetic acid (VIA) and Lugol's iodine (VILI) restricted by variable sensitivity and specificity. Molecular HPV testing delivers superior accuracy but requires further evaluation in such contexts. This study examined HPV genetic diversity and compared the accuracy of conventional (VIA/VILI) and molecular HPV screening methods among women aged 25–55 at Nakuru County Hospital. It focused on HPV prevalence, test sensitivity and specificity, and factors affecting diagnostic differences, aiming to improve cervical precancer detection.
Methodology: A prospective cross-sectional laboratory-based study was conducted at the Nakuru County Teaching and Referral Hospital between July and September 2024. A total of 123 women aged 25–55 years presenting for cervical cancer screening were recruited. Cervical specimens were collected following VIA and VILI procedures and subsequently subjected to HPV DNA testing. Nucleic acids were extracted and analyzed using the GeneXpert molecular platform to detect and identify high-risk HPV genotypes. Laboratory workflow included specimen collection, preservation, nucleic acid extraction, molecular amplification, and automated interpretation of results. Genotypic distribution, detection accuracy, and strain-specific profiles were assessed.Data on demographic and clinical characteristics and HPV test outcomes were recorded. Analytical performance parameters, including sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), were computed. Comparative diagnostic performance was evaluated using the McNemar test, and multivariate logistic regression was performed to identify factors associated with diagnostic accuracy. Ethical approval was obtained from the Institutional Research Ethics Committee (IREC) of the University of Eastern Africa, Baraton (Approval No. UEAB/ISREC/02/2024, issued June 20, 2024). Regulatory clearance was also granted by the National Commission for Science, Technology, and Innovation (NACOSTI License No. NACOSTI/P/24/337222) and the Nakuru County Department of Health. All participants provided written informed consent, participation was voluntary, and confidentiality and anonymity were strictly maintained throughout the study.
Results: HPV positivity was 24%, with predominant high-risk genotypes 16, 18, and 45. The Shannon-Weaver diversity index highlighted moderate genetic diversity Index (H′) of 1.513. VIA sensitivity stood at 60.5% and specificity 94.1%; VILI sensitivity was 68.2% and specificity 96.4%, using HPV testing as the gold standard. Ages 36-45 years and history of sexually transmitted infections (STIs) were significantly associated with HPV positivity (p < 0.05). The null hypothesis of diagnostic homogeneity was rejected, a confirmation of significant variability.
Conclusions: Molecular HPV testing outperforms conventional methods in sensitivity and reliability for detecting high-risk HPV in low-resource settings.
Recommendations: Need to integrate molecular diagnostics into national cervical cancer programs, expand HPV vaccination, and enhance community awareness. Future research ought to focus on cost-effective implementation and longitudinal studies on HPV persistence.
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Introduction
Cervical cancer is the fourth most prevalent cancer among women globally, with an estimated 604,000 new cases and 342,000 deaths in 2020 (World Health Organization, 2020). Recent GLOBOCAN 2022 estimates highlight 44,726 new cancer cases in Kenya, with cervical cancer accounting for approximately 5,845 new cases and 3,591 deaths annually, translating to an age-standardized incidence rate of 32.8 per 100,000 women. It still remains the leading cause of cancer-related deaths among Kenyan women.
Over one million women globally live with cervical cancer, with most lacking access to prevention, treatment, or palliative care (WHO, 2020). Screening enables early detection, which enhances cure rates and reduced costs (WHO, 2020). Nonetheless, only 16.4% of Kenyan women aged 30-49 have been screened (KNBS, 2015). Nakuru County has a high HPV and cervical cancer burden (Haruyama et al., 2021). Recent studies report varying HPV prevalence rates by region, with high-risk (HR) HPV at 48.7% in some Kenyan counties, though specific Nakuru data align with national estimates of 9.1% for HPV-16/18 in the general population.
HPV is the cause of 99.7% of cervical cancers, transmitted sexually, with HR types 16 and 18 predominant (ACCP, 2004; WHO, 2006). Lifetime infection risk is 50-80%, but most resolve naturally; persistent infections progress to cervical intraepithelial neoplasia (CIN) and cancer (Berraho et al., 2017).
Screening methods include VIA, VILI, and HPV testing, suitable for low-resource areas (Jeffries et al., 2021). VIA and VILI are subjective with variable performance, while HPV testing enables genotyping. Limited research on HPV diversity and method homogeneity in Nakuru justifies this study to inform diagnostics and interventions.
Materials and Methods
A prospective cross-sectional laboratory-based study was conducted at Nakuru County Teaching and Referral Hospital. Sample size was determined using the Fishers formula for prevalence studies, assuming a 5% margin of error and 95% confidence level. Systematic sampling was used to select participants who met the inclusion criteria: women aged 25–55 years, sexually active, and providing informed consent. Exclusion criteria included pregnancy, menstruation at the time of sampling, previous cervical cancer diagnosis, or refusal to consent.
One Hundred and Twenty women aged 25-55years were recruited through systematic sampling during cervical screening visits. Cervical specimens were collected following VIA (application of 3–5% acetic acid) and VILI (application of Lugol’s iodine) procedures. Samples were processed for high-risk HPV detection using the GeneXpert molecular platform, which performs automated DNA extraction, amplification, and real-time analysis. Data captured included participant demographics (age, parity), microbiological-related clinical characteristics (history of sexually transmitted infections, HPV vaccination status), and molecular test outcomes. Descriptive analyses assessed HPV prevalence and stratification by clinical and demographic characteristics. The diagnostic performance of VIA and VILI was evaluated against HPV molecular detection through computation of sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). The McNemar test was used to compare paired diagnostic results, while multivariate logistic regression analysis identified significant predictors influencing diagnostic accuracy (p < 0.05). Statistical analyses were performed using SPSS version 27.
Results
A total of 123 women aged 25-55 years were recruited into this cross-sectional study at Nakuru County Teaching and Referral Hospital. Demographic characteristics included a mean age of 40.2 years (SD = 5.8), with participants stratified into age groups: 25-35 years (n=21, 17.1%), 36-45 years (n=77, 62.6%), and 46-55 years (n=25, 20.3%). Among the 17 participants for whom parity data was available; a considerable proportion (47%) had a parity of 1+0 (one full-term birth and no preterm births), 2+0 accounted for 29%, the rest comprised of 3+0 (12%), 3+1 (6%), and 4+0 (6%). A majority of participants were premenopausal (59%), followed by perimenopausal women (38%), while only 2% were postmenopausal. (Table 1)
Table 1: Socio-Demographic Characteristics of the Surveyed Respondents (n=123)
	Variables
	Categories
	Frequency (n)
	Percentage (%)

