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ABSTRACT 

Jessica Yasmine Islam: Assessing the clinical validity and cost-effectiveness of human papillomavirus 

testing using self-collected specimens for cervical cancer screening in Kenya  

(Under the direction of Jennifer S. Smith) 

 

 Invasive cervical cancer (ICC) is the leading cause of cancer-related deaths among women in sub-

Saharan Africa (SSA). Through the implementation of organized cytology-based screening programs, 

high-income countries have reduced ICC incidence and mortality by 80%. However, challenges remain in 

screening program implementation and coverage in SSA due to relatively weak healthcare infrastructure, 

poorly equipped health facilities, and limited skilled healthcare providers. In Kenya, the estimated 

screening coverage is only 3.5% among women aged 25 - 64years, compared to the global coverage of 

40%. To improve access and effectiveness of cervical cancer prevention programs in low-resource 

settings, screening methods that are cost-effective, simple to implement, and incorporate effective linkage 

to treatment are needed.  

 From 2013 to 2018, a total of 399 female sex workers participated in this cross-sectional study. 

Participants provided two self-collected specimens: one stored dry(sc-DRY) using a Viba brush (Rovers), 

and one stored wet (sc-WET) with Aptima media (Hologic) using an Evalyn brush (Rovers). Two 

physician-collected specimens for HPV mRNA testing (APTIMA) and conventional cytology were 

collected. We estimated test characteristics for each hr-HPV screening method using conventional 

cytology as the gold standard. We also examined participant preference for sc-DRY and sc-WET. 

 HR-HPV mRNA positivity was higher in sc-WET (36.8%) than sc-DRY samples (31.8%). 

Prevalence of ≥HSIL was 6.9% (n = 27). Sensitivity of hr-HPV mRNA testing for detecting ≥HSIL was 

similar in sc-WET (85%, 95% CI: 66-96), and sc-DRY specimens (78%, 95% CI: 58-91). Specificity was 

65% (95% CI: 61-71) in sc-WET and 70%, (95% CI: 65-75) in sc-DRY specimens. Women preferred sc-

DRY specimen collection (46%) compared to sc-WET (31%). However, more women preferred 
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physician-collection (64%) than self-collection (36%), which should be further evaluated. Sc-DRY 

specimens appeared to perform similarly to sc-WET for the detection of ≥HSIL.  

 To evaluate cost-effectiveness of cervical cancer screening delivery using self-collection, we 

assessed the outcomes, costs, and cost-effectiveness of four cervical cancer screening scenarios in Kenya, 

each using community health campaign (CHC) based HPV self-screening: (1) followed by VIA to assess 

appropriateness of cryotherapy (“HPV & Treat”), with standard linkage to treatment and (2) “HPV & 

Treat” with enhanced linkage to treatment; and (3) followed by VIA screening for triage to treatment 

(“HPV+VIA & Treat”), with standard linkage to treatment and (4) “HPV+VIA & Treat” with enhanced 

linkage to treatment.    

Compared to “HPV+VIA & treat,” we found that “HPV & Treat” led to better health outcomes, 

as measured in DALYs and was more cost-effective due to fewer missed cases of CIN2+ eligible for 

treatment. More specifically, we found that compared to no screening, HPV& Treat with enhanced 

linkage to treatment was the most cost-effective option at $5492.62 I$/DALY averted. Deterministic 

sensitivity analyses showed that the proportion of women successfully linked to treatment significantly 

impacted the cost-effectiveness of “HPV& treat” options. Future studies to assess programmatic costs 

from the perspective of the Kenyan Ministry of Health to inform national scale-up of CHCs are needed.  
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CHAPTER 1. SPECIFIC AIMS 
 

 

Specific Aim 1:  

To compare the clinical validity of hr-HPV mRNA detection assays to detect high-grade cervical lesions 

or more severe (≥HSIL) as the clinical endpoint for self-collected vaginal specimens (“wet self” versus 

“dry self”), compared to hr-HPV mRNA detection of physician-collected cervical specimens; and to VIA. 

Hypothesis: There will be similar clinical validity for CIN2+ detection of wet versus dry self-collected 

tests for ≥HSIL. HPV mRNA tests will have a higher clinical sensitivity than VIA and conventional 

cytology for ≥HSIL detection. 

Each study participant provided self-collected cervical specimens (“wet self” and “dry self”) and 

underwent pelvic speculum exam for physician-collection of HPV samples, VIA, and cytology. 

We will compare the prevalence of detected abnormal results of each screening test and assess 

agreement using kappa statistic. We calculated the sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value (NPV) to detect ≥HSIL for (i) self-collected dry HPV 

mRNA; (ii) self-collected wet HPV mRNA; (iii) physician-collected hr-HPV RNA; and (iv) VIA. 

 

Specific Aim 2:  

To assess the health impact and incremental cost-effectiveness of the following four screening strategies 

each using community health campaigns for self-collected HPV testing: (1) followed by VIA to assess 

appropriateness of cryotherapy (“HPV & Treat”) with standard linkage to treatment; (2) “HPV & Treat” 

with enhanced linkage to treatment; (3) followed by VIA screening for triage (“HPV+VIA & Treat”) with 

standard linkage to treatment; and (4) “HPV+VIA & Treat” followed by VIA screening for triage with 

enhanced linkage to treatment.  
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\Hypothesis: Community-based HPV self-screening using the “HPV & Treat” strategy with enhanced 

linkage to treatment will lead to the most substantial reduction in disability-adjusted life years at the 

lowest cost, relative to the next less expensive or effective alternative. 

We compared the screening strategies to the standard of care in Kenya, which is no screening due 

to low screening coverage. We modeled population health outcomes (disability-adjusted life years 

[DALYs]) for each relevant arm and used these estimates to calculate incremental cost-

effectiveness ratios (ICERs), expressed in International dollars per DALY averted. 
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CHAPTER 2. BACKGROUND AND SIGNIFICANCE 

 

Human Papillomavirus and Cervical Cancer 

 

Persistent infection with high-risk human papillomavirus (hr-HPV) is the necessary cause of 

cervical cancer(1) and its precursor lesions (cervical intraepithelial neoplasia or CIN). Globally, HPV 

infection is the most common sexually transmitted infection. Based on a pooled meta-analysis of 194 

studies conducted worldwide using polymerase chain reaction (PCR) for HPV detection among women 

with normal cervical cytology, the global prevalence of HPV is around 11-12%(2). There is considerable 

variation in HPV prevalence by global region: the highest prevalence of HPV was measured in sub-

Saharan Africa (24%) and Eastern Europe (21%)(3). Particularly high prevalence of HPV was observed 

in Eastern Africa, where prevalence exceeds 30%.  

 The prevalence of HPV infection includes a mix of both incident and persistent infections that 

may have accumulated due to poor clearance among the population(4, 5). While the majority (90%) of 

new HPV infections at any age point regress or clear in 6-18 months(6), persistent infection of high-risk 

HPV (hr-HPV) types result in progression to high-grade CIN. High-grade CIN is characterized by 

abnormal cell growth on the surface of the cervix, or the epithelial tissue (intraepithelial), and is 

categorized into three stages: low-grade neoplasia or CIN1, high-grade neoplasia CIN2, and CIN3, which 

is also known as stage 0 cervical carcinoma in situ(7). The probability of clearance of HPV depends on 

the duration of infection, i.e., the longer the period of infection, the less likely the infection will clear(8). 

Established risk factors for persistent HPV infection include immunodeficiency and infection with high-

risk HPV DNA-types (9).  

Currently, more than 200 types of HPV have been identified, of which 40 can spread through 

direct sexual contact through vaginal, anal, and oral sex(10). Sexually transmitted HPV types are 

categorized as either low-risk HPV, which can lead to genital skin warts, or high-risk HPV, which can 
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cause cancer. The International Agency for Research on Cancer (IARC) first classified two types of HPV, 

HPV 16 and HPV 18, as cervical carcinogens or hr-HPV in 1995(11). Subsequently, IARC expanded the 

group of cervical carcinogens in 2005 to include the following 11 types: HPV 31, HPV 33, HPV 35, HPV 

39, HPV 45, HPV 51, HPV 52, HPV 56, HPV 58, HPV 59 and HPV 66. Worldwide, HPV 16 and HPV 

18 DNA types are the most common HPV-types identified in cervical cancer cases, with a combined 

prevalence of ~70%(12).  

In sub-Saharan Africa (SSA), HPV prevalence among women with normal cytology varies by 

country and ranges from 3.2% to 47.9% with higher prevalence among HIV positive women (13). Similar 

to global estimates, the most common HPV type identified in invasive cervical cancer cases is HPV 16 

and ranges from 38.5% to 81.8% prevalence among sub-Saharan African women (13). In Kenya, HPV 

prevalence among women with normal cytology attending a family planning clinic was 40.3%(14). 

 

Cervical Cancer Screening  

 

Globally, cervical cancer is the most widely screened cancer in both high- and middle-income 

countries(15). Successfully integrated population-based cervical cytology screening programs through 

regular Papanicolaou (Pap) smear testing have reduced cervical cancer incidence and mortality by 80% in 

developed countries in the past seven decades, including North America, Australia, and New Zealand 

(16). Early detection by screening is effective to prevent cervical cancer due to cancer’s long preclinical 

detection phase consisting of slowly progressing precancerous or precursor lesions such as CIN2 and 

CIN3. The precursor lesions may progress to invasive cervical cancer over 1 to 4 decades(17). With 

quality assurance and trained providers, cervical cancer screening tests can identify women with high-

grade lesions before the development of invasive cancer.  

 While the application of cervical cytology has led to dramatic decreases in cervical cancer 

incidence and mortality in developed countries, low- and middle-income countries (LMICs) have not seen 

similar success due to difficulty in establishing and maintaining effective cervical cytology programs.  

Cytology programs require developed healthcare infrastructure with significant resources, including 
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trained cytology technicians and cytopathologists. Consequently, unavailability of healthcare providers 

and low awareness and cost of available preventive services has led to low uptake of Pap smear screening, 

despite the availability of opportunistic screening(18).  For example, in Kenya in 2001-2002, only 3.2% 

of women were estimated to have undergone cytology-based screening in the past three years (19), 

compared to 40% globally. Additionally, following a positive cytology test, women are required to 

follow-up for treatment, which requires resources and skilled personnel that are mostly lacking in 

developing countries. Further barriers to cytology-based screening programs include the need for referral 

to urban or distant health facilities for screening and treatment, and the long waiting times for cytology 

results(20).  

 In addition to logistical barriers of cytology-based screening programs, limitations in cytology 

testing exist. Pap smear interpretation is inconsistent across providers and cytopathologists(21, 22). The 

ASCUS-LSIL Triage Study (ALTS), a randomized control trial (RCT) conducted in the US on the 

management and interpretation of cytology test results found that quality control reviewer interpretation 

of low-grade squamous intraepithelial lesion (LSIL) concurred with the original interpretation in 68% of 

cases, and in 47% of high-grade squamous intraepithelial lesion (HSIL) cases(22). Additionally, Pap 

smears have low sensitivity for detecting CIN 2+(range 20-35%), i.e., Pap smears frequently miss cases 

of CIN2+(23). 

 To meet the needs of developing countries, direct naked-eye visualization of the cervix after 

application of acetic acid or Lugol’s Iodine, also known as VIA or VILI respectively, has been widely 

used and evaluated as a screening strategy in a low resource setting. This test requires few resources and 

is simple to implement. VIA provides immediate results and can be used towards the successful 

implementation of the “see and treat” strategy recommended for low-resource settings by the World 

Health Organization (WHO). The single-visit “see and treat” strategy leads to immediate treatment with 

cryotherapy or thermocoagulation LEEP to women who have screened positive without clinical evidence 

of cancer. Visual inspection methods are more sensitive but less specific than Pap smears(24, 25). A 

randomized controlled trial conducted in India demonstrated that VIA is an effective method to prevent 
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cervical cancer-related morbidity and mortality in LMICs(26), however, there is wide variability in the 

literature of reported sensitivity and specificity of visual inspection methods(25, 27-29). The low 

specificity of visual inspection methods may lead to overtreatment, which is of significant concern in 

resource-limited settings due to constrained treatment availability and resource allocation(29). 

 The latest development in cervical cancer screening has been the advent of molecular testing for 

HPV DNA detection. Molecular HPV testing provides an objective and highly reproducible test 

result(30). Advantages of hr-HPV testing as a primary screening tool include, it can be tested by high 

through-put laboratory processing with built-in quality control measures, can be used to triage women at 

higher risk for developing cervical cancer, and provides a dichotomous, easy to interpret result for 

providers(31, 32). Moreover, the clinical sensitivity of hr-HPV testing for the detection of CIN2+ is about 

90-95%, which is higher than conventional cytology and may lead to earlier diagnosis and lower 

incidence of high-grade cervical neoplasia(33-35). However, hr-HPV DNA has a lower specificity 

(30.6%) (36)  than cytology tests (60-95%) (37) for the detection of high-grade cervical neoplasia as the 

majority of HPV infections are transient and will not lead to high-grade lesions. The low specificity of hr-

HPV for the detection of high-grade lesions may lead to unnecessary follow-up, psychosocial distress, 

and overtreatment(36, 38-41). Alternative screening methods to alleviate the concerns of overtreatment 

and higher test specificity to avoid unnecessary referral or treatment are necessary for optimal 

programming in resource-limited settings.  

 

High-risk HPV mRNA  

 

 An alternative to HPV DNA testing is to test for hr-HPV mRNA (messenger RNA or mRNA) for 

the detection of HPV. HPV infection occurs in the epithelium and specifically targets keratinocytes. The 

virus cannot replicate on its own and relies heavily on the cellular division and stratification of the 

epithelium starting from the basal layer upwards towards the suprabasal layers(42). The HPV uses the 

cellular division process to replicate and produce new viruses allowing for viral genome amplification to 

occur. The E6 and E7 oncoproteins play crucial roles in this process and enable the virus to maintain cell 
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proliferation targeting diverse cellular pathways involved in the cell cycle. During this process, while the 

HPV infection may be transient, there is low expression of E6/E7 to maintain viral replication(43). 

Through persistent infection of HPV, the viral DNA becomes randomly integrated into the host genome. 

Once the virus has integrated, the expression of E6 and E7 oncoproteins become deregulated, leading to 

cell immortalization and the promotion of irregular cell growth by inactivating the tumor suppressor 

protein p53 protein(42). Overexpression of E6 and E7 are strictly required for the development of cervical 

cancer. As such, testing for HPV mRNA may improve specificity for high-grade lesions detection 

compared with HPV DNA as it may be able to distinguish between transient and persistent HPV 

infections or those that may progress to invasive disease(43).  

Currently, there are two commercial assays available to detect E6/E7 mRNA: 

PreTect® (BioMerieux) and APTIMA® (GenProbe). These two assays detect different sets of hr-HPV; 

PreTect can only detect 5 types, including HPV 16, 18, 31, 33, and 45, while APTIMA® can detect 14 

types of hr-HPV (HPV 16, 18, 31, 33, 39, 45, 41, 52, 56, 58, 69, 66, 68). Several studies to assess the 

detection and role of HPV mRNA in cervical neoplasia development have been conducted(44-48).  These 

studies suggest that mRNA assays and testing methods could be a more powerful screening tool than 

HPV DNA testing for prediction of the risk of progression of CIN2+ to invasive disease due to its high 

specificity. In a meta-analysis conducted to summarize studies conducted to evaluate HPV mRNA against 

HPV DNA testing for detection of CIN2+, sensitivity of HPV mRNA testing for CIN2+ detection 

depended on the assay used; for the PreTect assay, sensitivity ranged from 0.41 to 0.86, but was higher 

for APTIMA and ranged from 0.90 to 0.95(43). Specificity also varied based on the assay used and 

ranged from 0.63 to 0.97 and from 0.42 to 0.61 when the PreTect or the APTIMA assay were used, 

respectively. Variability in assay performance may be attributable to types of hr-HPV detected. Due to the 

high degree of heterogeneity across studies included in the review, the authors were unable to pool the 

data and concluded that mRNA tests have diagnostic relevance, but additional studies are needed to make 

conclusions on the clinical utility of HPV mRNA testing. 
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Few studies to compare self- to physician-collected sampling of HPV mRNA testing have been 

conducted (49-55) (Table 2.1), although several have been done to assess self-collected samples for HPV 

DNA detection(56).  Studies to evaluate HPV mRNA testing through self-collection vary widely in 

outcome used as the gold standard to calculate sensitivity and specificity of mRNA testing methods.  

 

Self-Collection for Cervical Cancer Screening  

 

 A significant benefit of HPV molecular testing is that self-collected specimens can be used to test 

for the presence of HPV. Studies that have evaluated the validity of HPV DNA tests to detect high-grade 

cervical disease have shown that the sensitivity of self-collected samples for CIN2+ detection is high 

[76% (95% CI: 69-82)], but lower than provider-collected [91% (95% CI: 87-94)] samples (Table 2.1) 

(57-61). Using self-collected methods for hr-HPV detection has been suggested as one way to increase 

cervical cancer screening coverage in low-resource settings(31). Self-sampling may remove known 

barriers to clinic-based testing such as cost, fear of speculum examination conducted by a health provider, 

cultural and religious barriers, and feelings of embarrassment and inconvenience. (62), In Kenya, 

perceived barriers of cervical cancer screening among health care providers include staffing shortages, 

lack of adequately trained staff, female patient discomfort with male providers, wait time of patients, and 

patient’s fear of pain caused by the speculum exam(63). Additionally, self-sampling for HPV testing is 

highly acceptable among women and patients frequently report preference for self-collection over 

physician-collection due to factors such as ease and privacy(64).  

 

Dry versus Wet HPV DNA Collection  

 

Numerous studies have been conducted with a diversity of individual self-sampling devices; 

however, little attention has been given to the direct comparison of different self-sampling devices. There 

are a wide variety of self-collection methods available such as swabs, brushes, tampons, pads and 

cervicovaginal lavages. The majority of devices used to self-collect cervical or vaginal samples for HPV 
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detection are placed in a liquid transport medium at the time of collection. Impractical and higher cost 

aspects of liquid transport may hinder the widespread use of self-collection methods; mainly as self-

collection methods are particularly useful for hard-to-reach women to alleviate costs associated with 

screening. A dry swab, without the need for liquid transport medium, could potentially offer advantages 

in terms of collection, cost, and shipment. Additionally, dry storage of self-collected samples could 

reduce the potential for spillage and leakage during collection and transit of samples stored in liquid 

transport solutions.  

Prior studies have evaluated the use and feasibility of dry transport of vaginal or cervical samples 

for STD testing, and these demonstrated good agreement between dry and wet collection and 

transportation methods for detecting sexually transmitted infections, including Neisseria gonorrhea and 

Chlamydia trachomatis(65). Shipped samples have the potential for loss of HPV DNA through 

degradation(66, 67), and degradation may occur more frequently in samples transported in a dry state 

(Feng 2010). Prior studies conducted to assess self-collected dry vs. wet stored samples of HPV DNA 

have been conducted(68-80) (Table 2.2). These studies have generally identified good agreement based 

on kappa statistics between the two dry and wet stored samples. These results indicate that dry storage 

and transport of HPV DNA samples is a feasible option. However, prior studies have not evaluated or 

compared dry storage of HPV mRNA samples to wet self-collected samples. HPV mRNA is less stable 

than HPV DNA, and the potential for degradation is higher(81). As such, for implementation of HPV 

mRNA testing suitable for low-resource settings, evaluation of dry versus wet HPV mRNA self-collected 

samples is crucial.  

 

Cost-Effectiveness of Cervical Cancer Screening in Low- Resource Settings 

 

To optimize cervical cancer screening delivery, cost-effectiveness analyses are needed to provide 

a systematic approach to evaluate potential alternatives while considering both cost and health outcomes 

associated with each evaluated strategy. In light of inadequate screening coverage and unavailability of 

adequate screening services globally, studies to assess the cost-effectiveness of different cervical cancer 
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screening methods in low- and middle-income countries have been conducted(82). Cervical cancer 

screening technologies that have been evaluated include cytology, VIA, provider-collected HPV DNA 

testing and self-collected HPV DNA testing(82). A recent systematic review of cervical cancer screening 

in LMICs found that cytology is the least efficient screening method to implement in low-resource 

countries, as it was dominated by HPV testing or VIA in nine of the thirteen studies that evaluated 

cytology(82). However, self-collection for HPV DNA testing was found to be the most cost-effective 

when it yielded high population coverage over other screening methods (83). High-population coverage 

of HPV self-screening methods is key to achieving successful cervical cancer prevention programs in 

LMICs. 

 Community health campaigns (CHCs) are a viable strategy to deliver preventive services in 

LMICs. CHCs occur over a short duration and can provide preventive services to a high volume of people 

leading to high-population coverage. When repeated intermittently, CHCs have been successfully utilized 

to improve uptake of several preventive health services including, malaria prevention(83), hypertension 

and diabetes prevention(84), mental health services(85), and tuberculosis screening(86). Community-

based approaches to cervical cancer screening have been found to improve cancer screening coverage, 

particularly among those groups known as “hard-to-reach” populations. When cervical cancer screening 

options are limited to clinic-based screening, low screening coverage is mainly attributable to the high 

proportion of women who do not visit government clinics due to reasons such as time, cost, travel 

barriers, and cultural factors(87). Effective community-based interventions are sustainable and can 

overcome known barriers to screening when tailored to the needs of the target population(88). Periodic, 

short-term community-based approaches to screening, mainly using self-collection screening methods, 

can alleviate barriers identified in Kenya, including the need for an initial pelvic exam and discomfort of 

patients with providers. In fact, a pilot conducted in Kenya of a community-based approach to cervical 

cancer screening found that the campaign had high-attendance, a high screening uptake (>95%), and was 

accepted by providers(89).  
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A crucial aspect of successful community-based cervical cancer screening is to assure that 

appropriate follow-up is available to women who screen-positive with successful linkage to treatment. 

Additionally, an advantage of community-based screening versus a clinic-based screening model is that 

only women who screen-positive for HPV will need to access treatment for follow-up which reduces the 

burden on the health care facilities and optimizes resource allocation for treatment of cervical cancer 

neoplasia. Although not previously tested in cervical cancer screening strategies, alternative methods to 

enhance linkage to treatment and improved follow-up have been evaluated in other reproductive health 

campaigns in Kenya such as text messaging, vouchers, and mobile treatment units(90-92). Assessing the 

effectiveness and associated costs of community-approved strategies to link HPV-positive screened 

women to treatment will be vital in identifying a cost-effective cervical cancer screening strategy.  

Limited studies have evaluated the cost-effectiveness of community-based cervical cancer 

screening, and none have been conducted in Kenya. In Uganda, a cost-effectiveness analysis to assess 

home-based HPV self-collection in comparison to VIA found that HPV self-collection screening followed 

by immediate treatment (screen-and-treat strategy) was the most cost-effective cervical cancer screening 

strategy. Home-based HPV self-collected reduced the lifetime absolute risk of cervical cancer from 4.2% 

to 3.5% with an ICER of $130 per year of life saved when performed once per lifetime(93).  
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Table 2.1: Summary of Studies Conducted to Evaluate HPV mRNA detection in self- versus physician-collected samples using various 

disease endpoints  

       Self-Collection Physician-Collection 

Author  

(year) Country N 

Median/ 

Mean Age Population 

Outcome/

Gold 

standard 

Sample 

Device Sensitivity Specificity Sensitivity Specificity 

Asciutto 

(2018) 
Sweden 209 30 (20-68) 

Women 

attending 

colposcopy 

clinic 

≥HSIL Swab 
86%  

(75-93) 

48% 

(38-58) 

100% 

(95-100) 

49% 

(39-59) 

Adamson 

(2015) 

South 

Africa 
325 42 (35-48) 

HIV positive 

women at 

colposcopy 

clinic 

Clinician-

sampled 

HPV 

mRNA 

Tampon 
77%  

(69-85) 

78% 

(72-84) 
- - 

Chernesky 

(2014) 
Canada 30 39 

Women 

attending 

colposcopy 

clinic 

CIN 2+ Brush 
87% 

 (70-95) 

60% 

(56-64) 

80% 

(63-91) 

68% 

(64-72) 

Nieves 

(2013) 
Mexico 2049 39 (30-50) 

Population-

based 
≥CIN 3 Brush 

63%  

(35-85) 

93% 

(92-94) 

100% 

(78-100) 

94% 

(92-95) 

Ting 

(2013) 
Kenya 344 28 (18-49) 

Female sex 

workers, high-

risk 

≥HSIL Brush 
79%  

(55-95) 

75% 

(70-79) 

86%  

(62-98) 

73% 

(68-79) 
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Table 2.2: Comparison of sensitivity and specificity of high-risk HPV DNA testing of wet versus dry collected specimens 

Reference Country N 
Mean/Median 

Age 
Test Type 

Collection 

Device 

Outcome/Gold 

Standard Used 
Sensitivity Specificity 

Haguenoer 

(2014) 
France 722 30-65 Dry-Self collection Swab 

Physician-

collected 

89% 

(83-93) 

93% 

(90-95) 

    Wet-Self Collection Swab  
87% 

(81-92) 

91% 

(88-93) 

    
Wet-physician 

Collection 
Brush    

Catarino 

(2015) 
Geneva 130 42 (34-50) Dry-self collection 

FTA 

cartridge 
≥LSIL 

64% 

(45-78) 

39% 

(30-49) 

    Dry-self collection Swab  
85% 

(67-94) 

28% 

(20-38) 

    
Wet-physician 

collected 
Swab  

77% 

 (58-89) 

38% 

(29-48) 

Darlin 

(2013) 
Sweden 121 34 (18-65) Dry Self-collected Swab ≥HSIL 

81% 

(67-95) 

49% 

(37-60) 

    Physician-collected Brush  
90% 

(80-100) 

53% 

(42-65) 

Jentschke 

(2016) 
Germany 136 36 (17-78) Dry-self collection Brush CIN2+ 

90% 

(81-98) 

67% 

(57-77) 

    Dry-self collection Qvintip  
84% 

(73-84) 

69% 

(59-79) 

    Physician-collection Broom  
90% 

(81-98) 

64% 

(54-74) 

van Baars 

(2012) 
Netherlands 134 40 (21-66) Dry-self collection Brush CIN 2+ 81.50% 54.20% 

    Physician-collected Brush  88.90% 55.10% 

Khan 

(2014) 
London 495 20-69 Dry-Self collection Tampon CIN2+ 

76% 

(65-85) 

61% 

(56-66) 

    
Wet-physician 

collection 
Brush  

92% 

(83-97) 

46% 

(41-51) 
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CHAPTER 3. METHODS 

Specific Aim 1 

 

Study Population and Sample Collection Procedures 

The Mombasa Cohort is an open cohort study of female sex workers (FSWs) in Mombasa, 

Kenya, and approved by the Kenyatta National Hospital-University of Nairobi Ethics Review Committee 

(94, 95).  Participants of The Mombasa Cohort were recruited between February 1993 and December 

2012. Procedures for recruitment remained consistent throughout the enrollment period. Outreach 

meetings were conducted at bars around the Mombasa District one to two times each month. Additional 

meetings were coordinated through peer leaders who helped to identify venues and notify colleagues of 

sessions. During these informational sessions, outreach staff provided a talk on a health topic requested 

by the women of the community. Interested women were given a referral card and asked to visit the clinic 

site, located in the Ganjoni Municipal Communicable Disease Control Center. The Ganjoni Clinic has 

been a primary venue for FSW sexually transmitted infection (STI) testing and treatment in Mombasa for 

over 25 years. The criterion for inclusion into the cohort included: 1. Women over the age of 18 years; 

2. Residing in the Mombasa area; 3. Self-identifying as exchanging sex for payment in cash or in-

kind and 4. Able to provide informed consent.  

For this specific study, eligible women were invited to participate at the visit when they were 

scheduled to have specimen collection for Trichomonas vaginalis, chlamydia trachomatis, and Neisseria 

gonorrhea nucleic acid amplification testing (NAAT), based on their study timeline and enrollment date. 

Specimen collection for STI testing occurred periodically every three months. As such, enrollment into 

this validation study started in 2012 and ended in 2018. At this visit, they were provided with appropriate 

counseling on cervical cancer screening, which included information on potential risks and benefits, 

specific screening procedures they will undergo (experimental and non-experimental), risk and benefits 



 

15 

 

associated with these diagnosis procedures, options for treatment of confirmed high-grade pre-cancerous 

lesions or more severe, as well as the risks and benefits of early treatment. Interested women were asked 

to provide written informed consent, and their comprehension was assessed using a comprehension 

checklist. For this cross-sectional ancillary study, procedures were integrated into ongoing follow-up 

procedures for the Mombasa cohort, including the collection of standardized interview data 

(demographic, medical, obstetrical, sexual risk behavior), physical examination including a pelvic 

speculum examination, and laboratory diagnosis of STIs including HIV-1. We utilized convenience 

sampling to recruit 400 women over the age of 18 years. The exclusion criteria for this study included: 1. 

Women under the age of 18 years; 2. were currently pregnant; 3. Currently menstruating; 3. Have a 

previous history of hysterectomy or cervical conization; and 4. Women who have previously enrolled in a 

cervical cancer screening study.  

 

Specimen Collection for Self-Collected HPV mRNA Samples 

After providing written consent, participants were directed to a private area where they self-

collected genital specimens using provided cytobrushes. Genital specimen self-collection was performed 

according to verbal instructions complemented with pictorial illustrations. Generally, participants were 

required to squat and insert the cytobrush as far up into the vaginal vault as possible, rotating it 3-5 times 

then withdrawing. One cytobrush (Evalyn® brush) was placed whole in its provided carrier for dry-

storage to be tested for hr-HPV mRNA (“dry test”). The participants removed the tip of the second 

cytobrush (Rovers® Viba brush) and placed it into a plastic cryovial containing 1 ml of APTIMA 

GenProbe® liquid transport media tested for hr-HPV mRNA (“wet test”). After self-collection, 

participants detached the brush head of the cytobrush and deposited into the cryovial containing the 

APTIMA media. The APTIMA media is called PreservCyt™ Solution and is a methanol-based buffered 

preservative solution composed of methanol and water. The first 200 women were asked to perform self-

collection using the Evalyn® brush first followed by the Rovers® Viba brush. The next 200 women 

performed self-collection using the Rovers® Viba brush first followed by the Evalyn® brush. The 
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participants then returned the dry cytobrushes in their carriers and the vial with the tip of the Viba 

cytobrush to a study nurse who affixed labels with the participant’s unique identification number.   

  

Specimen Collection for Physician-Collected HPV mRNA Samples 

Participants then continued with regular Mombasa Cohort procedures, including a pelvic 

speculum examination with collection of vaginal and cervical specimens for diagnosis of STIs by study 

physicians. All clinicians in this study were trained and experienced in genital examination and specimen 

collection. After collection of genital samples per protocol for the Mombasa Cohort, the study physician 

collected a cervical specimen using a third cytobrush (GenProbe® brush). Sample collection was 

performed by inserting it into the cervical canal and rotating 3-5 times, withdrawing, and then rotating 

around the full circumference of the transformation zone. Unlike self-collected samples, clinician 

specimens were collected from the endocervix. The tip of this cytobrush was removed and also placed in 

a plastic vial containing PreservCyt™ Solution liquid transport media. The Evalyn® brushes were 

transported at room temperature to the research laboratory for hr-HPV mRNA testing. The tips of the 

other two cytobrushes (Rovers® Viba and GenProbe® brushes) were transported in liquid transport 

media to the research laboratory similarly for HPV mRNA testing. All specimens were archived and 

collected for external quality assurance (EQC) purposes as well as potential future testing.   

  

Visual Inspection with Acetic Acid (VIA) 

The study physician performed VIA on eligible participants. Participants were eligible for this 

procedure if the study physician was able to visualize a well-demarcated transformation zone and no part 

of the squamous-columnar junction (SCJ) within the cervical canal. If there was some bleeding due to the 

previous specimen collections, the study physician swabbed this away and waited for bleeding to stop 

before performing VIA. VIA was performed by blotting the cervix with a cotton-tipped swab soaked in 

dilute 3-5% acetic acid and inspecting after one minute. VIA was considered positive if inspection of the 
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cervical epithelium on the transformation zone after a minute revealed raised, thickened and well-

delineated areas of whitening.   

 

 Specimen Collection for Cytology Assessment 

Cytology assessment was performed using a Pap smear that was prepared using a wooden Ayre’s 

spatula rotated firmly around the full circumference of the transformation zone then lightly and evenly 

smeared across the surface of a glass slide labeled with the participant’s unique identification number and 

date of collection. An additional specimen was collected using an endocervical brush inserted about 2cm 

into the cervical canal, rotated 180º, and pulled straight out to ensure adequate sample collection from the 

cervix. The additional specimen was then smeared onto the same, labeled glass slide. Smears were 

immediately fixed using a commercial alcohol fixative provided in the collection kit and sent to the 

University of Nairobi, Nairobi, Kenya.   

 

Laboratory Procedures and HPV Testing  

Trained technologists at the research laboratory at Coast Provincial General Hospital (CPGH) 

carried out hr-HPV mRNA testing. Laboratory personnel was blinded to the results of the other screening 

tests. Self-sampled and physician-sampled genital specimens were tested for hr-HPV mRNA using the 

GenProbe APTIMA HPV Assay® which detects mRNA encoding the E6/E7 proteins from 14 high-risk 

HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). Specimen processing comprises 

three main steps:  Target capture, target amplification by Transcription-Mediated Amplification (TMA), 

and amplicon detection by the Hybridization Protection Assay (HPA).  

Briefly, cell specimens in the assay solution are lysed, releasing mRNA. The target HPV mRNA 

was captured by an oligonucleotide, which contains sequences complementary to specific regions of the 

target HPV mRNA. The captured oligonucleotide-target complex then hybridized with another 

oligonucleotide, which was attached to magnetic particles, resulting in a micro-particle containing the 

captured target HPV mRNA bound to it. This micro-particle was pulled to the side of the tube by magnets 
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and washed. The target HPV mRNA was then amplified by TMA. With the use of complementary probes 

with chemiluminescent labels, HPA detected the resulting amplicon. The light emitted from RNA-DNA 

hybrids was measured by a luminometer and reported as Relative Light Units (RLU). This process was 

automated on GenProbe’s Panther® platform, per the manufacturer’s instructions. 

 

Statistical Methods and Analytic Approach  

 The primary analyses of this Aim entailed the direct comparison of self-collected wet- versus dry-

HPV mRNA testing for the detection of high-grade squamous intraepithelial lesions (HSIL) and above. 

We calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive value 

(NPV) to detect HSIL or above for (i) self-collected dry HPV mRNA and (ii)self-collected wet HPV 

mRNA. We calculated differences in sensitivity and specificity between HPV testing types using Wald-

like confidence intervals(96). We evaluated preferences for HPV testing collection devices stratified by 

age and HIV status. We presented demographic variables of participants and prevalence of HPV by 

screening method stratified by HIV status.  

 

Specific Aim 2 

We estimated the incremental cost-effectiveness of the following strategies each using CHCs 

based HPV self-screening: (1) followed by VIA to assess appropriateness of cryotherapy (“HPV & 

Treat”) with standard linkage to treatment, and (2) “HPV & Treat” with enhanced linkage to treatment; 

and (3) followed by VIA screening for triage to treatment (“HPV+VIA & Treat”) with standard linkage 

to treatment; and (4) “HPV+VIA & Treat” with enhanced linkage to treatment.  

We developed a decision tree to estimate the impact of HPV screening and linkage to treatment in 

a hypothetical cohort of 1000 women aged 25-65 years of age in Migori County, in Kenya. The model 

explicitly portrays the paths from disease status, HPV infection, detection of HPV infection, the risks of 

clinical progression and disease characteristics, and outcomes with and without treatment. Base case 

values for the model were taken from the literature and include local epidemiology of HPV prevalence 
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and cervical cancer, the clinical course of HPV and cervical cancer, and the effectiveness of treatment 

with cryotherapy or LEEP. Programmatic assumptions were based on the delivery model, screening 

uptake, and treatment uptake of a clustered-randomized control trial conducted in Migori County, Kenya 

described below. We used cost data collected from the micro-costing analysis of screening and treatment 

associated costs measured through a clustered randomized control trial (RCT). Finally, we calculated 

incremental cost-effectiveness ratios defined as the cost (discounted per women cost) divided by the 

health benefit (discounted DALYs or disability-adjusted life years) of a screening strategy compared with 

the next most costly screening strategy, after eliminating strategies that were dominated (defined as either 

more costly or less effective).  

 

Study Design Overview  

Data for this cost-effectiveness analysis were collected from a 2-phase cluster-randomized trial in 

12 communities in western Kenya to evaluate an implementation strategy for a cervical cancer prevention 

protocol consistent with recommendations by the WHO and the Kenya Ministry of Health. Between 

January and November 2016, phase 1 of a cluster-randomized trial was carried out in 12 communities in 

Migori County, Kenya, to compare cervical cancer screening delivery strategies for hr-HPV testing 

offered using self-collected samples among women aged 25–65 years in CHCs versus government health 

facilities. Nyanza province is a low socioeconomic status area where about two-thirds of the population 

live in less than $1 per day and has the highest prevalence of HIV in Kenya at about 15%(97). The study 

target population were residents of included rural communities, women aged 25-65 years with an intact 

cervix and uterus. For this trial, a community was defined as follows: clusters of villages or sublocations 

within a defined administrative boundary with a total population between 5000 to 9500.  

Before the RCT was started, potential communities for inclusion were defined through a variety 

of strategies. Study communities were characterized using a combination of census data, health facility 

information, mapping, and prospective demographic data. To be eligible for this trial, communities had to 

have the following characteristics: (1) At least two government health facilities with capacity to provide 
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HPV testing; (2) Support from community leaders for the community outreach and community health 

campaigns; (3) Accessibility to health centers through a maintained transportation route; and (4) 

Sufficient distance from other potential study sites to limit contamination between arms. Communities 

were excluded if: (1) community was located in an urban area and (2) communities participating in a 

cluster-randomized trial of HIV testing through community-health campaigns.  

Communities of approximately 5000 to 9500 people in Migori which fit the above criteria were 

identified. Community size was estimated in two ways: (1) using 2009 Kenyan census data, including 

population growth estimates for 2015; and (2) population catchment areas as defined by the local health 

facilities assigned to cover these communities. The size of the target population of 25-65 years in each 

community was estimated in two ways: (1) a proportion of the estimated total population calculated using 

demographic data from an ongoing cluster-randomized trial; and (2) direct estimates of the number of 

eligible women by community health volunteers (CHVs) assigned to the health facilities in the study 

communities. Direct estimates of the number of eligible women were based on door-to-door enumeration 

completed by a prior large-scale community randomized trial in western Kenya(98).  Final communities 

were randomized to either intervention using 1:1 allocation sequence generated by Stata/11 MP.  

 

Study Procedures 

Phase 1 

The overall objective of Phase 1 of this trial was to assess the efficacy of clinic-based versus 

community-based HPV testing by comparing outcomes from communities randomized to clinic-based 

screening (control) to communities randomized to community-based screening using HPV testing 

(intervention) (Figure 1). During phase 1 of this trial, six communities were randomly assigned to 

community-based screening using HPV self-collected testing through a community health campaign. 

Community health-campaigns followed a 6-week timeline which consisted of outreach and mobilization 

(2-weeks), screening implementation in communities (2-weeks), and notification and standard referral to 

treatment (2-weeks). Before the community health campaign, a team of mobilizers from the community 
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met with community leaders and used posters, leaflets, and radio advertising to describe the dates and 

activities of the community health campaigns to encourage participation. The CHC moved from multiple 

sites over the two weeks, with approximately four days at each location, to reach the entire community. 

Health workers provided additional instructions about self-collection and collected a mobile number 

before dispensing the HPV kit. Women who did not have a mobile number were given instructions to go 

to the health facility closest to their homes to obtain their HPV results. Standard referral to treatment 

strategies included home visits, text messages, and phone calls. Women went to a private room in the 

CHC tent to self-collect the specimen and returned the collection kit to a health worker before leaving. A 

prior costing analysis conducted using Phase 1 data from this trial found the cost per woman screened 

through clinic-based screening was higher than that of CHC-based screening(97) and was therefore not in 

the scope of this dissertation.  

All women who tested positive for hr-HPV DNA were referred for treatment with cryotherapy. 

Pretreatment pelvic exam and VIA were conducted to determine whether a woman was eligible for cryo 

based on lesion appearance and lesion size. Women who had lesions too large, abnormal cervical 

anatomy, or any suspicion of invasive cervical disease were offered LEEP.  

 

Phase 2 

 The objective phase 2 of this trial was to assess the efficacy of standard referral to treatment 

compared to the community-driven enhanced linkage strategy. Community-health campaigns with 

enhanced linkage to treatment were carried out in an additional six communities. Recruitment and 

enrollment for Phase 2 took place before undergoing cervical cancer screening at the community health 

campaigns. Study activities in the enhanced intervention communities paralleled the activities described 

in Phase 1, with a few modifications. All six communities offered community-based HPV testing with the 

enhanced linkage strategy developed in partnership with the community. Community-based screening 

with enhanced linkage to treatment strategies included reminder text messages with updated messaging 

only sent to women who did not appear for their recommended treatment within three months after 
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receiving their positive test results and holding community health campaigns in locations within 

proximity to clinics where treatment is available (decentralization of treatment center). Additionally, 

during Phase 2, women who did not avail screening through the CHC were targeted for home-based 

screening described as a “mop-up” intervention.  

 

Costs  

 The health care costing evaluations were completed using a societal perspective and included 

costs to both the health care system and the patients. Costs to the health care system for cervical cancer 

screening through CHCs included: (1) outreach and mobilization, (2) community-based screening 

procedures, (3) notification and standard referral to both intervention and control communities, (4) 

notification and enhanced referral to treatment in intervention communities, and (5) costs of treatment. 

Activities costed from the patients’ perspective involved calculating productivity cost by placing a wage-

based value on an ill worker’s absenteeism, which was captured through the treatment information sheet.  

Data were collected on personnel time and associated costs to provide outreach and mobilization, 

community-based screening, notification and standard referral for treatment, notification and enhanced 

linkage to treatment, and treatment in each of the participating communities. Information on the other 

resources required, such as recurrent goods and services, equipment, and administrative support needed to 

deliver the screening program activities were also collected.  Costing included: 1) personnel; 2) recurring 

supplies and services; 3) capital goods and equipment, and 4) facility space. A uniform cost data 

collection protocol was used to quantify the resources and costs of the intervention in each of the study 

sites (CHCs, laboratories, and district hospitals). Data were obtained through administrative records 

review and interviews with administrative staff, finance staff, human resources staff and study staff, 

supplemented by “time and motion” studies as described below.   

A “time and motion” (T&M) analysis was conducted in addition to the collection of personnel 

time and cost data obtained via micro-costing workbooks(99). The T&M component involved structured 

self-documentation of provider activities throughout the workday, for a limited period, in the health 
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facilities and the CHCs during screening and treatment, to verify the time staff members devoted to 

specific activities. 

The micro-costing approach emphasizes resources (inputs) used for service delivery and includes 

the value of all supplies needed for services even if not paid for by the project. Thus, the full value of 

donated or subsidized inputs was assigned. For example, for facility costs, if facility space was not rented, 

the rental rate was estimated based on the average rental price of a similar facility in the market.  

Research costs were identified in the costing exercise but were excluded from the final cost calculations. 

The micro-costing workbook has an allocations section, which reflects the portion of each item’s time in 

use that is devoted to research. However, the objective of the costing evaluation was to determine the 

incremental cost and cost-effectiveness of the intervention as it would be implemented on a routine basis.   

Costs in local units (Kenyan Shillings or KSH) were inflated to 2018 KSH. Next, we converted 

KSH costs to International Dollars (I$) using purchasing power parity (ppp) exchange rates(100). A ppp 

exchange rate is the number of units of a country’s currency required to buy the same amount of goods 

and services as one U.S. Dollar would buy in the United States(100, 101). An International Dollar, 

therefore, is a hypothetical currency that is used to translate and compare costs of one country to the other 

using a common reference point, the US dollar. 

 

Analytic Approach  

The DALY is a societal measure of overall disease burden, expressed as the number of years lost 

due to poor health, disability, or premature death. DALYs accumulated due to a specific health condition 

are calculated as the sum of measures of life expectancy and adjusted quality of life due to disease or 

disability. Specifically, it is the sum of years of life lost (YLL) due to premature mortality in the 

population and years lived with a disability (YLD) for people living with the health condition or its 

consequences. Below is the formula:  

𝐷𝐴𝐿𝑌 = 𝑌𝐿𝐿 + 𝑌𝐿𝐷 

𝐻𝑒𝑟𝑒, 𝑌𝐿𝐿 = 𝑁 ∗ 𝐿  
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N = number of deaths  

L = standard life expectancy at the age of death in years  

               𝑌𝐿𝐷 = 𝑃 ∗ 𝐷𝑊 

  P = number of prevalent cases  

DW = disability weight  

A disability weight, which is used to calculate YLD, is a factor that reflects the severity of disease 

or disability on a scale from 0 (perfect health) to 1 (equivalent to death). We used the decision-tree model 

to calculate the incremental cost-effectiveness ratio (ICER), defined as the incremental cost per DALY 

averted when comparing cervical cancer screening strategies. We calculated ICERs compared to the 

current standard, which is no organized available screening, using baseline data of screening availability.  

The incremental cost-effectiveness ratio is calculated as follows  

𝐼𝐶𝐸𝑅 =  
𝐶1 −  𝐶0

𝐸1 −  𝐸0
 

              C1 = cost in intervention group                                       E1 = Effect in intervention group  

              C0 = cost in standard care group                                     E0 = Effect in standard care group  

 

We carried out one-way and probabilistic (multivariable) sensitivity analyses to assess the 

robustness of the assumptions of the model(102). During probabilistic sensitivity analysis, each input 

parameter is simultaneously varied across a given range of values from the parameter’s defined 

distribution. With each ‘draw,’ a new incremental cost and DALYs averted is calculated, as compared 

with the referent scenario (next least costly). The resulting point estimates were presented as ICER 

planes, representing the ICERs of 10,000 draws executed through Monte Carlo simulation. 
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Figure 3.1: Summary schematic of the cluster-randomized control trial conducted in Migori County, Kenya to assess alternative methods of 

cervical cancer screening delivery through community health campaigns. Data from this trial were used to inform programmatic assumptions and 

costs of cervical cancer screening delivery models included in the cost-effectiveness analysis described for Aim 2
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CHAPTER 4. HIGH-RISK HUMAN PAPILLOMAVIRUS mRNA TESTING OF WET- AND 

DRY- SELF-COLLECTED SPECIMENS FOR CERVICAL LESION DETECTION AMONG 

HIGH-RISK WOMEN IN KENYA 

 

Overview  

 

 High-risk HPV (hr-HPV) mRNA testing may improve cervical cancer screening. HR-HPV 

mRNA testing using self-collected specimens stored in liquid media (stored wet) has comparable 

performance to physician-collection.  HR-HPV mRNA with self-collected specimens stored dry could 

enhance the feasibility of specimen collection and storage; however, its performance is unknown. We 

compared the performance of hr-HPV mRNA testing with dry-and wet-stored self-collected specimens 

for detecting ≥HSIL.  

 From 2013 to 2018, a total of 399 female sex workers participated in this cross-sectional study. 

Participants provided two self-collected specimens: one stored dry(sc-DRY) using a Viba brush (Rovers), 

and one stored wet (sc-WET) with Aptima media (Hologic) using an Evalyn brush (Rovers). Two 

physician-collected specimens were collected for HPV mRNA testing (APTIMA) and conventional 

cytology. We estimated test characteristics for each hr-HPV screening method using conventional 

cytology as the gold standard. We also examined participant preference for sc-DRY and sc-WET.  

 HR-HPV mRNA positivity was higher in sc-WET (36.8%) than sc-DRY samples (31.8%). 