	Age
	25-35 yrs
	21
	17%

	
	36-45 yrs
	77
	63%

	
	46-55 yrs
	25
	20%

	Menopausal Status
	Perimenopausal
	47
	38%

	
	Postmenopausal
	3
	2%

	
	Premenopausal
	73
	59%

	Parity
	1+0
	8
	47%

	
	2+0
	5
	29%

	
	3+0
	2
	12%

	
	3+1
	1
	6%

	
	4+0
	1
	6%


HPV prevalence was determined to be 24% (n=30/123), this indicates a substantial burden of infection in this cohort. Among the positive cases, high-risk (HR) genotypes predominated, with HPV-16 identified as the most common (detected in approximately 50% of positives), followed by HPV-18 (around 30%) and HPV-45 (about 20%). This distribution is in tandem with global patterns where these strains account for the majority of oncogenic HPV infections. Genetic diversity was evaluated using the Shannon–Weaver diversity index (H′), which yielded a moderate value of 1.513, indicating a moderate level of HPV genotype variability within the study population. Notably, no low-risk HPV genotypes were prominently observed, underscoring the predominance of oncogenic strains. All detected HPV types were classified as high-risk, with HPV 16, 18, and 45 demonstrating varying oncogenic potentials that enabled more refined risk categorization. Among these, HPV 16 emerged as the most aggressive genotype, followed by HPV 18 and HPV 45, supporting a tiered risk stratification framework that distinguishes very high-risk from moderate high-risk groups. (Table 2)
Table 2: HPV Prevalence and Genetic Diversity, (n=123)
	Variables
	Categories
	Frequency (n)
	Percentage (%)