Prevalence of ≥HSIL was 6.9% (n = 27). Sensitivity of hr-HPV mRNA testing for detecting ≥HSIL was 

similar in sc-WET (85%, 95% CI: 66-96), and sc-DRY specimens (78%, 95% CI: 58-91). Specificity was 

65% (95% CI: 61-71) in sc-WET and 70%, (95% CI: 65-75) in sc-DRY specimens. Women preferred sc-

DRY specimen collection (46%) compared to sc-WET (31%). However, more women preferred 

physician-collection (64%) than self-collection (36%).  
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 Sc-DRY specimens appeared to perform similarly to sc-WET for the detection of ≥HSIL. 

However, women’s preference for either type of self-collection method was lower than physician-

collection. 

Background 

 

Invasive cervical cancer is caused by persistent infection with high-risk human papillomavirus 

(hr-HPV) (1). Although highly preventable through early detection and treatment of cervical precancerous 

lesions(103), cervical cancer remains the fourth most common cause of cancer-related morbidity and 

mortality among women worldwide(104). In high-resource countries, the successful implementation of 

cytology-based, or Papanicolaou (Pap) smear, screening has reduced cervical cancer incidence and 

mortality by about 80% (105, 106). However, there are several barriers to the implementation of 

cytology-based programs in low- and middle- income countries (LMICs), including limited healthcare 

infrastructure, reduced access to clinicians to conduct pelvic examinations, and fewer trained 

cytopathologists (107). Consequently, the burden of cervical cancer disproportionately impacts both never 

and under-screened women in LMICs, where nearly ~90% of the deaths attributable to cervical cancer 

occur(104, 108). In Kenya, where the estimated population-based screening coverage is estimated to be 

13%(109), cervical cancer is the leading cause of cancer-related mortality among women(104).  

The development of molecular-based laboratory assays to detect hr-HPV has recently changed the 

approach to cervical cancer screening(110-112). Evidence from randomized controlled trials shows that 

primary hr-HPV screening is more effective than cytology for the detection of high-grade precancerous 

lesions, with higher sensitivity and less frequent intervals required between screenings(110, 113, 114). 

Molecular hr-HPV testing has been associated with lower mortality attributable to cervical cancer(115, 

116) and offers the opportunity to implement cervical cancer screening programs using self-collected 

sampling by women themselves(33, 117).   Following World Health Organization 

recommendations(103),  LMICs are implementing molecular HPV testing as a primary screening 

tool(19). 
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Self-collection of cervicovaginal specimens for cervical cancer screening is a clinically valid 

method for hr-HPV testing, with the potential to circumvent barriers to clinic-based screening(21, 59, 

118-120). Additionally, sensitivity for the detection of high-grade cervical lesions using self-collected 

samples is equivalent to physician-collected samples(121). However, hr-HPV DNA testing does have 

limitations. For example, in populations and geographical areas where hr-HPV prevalence is high, 

providing HPV DNA testing may have notably low specificity for high-grade cervical lesions detection, 

two resulting in unnecessary follow-up procedures, and overburdening of referral clinics for treatment(54). 

One potential strategy to improve the specificity of cervical cancer screening is to test for hr-HPV 

mRNA of the oncogenic proteins E6 and E7, which may accurately predict progression to invasive 

disease(43). Few prior studies have evaluated the validity of using self-collected samples for HPV mRNA 

testing(49, 54, 122). These available data evaluating self-collection for HPV mRNA testing have been 

generated using samples stored in liquid transport media, which requires refrigeration and is relatively 

more costly than dry self-collection(72).  

The feasibility of self-collected sampling for hr-HPV testing with dry swabs transported stored at 

room temperature might facilitate more efficient screening strategies in LMICs.  To date, there is a lack of 

data on the performance of self-collection using brushes stored dry (sc-DRY) compared to self-collected 

samples stored wet in transport media (sc-WET) to evaluate the clinical validity for high-grade cervical 

lesion detection. We present here results comparing the performance of APTIMA hr-HPV mRNA 

(Hologic Corporation, San Diego, CA) testing using sc-DRY and sc-WET specimens for the detection of 

cytological high-grade cervical lesions or more severe (≥ HSIL) among female sex workers (FSWs) in 

Mombasa, Kenya. We also evaluated participants’ preferences for HPV sampling methods. 

Methods 

 

Study Population  

From August 2013 to April 2018, FSWs participating in a longitudinal cohort study of women at 

high risk of acquiring STIs and HIV in Mombasa, Kenya were invited to participate in this cross-sectional 

cervical cancer screening study. Study clinical procedures, including self- and physician-collection of 
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genital samples for HPV mRNA testing, were performed at the Ganjoni Health Centre in Mombasa. The 

Ganjoni Health Centre has been a primary research site for the Mombasa Cohort(123) and venue for STI 

testing and treatment among at-risk and HIV-positive women in Mombasa for over 25 years.  

Study procedures were integrated into the ongoing follow-up procedures for the Mombasa 

Cohort, as previously described(94, 95). Briefly, the Mombasa Cohort is an open cohort study of FSWs 

established in 1993 to provide high-quality care to at-risk women and supports research efforts of HIV 

prevention, treatment, and care. For participant recruitment, outreach meetings were conducted at popular 

sex work venues one to two times each month. During these meetings, outreach staff provided counseling 

on a health topic requested by the women of the community and general information describing the clinic. 

Interested women were provided with a referral card and invited to visit the Ganjoni Health Centre.  

The criterion for inclusion into the Mombasa Cohort included: 1. Women aged 18 years and 

above; 2. Residing in the Mombasa area; 3. Self-identifying as exchanging sex for payment in cash or in-

kind and 4. Able to provide informed consent. Eligible women were invited to participate in this cervical 

cancer screening study during the visit for specimen collection for Chlamydia trachomatis and Neisseria 

gonorrhea testing. We used convenience sampling to enroll women who agreed to participate from among 

those who were eligible and carried out enrollment to ensure half of participants were HIV-positive. 

Women were excluded from this study if they were currently pregnant or had a history of hysterectomy or 

treatment for cervical precancer. Participating women were counseled on the risks and benefits of cervical 

cancer screening, and administered a questionnaire to collect socio-demographic, reproductive, and sexual 

behavior data.  

 

Sample Collection  

Each woman was directed to a private room at the clinic to perform self-collection of genital 

specimens. A study nurse provided verbal instructions and pictorial diagrams with detailed instructions on 

self-collection were available in the private room. Participants were instructed to squat and insert a 

cytobrush up into the vaginal vault, rotating it 3-5 times, and then withdrawing. Each woman performed 



  

30 

 

self-collection using two different specimen brushes: (1) the Evalyn cytobrush (Rovers®, Netherlands) 

for dry self-collection (sc-DRY) and (2) the Viba cytobrush (Rovers®, Netherlands) for wet self-

collection (sc-WET), which included a plastic cryovial containing 1 ml of Aptima liquid transport media 

(Hologic®, USA). To minimize potential bias from the order of specimen collection, women assigned 

odd study numbers self-collected using the Evalyn brush first, while those with even study numbers self-

collected using the Viba cytobrush first.  

After self-collection, a study clinician performed a speculum-assisted pelvic examination to 

collect cervical specimens for hr-HPV mRNA testing. Physician-collection of cervical specimens from 

the endocervix was performed using a cervical specimen collection brush (Hologic®, USA). Similar to 

the Viba brush (for sc-WET), physician-collected specimens were stored in Aptima media. After 

specimen collection, the clinician performed visual inspection with acetic acid (VIA) and a conventional 

Pap smear for cytology assessment. All study clinicians had extensive training and experience in genital 

examination and specimen collection as part of the procedures in the Mombasa Cohort. Following the 

clinical examinations, women participated in a structured interview using a standardized questionnaire to 

assess their experiences undergoing self- and physician-collection. 

Conventional cytological smears were evaluated at the University of Nairobi and classified 

according to the 2001 Bethesda System. Two cytopathologists, who were blinded to HPV mRNA and 

VIA screening results, independently read all cytological smears. For discrepant cases, the final diagnosis 

was made after a consensus of the two reviewing cytopathologists. Positive screening results included any 

or a combination of the following: i. Positive HPV mRNA; ii. Abnormal cytology [ASCUS or greater 

(ASCUS+)] and iii. Abnormal VIA. All participants with a positive screening result were scheduled for a 

colposcopy examination with biopsy collection or endocervical curettage (ECC) for histological 

assessment. Women with histological cervical intraepithelial neoplasia stage two or above were referred 

to standard care and treatment at the Kenyatta National Hospital. All biopsy specimens were archived for 

external quality control and future testing.   
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HPV mRNA Lab Testing  

 The physician- and both self-collected samples were transported to the research laboratory at the 

Coast Provincial General Hospital (CPGH) for hr-HPV mRNA testing. Self-sampled and physician-

sampled genital specimens were tested for hr-HPV using the Hologic Corporation APTIMA HPV 

Assay® which detects mRNA encoding the E6/E7 proteins from 14 high-risk HPV types (16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, 66, and 68). Specimen processing comprises three main steps including, 

target capture, target amplification by Transcription-Mediated Amplification (TMA), and amplicon 

detection by the Hybridization Protection Assay (HPA) carried out according to the manufacturer’s 

instructions. This process was automated using Hologic’s Panther® platform by trained technologists.  

 

Statistical Analyses  

 Of 400 FSWs, one woman was missing hr-HPV mRNA testing results and excluded from 

analyses, resulting in a final sample of 399. Sociodemographic and sexual behavioral characteristics were 

assessed for all women and stratified by HIV-status using univariate analyses. Pairwise comparisons 

using McNemar’s test was conducted to assess differences in hr-HPV mRNA prevalence in sc-DRY and 

sc-WET sample specimens and in sc-WET versus physician-collection, which is included in the 

Appendix. Two-by-two tables were constructed to calculate sensitivity, specificity, positive predictive 

value (PPV), and negative predictive value (NPV) for the detection of ≥HSIL with 95% confidence 

intervals. Differences in sensitivity, specificity and predictive values of screening tests were assessed 

using a Wald‐type test with confidence intervals. We calculated prevalence differences with 95% 

confidence intervals to assess potential differences in preference of self-collection devices by age (<40 

years and ≥40 years).  

Sensitivity analyses were conducted to estimate PPV and NPV values of sc-DRY and sc-WET 

specimens for varying ≥HSIL prevalence to address concerns regarding the generalizability and 

transportability of findings. Currently, the World Health Organization (WHO) recommends cervical 

cancer screening to start as soon as a woman has tested positive for HIV, regardless of age(103). 
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Therefore, we present results stratified overall, and by HIV status. All statistical analyses were performed 

using SAS® 9.4.  

 

Results 

 

Participant Characteristics  

 Overall, the median age of women was 39 years (range 19-66) (Table 4.1). The prevalence of hr-

HPV mRNA appeared similar in physician- (34.4%), sc-WET (36.8%), and sc-DRY (31.8%) samples. 

Most women had 8 or fewer years of education (57%), and reported being divorced or widowed (62%). A 

higher proportion of women reported using either no contraception (35%) or condoms only (21%) during 

sexual acts.  

For all three individual HPV-mRNA screening tests, the prevalence of hr-HPV mRNA was 

higher among HIV-positive women compared to HIV-negative (sc-WET: PD 0.15, 95%CI: 0.06-0.24; sc-

DRY: PD 0.14, 95% CI: 0.04-0.23; physician: PD 0.19, 95% CI: 0.10-0.28). The prevalence of abnormal 

cytology (≥ASCUS) was 26.6% and was also higher among HIV-positive women (30.8%) than HIV-

negative women (22.8%) (PD: 0.06, 95% CI: 0.01-0.11).  

 

Concordance of hr-HPV mRNA detection between self-collected samples 

Overall, approximately one-third of women tested positive for hr-HPV mRNA using the self-

collected sampling stored wet (n=147, 36.8%) or stored dry (n=127; 31.8%). A quarter of women 

(97/387) were positive for hr-HPV mRNA with both sc-WET and sc-DRY samples, 12% (47/387) were 

hr-HPV mRNA positive using the sc-WET sample but not the sc-DRY sample, 6.9% (27/387) were 

positive for hr-HPV mRNA using the sc-DRY but not the sc-WET sample, and 55.8% (216/387) were 

negative for hr-HPV mRNA using both the sc-DRY and sc-WET samples (Table 4.2). Using the 

McNemar’s test for paired samples, hr-HPV mRNA positivity was higher in sc-WET samples compared 

sc-DRY (p = 0.02). High risk-HPV mRNA concordance was determined between sc-WET and sc-DRY 
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samples, stratified by cytology diagnosis. Twelve participants did not have cytology diagnoses available 

and were excluded from the stratification analyses.  

 

Performance of screening methods for the detection of ≥HSIL  

 The overall sensitivity of hr-HPV mRNA for ≥HSIL of sc-WET [85% (95% CI: 66-96)] and sc-

DRY [78% (95% CI: 58-91)] were comparable (Difference: -0.07, Wald 95% CI: -0.21 to 0.07) (Table 

4.3). Physician-collected samples for hr-HPV mRNA testing showed a similar sensitivity for ≥HSIL 

detection [93% (95% CI: 76-99] as sc-WET (Difference: -0.07, Wald 95% CI: -0.19 to 0.09) and sc-DRY 

(Difference: 0.15, Wald 95% CI: -0.02 to 0.32).  Overall, the specificity of hr-HPV mRNA for ≥HSIL 

detection was similar when comparing sc-WET to physician-collection (Difference: -0.03, 95% CI: -0.08 

to 0.01). However, specificity was lower for sc-WET [66% (61-71)] than sc-DRY [71% (66-76)] 

(Difference: -0.05, 95%CI: -0.10 to -0.00). The specificity of VIA for ≥HSIL was 56% (95% CI: 51-62).  

The positive predictive value was 16% (95% CI: 10-23) for sc-WET and 17 (95% CI: 11-25) % 

for sc-DRY. The physician-collection positive predictive value was 19% (95% CI: 12-26). Sensitivity 

analyses showed that for all three tests as the prevalence of ≥HSIL increases to 20%, the PPV increases to 

about ~40% and the NPV only decreases slightly (Table 4.6).  

 Of the 27 women with ≥HSIL 25 underwent colposcopy-directed biopsy as two women were lost 

to follow-up. Seventeen had histological ≥CIN2, and eight were considered disease negative (four CIN1 

and four normal histology). Of the 17 ≥CIN2 cases, all were positive for hr-HPV mRNA based on the 

physician-collected samples. However, four women were negative for hr-HPV mRNA based on the dry-

stored self-collected test, and one was negative for hr-HPV mRNA based on the wet-stored self-collected 

test. The specimen which was negative for hr-HPV mRNA based on the sc-WET test was also negative 

for hr-HPV mRNA based on the sc-DRY test.  
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Acceptability of self-collection methods  

 Overall, 144 (36%) of women reported preferring self-collection compared to physician-

collection (Table 4.5). Preference for self-collection did not appear to vary by age (<40 years: 39%; ≥40 

years: 32%; PD: 0.07, 95% CI: -0.03 to 0.16) or HIV status (HIV-positive: 44%; HIV-negative: 56%; PD: 

-0.07, 95% CI: -0.16 to 0.03). Women more frequently reported to prefer self-collection stored dry (46%) 

compared to storage in media (31%). Most women agreed that the Evalyn brush (used for dry storage) 

was comfortable to insert (88%), and came with instructions easy to understand (95%). About half of 

participants were concerned that the use of the Evalyn brush for self-collection might lead to pain (45%) 

and about 60% were concerned about properly using the Evalyn brush. Similar patterns were observed for 

the Viba brush (used for wet storage).  

 

Discussion  

 

To our knowledge, this is the first study to compare hr-HPV mRNA testing on self-collected wet- 

and dry-stored specimens to detect ≥HSIL. Among 399 FSWs in Kenya, high-risk HPV mRNA testing 

using self-collected samples stored wet and dry demonstrated similar sensitivity for ≥HSIL detection, 

although the specificity of dry-stored samples appeared higher. High-risk HPV mRNA positivity was 

similar in self-collected wet (36%) compared to physician-collected (34%), however, was lower in self-

collected dry brushes (32%).  Although we found high sensitivity and specificity of hr-HPV mRNA 

testing using self-collected samples for the detection of ≥HSIL, our cohort of Kenyan FSWs preferred 

physician-collection of cervical samples over self-collection methods for cervical cancer screening.  

Our results demonstrate that compared to wet-stored specimens, dry-stored specimens have 

similar test characteristics the detection of high-grade cervical lesions, indicating that dry-stored samples 

are a viable option for home-based cervical cancer screening programs. Prior studies have directly 

compared HPV DNA testing using self-collected specimens stored dry- and wet-stored, comparable 

sensitivities were found for the detection of CIN 2+(71, 74, 77), and ≥HSIL(70).  Sensitivity estimates of 

HPV DNA testing on dry-stored samples to detect high-grade cervical neoplasia or more severe was 
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similar to our study and ranged from 76% to 90%(70, 71, 74, 77). However, specificity for high-grade 

cervical neoplasia in prior studies of HPV DNA testing in dry versus wet stored samples was low for both 

self-collection methods(70, 71, 74, 77). Our results support prior studies that show high-risk HPV mRNA 

testing has improved specificity for high-grade cervical neoplasia compared to HPV DNA testing(124).  

The prevalence of hr-HPV mRNA based on self-collection specimens in our study was similar to 

other hr-HPV mRNA studies conducted in sub-Saharan Africa among high-risk groups. In a South 

African study of 325 HIV-infected women, the prevalence of hr-HPV mRNA based on self-collected 

samples was 43.5%(54), which is similar to the prevalence we found in HIV-positive women (44.6%, sc-

WET and 38.9%, sc-DRY). Among a cohort of 344 female sex workers in Nairobi, of which 25% were 

HIV positive, the prevalence of hr-HPV mRNA was 30%(49). Given that HPV DNA is typically detected 

at higher prevalence proportions than HPV mRNA within various populations studied(125-127), our 

study population has a notably high prevalence of hr-HPV infection.  

The high prevalence of hr-HPV underscores the need for more specific tests to reduce the 

potential for unnecessary referral and overtreatment in a resource-constrained setting. With a high NPV, 

high-risk HPV mRNA testing can effectively identify women at higher risk of developing high-grade by 

detecting oncogenic proteins E6 and E7. A low-cost method such as dry-stored self-collection for HPV 

mRNA testing has the potential to improve test specificity to identify those at the highest risk of 

developing invasive disease. Our study provides support for the potential integration of dry-stored hr-

HPV testing as a cervical cancer screening tool in areas with high prevalence of hr-HPV, such as sub-

Saharan Africa  

Among female sex workers in Kenya, we found that physician-collection was more frequently 

preferred than either self-collection method. These findings are inconsistent with prior studies that found 

that women generally reported preference of self-collection over physician-collected sampling for 

cervical cancer screening(64). A recent meta-analysis found that of 12,610 women, 59% (95% CI: 48%-

69%) reported preference for self-sampling compared to physician-collection(64). However, there was 

wide variability across individual studies (22% to 95% of respondents). In our study, women frequently 
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reported feeling concerned about hurting themselves when inserting the self-collection brush into their 

vaginal canal and also, expressed concerns about their ability to properly carry out self-collection. Our 

findings are similar to the results of a study conducted in Cameroon, which showed that while women 

found self-collection more comfortable, a higher proportion preferred physician-collection (62% vs. 29%) 

as they were concerned about the reliability of results(128). Indeed, factors facilitating uptake of HPV 

self-collection among women in Kenya include confidence in the ability to complete HPV self-sampling, 

proximity to screening sites, and feelings of privacy and comfort conducting the HPV self-sampling(129). 

Future research should address barriers to self-collection uptake to inform the implementation of cervical 

cancer screening programs in sub-Saharan Africa.  

 Our study approach has several advantages. First, this validation study was nested within an 

ongoing prospective study with established follow-up procedures, including HIV-positive women—a 

population at notably high-risk of cervical cancer.  Secondly, conventional cervical cytology slides were 

independently read by two cytopathologists to improve the accuracy of cytological diagnoses. Third, 

screening collection methods were performed sequentially on the same day, allowing for direct 

comparison of the samples collected. Additionally, we randomized each participant to either first 

complete self-collection for the dry-or wet-stored sample to ensure the order of procedures did not affect 

our results. Finally, we present novel data on the preference of self-collection for cervical cancer 

screening as few prior studies in sub-Saharan Africa have evaluated the acceptability of different 

collection methods for hr-HPV molecular testing in this region. Among study limitations, women 

participating in the Mombasa Cohort volunteer for research visits with regular HIV and STI screening; as 

such, our findings may not be generalizable to all women eligible for cervical cancer screening in LMICs. 

Our small sample size limited our ability to compare the agreement (using the κ statistic) between sc-

DRY and sc-WET in women with <HSIL compared with those with ≥HSIL. The interpretation of our 

analyses is limited due to few HSIL cases, although comparable to prior cervical cancer screening studies 

conducted in sub-Saharan Africa(49). Further research is needed to assess the use of dry-stored specimens 

HPV mRNA testing to detect high-grade cervical lesions in large cohorts to confirm our study findings.  



  

37 

 

In conclusion, using dry-stored specimens appears to be a viable option for hr-HPV mRNA 

testing due to the similar sensitivity and specificity of wet -stored self-collected hr-HPV testing for 

≥HSIL detection. The possibility of using dry-stored self-collected samples without the need of storage 

media would improve the utility of self-collection for hr-HPV testing. Utilizing dry stored methods could 

reduce the costs needed for the storage and transport of samples. Limited resources may then be focused 

on follow-up and treatment services for women who screen positive for hr-HPV, which would be ideal for 

resource-constrained settings. Additional research to address preferences and any barriers to self-

collection is crucial. 
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Table 4.1: Sociodemographic and Sexual Behavioral Characteristics of 399 Female Sex Workers in Mombasa, Kenya, 2013 -2018 

 

 Overall (n = 399)  HIV - Positive (n = 193)  HIV - Negative (n = 206) 

 n Median or %  n Median or %  n Median or %  

Characteristic       

Age, years (range)   39 (19-66)  42 (21-62)  34 (19-66) 

HPV (physician-collected)        

    Negative  262 65.7 108 55.9 154 74.8 

    Positive  137 34.3 85 44.0 52 25.2 

HPV (self-collected, stored wet)        

    Negative  252 63.2 107 55.4 145 70.4 

    Positive  147 36.8 86 44.6 61 29.6 

HPV (self-collected, stored dry)        

    Negative  272 68.2 118 61.1 154 74.8 

    Positive  127 31.8 75 38.9 52 25.2 

Cervical cytology*       

    Normal 284 73.4 128 69.2 156 77.2 

    ASCUS  56 14.5 26 14.1 30 14.9 

    LSIL  20 5.2 12 6.5 8 4.0 

    ≥ HSIL 27 6.9 19 10.3 8 4.0 

Sexually transmitted infections†        

   Chlamydia 11 2.8 2 1.0 9 4.4 

   Gonorrhea 10 2.5 4 2.1 6 2.9 

   Trichomonas vaginalis  17 4.3 13 6.7 4 1.9 

Education       

    ≤ 8 years  228 57.1 121 62.7 107 51.9 

    > 8 - 12 years 130 32.6 59 30.6 71 34.5 

   ≥13 years  41 10.3 13 6.7 28 13.6 

Marital status†       

   Never Married 136 34.9 48 24.7 89 43.2 

   Currently Married 7 1.8 3 1.6 4 1.9 

   Divorced/Widowed 247 63.3 140 72.2 107 51.9 
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Number of pregnancies (range)  2 (0 - 10)  2 (0 - 10)  2 (0 - 8) 

Number of live births (range) ‡   2 (0 - 7)  2 (0 - 7)  2 (0 - 7) 

Age at sexual debut, years (range) ‡   17 (9-29)  17 (11-25)  17 (9 - 29) 

Type of contraception currently used       

   None  138 34.6 78 40.4 60 29.1 

   Condoms only 83 20.8 34 17.6 49 23.8 

   Oral contraceptive pill 35 8.8 15 7.8 20 9.7 

   Depo Provera  85 21.3 43 22.3 42 20.4 

   IUD/Tubal ligation/Norplant 58 14.5 23 11.9 35 17.0 

Frequency of vaginal intercourse during the 

past week  (range) ‡   2 (0 - 60)  1 (0 - 30)  3 (0 - 60) 

Frequency of vaginal intercourse with 

condom during the past week  (range) ‡   1 (0 - 56)  1 (0 - 30)  2 (0 - 56) 

Number of sexual partners in the last 

working week  (range) ‡   1 (0 - 60)  1 (0-30)  2 (0 - 60) 

Number of new sexual partners in the last 

month (range) ‡   0 (0 - 40)  0 (0 - 40)  1 (0 - 40) 

Charge per transaction (KSh)  (range) §  400 (10 - 10,000)  275 (10 - 4000)  500 (10 - 10,000) 

Tobacco use (≥ 1 cigarette per day) § 68 17.0 28 14.5 40 19.4 

Alcohol use (≥ 1 drink per week) § 317 79.5 148 76.7 169 82.0 

 

Abbreviations: AHPV  - APTIMA hrHPV mRNA; Hologic/ San Diego, CA; ASCUS - Atypical squamous cells of undetermined significance; KSh 

- Kenyan Shilling 

* Numbers do not add up to 399 due to missing cytology or inadequate sample (Overall n = 11; HIV Positive n = 8; HIV Negative n = 4)  

† Samples for STI testing were collected by the study physician and are laboratory confirmed using APTIMA  

‡ Numbers do not add up to 399 due to missing values: marital status (n = 9); number of live births (n = 6); sexual debut (n = 9); frequency of 

vaginal intercourse (n = 11);  frequency of vaginal intercourse with condoms (n = 13); sexual partners in the last week (n = 11); new sexual partners 

(n = 13); 

§ Collected at enrollment into parent Mombasa Cohort study      
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Table 4.2: HPV mRNA detection agreement of self-collected samples stored wet (sc-WET) and stored dry (sc-DRY) samples, stratified by 

cytology diagnosis (n = 387) 

 

 

Total 

sc-WET+ 

Total  

sc-DRY+ 

sc-WET +  

sc-DRY + 

sc-WET +  

sc-DRY - 

sc-WET -  

sc-DRY + 

sc-WET -  

sc-DRY - 

 

P* 

 

Overall  147 127 97 47 27 216 0.03 

NILM (n = 284) 90 75 52 38 23 171 0.07 

ASCUS (n = 56) 23 21 19 4 2 31 0.69 

LSIL (n = 20) 8 7 6 2 1 11 1.00 

HSIL (n = 27) 23 21 20 3 1 3 0.62 

Missing cytology  

(n = 11) 3 9 3 0 0 9 - 

 

Abbreviations: sc-WET+: Positive for self-collected sample stored wet in preservation media; sc-WET- : Negative for self-collected sample 

stored dry; sc-DRY+ : Positive for self-collected sample stored dry; sc-DRY- : Negative for self-collected sample stored dry; NILM: 

negative for intraepithelial lesions and malignancy; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade 

squamous intraepithelial lesions; HSIL: high-grade squamous intraepithelial lesions; CI: confidence intervals 

* Determined using McNemar’s test  
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Table 4.3: HPV mRNA detection agreement of self-collected wet- (sc-WET) and physician collected samples (PC) stratified by 

cytology diagnosis (n = 387) 

 

 

Total 

sc-WET+ 

Total  

PC+ 

sc-WET +  

PC + 

sc-WET +  

PC - 

sc-WET -  

PC + 

sc-WET -  

PC - 

 

P* 

 

Overall  147 137 106 41 31 221 0.24 

NILM (n = 284) 90 81 58 32 23 171 0.22 

ASCUS (n = 56) 23 23 18 5 5 28 1.00 

LSIL (n = 20) 8 6 5 3 1 11 0.32 

HSIL (n = 27) 23 25 23 0 2 2 0.16 

Missing cytology  

(n = 11) 3 2 2 1 1 9 
- 

 

Abbreviations: sc-WET+: Positive for self-collected sample stored wet; sc-WET- : Negative for self-collected sample stored dry; PC+ 

: Positive for physician-collected samples (stored wet); PC- : Negative for physician-collected samples (stored wet); NILM: negative 

for intraepithelial lesions and malignancy; ASCUS: atypical squamous cells of undetermined significance; LSIL: low-grade squamous 

intraepithelial lesions; HSIL: high-grade squamous intraepithelial lesions; CI: confidence intervals 

* Determined using McNemar’s test  
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 Table 4.4: Performance of HPV Testing of Physician-Collected, Wet Self-Collected, and Dry Self-Collected Specimens, and 

Visual Inspection with Acetic Acid (VIA) for the detection of cytological high-grade cervical lesions in 387 female sex workers 

in Mombasa, Kenya (2013-2018) 

  

Overall  

(n = 387) 

HIV Positive  

(n = 185) 

HIV Negative  

(n = 202) 

 ≥HSIL Prevalence 6.9% (n=27) 10.3% (n=19) 4.0% (n=8) 

Collection Method Sensitivity / Specificity for ≥ HSIL    

Physician-Collected     

 Sensitivity of HPV (95% CI) 93% (76-99) 95% (74-100) 88% (47-100) 

 Specificity of HPV (95% CI) 69% (64-74)  61% (53-68) 77% (70-83) 

 Positive Predictive Value (95% CI)  19% (12-26) 22% (13-32) 14% (6-26) 

 Negative Predictive Value (95% CI)  99% (97-100) 99% (95-100) 99% (96-100) 

     

Self-Collected 

stored Wet     

 Sensitivity of HPV (95% CI) 85% (66-96) 84% (60-97) 88% (47-100) 

 Specificity of HPV (95% CI) 66% (61-71) 60% (52-67) 72% (65-78) 

 Positive Predictive Value (95% CI)  16% (10-23) 19% (11-29) 12% (5-22) 

 Negative Predictive Value (95% CI)  98% (96-100) 97% (92-99) 99% (96-100) 

     

Self-Collected 

stored Dry     

 Sensitivity of HPV (95% CI) 78% (56-91) 74% (49-91) 88% (47-100) 

 Specificity of HPV (95% CI) 71% (66 - 76) 65% (57-72) 77% (70-83)  

 Positive Predictive Value (95% CI)  17% (11-25) 19% (11-31) 14% (6-26) 

 Negative Predictive Value (95% CI)  98% (95-99) 96% (90-99) 99% (96-100) 

     

VIA     

 Sensitivity of VIA (95% CI) 82% (62-94) 79% (54-93) 88% (47-100) 

 Specificity of VIA (95% CI) 56% (51- 62) 61% (53-68) 53% (45-60) 

 Positive Predictive Value (95% CI)  12% (8-18) 19% (11-29) 7% (3-14) 

 Negative Predictive Value (95% CI)  98% (94-99) 96% (90-99) 99% (95-100) 

Abbreviations: CI: confidence intervals; HIV: human immunodeficiency virus; HSIL: high-grade squamous intraepithelial 

lesions; VIA: visual inspection with acetic acid 
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Table 4.5: HPV sampling preference of dry (Evalyn Brush) and wet (Viba Brush) HPV mRNA self-collection among females sex 

workers in Mombasa, Kenya (n = 399)  

  Age Group   

 Overall (n = 399)  

< 40 years 

(n = 214) 

≥ 40 years  

(n = 185) 
PD (95% CI) 

HPV sample collection method preference     

    Physician-collection 255 (63.9) 130 (60.8) 125 (67.6) Ref. 

    Self-collection 144 (36.1) 84 (39.3) 60 (32.4) 0.07 (-0.03 to 0.16) 

Type of self-collection brush preference     

   No preference  91 (22.8) 34 (15.9) 57 (30.8) Ref. 

   Evalyn brush (self-collection stored dry) 184 (46.1) 108 (50.5) 76 (41.1) 0.18 (0.08 to 0.29) 

   Viba brush (self-collection stored wet in media)  124 (31.1) 72 (58.1) 52 (28.1) 0.20 (0.07 to 0.33) 

Was the Evalyn brush comfortable to insert?     

   Agree   354 (88.7) 193 (90.2) 161 (87.0) Ref.  

   Neither agree or disagree  1 (0.3) 0 (0.0) 1 (0.5) - 

   Disagree  44 (11.0) 21 (9.8) 23 (12.4) -0.03 (-0.09 to 0.03) 

Were the instructions for self-collection using the Evalyn 

brush easy to understand?    

 

   Agree 377 (94.5) 201 (93.9) 176 (95.1) Ref.  

   Neither agree or disagree 1 (0.3) 1 (0.5) 0 (0.0) - 

   Disagree  21 (5.3) 12 (5.6) 9 (4.9) 0.01 (-0.04 to 0.05)  

Were you concerned about hurting yourself using the 

Evalyn brush?    

 

   Agree  181 (45.4)  99 (46.3) 82 (44.3) Ref.  

   Neither agree or disagree 0 (0.0) 0 (0.0) 0 (0.0) - 

   Disagree  218 (54.6) 115 (53.7) 103 (55.7) -0.02 (-0.12 to 0.08) 

Were you concerned about using the Evalyn brush 

properly?    

 

   Agree  236 (59.2) 133 (62.2) 103 (55.7) Ref.  

   Neither agree or disagree 5 (1.3) 3 (1.4) 2 (1.1) - 

   Disagree  158 (39.6) 78 (36.5) 80 (43.2) -0.06 (-0.16 to 0.03)  

Was the Viba brush comfortable to insert?     

   Agree  313 (78.5) 162 (75.7) 151 (81.6)  Ref.  

   Neither agree or disagree 2 (0.5) 1 (0.5) 1 (0.5) - 

   Disagree  84 (21.1) 51 (23.8) 33 (17.8) 0.06 (-0.02 to 0.14) 
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Were the instructions for self-collection using the Viba 

brush easy to understand?    

 

   Agree 367 (92.0) 198 (92.5) 169 (91.4) Ref. 

   Neither agree or disagree 1 (0.3) 0 (0.0) 1 (0.5) - 

   Disagree  31 (7.8) 16 (7.5) 15 (8.1)  -0.01 (-0.06 to 0.05) 

Were you concerned about hurting yourself using the Viba 

brush?     

 

   Agree  218 (54.6) 124 (57.9) 94 (50.8) Ref.  

   Neither agree or disagree 4 (1.0) 2 (0.9) 2 (1.1) - 

   Disagree  177 (44.4) 88 (41.1) 89 (48.1) -0.07 (-0.17 to 0.03) 

Were you concerned about using the Viba brush properly?     

   Agree  252 (63.2) 146 (68.2) 106 (57.3) Ref.  

   Neither agree or disagree 9 (2.3) 5 (2.3) 4 (2.2) - 

   Disagree  138 (34.6) 63 (29.4) 75 (40.5) -0.11 (-0.20 to -0.01) 

Abbreviations: HPV, human papillomavirus; PD, prevalence difference; CI, confidence intervals; Ref, reference  
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Table 4.6: Sensitivity Analyses to Calculate PPV and NPV for varying prevalence of ≥HSIL  

HPV Test Type 

Prevalence of 

≥HSIL  

(Gold Standard) 

Positive Predictive Value  

(PPV) 

Negative Predictive Value 

(NPV) 

  (%)  Confidence Interval (%)  Confidence Interval 

Self-Collected stored 

Dry      

 5.0 12.5 9.9 15.6 98.4 96.8 99.2 

 7.5 18.1 14.5 22.2 97.5 95.1 98.8 

 10.0 23.2 18.9 28.1 96.7 93.4 98.3 

 12.5 28.0 23.1 33.5 95.7 91.7 97.9 

 15.0 32.4 27.0 38.3 94.8 90.0 97.4 

 17.5 36.6 30.8 42.8 93.8 88.2 96.9 

 20.0 40.5 34.4 46.8 92.8 86.3 96.3 

        

Self-Collected stored 

Wet        

 5.0 11.8 9.7 14.2 98.8 97.2 99.5 

 7.5 17.0 14.2 20.3 98.2 95.7 99.3 

 10.0 22.0 18.5 25.9 97.6 94.2 99.0 

 12.5 26.6 22.6 31.0 96.9 92.7 98.7 

 15.0 30.9 26.5 35.7 96.2 91.1 98.4 

 17.5 35.0 30.3 40.0 95.5 89.5 98.1 

 20.0 38.8 33.8 44.0 94.7 87.9 97.8 

        

Physician-Collected        

 5.0 13.8 11.7 16.2 99.4 97.9 99.9 

 7.5 19.7 16.9 22.9 99.1 96.8 99.8 

 10.0 25.2 21.8 28.9 98.8 95.7 99.7 

 12.5 30.2 26.4 34.3 98.5 94.5 99.6 

 15.0 34.8 30.7 39.2 98.2 93.3 99.5 

 17.5 39.1 34.7 43.7 97.8 92.1 99.4 

  20.0 43.1 38.5 47.8 97.4 90.8 99.3 
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Figure 4.1: Performance of HPV Testing of Physician-Collected, Wet Self-Collected, Dry Self-Collected 

and Visual Inspection with Acetic Acid Specimens for the detection of cytological high-grade cervical 

lesions in 387 female sex workers in Mombasa, Kenya (2013-2018) 
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Figure 4.2: Summary graph of sensitivity analyses conducted for HPV mRNA testing using physician-

collected, self-collected stored wet, and self-collected stored dry samples for the detection of ≥HSIL   

 

 

 

 

 

 

 

 

 

 

 

 

 



  

48 

 

 

 

 

 

CHAPTER 5. COST-EFFECTIVENESS OF COMMUNITY HEALTH CAMPAIGN 

STRATEGIES TO DELIVER SELF-COLLECTED HUMAN PAPILLOMAVIRUS-BASED 

TESTING FOR CERVICAL CANCER SCREENING IN KENYA 

 

 

 

Overview  

 

 Cervical cancer (CC) is the leading cause of cancer-related deaths among women in Kenya, with 

national CC screening coverage as low as 13% due to barriers to access and uptake. Using community 

health campaigns to deliver CC screening services is a potential solution to low uptake when paired with 

adequate access to treatment following a positive screening result. While HPV-based self-screening is 

known to be a cost-effective approach in low-resource settings, options for linkage to treatment after a 

woman has screened positive have not been evaluated. Data are needed to inform policymakers in Kenya 

on the cost-effectiveness of CC screening using different models of follow-up and linkage to treatment.  

The objective of this study was to evaluate the health outcomes (measured in disability-adjusted 

life years or DALYs), costs, and cost-effectiveness of four cervical cancer screening scenarios in Kenya, 

each using community health campaign (CHC) based HPV self-screening: (1) followed by VIA to assess 

appropriateness of cryotherapy (“HPV & Treat”), with standard linkage to treatment; (2) “HPV & Treat” 

with enhanced linkage to treatment; (3) followed by VIA screening for triage to treatment (“HPV+VIA & 

Treat”), with standard linkage to treatment; and (4) “HPV+VIA & Treat” with enhanced linkage to 

treatment. We modeled the screening delivery strategies and linkage to treatment methods based on a 

clustered randomized control trial carried out in Kenya.  

We created a decision tree model in Excel to estimate program and health care costs, outcomes, 

disability-adjusted life years (DALYs), and cost-effectiveness (net cost per DALY averted) for each 

screening scenario, over a 6-year time horizon for women aged 25-64 years. We used published literature 

to estimate test performance, and short- and long-term clinical outcomes. Cost data were collected during 
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a two-phase clustered-randomized trial of the scenarios conducted in Migori County, Kenya. 

Deterministic and probabilistic sensitivity analyses were conducted. 

Compared to strategies that used “HPV+VIA & Treat”, “HPV & Treat” strategies led to better 

health outcomes, as measured in DALYs and were more cost-effective due to fewer missed cases of 

CIN2+ eligible for treatment. More specifically, we found that compared to no screening, “HPV & Treat” 

with enhanced linkage to treatment was the most cost-effective option at $5,492.62 I$/DALY averted. 

Deterministic sensitivity analyses showed that the cost of screening and disability weights associated with 

screening most impacted the cost-effectiveness of “HPV & Treat” options.  

CHCs using HPV-based self-collection followed by “HPV & Treat” with enhanced linkage to 

treatment appears to be a cost-effective option for Kenya. Future studies to assess national programmatic 

costs from the perspective of the Kenyan Ministry of Health to inform scale-up of CHCs are needed. 

 

 

Background 

 

Cervical cancer is the leading cause of cancer-related deaths among women in sub-Saharan 

Africa, including Kenya (104). Although national estimates are unavailable, using data from the Nairobi 

Cancer Registry, 65% of women with cervical cancer die within one year of diagnosis in Kenya (130). 

Cervical cancer is highly preventable through screening, early detection, and treatment of cervical 

precursor lesions (103). Routine screening with Papanicolaou (Pap) smear testing has reduced cervical 

cancer incidence and mortality by at least 80% in high-income countries, such as the United States (105, 

106). However, the implementation of Pap-based programs in low-resource settings has not been feasible 

due to systemic national barriers, including few trained personnel or available clinics, particularly in rural 

areas, and limited healthcare budgets and infrastructure (107). In Kenya, where current screening efforts 

are limited to opportunistic screening with Pap testing or visual inspection with acetic acid (VIA), 

cervical cancer screening program coverage among women aged 30-49 years is only 13.8% nationwide 

and below 11% in rural areas, compared to the global coverage of 40%(131). To improve access to 
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cervical cancer prevention in low-resource settings, screening delivery methods that are cost-effective, 

simple to implement, and remove the need for pelvic speculum examination are needed.  

The World Health Organization recommends the use of VIA or testing for high-risk HPV (hr-

HPV) DNA, the necessary cause of cervical cancer, in low-resource countries (1, 132). Although VIA 

requires few resources, there is wide variability in the reported sensitivity and specificity of VIA for the 

detection of cervical neoplasia based on the setting, target population, and provider training (25, 27-29). 

Low sensitivity and specificity of VIA for the detection of cervical neoplasia may lead to missed cases if 

high-quality VIA testing cannot be assured(133). On the other hand, molecular hr-HPV DNA testing 

provides an effective, objective, and highly reproducible test result (30). Most importantly, molecular hr-

HPV DNA testing can be reliably conducted using self-collected samples(56, 121). Self-collection for hr-

HPV testing has the potential to increase the number of women screened by addressing frequently cited 

barriers to screening (62), including clinic accessibility, clinic-based staffing shortages, patient’s fear of 

pain caused from the speculum exam, and costs (63). Self-collected HPV testing has been shown to be 

cost-effective compared to VIA and cytology in low-resource settings when it yields population coverage 

gains over other screening methods (82).  

To effectively deliver hr-HPV DNA testing through self-collection in Kenya, high-population 

coverage of hr-HPV self-screening methods is needed with effective linkage to treatment once a woman 

screens positive for hr-HPV DNA. Community health campaigns (CHCs) are a viable and effective 

strategy to deliver cervical cancer screening in low-resource settings. CHCs occur over a short duration 

and can provide preventive services to a high volume of people. Community-based approaches to cervical 

cancer screening have been found to improve cancer screening coverage, particularly among those groups 

known as “hard-to-reach” populations(87).  In addition to adequate coverage as an advantage, CHCs 

provide an opportunity to link women who test hr-HPV-positive to treatment. Although not previously 

tested in cervical cancer screening strategies, alternative methods to improve linkage to treatment and 

follow-up have been evaluated in other reproductive health campaigns in Kenya such as text messaging, 

vouchers, and mobile treatment units (90-92). Assessing the effectiveness and associated costs of 
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community-based strategies to link hr-HPV positive women to treatment is crucial to identifying a 

screening strategy that will effectively reduce the burden of cervical neoplasia and subsequent invasive 

disease.   

To our knowledge, no prior studies have evaluated the cost-effectiveness of community health 

campaigns for cervical cancer screening delivery in Kenya or assessed alternative methods for linkage to 

treatment once a woman has screened positive for HPV. As governments and policymakers consider how 

to utilize national resources and achieve the most significant health impact, information on costs and cost-

effectiveness of cervical cancer screening delivery models is crucial to inform decision-making. Our 

objective was to assess the relative cost-effectiveness of four different scenarios each utilizing community 

health campaigns to deliver cervical cancer screening through self-collection for hr-HPV testing with 

alternative triage approaches for linkage to treatment in Kenya. We modeled the screening delivery 

strategies and linkage to treatment methods based on a clustered randomized control trial carried out in 

Kenya.  

 

Methods 

 

Overview  

We estimated the total costs, health outcomes measured in disability-adjusted life years (DALYs), 

and incremental cost-effectiveness of four strategies to deliver HPV-based cervical cancer screening using 

community health campaigns for a hypothetical cohort of 1000 women aged 25-65 years in Kenya. We 

constructed a decision-tree analytic model using ExcelTM 2016 (Microsoft Corp, Redmond, WA, USA) to 

compare the following four strategies over a 6-year time horizon, each using community health campaign 

(CHC) based HPV self-screening: (1) followed by VIA to assess appropriateness of cryotherapy (“HPV & 

Treat”), with standard linkage to treatment; (2) “HPV & Treat” with enhanced linkage to treatment; (3) 

followed by VIA screening for triage to treatment (“HPV+VIA & Treat”), with standard linkage to 

treatment; and (4) “HPV+VIA & Treat” with enhanced linkage to treatment. A simplified version of this 

model is portrayed in Figure 5.1. Additionally, we compared these four strategies to the standard of care 
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for cervical cancer screening in Kenya, which we assumed to be no screening due to low coverage in the 

population. The model was informed by screening and treatment uptake, follow-up, linkage to treatment 

strategies, and micro-costing data from a cluster-randomized control trial conducted in rural Migori 

County, Kenya. The primary outcome measure was the incremental cost-effectiveness ratio (ICER), 

defined as the incremental 2018 International Dollars (I$) per disability-adjusted life-year averted. Cost-

effectiveness was defined according to the WHO guidelines as an ICER ≤ 3 times the per capita gross 

domestic product (GDP). According to The World Bank, Kenya has an overall per capita GDP of 3461.4 

I$. (134). In keeping with guidelines on cost-effectiveness analyses, we discounted all costs and DALYs 

at a rate of 3% to account for time preferences(100) and evaluated costs from a societal perspective.   

 

Programmatic Assumptions and Screening Strategies  

Programmatic assumptions and screening strategies for this decision tree model were based on 

the health care delivery models implemented in a two-phase cluster-randomized control trial conducted to 

compare HPV-based cervical cancer screening in community-health campaigns using alternative methods 

for linkage to treatment following an HPV-positive test result. During Phase 1 of this trial, which 

occurred from January to November 2016, CHC-based screening delivery took place in six randomly-

selected communities for two weeks. Phase 1 also included clinic-based screening delivery; however, a 

prior costing evaluation found the cost per woman screened using clinic-based screening was much higher 

than CHC-based screening and thus was not included in this cost-effectiveness analysis(97).  

During the CHCs, there were three stages of workflow: outreach, screening, and notification. For 

outreach, members of the CHC team carried out stakeholder meetings, information sessions, door-to-door 

mobilization, announcements using public-address systems and posters. During the screening stage, the 

entire CHC team traveled to different areas of the CHC community every morning to set up tents. Each 

woman who visited the tent went through a sequence of screening activities: registration, group education, 

informed consent, and self-collection of screening specimens using the careHPV test kit. After two weeks 
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of screening, the CHC team moved into the notification of results and standard referral, which also lasted 

two weeks.  

During Phase 1, women were notified of their results and, if HPV positive, referred to treatment 

using “standard linkage” using text messages, phone calls, and home visits conducted by community 

health volunteers. Along with their test results, HPV-positive women were provided with instructions on 

appropriate follow-up as recommended by the Kenya Ministry of Health Guidelines(19). HPV-positive 

women in all communities received a standard referral to one treatment site located in Migori County 

Hospital for evaluation for treatment with cryotherapy, which was offered by a team of trained nurses. A 

pretreatment pelvic examination and VIA were performed to determine if a woman was eligible for 

cryotherapy. Women with lesions too large for cryotherapy or any suspicion of micro-invasive disease 

were offered Loop Electrosurgical Excision Procedure (LEEP); otherwise, all women were provided 

cryotherapy based on their positive HPV result (i.e. “HPV & Treat”)(103).  

Phase 2 of this trial occurred from February to October 2018 in another six rural communities. 