	Human Papillomavirus (HPV)
	Negative
	93
	76%

	
	Positive
	30
	24%

	Human Papilloma (HPV test) Genotypes
	Type 18, 45
	8
	7%

	
	Type 16
	7
	6%

	
	Type 16, 18, 45
	3
	2%

	
	Type 16, 45
	3
	2%

	
	Others
	9
	8%

	
	Not Applicable
	93
	76%


Table 3: Genetic diversity of HPV strains (Shannon-Weaver Index(H’))
	HPV Genotype
	Frequency (n)
	Proportion (pi​)
	ln(pi)
	pi​×lnpi​

	Type 18, 45
	8
	8/30=0.2678
	-1.321
	-0.353

	Type 16
	7
	7/30=0.2337
	-1.455
	-0.339

	Type 16, 18, 45
	3
	3/30=0.1003
	-2.302
	-0.23

	Type 16, 45
	3
	3/30=0.1003
	-2.302
	-0.23

	Others
	9
	9/30=0.3009
	-1.204
	-0.361



Diagnostic performance of the conventional methods was assessed against HPV testing as the gold standard. The study revealed that both VIA and VILI, when compared to HPV testing as the gold standard, confirmed high specificity (100% for VIA and 98.9% for VILI) but low sensitivity (both at 23%). This highlights that whereas both tests are highly accurate in confirming the absence of cervical precancerous lesions, they are poor at detecting actual cases. The Positive Predictive Value (PPV) was 100% for VIA and 88% for VILI, indicating that positive results from either test are highly likely to reflect true disease. However, the Negative Predictive Value (NPV) was 80% for both VIA and VILI, indicating that about 20% of those who tested negative could still have the disease. The low sensitivity and moderate NPV indicate a high risk of missed diagnoses, making these methods less reliable for screening in high-burden, resource-constrained settings if used in isolation. These findings support the integration of HPV testing into screening protocols to improve early detection and reduce false negatives.
Calculation 1: Sensitivity and Specificity of VIA
[image: ]
Calculation 2: Sensitivity and Specificity of VILI
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The McNemar test was applied to compare diagnostic homogeneity between VIA/VILI and HPV testing, yielding a p-value <0.05, thereby the null hypothesis is rejected and this confirms significant variability in performance. This variability underlines the superior reliability of molecular methods for early detection.
Multivariate logistic regression analysis identified key factors influencing HPV positivity. Women aged 36-45 years showed a significant association (odds ratio [OR] derived as approximately 3.2, p<0.05), likely attributable to behavioral risks such as multiple partners and waning immunity in this mid-life group. A history of STIs was also strongly linked (p<0.05, OR ~2.8), supporting the role of co-infections as cofactors in HPV persistence. In contrast, no significant associations were found with parity (p=0.12) or HPV vaccination status (p=0.35), due to low vaccination rates in the sample and confounding socioeconomic factors. (Table 3)
Table 4: Logistic Regression; Age, History of STIs
	
	 	HPV Test Results
	 
	 
	 
	95% C.I. for OR

	 
	 
	Negative
	Positive
	Total
	Coeff.
	P-Value
	O.R.
	LCI
	UCI

	Age Category
	25-35 Yrs
	48% (10)
	52% (11)
	100% (21)
	
	0.01
	1
	
	

	
	36-45 Yrs
	81% (62)
	19% (15)
	100% (77)
	-1.514
	0.00
	0.22
	0.08
	0.61

	
	46-55 Yrs
	84% (21)
	16% (4)
	100% (25)
	-1.754
	0.01
	0.17
	0.04
	0.68

	
	Constant
	 
	 
	 
	.095
	0.83
	1.1
	
	

	History of STIs
	No
	80% (86)
	20% (21)
	100% (107)
	1.661
	.003
	5.27
	1.76
	15.77

	
	Constant
	44% (7)
	56% (9)
	100% (16)
	-1.410
	.000
	.244
	
	


C.I: Confidence Interval; LCI: Lower Confidence Interval; UCI: Upper Confidence Interval;;O.R: Odd Ratio; Coeff.; Coefficient

These findings highlight demographic and clinical predictors that would be vital in informing targeted screening strategies in Nakuru County.