Similar to Phase 1, the implementation of the CHCs during phase 2 included three stages, outreach, 

screening, and notification of results with enhanced referral to treatment (i.e., enhanced linkage to 

treatment). There are two critical differences in the screening delivery model between Phase 1 and Phase 

2: (1) During Phase 2, women in the target age range who did not attend the CHCs for screening (46.4% 

of the target population) were offered home-based screening in November 2018, (2) “enhanced linkage” 

to treatment strategies were implemented. Enhanced linkage to treatment methods included reminder text 

messages with updated messaging only sent to women who did not appear for their recommended 

treatment within three months after receiving their positive test results and holding community health 

campaigns in locations within close proximity to clinics where treatment is available (decentralization of 

treatment center). During Phase 2, women were referred for treatment at a clinic in proximity to their 

respective communities; there were four treatment centers available, including the Migori County 

Hospital. Treatment procedures during phase 2 paralleled that of phase 1 described above.  
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For our decision tree model, we also compared the “HPV & Treat” strategy implemented in the 

trial to an alternative form of treatment triage. Currently, the Kenyan Ministry of Health Guidelines for 

cervical cancer screening recommends alternative types of “screen-and-treat” triage approaches following 

a positive HPV-test, where women are either referred to treatment based on the results of VIA screening 

and HPV-test (“HPV+VIA & Treat”), or based solely on the results of an HPV-test alone (“HPV & 

Treat”) (19, 103) (Figure 5.2). Using the “HPV+VIA & Treat” strategy, following a positive HPV test 

women are referred to VIA and if the VIA screening result is positive, women are referred to cryotherapy 

or LEEP, or colposcopy and biopsy if cancer is suspected. However, if the VIA result is negative, there is 

no follow-up or treatment. There is concern that HPV testing followed by VIA triage can compromise the 

sensitivity of the original test (HPV screening) and may miss some precancer among HPV-positive 

women. However, this may be a cost-saving strategy as not all women are treated.   

 

Model Structure and Health Inputs  

We carried out an in-depth literature review to identify the relevant probabilities of paths from 

true disease status, hr-HPV infection to detection (by clinical presentation or screening), the risks of 

clinical progression from cervical neoplasia to invasive cervical cancer, and potential outcomes with or 

without treatment as summarized in Table 5.1. Preference was given to data from sub-Saharan Africa and 

East Africa, but for outcomes with no such evidence available we prioritized utilizing data from 

longitudinal studies of the natural history of HPV in a low-resource country setting or meta-analyses. 

Disagreement over study eligibility, base-case estimates, transition probabilities, and disability weights 

was resolved by consensus among all authors, including clinical experts.  

Our model followed a hypothetical cohort of 1000 women aged 25-65 years starting with true 

disease status; women either had cervical intraepithelial neoplasia stage 2 and above (CIN2+) or were 

<CIN2 (i.e., disease negative). The probability of CIN2+ was 6.9% as reported by a meta-analysis with 

estimates from East Africa(135). We assumed that 100% of women with CIN2+ were positive for hr-

HPV DNA(136). Women with <CIN2 were either hr-HPV positive or hr-HPV negative based on the local 
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epidemiology of HPV infection(2). We utilized sensitivity and specificity estimates of self-collected HPV 

DNA testing (using careHPV) and VIA for the detection of CIN2+ from a multicountry evaluation of 

cervical cancer screening methods(137). Following screening, women either underwent cryotherapy or 

LEEP based on the size of their lesion or were lost to follow-up. As local data were unavailable, the 

probability of long-term outcomes (persistent or newly developed CIN2+ and cervical cancer) for women 

who were lost to follow-up or did not attend screening campaigns were estimated based on the risk 

estimates used to develop the latest American Society for Colposcopy and Cervical Pathology (ASCCP) 

cervical cancer screening and management guidelines(138).   

Among women who received treatment, we assumed the probability of LEEP referral was 12% 

based on a prior cluster-randomized trial of cervical cancer screening in India. The RCT from India 

provided estimates for cryotherapy use (i.e., LEEP referral) based on multiple screening tests including 

VIA, which is relevant to our model of health care delivery (139). We accounted for the probability of 

potential complications following both cryotherapy or LEEP. Using data from a meta-analysis, we 

calculated the probability of minor complications, defined as minor bleeding, following cryotherapy 

(0.14%) and LEEP (1.55%)(140). Additionally, we calculated the probability of major complications 

following cryotherapy (0.34%), which was defined as major bleeding. The probability of major 

complications following LEEP was 2.14% and included the following potential complications: major 

bleeding, major infection, pelvic inflammatory disease, and damage to organs. Major complications 

following cryotherapy were limited to major bleeding as it was the most common and the remaining 

conditions were very rare (<0.05%). Following treatment with either cryotherapy or LEEP, the cure rate 

(i.e. probability of treatment effectiveness) of each treatment was obtained from a meta-analysis to 

compare LEEP versus cryotherapy in the treatment of CIN (141). We specifically utilized estimates from 

a study conducted in Zimbabwe included in the meta-analysis; the cure rate of CIN2+ at 12 months 

following cryotherapy was 88.3% and following LEEP was 96.4%(142).  

Additionally, among women with <CIN2 the probability of CIN2+ after 12 months was 95.2% 

following cryotherapy and 96.4% following LEEP(141). Women with recurrent CIN2+ or newly 



  

56 

 

developed CIN2+ within the time horizon (true disease status negative at baseline) either received 

treatment with LEEP during follow-up, as recommended by the WHO(143) or were lost to follow-up 

(70%). Among women who were lost to follow-up, the probability of developing cervical cancer within 

six years was 0.3%(144). We estimated the proportion of women with cervical cancer who will access 

treatment was 35.5% based on a prior study conducted in Kenya(145). The probability of survival 

following a cervical cancer diagnosis was 15.9% based on a study conducted in Uganda, a similar low-

resource setting. We assumed the risk at six-years of cervical cancer was 0% among women who’s true 

disease status was disease negative (<CIN2) at the start of the decision model(146).  

Prior reports have shown that accounting for the potential small loss in quality of life following 

screening to calculate DALYs for HPV screening produces substantially different results(147, 148). 

Therefore, we calculated DALYs incurred both excluding and including disability weights for screening-

related health states. In the absence of disability weights for cervical cancer screening, we utilized the 

complement of utility values generated from international studies and previous health economic 

models(147-149), as has been done in prior cost-effectiveness analyses(150-152) (Table 5.1). To account 

for DALYs incurred for complications following treatment, we utilized the major (>1 L blood lost) and 

minor (<1 L blood lost) bleeding disability weights available in the 2017 Global Burden of Disease 

(GBD) study(153). Additionally, for major complications following LEEP, we utilized the generalized 

disability weights from the 2013 GBD for abdominopelvic problems with varying levels of severity (mild, 

moderate, and severe) depending on time since the complication occurred. Disability weights for cervical 

cancer-related outcomes used to calculate DALYs incurred throughout this model were taken from the 

2017 GBD (153). We assumed the baseline disability weight value of normal health to be 0.0. Estimates 

for the duration of reductions in quality of life were mainly based on expert opinion and prior literature.  

 

Cost Parameters  

Cost inputs included in this analysis were mainly collected through the micro-costing efforts 

carried out during both Phase 1 and Phase 2 of the cluster-randomized control trial conducted in Migori 
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County, Kenya (Table 5.2). Details regarding the micro-costing procedures have been previously 

published(97, 99). Direct costs were estimated from the health system perspective, and included costs of 

labor or wage rates of staff and health care providers were based on market wages and salaries. Research-

related costs were omitted from program cost estimates.  

Capital goods cost estimation was based on total costs from expenditure records. Capital goods 

were defined as tangible assets such as the vehicle for transportation, tents for CHCs, and the careHPV 

test system, which is a rapid test for HPV DNA for use in low-resource settings (Qiagen, Gaithersburg, 

Maryland). Costs of CHC personnel were based on established salaries and time spent at each CHC by 

phase: outreach, screening, and notification and referral. Since all stages of the CHCs lasted for two 

weeks, the personnel cost for a phase was the personnel’s salary for two weeks. Expenditure records, 

interviews, time and motion logs, market rates, direct counts made by the costing lead, salary records and 

estimations based on the Ministry of Health’s data for facility costs were the sources of primary data used 

to measure the costs of each intervention activity and phase. The cost data were collected manually and 

electronically recorded into Excel workbooks. The cost items were classified under five input types: 

recurrent goods, services, personnel, capital goods, and facility overhead. The cost of each input and the 

number of units were converted into the total economic cost. A time and motion study was carried out to 

quantify the average time spent by each patient during the screening process (99) by direct and systematic 

observation during the CHCs. Time measures collected were total visit time, time spent during the 

screening process, and wait time between each stage of cervical cancer screening. To obtain these data, 

research assistants recorded the amount of time spent on all activities involved with screening from the 

patient’s arrival to the end of the visit, using activity forms.  

Treatment-related costs were also micro-costed from the health system perspective. Personnel 

costs were estimated based on each provider’s monthly salary, taken from the salary records, and the 

amount of time spent providing treatment. We estimated facility costs by multiplying the proportion of 

space at the government health clinic dedicated to cryotherapy treatment with the Ministry of Health 

clinic facilities construction rates. Recurrent goods refer to items consumed within one year. These 
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included nitrous oxide gas, cryo-tips, sanitary towels, and gloves. Services include expenditure on 

intervention-related intangible items such as consultant fees, IT support, utilities, vehicle maintenance, 

and other day-to-day recurring expenses. Costs for recurrent goods and services were estimated from 

expenditure records. Interviews were conducted with staff to verify the list of recurrent items and 

services, number of units used, and allocation of items.  

Costs for LEEP treatment, major and minor complications, cancer treatment and associated time 

costs to women were not micro-costed and were taken from a previously conducted cost-effectiveness 

analysis conducted in several countries including Kenya(154). These costs were published in 2000 

International Dollar, which we converted to 2000 Kenyan Shillings (KSH). Micro-costed cost data were 

collected in local units, which was 2016 Kenyan Shillings (KSH) during Phase 1 and 2018 KSH during 

Phase 2. Using the historical Kenyan Consumer Price Index (CPI) taken from the Kenya National Bureau 

of Statistics, we inflated all costs to 2018 KSH. Next, we converted 2018 KSH to both 2018 US$ using 

direct exchange rates and 2018 International dollars (I$) using purchasing power parity (PPP) exchange 

rates(101) to compare cost estimates utilizing either approach. We utilized The World Bank’s PPP 

conversion factor for private consumption, which was 50.25 I$ as of 2018(155). To convert local currency 

units (KSH) to US$ and international dollars, we divided the local currency unit by the respective 

exchange rate.  

 

Cost-Effectiveness and Sensitivity Analyses  

Baseline values summarized in Table 5.1 were used for the base-case analysis. The ICER, our 

primary outcome measure, was defined as the incremental cost measured in I$ per DALY averted when 

comparing intervention strategies. We also calculated the ICER compared to the current standard which is 

no organized available screening. To calculate ICERs, we conducted sequential comparisons rank-ordered 

by the total cost(156). We used the extended dominance principle, where a program is not surpassed by 

any single alternative but by a mixed strategy of two other alternatives, to further identify the most cost-

effective strategy compared to no screening(157). We defined the cost-effectiveness willingness to pay 
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threshold as three-times the per capita GDP of Kenya using Purchasing Power Parity or PPP, which was 

$10,384.2 International Dollars(155).   

Deterministic (one-way univariate) and probabilistic sensitivity analyses were performed to 

assess the robustness of the assumptions in the decision model using Crystal Ball (Oracle, Redwood 

Shores, CA). In general, we used ranges that represent values reported in the scientific literature. One-

way sensitivity analyses were performed for parameters identified as significant drivers of the ICER for 

each strategy. Distribution of probabilities was based on observed ranges reported in the primary 

literature (Table 5.1). Where range data were lacking or unavailable, assumption ranges were generally 

set to 0.5 (min) and 1.5 (max) times the base case value.  

To assess a range of possible outcome values and assess the confidence in our ICER outcome, we 

performed probabilistic sensitivity analysis using Monte Carlo simulations. Each model parameter was 

assigned a distribution based on the range of values observed in the literature, and all parameters were 

varied simultaneously with 10,000 iterations of possible input values, generating an equal number of 

possible cost and quality outputs. Cost variables were modeled using a gamma distribution, which 

restricts values to be nonnegative and can represent the usually right-skewed nature of cost data(102, 

158). Probabilities were modeled with a beta distribution, which restricts probabilities between 0 and 1. 

The beta distribution is generally described by the number of times a given event occurred (α) and the 

number of times the event did not occur (β). Disability weights were modeled with a triangular 

distribution describing the expected maximum, minimum, and modal value.  

Results 

 

Health Outcomes  

 In the base case scenario of 1000 women in rural Kenya while accounting for DALYs incurred 

due to screening, “HPV+VIA & Treat” with standard linkage to treatment offered minor improvements 

compared to no screening intervention, amounting to 1.16 DALYs averted (Table 5.4). Using “HPV & 

Treat” with standard linkage led to an improvement in health outcomes with 4.16 DALYs averted 

compared to “HPV+VIA & Treat” with standard linkage. HPV+VIA & enhanced linkage to treatment led 
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to the smallest improvement in health compared to the “HPV & Treat” strategy with standard linkage 

(0.91 DALYs averted per 1000 women). The most substantial improvement was provided by the HPV& 

Treat with enhanced linkage strategy with 6.28 DALYs averted compared to “HPV+VIA & Treat” with 

enhanced linkage.  

Using the extended dominance principle(157), which is defined as using the set of all possible 

strategies that dominate a strategy in both higher effectiveness and less cost, we excluded the strategies 

that involved HPV+VIA. In this scenario, compared to no screening, HPV& Treat with standard linkage 

averted 5.32 DALYs. Additionally, although more expensive, compared to “HPV & Treat” with standard 

linkage, enhanced linkage averted an additional 7.19 DALYs. When compared to no screening, “HPV & 

Treat” with enhanced linkage led to the largest reduction in DALYs (12.50). 

 We observed substantial differences in health outcomes (DALYs averted) when we excluded 

DALYs incurred due to screening. Using the extended dominance principle when we examined only 

“HPV & Treat” strategies, we observed a reduction in 15.38 DALYs when “HPV & Treat” with standard 

linkage is compared to no screening. Using “HPV & Treat” with enhanced linkage averted an additional 

10.13 DALYs, compared with no screening. Again, when compared to no screening, “HPV & Treat” with 

enhanced linkage led to a large reduction in DALYs at 25.50.  

 

Incremental Cost-Effectiveness  

 The base case ICERs of our interventions are: $28,131/DALY averted for the “HPV+VIA & 

Treat” with standard linkage to treatment compared to no intervention, $287/DALY averted for HPV& 

Treat compared to “HPV+VIA & Treat” both with standard linkage to treatment, $29,593/DALY averted 

for “HPV+VIA & Treat” with enhanced linkage compared to “HPV & Treat” with standard linkage to 

treatment, and $1284/DALY averted for HPV& Treat compared to “HPV+VIA & Treat” both with 

enhanced linkage to treatment. The ICERs for both “HPV & Treat” strategies met the willingness to pay 

threshold of “very cost-effective” which is equal to the per capita GDP of Kenya (I$3461.4)(155).  
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Under extended dominance, we excluded the strategies that involved “HPV+VIA & Treat”. The 

result was $6343/DALY averted for “HPV & Treat” strategy with standard linkage compared to no 

screening, and $4,864/DALY averted for HPV& Treat with enhanced linkage compared to standard 

linkage. Compared to no screening, the ICER for “HPV& Treat” with enhanced linkage was 

$5,492/DALY averted. All three comparisons met the willingness to pay threshold of “cost-effective,” 

which is equal to 3 times the per capita GDP of Kenya (I$10,384.20)(155). When we compared each 

strategy to no screening, “HPV & Treat” with enhanced linkage was the most cost-effective 

($5493/DALY averted).  

When we excluded DALYs incurred due to screening, we observed substantial differences in 

ICERs for all comparisons, particularly those that include HPV+VIA screening. Compared to no 

screening, “HPV+VIA & Treat” with standard linkage to treatment demonstrated an ICER of 

$2688/DALY averted, which would be categorized as “very cost-effective” at the willingness to pay 

threshold of I$ 3461.4/DALY averted in sharp contrast to the ICER when DALYs incurred due to 

screening are included ($28,131/DALY).  

 

Sensitivity Analyses  

  In one-way sensitivity analyses, we estimated the potential range of ICERs for the strategies 

comparing all strategies evaluated and remaining strategies after extended dominance. Table 5.4 

summarizes the results from the most influential input parameters and compares the following strategies: 

“HPV+VIA & Treat” with standard linkage compared with no screening, “HPV & Treat” with standard 

linkage compared with “HPV+VIA & Treat” with standard linkage, “HPV+VIA & Treat” with enhanced 

linkage compared with “HPV & Treat” with standard linkage; and finally “HPV & Treat” with enhanced 

linkage compared with “HPV+VIA & Treat” with enhanced linkage. Overall, sensitivity analyses showed 

that the model was most sensitive to changes in disability weights for all three screening-related health 

states. Additionally, the proportion of women who presented for treatment using standard or enhanced 
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referral both affected the ICERs considerably; a higher proportion of women successfully linked to 

treatment led to more favorable ICERs.  

 Table 5.5 summarizes the results of the one-way sensitivity analyses evaluating the following 

“HPV & Treat” screening comparisons: standard linkage compared with no screening, enhanced linkage 

compared with standard linkage, and enhanced linkage compared with no screening. Here, the most 

influential parameters were the proportion of HPV-positive women that present for treatment using either 

standard or enhanced linkage to treatment methods; and the disability for testing HPV positive.  

 Probabilistic sensitivity analyses or PSA was performed using Monte Carlo simulation by 10,000 

iterations; demonstrated an overall robust model, where each input parameter is simultaneously varied 

across a given range of values from the parameter’s defined distribution. When evaluating only “HPV & 

Treat” strategies (Figure 5.3), we find that compared to no screening, “HPV & Treat” with standard 

linkage to treatment was cost-effective (with an ICER below the 3 times willingness to pay threshold of 

I$10,384.2/DALY averted) in 32% of the iterations. About 13% of the simulations were dominated (in 

which standard linkage to treatment was both more costly and less effective than no screening). When 

comparing enhanced linkage to treatment to standard linkage, 67% of iterations were below the 

willingness to pay threshold and considered cost-effective (three times the GDP). The remaining 

iterations showed enhanced linkage to be more effective, however, more costly and above the willingness 

to pay threshold. Finally, when comparing enhanced linkage to treatment to no screening, 67% of 

iterations were cost-effective (Figure 5.4).  

 

Discussion 

 

 To our knowledge, this is the first study to evaluate the cost-effectiveness of cervical cancer 

screening delivery through community health campaigns to women in Kenya. We found that utilizing 

“HPV & Treat” as a strategy to recommend women for treatment led to better health outcomes and was 

more cost-effective, compared to “HPV+VIA & Treat” due to fewer missed cases of CIN2+ eligible for 

treatment. More specifically, we found that compared to no screening, “HPV& Treat” with enhanced 
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linkage to treatment was the most cost-effective option at $5492.62 I$/DALY averted. Finally, we found 

that excluding potential DALYs incurred due to screening highly affected the cost-effectiveness of 

cervical cancer screening scenarios modeled. When screening-related DALYs were excluded, “HPV & 

Treat” paired with screening delivery models used with standard linkage to treatment and enhanced 

linkage to treatment met the WHO definition of “very cost-effective” when compared to no screening. 

 In resource-constrained settings, the World Health Organization recommends implementing VIA 

as a triage strategy to refer women to treatment. The Kenyan Ministry of Health has adopted the 

recommendation and included it in their guidelines for screening and treatment of cervical neoplasia. 

Although utilizing VIA screening in conjunction with HPV-testing leads to lower overall costs compared 

to “HPV & Treat” methods, the overall cost-effectiveness is lower due to poorer health outcomes or fewer 

DALYs averted. This finding is similar to a recent cost-effectiveness analysis conducted in Uganda to 

compare home-based HPV self-collection delivered through community campaigns to VIA (159). Similar 

to our results, they found that HPV testing is more effective without VIA triage before cryotherapy(159). 

Our findings demonstrate that the sensitivity of VIA (i.e. ability of the test to correctly identify cases) 

highly impacts the cost-effectiveness of utilizing VIA triage before cryotherapy compared to HPV-testing 

alone. Our base-case analysis assumed the sensitivity of VIA for the detection of CIN2+ was 74%, which 

was based on the results from Uganda of a multicountry evaluation of several cervical cancer screening 

methods including careHPV, VIA, and cytology(137). Prior studies have evaluated the sensitivity of VIA 

as a triage test, and have shown considerable variability in the point estimate ranging from 25% to 

81.9%(28, 29, 160). Variability in VIA test performance is highly dependent on setting, provider training, 

and severity of disease. As such, our results suggest that implementing an “HPV & Treat” strategy may 

be most suitable for low-resource settings. However, before implementation, policymakers must consider 

the added workload this strategy may place on the health care sector as all HPV-positive would be 

recommended for cryotherapy, or LEEP depending on the size of cervical lesions.  

 Prior studies have evaluated the cost-effectiveness of self-collected HPV testing in low-resource 

settings, demonstrating that HPV-based self-collection can be cost-effective compared to alternative 



  

64 

 

screening methods if it leads to substantial gains in population coverage(82). For example, a prior cost-

effectiveness analysis conducted in Uganda demonstrated that decreasing HPV test sensitivity by 20% 

using self-collection instead of physician-collection could be offset by a 20% improvement in screening 

coverage(161). Our results suggest that the proportion of women who are successfully linked to treatment 

may have a higher impact on cost-effectiveness than screening uptake and coverage. In one-way 

sensitivity analyses of “HPV & Treat” strategies, we observed that the ICERs comparing both standard 

and enhanced linkage treatment strategies were dominated when compared to no screening (i.e. more 

costly and less effective than no screening). As “HPV & Treat” with enhanced linkage to treatment was 

the most cost-effective strategy compared to no screening, future programs may consider employing 

enhanced linkage strategies utilized by the cluster-randomized trial. Decentralization of treatment 

availability provided women with the opportunity to avail treatment in proximity to their community 

where the campaigns took place. Additionally, targeting women who did not appear for their 

recommended treatment within three months after receiving their positive test results with reminder text 

messages and updated messaging  

 To our knowledge, our study is the first to apply disutility of cervical cancer screening-related 

health states to a cost-effectiveness analysis in a low-resource setting. This is due to the unavailability of 

health state utility or disability weight data from low-resource countries. We utilized data collected from 

women in high-resource countries, namely Australia(149) and the U.S(162). Prior studies have shown 

there is a small loss of quality of life following cervical cancer screening. The loss in quality of life is 

comprised of the time needed to attend screening, and any anxiety caused by waiting for the result(163). 

Larger losses in quality of life are known to occur following treatment with cryotherapy and LEEP, which 

have also not been accounted for in prior economic models in low-resource settings. Despite the reduction 

in effectiveness (DALYs averted) after including DALYs incurred due to screening, “HPV & Treat” 

cervical cancer screening delivery models were still cost-effective at three-time the Kenyan GDP 

willingness-to-pay threshold. Future efforts to collect utility data using a cohort of women from low-

resource countries should be prioritized. 
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 There are several limitations to take into consideration when interpreting the results of this 

analysis. First, the cost-effectiveness results are sensitive to several model inputs that were not collected 

from women in Kenya or similar low-resource settings. Although we conducted several sensitivity 

analyses to examine a wide range of potential values of inputs, our base case results may be limited. 

Second, we utilized the trial data for base-case values of key assumptions and costs to carry out the cost-

effectiveness analysis, which may limit the scope of this cost-effectiveness analysis. It is unclear how 

real-world human resource constraints might affect the cost-effectiveness of different screening strategies. 

Although Migori County is a rural area, the cost-effectiveness of our modeled strategies may be limited in 

areas where clinics may be further away or with fewer resources for treatment. For DALYs incurred due 

to screening-related health states, we calculated disability weights using health utilities derived from 

women in developed countries. The transferability of health disutility from high-resource to resource-

constrained settings is poorly understood and may not be suitable for our setting. Finally, we utilized a 

decision-tree framework to model the progression of disease from hr-HPV infection to invasive disease 

and as such, we're unable to account for dynamic effects of factors such as age, sexual behavior, and 

disease recurrence or regression. While this model is useful for the prediction of programmatic costs and 

health impact, it does not account for ongoing HPV transmission. Additionally, our time horizon was 

limited to 6-years due to availability of long-term outcome data, which may have led to an underestimate 

in the benefit of cervical cancer screening as we are missing deaths that may occur downstream.  

Despite these limitations, our analysis shows that using “HPV & Treat” with enhanced linkage to 

treatment is a cost-effective approach compared to no screening. The programmatic assumptions and 

health care delivery models is based on trial data rather than hypothetical assumptions, which is a 

significant strength of our approach. Additionally, we were able to leverage micro-costing data collected 

during the trial which ensures all necessary components of the program were included in our overall cost 

estimates.  

 In conclusion, we found that using community health campaign delivered “HPV & Treat” 

strategies were more cost-effective than including VIA triage before cryotherapy due to the high false-
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negative rate of VIA. Implementing strategies to ensure women are linked to treatment is crucial to 

effective cervical cancer screening programming. Although highly preventable, cervical cancer continues 

to be the leading cause of cancer-related mortality among women in Kenya. Our analysis demonstrates 

there are cost-effective options to prevent deaths due to cervical cancer. Future cost-effectiveness 

analyses that include national programmatic costs from the perspective of the Kenyan Ministry of Health 

are warranted. National integration of cervical cancer screening using community health campaigns, with 

an emphasis on increasing the number of women successfully linked to treatment following a positive 

HPV test should be considered.  
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Table 5.1: Base case values and ranges of variables used in decision tree analysis  

Variable  

Base case 

value Range Reference  

Disease Progression Characteristics    

Prevalence of HPV infection in women with no cervical abnormalities   

in East Africa  0.336 0.30-0.37 Bruni et al.  

   Prevalence of high-risk HPV infection in women with CIN2+ 1.000 - Bosch et al.  

Prevalence of cervical abnormalities (CIN2+) among women in East 

Africa 0.070 0.02-0.15 Fokom-Domgue et al 

Five-year risk of CIN2+ with cervical abnormalities and hr-HPV 

positive at baseline  0.750 0.74-0.77 Demarco et al 

Five-year risk of CIN2+ with no cervical abnormalities and hr-HPV 

positive at  baseline  0.090 0.09-0.10 Demarco et al 

Five-year risk of cervical cancer with cervical abnormalities and hr-

HPV positive at baseline 0.060 0.05-0.07 Demarco et al 

   Persistent hr-HPV infection after six years  0.150 0.8-0.23 Rodriguez et al 

   Cervical lesions ineligible for cryotherapy, LEEP referral 0.120 0.00-0.30 Sankaranayam et al 

   Probability of LEEP referral with <CIN2 0.050 0.00-0.10 Campos et al, Expert opinion 

Test Characteristics     

  Self-collection for HPV DNA testing (careHPV)     

       Sensitivity for detecting CIN2+ 0.770 0.67-0.85 Jeronimo et al 

       Specificity for detecting CIN2+  0.820 0.81-0.83 Jeronimo et al 

   Visual Inspection with Acetic Acid     

       Sensitivity for detecting CIN2+ 0.740 0.63-0.82 Jeronimo et al 

       Specificity for detecting CIN2+  0.670 0.65-0.68 Jeronimo et al 

Complication Rates Following Treatment     

   Minor complications following cryotherapy 0.001 0.001-0.002 Santesso et al 

   Major complications following cryotherapy 0.003 0.002-0.005 Santesso et al 

   Minor complications following LEEP 0.016 0.014-0.017 Santesso et al 

   Major complications following LEEP 0.021 0.018-0.025 Santesso et al 

Potential Outcomes Following Treatment     

   One-year cure rate of CIN2+ following cryotherapy 0.880 0.82 - 0.93 D'Alessandro et al, Chirenje et al 
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   One-year cure rate of CIN2+ following LEEP 0.960 0.92-0.99 D'Alessandro et al, Chirenje et al 

   One-year cure rate of ≤CIN1 following cryotherapy 0.950 0.87-0.99 D'Alessandro et al, Singh et al 

   One-year cure rate of ≤CIN1 following LEEP 0.960 0.87-1.00 D'Alessandro et al, Singh et al 

One-year probability of CIN2+ following cryotherapy after false 

positive HPV test 0.000 - 

Campos et al, Assumption based 

on expert's experience in Kenya 

Six-year cumulative risk of CIN2+ following LEEP for CIN2+ at 

baseline  0.060 0.03-0.11 Kreimer et al  

Six-year cumulative risk of CIN2+ following LEEP for <CIN2 at 

baseline 0.020 0.01-0.04 Kreimer et al  

Six-year cumulative risk of cervical cancer following treatment for 

neoplasia  0.003 0.00-0.02 Kreimer et al  

   Five-year survival due to cervical cancer 0.159 0.10-0.22 Gondos et al 

Coverage and Loss to Follow-Up    

   HPV screening campaign uptake (Phase 1)* 0.595 0.30-0.89 Kenya trial data   

   HPV screening campaign uptake (Phase 2) 0.769 0.38-1.00 Kenya trial data   

   HPV-positive women presents for treatment (Phase 1) * 0.357 0.18-0.54 Kenya trial data   

   HPV-positive women presents for treatment (Phase 2)  0.459 0.23-0.69 Kenya trial data   

   Lost-to-follow-up after referral for LEEP treatment  0.700 0.35-1.00 Kenya trial data   

Proportion of women with invasive cervical cancer who access 

treatment 0.350 0.00-0.50 Kenya trial data   

Disability Weights (Duration)    

    Experience of being screened (1 year) 0.003 0.000-0.005 Simonella et al, Simms et al 

    HPV-positive test result (1 year) 0.027 0.000-0.050 Simonella et al, Simms et al 

    False positive screening test (1 year) 0.030 0.000-0.050 Mandleblatt et al 

   Treatment for pre-cancerous lesions (1 year) 0.030 0.000-0.005 Simonella et al, Simms et al 

   Major bleeding (> 1 L blood lost) (4 weeks) 0.324 0.220-0.442 GBD 2017 

   Minor bleeding (<1 L blood lost) (4 weeks) 0.114 0.078-0.159 GBD 2017 

   Abdominopelvic problem, mild (1 year)‡ 0.011 0.005-0.021 GBD 2013 

   Abdominopelvic problem, moderate (1 year)§  0.114 0.078-0.442 GBD 2013 

   Abdominopelvic problem, severe (8 weeks)|| 0.324 0.219-0.442 GBD 2013 

   Controlled phase of cervical cancer (1 year) 0.049 0.072-0.031 GBD 2017 

   Metastatic phase of cervical cancer (1 year) 0.451 0.600-0.307 GBD 2017 

   Diagnosis and primary therapy phase of cervical cancer (1 year) 0.288 0.399-0.193 GBD 2017 



  

 

 

6
9

 

   Terminal phase: with medication (1 year) 0.540 0.687-0.377 GBD 2017 

   Terminal phase: without medication (1 year) 0.569 0.727-0.389 GBD 2017 

   Death due to cervical cancer (1 year) 1.000 - GBD 2017 

Abbreviations: HPV, human papillomavirus; CIN2+, cervical intraepithelial neoplasia stage 2 and above; LEEP, loop electrical excision 

procedure; GBD, Global Burden of Disease Study 

*During Phase 1, CHC only screening and standard linkage to treatment efforts were implemented.  

†During Phase 2, CHC non-attenders were offered home-based self-testing and enhanced linkage to treatment efforts were implemented . 

‡Mild is described as having some pain in the belly area that may cause nausea but does not interfere with daily activities. 

§ Moderate is described as having pain in the belly area that causes nausea and interferes with strenuous 

activities.  

|| Severe is described as having severe pain in the belly area that causes causea and interferes with daily 

activities  
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Table 5.2: Cost Inputs for decision-tree model to evaluate cervical cancer screening strategies delivered by community health campaigns in 

Kenya 

Per-Procedure Costs Per-client cost (rounded) Per-client time cost (rounded)  

 Kenyan Shillings (KSH)  International Dollar 

2018* 

Kenyan Shillings 

(KSH)  

International Dollar 

2018 

 Base 

Case  

Range Base 

Case 

Range Base 

Case 

Range Base 

Case 

Range 

 Min Max Min Max Min Max Min Max 

CHC-based self-screening, standard 

linkage (Phase 1)‡ 

2,624 1,312 3,936 $52 $26 $78 22 11 34 $0.5 $0.2 $0.7 

CHC-based self-screening, enhanced 

linkage (Phase 2)§ 

3,613 1,806 5,419 $72 $36 $108 17 9 26 $0.3 $0.2 $0.5 

Cryotherapy treatment, standard 

Linkage (Phase 1)‡ 

1,826 913 2,738 $36 $18 $55 1 0.6 2 $0.02 $0.01 $0.03 

Cryotherapy treatment, enhanced 

Linkage (Phase 2)§ 

5,059 2,529 7,588 $101 $50 $151 14 7 21 $0.3 $0.1 $0.4 

LEEP treatment|| 12,736 6,368 19,105 $253 $127 $380 57 28 85 $1.1 $0.6 $1.7 

Minor complications due to treatment|| 361 180 541 $7 $4 $11 57 28 85 $1.1 $0.6 $1.7 

Major complications due to treatment|| 4,329 2,164 6,493 $86 $43 $129 566 283 849 $11 $6 $17 

Cancer treatment|| 79,229 39,614 118,843 $1,577 $788 $2,365 1,980 990 2,970 $39 $20 $59 

Abbreviations: CHC: Community health campaign 

*Converted from Kenyan Shillings to International $ using purchasing power parity factor (Source: The World Bank; 50.25 KSH/I$) 

‡During Phase 1, CHC only screening and standard linkage to treatment efforts were implemented.  

§During Phase 2, CHC non-attenders were offered home-based self-testing and enhanced linkage to treatment efforts were implemented. 

||Cost estimate from Goldie 2005 for Kenya  
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Table 5.3: Base case cost-effectiveness results of 4 strategies for cervical cancer screening delivery models using community 

health campaigns in Kenya (6-year time horizon and 1000 women) 

Screening Strategy  

Total Costs 

(International $) 

DALYs 

incurred 

▲Cost 

(International $) 

DALYs 

averted  

ICER (International $ 

per DALY averted) 

No Screening  $2,077 118.91    

HPV + VIA & Treat; Standard linkage* $34,602 117.76 $32,521 1.16 $28,131 

“HPV & Treat”; Standard linkage* $35,798 113.60 $1,195 4.16 $287 

HPV + VIA & Treat; Enhanced linkage† $62,689 112.69 $26,891 0.91 $29,593 

“HPV & Treat”, Enhanced linkage† $70,752 106.41 $8,063 6.28 $1,284 

Using extended dominance‡:       

No Screening  $2,077 118.91    

“HPV & Treat”; Standard linkage* $35,798 113.60 $33,721 5.32 $6,343 

“HPV & Treat”, Enhanced linkage† $70,752 106.41 $34,955 7.19 $4,864 

      

No Screening  $2,077 118.91    

“HPV & Treat”, Enhanced linkage† $70,752 106.41 $68,676 12.50 $5,493 

Excluding DALYs incurred due to screening 

 

Total Costs 

(International $) 

DALYs 

incurred 

▲Cost 

(International $) 

DALYs 

averted 

ICER (International $ 

per DALY averted) 

No Screening  $2,077 118.91    

HPV + VIA & Treat; Standard linkage* $34,602 106.81 $32,521 12.10 $2,688 

“HPV & Treat”; Standard linkage* $35,798 103.54 $1,195 3.28 $365 

HPV + VIA & Treat; Enhanced linkage† $62,689 98.81 $26,891 4.73 $5,683 

“HPV & Treat”, Enhanced linkage† $70,752 93.41 $8,063 5.40 $1,494 

Using extended dominance‡:       

No Screening  $2,077 118.91    

“HPV & Treat”; Standard linkage* $35,798 103.54 $33,721 15.38 $2,193 

“HPV & Treat”, Enhanced linkage† $70,752 93.41 $34,955 10.13 $3,451 

      

No Screening  $2,077 118.91    

“HPV & Treat”, Enhanced linkage† $70,752 93.41 $68,676 25.50 $2,693 

Abbreviations: HPV, human papillomavirus; VIA, visual inspection with acetic acid; DALY, disability adjusted life-year 

*During Phase 1, CHC only screening and standard linkage to treatment efforts  

†During Phase 2, CHC non-attenders were offered home-based testing and enhanced linkage to treatment efforts  

‡Defined as the set of all possible mixed strategies that dominates a single strategy in both higher effectiveness and less cost 
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Table 5.4: One-way sensitivity analyses comparing alternative cervical cancer screening strategies  

  ICER: I$/DALY averted 

Parameter Input  

“HPV+VIA” with 

STD. vs. No 

Screen       

HPV & STD. 

vs. “HPV+VIA" 

STD                                   

 

“HPV+VIA” & 

ENH. vs. HPV & 

STD.                                

HPV & ENH 

vs. 

“HPV+VIA” & 

ENH      

 Low  High Low  High Low  High Low  High Low  High 

   Sensitivity of VIA for the detection of  

   CIN2+ 0.63 0.82 D $12,114 $203 $447 D $7,829 $881 $2,123 

   Specificity of VIA for the detection of  

   CIN2+ 0.65 0.68 $32,621 $23,718 $264 $312 $39,723 $23,503 $1,206 $1,368 

   HPV screening campaign uptake  

   (Phase 1)* 0.30 0.89 $28,124 $28,134 $289 $287 $12,304 D  $1,285 $1,284 

   HPV screening campaign uptake  

   (Phase 2)† 0.38 1.00 $28,131 $28,131 $287 $287 $1,757 $16,266 $1,338 $1,272 

   HPV positive women presents for  

   treatment (Phase 1)* 0.18 0.54 D $4,285 $280 $446 $3,367 D  $1,298 $1,270 

   HPV positive women presents for  

   treatment (Phase 2)† 0.23 0.69 $28,131 $28,131 $287 $287 D $2,547 $801 $1,533 

   LTFU to visit central site (LEEP) 0.35 1.00 $18,939 $48,878 $367 $205 $23,747 $37,368 $1,340 $1,233 

   DW for experience of being screened  0.00 0.005 $11,158 D $287 $287 $18,897 $47,538 $1,284 $1,284 

   DW for testing HPV positive  0.00 0.05 $5,603 D $204 $446 $39,367 $24,324 $965 $1,807 

   DW for false positive screening test 0.00 0.05 $5,714 D $756 $203 $6,053 D  $2,431 $977 

   DW for treatment for precancerous  

   lesion 0.00 0.05 $15,624 $62,752 $215 $373 $204,260 $18,620 $934 $1,732 

   Cost of CHC-based screening during  

   standard linkage phase (Phase 1)* $26 $78 $14,699 $41,567 $287 $287 $46,685 $12,499 $1,284 $1,284 

   Cost of CHC-based screening during  

   enhanced linkage phase (Phase 2)† $36 $108 $28,131 $28,131 $287 $288 D $60,019 $1,284 $1,284 

   Cost of cryotherapy treatment during  

   standard linkage phase (Phase 1)* $18 $54 $27,643 $28,619 $69 $505 $31,213 $27,975 $1,284 $1,284 

   Cost of cryotherapy treatment during  

   enhanced linkage phase (Phase 2)† $50 $151 $28,131 $28,131 $287 $287 $26,736 $32,451 $619 $1,950 
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Abbreviations: D, dominated; HPV, human papillomavirus; VIA, visual inspection with acetic acid; DALY: disability adjusted life year; 

ICER: Incremental cost-effectiveness ratio; CIN2+, cervical intraepithelial neoplasia stage 2 and above; LEEP, loop electrical excision 

procedure; DW, disability weight 

Strategies in order of appearance: HPV+VIA, STD = HPV+VIA screening & treat with standard linkage to treatment; NS = No screening; 

HPV, STD = HPV screening & treat with standard linkage to treatment; HPV +VIA, ENH = HPV+ VIA screening & treat with enhanced 

linkage to treatment; HPV, ENH = HPV screening with enhanced linkage to treatment                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

*During Phase 1, standard linkage to treatment efforts were implemented.  

†During Phase 2, CHC non-attenders were offered home-based testing and enhanced linkage to treatment efforts were implemented  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

7
4

 

 

 

 

Table 5.5: One-way sensitivity analyses comparing remaining alternative cervical cancer screening strategies using extended dominance 

  ICER: I$/DALY averted 

Parameter Input  

HPV STD VS. 

NS       

HPV, ENH VS. 

HPV, STD                                   HPV+ENH VS. NS                                

 Low  High Low  High Low  High Low  High 

   HPV screening campaign uptake (Phase 1)* 0.30 0.89 $6,343 $6,343 $5,261 $4,007 $5,493 $5,493 

   HPV screening campaign uptake (Phase 2)† 0.38 1.00 $6,343 $6,343 $5,080 $5,080 $5,493 $5,493 

   HPV positive women presents for treatment  

   (Phase 1)* 0.18 0.54 D $2,696 $2,495 D $5,523 $5,457 

   HPV positive women presents for treatment  

   (Phase 2)† 0.23 0.69 $6,343 $6,343 D $2,124 D $3,012 

   LTFU to visit central site (LEEP) 0.35 1.00 $5,688 $7,072 $4,617 $5,104 $5,090 $5,909 

   DW for experience of being screened  0.00 0.005 $4,766 $8,138 $4,539 $5,107 $4,648 $6,250 

   DW for testing HPV positive  0.00 0.05 $2,892 D $3,866 $6,278 $3,317 $12,841 

   DW for false positive screening test 0.00 0.05 $4,636 $8,406 $4,505 $5,136 $4,568 $6,349 

   DW for treatment for precancerous lesion 0.00 0.05 $4,419 $9,063 $3,988 $5,731 $4,189 $6,993 

Cost of CHC-based screening during standard        

linkage (Phase 1)* $26 $78 $3,421 $9,265 $7,025 $2,702 $5,493 $5,493 

Cost of CHC-based screening during enhanced    

linkage (Phase 2)† $36 $108 $6,343 $6,343 $1,017 $8,711 $3,282 $7,704 

Cost of cryotherapy treatment during standard   

linkage (Phase 1)* $18 $54 $6,066 $6,620 $5,068 $4,659 $5,493 $5,493 

Cost of cryotherapy treatment during enhanced 

linkage (Phase 2)† $50 $151 $6,343 $6,343 $3,921 $5,806 $4,951 $6,034 

Abbreviations: HPV, human papillomavirus; VIA, visual inspection with acetic acid; DALY: disability adjusted life year; ICER: 

Incremental cost-effectiveness ratio; CIN2+, cervical intraepithelial neoplasia stage 2 and above; LEEP, loop electrical excision 

procedure; DW, disability weight 

Strategies in order of appearance: NS = No screening; HPV, STD = HPV screening & treat with standard linkage to treatment; HPV, 

ENH = HPV screening with enhanced linkage to treatment 

*During Phase 1, standard linkage to treatment efforts were implemented.  

†During Phase 2, CHC non-attenders were offered home-based testing and enhanced linkage to treatment efforts were implemented  
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Figure 5.1: Simplified version of decision tree model used for cost-effectiveness analysis to evaluate 

cervical cancer screening strategies delivered through community health campaigns in Kenya

Screening Treatment 

            * Additional node for VIA testing No recurrence of CIN2+ within 6 years

Receives Treatment 

No recurrence after 6 years

Recurrent CIN2+

Remain CIN2+ after 6 years 

Screen +ve

Survives after 6 years 

Loss to Follow-up 

Decision node Death due to cervical cancer within 6 years

HPV +ve   * 
No cancer develops/Survives within 6 years

Chance node

Screen -ve Survives after 6 years

Cancer develops within 6 years

Terminal node CIN 2+ Death due to cervical cancer within 6 years

HPV -ve

No CIN2+ within 6 years

Receives Treatment 

n=1000 Subtree 1 No recurrence after 6 years

CIN2+ develops

Remain CIN2+ after 6 years 

Screen +ve

Survives after 6 years 

Loss to Follow-up 

Death due to cervical cancer within 6 years

HPV +ve

No CIN 2+ develops within 6 years

Screen -ve Does not receive treatment for CIN 2+

CIN 2+ develops within 6 years

Rceives treatment for CIN2+ 

<CIN2 No occurrence of CIN2+ within 6 years 

Receives Treatment 

Develops CIN2+ within 6 years 

Screen +ve

Loss to Follow-up 

HPV -ve

Screen -ve

Subtree 1

Subtree 1*

Subtree 1*

 VIA-to-treat with standard 

linkage to treatment

 VIA- to treat with enhanced linkage to treatment

VIA triage with standard linkage to treatment; 

VIA triage with enhanced linkage to treatment. 

True Disease Status Outcomes 
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Figure 5.2: Strategies implemented in cervical cancer screening scenarios to evaluate cost-effectiveness of community health campaigns in 

Kenya. The “HPV & Treat” strategy was implemented in the clustered-randomized trial. In this strategy, all HPV-positive women will receive 

treatment; the VIA is used to evaluate appropriateness for treatment with cryotherapy. The HPV + VIA and treat strategy is recommended by the 

World Health Organization and has been adopted by the Kenyan Ministry of Health as part of their guidelines for treatment and prevention of 

cervical neoplasia. We applied this strategy to our health care delivery models utilized in the trail to assess the appropriateness of this 

recommendation. Using “HPV+VIA & Treat”, HPV-positive women undergo VIA as a screening procedure. Women who are found to be disease 

negative based on the VIA test, will not be referred to treatment.  

“HPV + VIA and treat” strategy “HPV & Treat” strategy 
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Figure 5.3: Probabilistic sensitivity analysis of incremental cost-effectiveness of all base-case scenarios shown in a scatter plot. Each point 

estimate represents one iteration (total 10,000) of incremental cost and incremental effectiveness measured by DALYs averted, based on the range 

of parameter distributions. The sold line represents the willingness-to-pay threshold of I$ 10,384/DALY averted, or 3 times the per capita GDP 

(PPP) of Kenya. Any points to the left of the solid line represents an incremental cost-effectiveness ratio (ICER) above the willingness-to-pay 

threshold.  
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Figure 5.4 Probabilistic sensitivity analysis of incremental cost-effectiveness of “HPV & Treat” strategies. Each point estimate represents one 

iteration (total 10,000) of incremental cost and incremental effectiveness measured by DALYs averted, based on the range of parameter 

distributions. The sold line represents the willingness-to-pay threshold of I$ 10,384/DALY averted, or 3 times the per capita GDP (PPP) of Kenya. 

Any points to the left of the solid line represents an incremental cost-effectiveness ratio (ICER) above the willingness-to-pay threshold.  
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CHAPTER 6: CONCLUSIONS  

Summary of Findings  

 

 The sensitivity and specificity of HPV testing using dry-stored self-collected specimens for the 

detection of ≥HSIL were similar to wet-storage of specimens. Although the prevalence of HSIL was low 

in our study and our estimates were imprecise, they nevertheless suggest that using dry-stored self-

collected specimens may provide a simple, private and convenient self-test which can help increase 

access to screening in low-resource regions. However, FSWs preferred physician-collection HPV testing 

compared to self-collection. FSWs indicated they were concerned that using the brush to self-collect may 

cause pain and about their ability to properly use the brush for self-collection. Additional research to 

address preferences and any barriers to self-collection is crucial. 

 To deliver HPV-testing using self-collection methods in a low resource setting such as Kenya, 

community health campaigns are a viable option with appropriate linkage to treatment of HPV-positive 

women. Utilizing “HPV & Treat” strategies, where VIA is used to determine the appropriateness of 

cryotherapy treatment, and all HPV-positive women are treated, is more cost-effective than “HPV+VIA 

& Treat” strategies when the VIA test is used as a triage method to treatment. This is due to the high 

false-negative rate (i.e. low sensitivity) of VIA, the implications of which are more evident in a high-

burden area such as Kenya. 