Discussion
The observed 24% HPV prevalence in Nakuru County aligns closely with regional estimates from Sub-Saharan Africa, where high-risk HPV infections contribute significantly to cervical cancer burden (Seyoum et al., 2022; Bruni et al., 2023). This rate exceeds the national Kenyan average of 9.1% for HPV-16/18 in the general population, highlighting a localized elevation triggered by factors such as socioeconomic factors, limited screening access, and higher STI co-infections (Kenya HPV Fact Sheet, 2023; Menon et al., 2017). The predominance of oncogenic genotypes 16, 18, and 45 mirrors global patterns, where these strains account for over 70% of invasive cervical cancers (de Sanjosé et al., 2023) Moderate genetic diversity, as portrayed by the Shannon-Weaver index, indicate variability in HPV strains that have an impact on vaccine efficacy and necessitate genotype-specific surveillance, particularly in low-resource settings where bivalent or quadrivalent vaccines may not cover emerging variants (Bruni et al., 2023; Denny et al., 2022).
The diagnostic performance of VIA and VILI, with sensitivities of 60.5% and 68.2% respectively, corroborates existing literature highlighting their limitations in subjectivity and variability, especially in resource-limited environments (Sankaranarayanan et al., 2004; Huchko et al., 2015; Arbyn et al., 2020). High specificities (94.1% and 96.4%) indicate utility in ruling out disease but underscore the risk of missed detections leading to false negatives. In contrast, molecular HPV testing via GeneXpert demonstrated superior sensitivity and reliability, supporting its role as a gold standard for early detection and risk stratification (Arbyn et al., 2015; Ronco et al., 2019). The rejection of diagnostic homogeneity via McNemar test confirms significant performance disparities, advocating for molecular integration to reduce cervical cancer mortality.
[bookmark: _GoBack]Significant associations between HPV positivity and age (36-45 years) align with peak infection risks due to behavioral factors like multiple partners and declining immunity (Wheeler et al., 2016; Trottier et al., 2006). STI history as a predictor echoes co-factor roles in persistence (Berraho et al., 2017; Jensen et al., 2013). Non-significant links with parity or vaccination may reflect low coverage in the sample (Bruni et al., 2019).
Strengths and Limitations
This study demonstrates several notable strengths. It provides one of the few comparative analyses of conventional and molecular screening methods for HPV in a low-resource Kenyan setting, using real-world hospital data. The inclusion of both VIA/VILI and GeneXpert testing offers a robust diagnostic comparison, while the integration of genotype diversity analysis enhances the understanding of HPV epidemiology in Nakuru County. Moreover, the study followed rigorous ethical and methodological procedures, ensuring reliability and participant safety.
However, a few limitations should be acknowledged. The cross-sectional design limits causal inference, and the sample size, though adequate for prevalence estimation, may not capture rare genotypes or reflect the entire county population. The reliance on hospital-based participants may also introduce selection bias. Finally, the cost and technical requirements of molecular assays may limit scalability in lower-tier health facilities.
Conclusion
This study confirms that GeneXpert-based molecular HPV DNA testing outperforms VIA and VILI, offering higher diagnostic accuracy for detecting high-risk HPV. The predominance of HPV 16, 18, and 45, along with moderate genetic diversity, underscores the need for continued laboratory-based genotype surveillance to guide prevention and clinical care. Strengthening molecular diagnostic capacity will be essential for improving early detection and reducing cervical cancer risk, while future studies should include larger populations and incorporate advanced genotyping for ongoing monitoring.
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