 Compared to no screening, “HPV & Treat” with enhanced linkage to treatment appeared to be the 

most cost-effective at I$ 5492.62/DALY averted, which is below the willingness-to-pay threshold of three 

times Kenya’s per capita GDP ($10. 384.2/DALY averted). Similarly, “HPV & Treat” with standard 

linkage to treatment was also considered cost-effective when compared to no screening intervention (I$ 

6342.86/DALY averted). The proportion of HPV-positive women who were successfully linked to 

treatment had the most substantial impact on ICERs comparing “HPV & Treat” strategies. Future efforts 
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to improve linkage to treatment in existing cervical cancer screening programs or those to be developed in 

Kenya should prioritize successful methods to link women to treatment. In this trial, successful strategies 

included the decentralization of treatment centers, so women were able to obtain treatment in closer 

proximity to the community the CHC they attended occurred and follow-up with women who did not 

receive treatment within three months of test result notification through text message.  

  Probabilistic sensitivity analyses or PSA was performed using Monte Carlo simulation by 10,000 

iterations; demonstrated an overall robust model, where each input parameter is simultaneously varied 

across a given range of values from the parameter’s defined distribution. When comparing enhanced 

linkage to treatment to standard linkage, 67% of iterations were below the willingness to pay threshold 

and considered cost-effective. The remaining iterations showed enhanced linkage to be more effective, 

however, more costly and above the willingness to pay threshold. Finally, when comparing enhanced 

linkage to treatment to no screening, 67% of iterations were cost-effective. 

 

Public Health Significance  

 

Testing self-collected specimens for detection of high-risk HPV infection can reduce the 

proportion of women who would require a pelvic speculum examination at a health facility for cervical 

cancer screening. Self-collection of cervicovaginal samples using “dry test” self-collection methods could 

potentially provide a scalable, and easy to implement method to improve screening uptake and coverage 

in resource-limited areas.  

We observed low positive predictive values for HPV testing using sc-WET (16%), sc-DRY 

(17%), and physician-collection (19%). Positive predictive value is defined as the probability that subjects 

with a positive screening test truly have disease; it is similar to sensitivity excluding the denominator 

which is now all women who screened rather than all women who have disease. Although similar to prior 

studies conducted to evaluate HPV mRNA testing(49, 50, 52), the low PPV is concerning as it may lead 

to unnecessary treatment of many women if implemented in an “HPV & Treat” scenario. More specific 

biomarkers for the detection of CIN2+ may be needed, particularly in areas where screening is readily 
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available. However, in areas where women may screen only once in their lifetime, the low PPV may not 

be as much of concern due to a woman’s lifetime risk of hr-HPV infection and persistence. In low-

resource settings, the potential benefits of using a screen and treat strategy based on a test with low 

specificity may outweigh the harms of overtreatment(122).  

Acceptance and preference of self-collection will be critical to successful implementation of 

HPV-based community health campaigns. We found that women preferred physician-collection due to 

concerns regarding pain and their ability to correctly collect the sample. Indeed, a recent qualitative study 

of women in Kenya and their experience with self-collection showed that facilitators of screening 

included, confidence in their ability to complete HPV self-sampling and comfort conducting the HPV 

self-sampling(129). Women in this qualitative study were provided with in-depth educational 

interventions and were then asked to carry out self-collection before carrying participating in the focus 

group interview. Findings from this study and our analysis indicate that potentially with experience and 

motivational instruction, women in Kenya may be willing to self-collect cervical samples, although 

further research is warranted. 

A vital aspect of a successful cervical cancer screening program is linkage to treatment for 

screen-positive women. We demonstrated that implementing enhanced linkage to treatment methods led 

to more DALYs averted and improved incremental cost per DALY averted. The World Health 

Organization recommends use of VIA following an HPV-positive result (“HPV+VIA & Treat”), 

however, we found that this strategy is not cost-effective compared to “HPV & Treat,” where VIA is used 

only to evaluate appropriateness of cryotherapy. The results of this dissertation may inform Kenyan 

national policies for the implementation of cervical cancer screening programs. Improved screening 

accessibility paired with linkage to treatment will increase coverage of screening programs could reduce 

morbidity and mortality due to ICC, particularly in low-resource, high incidence countries such as Kenya.  

Limitations   

 

 There are several limitations to consider when interpreting our findings. Although similar to prior 

studies conducted in sub-Saharan Africa(49), the prevalence of ≥HSIL cases was low (6.9%) in our study 
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of FSWs. The low prevalence of our gold standard and outcome may limit the interpretation of our 

findings. Cervical histology data collected through biopsy was unavailable for almost half of included 

FSWs, and as such, we utilized a screening test (cytology) as our outcome, which may limit the accuracy 

of our results as histological-based CIN is a better marker of disease than cytology.  Since this study will 

be performed among a population of high-risk women, generalizability of the results to the general 

population may be limited. However, these results may be applicable to low-risk populations given that 

the comparative performance between each screening option will still be valid. We were unable to 

conduct genotyping of hr-HPV type as APTIMA does not differentiate between hrHPV types. Finally, the 

survey used to assess preference of self-collection methods versus physician-collection was a quantitative 

survey using a Likert scale ranging from 1 to 5. Although the research assistants provided in-depth 

instructions on participation  

For our cost-effectiveness analysis, all strategies considered here assume that women only receive 

one screening per lifetime and does not take into account the effect of interval-based screening. However, 

the WHO recommends a once-in-a-lifetime screening approach for women living in developing 

countries(103). Our cost-effectiveness results are sensitive to several model inputs that were not collected 

from women in Kenya or similar low-resource settings. Although we conducted several sensitivity 

analyses to examine a wide range of potential values of inputs, our base case results may be limited.  

Although Migori County is a rural area, the cost-effectiveness of our modeled strategies may be 

limited in areas where clinics may be further away or with fewer resources for treatment. Additionally, 

women were notified of their results frequently using mobile phones, and when a woman did not use a 

mobile phone, community health volunteers conducted home-visits to inform women of their results in 

person. In more remote areas, where fewer women may have mobile phones, cost of home visits by 

community health volunteers may diminish the cost-effectiveness of modeled strategies. Finally, we 

utilized a decision-tree framework to model the progression of disease from hr-HPV infection to invasive 

disease, and as such, we were unable to account for dynamic effects of factors such as age, sexual 
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behavior, and disease recurrence or regression. While this model is useful for the prediction of 

programmatic costs and health impact, it does not account for ongoing HPV transmission.  

 

 

Future Research Directions  

 

 Although we found that test characteristics of sc-DRY were similar to sc-WET for detection of 

high-grade, future research studies among larger cohorts of women in a low-resource setting are 

warranted to confirm our findings. Additionally, further data comparing self-collection methods for hr-

HPV mRNA testing to physician-collection are needed, particularly in low-resource settings.  

 Health utility evaluations of cervical cancer screening-related health states among women in low-

resource settings are needed. Using methods such as standard gamble to assess the utility of hypothetical 

scenarios related to cervical cancer screening among women in Kenya or a similar setting will be 

beneficial towards more accurately assessing the cost-effectiveness of cervical cancer screening.  

 Lastly, future cost-effectiveness analyses may be conducted utilizing the hr-HPV mRNA test 

characteristics calculated in Aim 1 of this dissertation. The improved specificity of HPV mRNA testing 

compared to HPV DNA test may lead to enhanced effectiveness, and more DALYs averted. Micro-

costing data on screening using HPV mRNA are not currently available, and would also need to be 

collected to carry out such a cost-effectiveness analysis.  

 

 

 

 

 

 

 

 

 

 

 



  

84 

 

REFERENCES 

 

1. Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah KV, et al. Human 

papillomavirus is a necessary cause of invasive cervical cancer worldwide. J Pathol. 1999;189(1):12-9. 

doi: 10.1002/(SICI)1096-9896(199909)189:1<12::AID-PATH431>3.0.CO;2-F. PubMed PMID: 

10451482. 

2. Bruni L, Diaz M, Castellsague X, Ferrer E, Bosch FX, de Sanjose S. Cervical human 

papillomavirus prevalence in 5 continents: meta-analysis of 1 million women with normal cytological 

findings. The Journal of infectious diseases. 2010;202(12):1789-99. doi: 10.1086/657321. PubMed 

PMID: 21067372. 

3. Forman D, de Martel C, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, Bruni L, et al. Global 

burden of human papillomavirus and related diseases. Vaccine. 2012;30 Suppl 5:F12-23. doi: 

10.1016/j.vaccine.2012.07.055. PubMed PMID: 23199955. 

4. Castle PE, Schiffman M, Herrero R, Hildesheim A, Rodriguez AC, Bratti MC, et al. A 

prospective study of age trends in cervical human papillomavirus acquisition and persistence in 

Guanacaste, Costa Rica. The Journal of infectious diseases. 2005;191(11):1808-16. doi: 10.1086/428779. 

PubMed PMID: 15871112. 

5. Munoz N, Mendez F, Posso H, Molano M, van den Brule AJ, Ronderos M, et al. Incidence, 

duration, and determinants of cervical human papillomavirus infection in a cohort of Colombian women 

with normal cytological results. The Journal of infectious diseases. 2004;190(12):2077-87. doi: 

10.1086/425907. PubMed PMID: 15551205. 

6. Castle PE, Rodriguez AC, Burk RD, Herrero R, Wacholder S, Alfaro M, et al. Short term 

persistence of human papillomavirus and risk of cervical precancer and cancer: population based cohort 

study. BMJ (Clinical research ed). 2009;339:b2569. doi: 10.1136/bmj.b2569. PubMed PMID: 19638649; 

PubMed Central PMCID: PMCPMC2718087. 

7. Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S. Human papillomavirus and 

cervical cancer. Lancet (London, England). 2007;370(9590):890-907. doi: 10.1016/S0140-

6736(07)61416-0. PubMed PMID: 17826171. 

8. Maucort-Boulch D, Plummer M, Castle PE, Demuth F, Safaeian M, Wheeler CM, et al. 

Predictors of human papillomavirus persistence among women with equivocal or mildly abnormal 

cytology. Int J Cancer. 2010;126(3):684-91. doi: 10.1002/ijc.24752. PubMed PMID: 19609952. 

9. IARC Monographs on the evaluation of carcinogenic risks to humans volume 100B: A review of 

human carcinogens: Biological agents. . Lyons, France: International Agency for Research on Cancer 

2012. 



  

85 

 

10. Cancer Facts and Figures 2018. Atlanta, Georgia: American Cancer Society, 2018. 

11. IARC Monographs Lyon, France: IARC, 1995. 

12. Guan P, Howell-Jones R, Li N, Bruni L, de Sanjose S, Franceschi S, et al. Human papillomavirus 

types in 115,789 HPV-positive women: a meta-analysis from cervical infection to cancer. Int J Cancer. 

2012;131(10):2349-59. doi: 10.1002/ijc.27485. PubMed PMID: 22323075. 

13. De Vuyst H, Alemany L, Lacey C, Chibwesha CJ, Sahasrabuddhe V, Banura C, et al. The burden 

of human papillomavirus infections and related diseases in sub-saharan Africa. Vaccine. 2013;31 Suppl 

5:F32-46. doi: 10.1016/j.vaccine.2012.07.092. PubMed PMID: 24331746; PubMed Central PMCID: 

PMCPMC4144870. 

14. De Vuyst H, Parisi MR, Karani A, Mandaliya K, Muchiri L, Vaccarella S, et al. The prevalence 

of human papillomavirus infection in Mombasa, Kenya. Cancer causes & control : CCC. 

2010;21(12):2309-13. doi: 10.1007/s10552-010-9645-z. PubMed PMID: 20938733. 

15. Sankaranarayanan R. Screening for cancer in low- and middle-income countries. Ann Glob 

Health. 2014;80(5):412-7. doi: 10.1016/j.aogh.2014.09.014. PubMed PMID: 25512156. 

16. Gustafsson L, Ponten J, Zack M, Adami HO. International incidence rates of invasive cervical 

cancer after introduction of cytological screening. Cancer causes & control : CCC. 1997;8(5):755-63. 

PubMed PMID: 9328198. 

17. McCredie MR, Sharples KJ, Paul C, Baranyai J, Medley G, Jones RW, et al. Natural history of 

cervical neoplasia and risk of invasive cancer in women with cervical intraepithelial neoplasia 3: a 

retrospective cohort study. The Lancet Oncology. 2008;9(5):425-34. doi: 10.1016/S1470-2045(08)70103-

7. PubMed PMID: 18407790. 

18. Gakidou E, Nordhagen S, Obermeyer Z. Coverage of cervical cancer screening in 57 countries: 

low average levels and large inequalities. PLoS medicine. 2008;5(6):e132. doi: 

10.1371/journal.pmed.0050132. PubMed PMID: 18563963; PubMed Central PMCID: 

PMCPMC2429949. 

19. National Guidelines for Prevention and Management of Cervical, Breast and Prostate Cancers. 

Kenya: Ministry of Public Health and Sanitation Ministry of Medical Services 2012. 

20. Sahasrabuddhe VV, Parham GP, Mwanahamuntu MH, Vermund SH. Cervical cancer prevention 

in low- and middle-income countries: feasible, affordable, essential. Cancer prevention research 

(Philadelphia, Pa). 2012;5(1):11-7. doi: 10.1158/1940-6207.CAPR-11-0540. PubMed PMID: 22158053; 

PubMed Central PMCID: PMCPMC3586242. 



  

86 

 

21. Salmeron J, Lazcano-Ponce E, Lorincz A, Hernandez M, Hernandez P, Leyva A, et al. 

Comparison of HPV-based assays with Papanicolaou smears for cervical cancer screening in Morelos 

State, Mexico. Cancer causes & control : CCC. 2003;14(6):505-12. PubMed PMID: 12948281. 

22. Stoler MH, Schiffman M, Atypical Squamous Cells of Undetermined Significance-Low-grade 

Squamous Intraepithelial Lesion Triage Study G. Interobserver reproducibility of cervical cytologic and 

histologic interpretations: realistic estimates from the ASCUS-LSIL Triage Study. Jama. 

2001;285(11):1500-5. PubMed PMID: 11255427. 

23. Fahey MT, Irwig L, Macaskill P. Meta-analysis of Pap test accuracy. American journal of 

epidemiology. 1995;141(7):680-9. PubMed PMID: 7702044. 

24. Visual inspection with acetic acid for cervical-cancer screening: test qualities in a primary-care 

setting. University of Zimbabwe/JHPIEGO Cervical Cancer Project. Lancet (London, England). 

1999;353(9156):869-73. PubMed PMID: 10093978. 

25. Arbyn M, Sankaranarayanan R, Muwonge R, Keita N, Dolo A, Mbalawa CG, et al. Pooled 

analysis of the accuracy of five cervical cancer screening tests assessed in eleven studies in Africa and 

India. Int J Cancer. 2008;123(1):153-60. doi: 10.1002/ijc.23489. PubMed PMID: 18404671. 

26. Sankaranarayanan R, Esmy PO, Rajkumar R, Muwonge R, Swaminathan R, Shanthakumari S, et 

al. Effect of visual screening on cervical cancer incidence and mortality in Tamil Nadu, India: a cluster-

randomised trial. Lancet (London, England). 2007;370(9585):398-406. doi: 10.1016/S0140-

6736(07)61195-7. PubMed PMID: 17679017. 

27. Denny L, Kuhn L, Pollack A, Wainwright H, Wright TC, Jr. Evaluation of alternative methods of 

cervical cancer screening for resource-poor settings. Cancer. 2000;89(4):826-33. PubMed PMID: 

10951346. 

28. Sauvaget C, Fayette JM, Muwonge R, Wesley R, Sankaranarayanan R. Accuracy of visual 

inspection with acetic acid for cervical cancer screening. International journal of gynaecology and 

obstetrics: the official organ of the International Federation of Gynaecology and Obstetrics. 

2011;113(1):14-24. doi: 10.1016/j.ijgo.2010.10.012. PubMed PMID: 21257169. 

29. Mustafa RA, Santesso N, Khatib R, Mustafa AA, Wiercioch W, Kehar R, et al. Systematic 

reviews and meta-analyses of the accuracy of HPV tests, visual inspection with acetic acid, cytology, and 

colposcopy. International journal of gynaecology and obstetrics: the official organ of the International 

Federation of Gynaecology and Obstetrics. 2016;132(3):259-65. doi: 10.1016/j.ijgo.2015.07.024. 

PubMed PMID: 26851054. 

30. Castle PE, Wheeler CM, Solomon D, Schiffman M, Peyton CL, Group A. Interlaboratory 

reliability of Hybrid Capture 2. Am J Clin Pathol. 2004;122(2):238-45. doi: 10.1309/BA43-HMCA-J26V-

WQH3. PubMed PMID: 15323141. 



  

87 

 

31. Gravitt PE, Belinson JL, Salmeron J, Shah KV. Looking ahead: a case for human papillomavirus 

testing of self-sampled vaginal specimens as a cervical cancer screening strategy. Int J Cancer. 

2011;129(3):517-27. doi: 10.1002/ijc.25974. PubMed PMID: 21384341; PubMed Central PMCID: 

PMCPMC3782104. 

32. Cervical cancer screening in developing countries: report of a WHO consultation. Geneva, 

Switzerland: World Health Organization, 2002. 

33. Schmeink CE, Bekkers RL, Massuger LF, Melchers WJ. The potential role of self-sampling for 

high-risk human papillomavirus detection in cervical cancer screening. Reviews in medical virology. 

2011;21(3):139-53. doi: 10.1002/rmv.686. PubMed PMID: 21538664. 

34. Pileggi C, Flotta D, Bianco A, Nobile CG, Pavia M. Is HPV DNA testing specificity comparable 

to that of cytological testing in primary cervical cancer screening? Results of a meta-analysis of 

randomized controlled trials. Int J Cancer. 2014;135(1):166-77. doi: 10.1002/ijc.28640. PubMed PMID: 

24302411. 

35. Arbyn M, Roelens J, Cuschieri K, Cuzick J, Szarewski A, Ratnam S, et al. The APTIMA HPV 

assay versus the Hybrid Capture 2 test in triage of women with ASC-US or LSIL cervical cytology: a 

meta-analysis of the diagnostic accuracy. Int J Cancer. 2013;132(1):101-8. doi: 10.1002/ijc.27636. 

PubMed PMID: 22610699. 

36. Cuzick J, Arbyn M, Sankaranarayanan R, Tsu V, Ronco G, Mayrand MH, et al. Overview of 

human papillomavirus-based and other novel options for cervical cancer screening in developed and 

developing countries. Vaccine. 2008;26 Suppl 10:K29-41. doi: 10.1016/j.vaccine.2008.06.019. PubMed 

PMID: 18847555. 

37. Nanda K, McCrory DC, Myers ER, Bastian LA, Hasselblad V, Hickey JD, et al. Accuracy of the 

Papanicolaou test in screening for and follow-up of cervical cytologic abnormalities: a systematic review. 

Annals of internal medicine. 2000;132(10):810-9. PubMed PMID: 10819705. 

38. Ronco G, Giorgi-Rossi P, Carozzi F, Confortini M, Dalla Palma P, Del Mistro A, et al. Efficacy 

of human papillomavirus testing for the detection of invasive cervical cancers and cervical intraepithelial 

neoplasia: a randomised controlled trial. The Lancet Oncology. 2010;11(3):249-57. doi: 10.1016/S1470-

2045(09)70360-2. PubMed PMID: 20089449. 

39. Leinonen M, Nieminen P, Kotaniemi-Talonen L, Malila N, Tarkkanen J, Laurila P, et al. Age-

specific evaluation of primary human papillomavirus screening vs conventional cytology in a randomized 

setting. Journal of the National Cancer Institute. 2009;101(23):1612-23. doi: 10.1093/jnci/djp367. 

PubMed PMID: 19903804. 

 



  

88 

 

40. Cuzick J, Sasieni P, Davies P, Adams J, Normand C, Frater A, et al. A systematic review of the 

role of human papilloma virus (HPV) testing within a cervical screening programme: summary and 

conclusions. British journal of cancer. 2000;83(5):561-5. doi: 10.1054/bjoc.2000.1375. PubMed PMID: 

10944591; PubMed Central PMCID: PMCPMC2363499. 

41. Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, et al. Overview of the European 

and North American studies on HPV testing in primary cervical cancer screening. Int J Cancer. 

2006;119(5):1095-101. doi: 10.1002/ijc.21955. PubMed PMID: 16586444. 

42. Tomaic V. Functional Roles of E6 and E7 Oncoproteins in HPV-Induced Malignancies at Diverse 

Anatomical Sites. Cancers. 2016;8(10). doi: 10.3390/cancers8100095. PubMed PMID: 27775564; 

PubMed Central PMCID: PMCPMC5082385. 

43. Burger EA, Kornor H, Klemp M, Lauvrak V, Kristiansen IS. HPV mRNA tests for the detection 

of cervical intraepithelial neoplasia: a systematic review. Gynecologic oncology. 2011;120(3):430-8. doi: 

10.1016/j.ygyno.2010.11.013. PubMed PMID: 21130490. 

44. Ratnam S, Coutlee F, Fontaine D, Bentley J, Escott N, Ghatage P, et al. Clinical performance of 

the PreTect HPV-Proofer E6/E7 mRNA assay in comparison with that of the Hybrid Capture 2 test for 

identification of women at risk of cervical cancer. Journal of clinical microbiology. 2010;48(8):2779-85. 

doi: 10.1128/JCM.00382-10. PubMed PMID: 20573862; PubMed Central PMCID: PMCPMC2916571. 

45. Keegan H, Mc Inerney J, Pilkington L, Gronn P, Silva I, Karlsen F, et al. Comparison of HPV 

detection technologies: Hybrid capture 2, PreTect HPV-Proofer and analysis of HPV DNA viral load in 

HPV16, HPV18 and HPV33 E6/E7 mRNA positive specimens. J Virol Methods. 2009;155(1):61-6. doi: 

10.1016/j.jviromet.2008.09.027. PubMed PMID: 18955086. 

46. Coquillard G, Palao B, Patterson BK. Quantification of intracellular HPV E6/E7 mRNA 

expression increases the specificity and positive predictive value of cervical cancer screening compared to 

HPV DNA. Gynecologic oncology. 2011;120(1):89-93. doi: 10.1016/j.ygyno.2010.09.013. PubMed 

PMID: 20950847. 

47. Dockter J, Schroder A, Hill C, Guzenski L, Monsonego J, Giachetti C. Clinical performance of 

the APTIMA HPV Assay for the detection of high-risk HPV and high-grade cervical lesions. Journal of 

clinical virology : the official publication of the Pan American Society for Clinical Virology. 2009;45 

Suppl 1:S55-61. doi: 10.1016/S1386-6532(09)70009-5. PubMed PMID: 19651370. 

48. Cattani P, Zannoni GF, Ricci C, D'Onghia S, Trivellizzi IN, Di Franco A, et al. Clinical 

performance of human papillomavirus E6 and E7 mRNA testing for high-grade lesions of the cervix. 

Journal of clinical microbiology. 2009;47(12):3895-901. doi: 10.1128/JCM.01275-09. PubMed PMID: 

19828739; PubMed Central PMCID: PMCPMC2786669. 



  

89 

 

49. Ting J, Mugo N, Kwatampora J, Hill C, Chitwa M, Patel S, et al. High-risk human papillomavirus 

messenger RNA testing in physician- and self-collected specimens for cervical lesion detection in high-

risk women, Kenya. Sexually transmitted diseases. 2013;40(7):584-9. doi: 

10.1097/OLQ.0b013e31828e5a91. PubMed PMID: 23965776. 

50. Nieves L, Enerson CL, Belinson S, Brainard J, Chiesa-Vottero A, Nagore N, et al. Primary 

cervical cancer screening and triage using an mRNA human papillomavirus assay and visual inspection. 

International journal of gynecological cancer : official journal of the International Gynecological Cancer 

Society. 2013;23(3):513-8. doi: 10.1097/IGC.0b013e318280f3bc. PubMed PMID: 23334437. 

51. Johnson DC, Bhatta MP, Smith JS, Kempf MC, Broker TR, Vermund SH, et al. Assessment of 

high-risk human papillomavirus infections using clinician- and self-collected cervical sampling methods 

in rural women from far western Nepal. PloS one. 2014;9(6):e101255. doi: 

10.1371/journal.pone.0101255. PubMed PMID: 24978811; PubMed Central PMCID: PMCPMC4076302. 

52. Chernesky M, Jang D, Gilchrist J, Elit L, Lytwyn A, Smieja M, et al. Evaluation of a new 

APTIMA specimen collection and transportation kit for high-risk human papillomavirus E6/E7 

messenger RNA in cervical and vaginal samples. Sexually transmitted diseases. 2014;41(6):365-8. doi: 

10.1097/OLQ.0000000000000125. PubMed PMID: 24825332. 

53. Asciutto KC, Ernstson A, Forslund O, Borgfeldt C. Self-sampling with HPV mRNA analyses 

from vagina and urine compared with cervical samples. Journal of clinical virology : the official 

publication of the Pan American Society for Clinical Virology. 2018;101:69-73. doi: 

10.1016/j.jcv.2018.02.002. PubMed PMID: 29433016. 

54. Adamson PC, Huchko MJ, Moss AM, Kinkel HF, Medina-Marino A. Acceptability and Accuracy 

of Cervical Cancer Screening Using a Self-Collected Tampon for HPV Messenger-RNA Testing among 

HIV-Infected Women in South Africa. PloS one. 2015;10(9):e0137299. doi: 

10.1371/journal.pone.0137299. PubMed PMID: 26332236; PubMed Central PMCID: PMCPMC4557833. 

55. Senkomago V, Ting J, Kwatampora J, Gukare H, Mugo N, Kimani J, et al. High-risk HPV-RNA 

screening of physician- and self-collected specimens for detection of cervical lesions among female sex 

workers in Nairobi, Kenya. International journal of gynaecology and obstetrics: the official organ of the 

International Federation of Gynaecology and Obstetrics. 2018. doi: 10.1002/ijgo.12628. PubMed PMID: 

30047987. 

56. Stewart DE, Gagliardi A, Johnston M, Howlett R, Barata P, Lewis N, et al. Self-collected samples 

for testing of oncogenic human papillomavirus: a systematic review. Journal of obstetrics and 

gynaecology Canada : JOGC = Journal d'obstetrique et gynecologie du Canada : JOGC. 2007;29(10):817-

28. PubMed PMID: 17915065. 

57. Wright TC, Jr., Denny L, Kuhn L, Pollack A, Lorincz A. HPV DNA testing of self-collected 

vaginal samples compared with cytologic screening to detect cervical cancer. Jama. 2000;283(1):81-6. 

PubMed PMID: 10632284. 



  

90 

 

58. Sowjanya AP, Paul P, Vedantham H, Ramakrishna G, Vidyadhari D, Vijayaraghavan K, et al. 

Suitability of self-collected vaginal samples for cervical cancer screening in periurban villages in Andhra 

Pradesh, India. Cancer epidemiology, biomarkers & prevention : a publication of the American 

Association for Cancer Research, cosponsored by the American Society of Preventive Oncology. 

2009;18(5):1373-8. doi: 10.1158/1055-9965.EPI-08-1171. PubMed PMID: 19423518; PubMed Central 

PMCID: PMCPMC2762740. 

59. Sellors JW, Lorincz AT, Mahony JB, Mielzynska I, Lytwyn A, Roth P, et al. Comparison of self-

collected vaginal, vulvar and urine samples with physician-collected cervical samples for human 

papillomavirus testing to detect high-grade squamous intraepithelial lesions. CMAJ. 2000;163(5):513-8. 

PubMed PMID: 11006761; PubMed Central PMCID: PMCPMC80457. 

60. Kahn JA, Slap GB, Huang B, Rosenthal SL, Wanchick AM, Kollar LM, et al. Comparison of 

adolescent and young adult self-collected and clinician-collected samples for human papillomavirus. 

Obstetrics and gynecology. 2004;103(5 Pt 1):952-9. doi: 10.1097/01.AOG.0000124569.61462.8d. 

PubMed PMID: 15121570. 

61. Jones HE, Allan BR, van de Wijgert JH, Altini L, Taylor SM, de Kock A, et al. Agreement 

between self- and clinician-collected specimen results for detection and typing of high-risk human 

papillomavirus in specimens from women in Gugulethu, South Africa. Journal of clinical microbiology. 

2007;45(6):1679-83. doi: 10.1128/JCM.02369-06. PubMed PMID: 17409209; PubMed Central PMCID: 

PMCPMC1933028. 

62. Snijders PJ, Verhoef VM, Arbyn M, Ogilvie G, Minozzi S, Banzi R, et al. High-risk HPV testing 

on self-sampled versus clinician-collected specimens: a review on the clinical accuracy and impact on 

population attendance in cervical cancer screening. Int J Cancer. 2013;132(10):2223-36. doi: 

10.1002/ijc.27790. PubMed PMID: 22907569. 

63. Rosser JI, Hamisi S, Njoroge B, Huchko MJ. Barriers to Cervical Cancer Screening in Rural 

Kenya: Perspectives from a Provider Survey. J Community Health. 2015;40(4):756-61. doi: 

10.1007/s10900-015-9996-1. PubMed PMID: 25677728. 

64. Nelson EJ, Maynard BR, Loux T, Fatla J, Gordon R, Arnold LD. The acceptability of self-

sampled screening for HPV DNA: a systematic review and meta-analysis. Sex Transm Infect. 

2017;93(1):56-61. doi: 10.1136/sextrans-2016-052609. PubMed PMID: 28100761. 

65. Gaydos CA, Crotchfelt KA, Shah N, Tennant M, Quinn TC, Gaydos JC, et al. Evaluation of dry 

and wet transported intravaginal swabs in detection of Chlamydia trachomatis and Neisseria gonorrhoeae 

infections in female soldiers by PCR. Journal of clinical microbiology. 2002;40(3):758-61. PubMed 

PMID: 11880389; PubMed Central PMCID: PMCPMC120245. 

 



  

91 

 

66. Baay MF, Verhoeven V, Lambrechts HA, Pattyn GG, Lardon F, Van Royen P, et al. Feasibility 

of collecting self-sampled vaginal swabs by mail: quantity and quality of genomic DNA. European 

journal of clinical microbiology & infectious diseases : official publication of the European Society of 

Clinical Microbiology. 2009;28(11):1285-9. doi: 10.1007/s10096-009-0776-7. PubMed PMID: 

19603206. 

67. Feng Q, Cherne S, Winer RL, Popov V, Zambrano H, Yerovi C, et al. Evaluation of transported 

dry and wet cervical exfoliated samples for detection of human papillomavirus infection. Journal of 

clinical microbiology. 2010;48(9):3068-72. doi: 10.1128/JCM.00736-10. PubMed PMID: 20610686; 

PubMed Central PMCID: PMCPMC2937663. 

68. Lenselink CH, de Bie RP, van Hamont D, Bakkers JM, Quint WG, Massuger LF, et al. Detection 

and genotyping of human papillomavirus in self-obtained cervicovaginal samples by using the FTA 

cartridge: new possibilities for cervical cancer screening. Journal of clinical microbiology. 

2009;47(8):2564-70. doi: 10.1128/JCM.00285-09. PubMed PMID: 19553570; PubMed Central PMCID: 

PMCPMC2725671. 

69. Gustavsson I, Sanner K, Lindell M, Strand A, Olovsson M, Wikstrom I, et al. Type-specific 

detection of high-risk human papillomavirus (HPV) in self-sampled cervicovaginal cells applied to FTA 

elute cartridge. Journal of clinical virology : the official publication of the Pan American Society for 

Clinical Virology. 2011;51(4):255-8. doi: 10.1016/j.jcv.2011.05.006. PubMed PMID: 21632283. 

70. Darlin L, Borgfeldt C, Forslund O, Henic E, Dillner J, Kannisto P. Vaginal self-sampling without 

preservative for human papillomavirus testing shows good sensitivity. Journal of clinical virology : the 

official publication of the Pan American Society for Clinical Virology. 2013;56(1):52-6. doi: 

10.1016/j.jcv.2012.09.002. PubMed PMID: 23017435. 

71. van Baars R, Bosgraaf RP, ter Harmsel BW, Melchers WJ, Quint WG, Bekkers RL. Dry storage 

and transport of a cervicovaginal self-sample by use of the Evalyn Brush, providing reliable human 

papillomavirus detection combined with comfort for women. Journal of clinical microbiology. 

2012;50(12):3937-43. doi: 10.1128/JCM.01506-12. PubMed PMID: 23015677; PubMed Central PMCID: 

PMCPMC3503012. 

72. Eperon I, Vassilakos P, Navarria I, Menoud PA, Gauthier A, Pache JC, et al. Randomized 

comparison of vaginal self-sampling by standard vs. dry swabs for human papillomavirus testing. BMC 

cancer. 2013;13:353. doi: 10.1186/1471-2407-13-353. PubMed PMID: 23875668; PubMed Central 

PMCID: PMCPMC3750271. 

73. Wolfrum SG, Koutsky LA, Hughes JP, Feng Q, Xi LF, Shen Z, et al. Evaluation of dry and wet 

transport of at-home self-collected vaginal swabs for human papillomavirus testing. Journal of medical 

microbiology. 2012;61(Pt 11):1538-45. doi: 10.1099/jmm.0.046110-0. PubMed PMID: 22899778. 

 



  

92 

 

74. Jentschke M, Chen K, Arbyn M, Hertel B, Noskowicz M, Soergel P, et al. Direct comparison of 

two vaginal self-sampling devices for the detection of human papillomavirus infections. Journal of 

clinical virology : the official publication of the Pan American Society for Clinical Virology. 2016;82:46-

50. doi: 10.1016/j.jcv.2016.06.016. PubMed PMID: 27434147. 

75. Catarino R, Vassilakos P, Bilancioni A, Vanden Eynde M, Meyer-Hamme U, Menoud PA, et al. 

Randomized Comparison of Two Vaginal Self-Sampling Methods for Human Papillomavirus Detection: 

Dry Swab versus FTA Cartridge. PloS one. 2015;10(12):e0143644. doi: 10.1371/journal.pone.0143644. 

PubMed PMID: 26630353; PubMed Central PMCID: PMCPMC4668032. 

76. Chen K, Ouyang Y, Hillemanns P, Jentschke M. Excellent analytical and clinical performance of 

a dry self-sampling device for human papillomavirus detection in an urban Chinese referral population. 

The journal of obstetrics and gynaecology research. 2016;42(12):1839-45. doi: 10.1111/jog.13132. 

PubMed PMID: 27647799. 

77. Khan AM, Sasieni P, Singer A. A prospective double-blind cross-sectional study of the accuracy 

of the use of dry vaginal tampons for self-sampling of human papillomaviruses. BJOG : an international 

journal of obstetrics and gynaecology. 2015;122(3):388-94. doi: 10.1111/1471-0528.12926. PubMed 

PMID: 25088393. 

78. Haguenoer K, Giraudeau B, Gaudy-Graffin C, de Pinieux I, Dubois F, Trignol-Viguier N, et al. 

Accuracy of dry vaginal self-sampling for detecting high-risk human papillomavirus infection in cervical 

cancer screening: a cross-sectional study. Gynecologic oncology. 2014;134(2):302-8. doi: 

10.1016/j.ygyno.2014.05.026. PubMed PMID: 24905772. 

79. Cerigo H, Coutlee F, Franco EL, Brassard P. Dry self-sampling versus provider-sampling of 

cervicovaginal specimens for human papillomavirus detection in the Inuit population of Nunavik, 

Quebec. Journal of medical screening. 2012;19(1):42-8. doi: 10.1258/jms.2012.012011. PubMed PMID: 

22438506. 

80. Guan Y, Gravitt PE, Howard R, Eby YJ, Wang S, Li B, et al. Agreement for HPV genotyping 

detection between self-collected specimens on a FTA cartridge and clinician-collected specimens. J Virol 

Methods. 2013;189(1):167-71. doi: 10.1016/j.jviromet.2012.11.010. PubMed PMID: 23370404; PubMed 

Central PMCID: PMCPMC4763924. 

81. Cuschieri K, Wentzensen N. Human papillomavirus mRNA and p16 detection as biomarkers for 

the improved diagnosis of cervical neoplasia. Cancer epidemiology, biomarkers & prevention : a 

publication of the American Association for Cancer Research, cosponsored by the American Society of 

Preventive Oncology. 2008;17(10):2536-45. doi: 10.1158/1055-9965.EPI-08-0306. PubMed PMID: 

18842994; PubMed Central PMCID: PMCPMC2900792. 

82. Mezei AK, Armstrong HL, Pedersen HN, Campos NG, Mitchell SM, Sekikubo M, et al. Cost-

effectiveness of cervical cancer screening methods in low- and middle-income countries: A systematic 

review. Int J Cancer. 2017;141(3):437-46. doi: 10.1002/ijc.30695. PubMed PMID: 28297074. 



  

93 

 

83. Salam RA, Das JK, Lassi ZS, Bhutta ZA. Impact of community-based interventions for the 

prevention and control of malaria on intervention coverage and health outcomes for the prevention and 

control of malaria. Infect Dis Poverty. 2014;3:25. doi: 10.1186/2049-9957-3-25. PubMed PMID: 

25114795; PubMed Central PMCID: PMCPMC4128612. 

84. Chamie G, Kwarisiima D, Clark TD, Kabami J, Jain V, Geng E, et al. Leveraging rapid 

community-based HIV testing campaigns for non-communicable diseases in rural Uganda. PloS one. 

2012;7(8):e43400. doi: 10.1371/journal.pone.0043400. PubMed PMID: 22916256; PubMed Central 

PMCID: PMCPMC3423366. 

85. Alem A, Jacobsson L, Hanlon C. Community-based mental health care in Africa: mental health 

workers' views. World Psychiatry. 2008;7(1):54-7. PubMed PMID: 18458779; PubMed Central PMCID: 

PMCPMC2327237. 

86. Arshad A, Salam RA, Lassi ZS, Das JK, Naqvi I, Bhutta ZA. Community based interventions for 

the prevention and control of tuberculosis. Infect Dis Poverty. 2014;3:27. doi: 10.1186/2049-9957-3-27. 

PubMed PMID: 25136445; PubMed Central PMCID: PMCPMC4136404. 

87. Kenya World Health Survey 2004 World Health Organization, 2004. 

88. Pasick RJ, Hiatt RA, Paskett ED. Lessons learned from community-based cancer screening 

intervention research. Cancer. 2004;101(5 Suppl):1146-64. doi: 10.1002/cncr.20508. PubMed PMID: 

15316912. 

89. Huchko MJ, Maloba M. Increasing access to cervical cancer screening: mobile screening on 

Mfangano Island, Suba, Kenya Kisumu, Kenya: Kenya Medical Research Institute, 2013. 

90. Obare F, Warren C, Njuki R, Abuya T, Sunday J, Askew I, et al. Community-level impact of the 

reproductive health vouchers programme on service utilization in Kenya. Health policy and planning. 

2013;28(2):165-75. doi: 10.1093/heapol/czs033. PubMed PMID: 22492923; PubMed Central PMCID: 

PMCPMC3584991. 

91. Herman-Roloff A, Llewellyn E, Obiero W, Agot K, Ndinya-Achola J, Muraguri N, et al. 

Implementing voluntary medical male circumcision for HIV prevention in Nyanza Province, Kenya: 

lessons learned during the first year. PloS one. 2011;6(4):e18299. doi: 10.1371/journal.pone.0018299. 

PubMed PMID: 21483697; PubMed Central PMCID: PMCPMC3070734. 

92. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, et al. The effectiveness of mobile-

health technologies to improve health care service delivery processes: a systematic review and meta-

analysis. PLoS medicine. 2013;10(1):e1001363. doi: 10.1371/journal.pmed.1001363. PubMed PMID: 

23458994; PubMed Central PMCID: PMCPMC3566926. 



  

94 

 

93. Campos NG, Tsu V, Jeronimo J, Njama-Meya D, Mvundura M, Kim JJ. Cost-effectiveness of an 

HPV self-collection campaign in Uganda: comparing models for delivery of cervical cancer screening in a 

low-income setting. Health policy and planning. 2017;32(7):956-68. Epub 2017/04/04. doi: 

10.1093/heapol/czw182. PubMed PMID: 28369405; PubMed Central PMCID: PMCPMC5886074. 

94. Martin HL, Jr., Nyange PM, Richardson BA, Lavreys L, Mandaliya K, Jackson DJ, et al. 

Hormonal contraception, sexually transmitted diseases, and risk of heterosexual transmission of human 

immunodeficiency virus type 1. The Journal of infectious diseases. 1998;178(4):1053-9. PubMed PMID: 

9806034. 

95. Graham SM, Holte SE, Peshu NM, Richardson BA, Panteleeff DD, Jaoko WG, et al. Initiation of 

antiretroviral therapy leads to a rapid decline in cervical and vaginal HIV-1 shedding. AIDS. 

2007;21(4):501-7. doi: 10.1097/QAD.0b013e32801424bd. PubMed PMID: 17301569. 

96. Rodriguez de Gill P, Pham JRT, Nguyen D, Kromrey JD, Kim ES. SAS® Macros CORR_P and 

TANGO: Interval Estimation for the Difference Between Correlated Proportions in Dependent Samples. 

2013. 

97. Shen J, Olwanda E, Kahn JG, Huchko MJ. Cost of HPV screening at community health 

campaigns (CHCs) and health clinics in rural Kenya. BMC health services research. 2018;18(1):378. doi: 

10.1186/s12913-018-3195-6. PubMed PMID: 29801496; PubMed Central PMCID: PMCPMC5970469. 

98. Huchko MJ, Kahn JG, Smith JS, Hiatt RA, Cohen CR, Bukusi E. Study protocol for a cluster-

randomized trial to compare human papillomavirus based cervical cancer screening in community-health 

campaigns versus health facilities in western Kenya. BMC cancer. 2017;17(1):826. doi: 10.1186/s12885-

017-3818-z. PubMed PMID: 29207966; PubMed Central PMCID: PMCPMC5717798. 

99. Olwanda E, Shen J, Kahn JG, Bryant-Comstock K, Huchko MJ. Comparison of patient flow and 

provider efficiency of two delivery strategies for HPV-based cervical cancer screening in Western Kenya: 

a time and motion study. Global health action. 2018;11(1):1451455. doi: 

10.1080/16549716.2018.1451455. PubMed PMID: 29589991; PubMed Central PMCID: 

PMCPMC5912439. 

100. Tan-Torres Edejer T, Baltussen R A, T, Hutubessy R, Acharya A, Evans D, Murray C. Making 

choices in health: WHO guide to cost-effectiveness analysis. Geneva, Switzerland: World Health 

Organization; 2003. 

101. CHOosing Interventions that are Cost Effective (WHO-CHOICE) Geneva, Switzerland: World 

Health Organization; 2005 [cited 2019 03/26/2019]. Available from: 

https://www.who.int/choice/costs/ppp/en/. 

102. Briggs AH, Claxton K, Sculpher MJ. Decision modelling for health economic evaluation. . New 

York: Oxford University Press; 2006. 

https://www.who.int/choice/costs/ppp/en/


  

95 

 

103. WHO Guidelines for Screening and Treatment of Precancerous Lesions for Cervical Cancer 

Prevention. Geneva: 2013 9789241548694. 

104. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global Cancer Statistics 2018: 

GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: a 

cancer journal for clinicians. 2018. doi: 10.3322/caac.21492. PubMed PMID: 30207593. 

105. Sasieni P, Castanon A, Cuzick J. Effectiveness of cervical screening with age: population based 

case-control study of prospectively recorded data. BMJ (Clinical research ed). 2009;339:b2968. doi: 

10.1136/bmj.b2968. PubMed PMID: 19638651; PubMed Central PMCID: PMCPMC2718082. 

106. Moyer VA, Force USPST. Screening for cervical cancer: U.S. Preventive Services Task Force 

recommendation statement. Annals of internal medicine. 2012;156(12):880-91, W312. doi: 

10.7326/0003-4819-156-12-201206190-00424. PubMed PMID: 22711081. 

107. Chidyaonga-Maseko F, Chirwa ML, Muula AS. Underutilization of cervical cancer prevention 

services in low and middle income countries: a review of contributing factors. Pan Afr Med J. 

2015;21:231. doi: 10.11604/pamj.2015.21.231.6350. PubMed PMID: 26523173; PubMed Central 

PMCID: PMCPMC4607967. 

108. GLOBOCAN 2012: Estimated Cancer Incidence, Mortality and Prevalence Worldwide in 2012 

Geneva, Switzerland International Agency for Research on Cancer, World Health Organization 2012. 

109. Bruni L B-RL, Albero G, Serrano B, Mena M, Gómez D, Muñoz J, Bosch FX, de Sanjosé S. ICO 

Information Centre on HPV and Cancer Human Papillomavirus and Related Diseases Report: Kenya. 

Barcelona, Spain: ICO Information Centre on HPV and Cancer (HPV Information Centre), 2016. 

110. Tota JE, Bentley J, Blake J, Coutlee F, Duggan MA, Ferenczy A, et al. Introduction of molecular 

HPV testing as the primary technology in cervical cancer screening: Acting on evidence to change the 

current paradigm. Preventive medicine. 2017;98:5-14. doi: 10.1016/j.ypmed.2016.11.029. PubMed 

PMID: 28279264. 

111. Goodman A. HPV testing as a screen for cervical cancer. BMJ (Clinical research ed). 

2015;350:h2372. doi: 10.1136/bmj.h2372. PubMed PMID: 26126623. 

112. Arbyn M, Snijders PJ, Meijer CJ, Berkhof J, Cuschieri K, Kocjan BJ, et al. Which high-risk HPV 

assays fulfil criteria for use in primary cervical cancer screening? Clinical microbiology and infection : 

the official publication of the European Society of Clinical Microbiology and Infectious Diseases. 

2015;21(9):817-26. doi: 10.1016/j.cmi.2015.04.015. PubMed PMID: 25936581. 

 



  

96 

 

113. Ronco G, Dillner J, Elfstrom KM, Tunesi S, Snijders PJ, Arbyn M, et al. Efficacy of HPV-based 

screening for prevention of invasive cervical cancer: follow-up of four European randomised controlled 

trials. Lancet (London, England). 2014;383(9916):524-32. doi: 10.1016/S0140-6736(13)62218-7. 

PubMed PMID: 24192252. 

114. Arbyn M, Ronco G, Anttila A, Meijer CJ, Poljak M, Ogilvie G, et al. Evidence regarding human 

papillomavirus testing in secondary prevention of cervical cancer. Vaccine. 2012;30 Suppl 5:F88-99. doi: 

10.1016/j.vaccine.2012.06.095. PubMed PMID: 23199969. 

115. Sherris J, Wittet S, Kleine A, Sellors J, Luciani S, Sankaranarayanan R, et al. Evidence-based, 

alternative cervical cancer screening approaches in low-resource settings. Int Perspect Sex Reprod Health. 

2009;35(3):147-54. doi: 10.1363/ifpp.35.147.09. PubMed PMID: 19805020. 

116. Sankaranarayanan R, Nene BM, Shastri SS, Jayant K, Muwonge R, Budukh AM, et al. HPV 

screening for cervical cancer in rural India. The New England journal of medicine. 2009;360(14):1385-

94. doi: 10.1056/NEJMoa0808516. PubMed PMID: 19339719. 

117. Holanda F, Jr., Castelo A, Veras TM, de Almeida FM, Lins MZ, Dores GB. Primary screening 

for cervical cancer through self sampling. International journal of gynaecology and obstetrics: the official 

organ of the International Federation of Gynaecology and Obstetrics. 2006;95(2):179-84. doi: 

10.1016/j.ijgo.2006.07.012. PubMed PMID: 16997304. 

118. Bhatla N, Dar L, Patro AR, Kumar P, Kriplani A, Gulati A, et al. Can human papillomavirus 

DNA testing of self-collected vaginal samples compare with physician-collected cervical samples and 

cytology for cervical cancer screening in developing countries? Cancer Epidemiol. 2009;33(6):446-50. 

doi: 10.1016/j.canep.2009.10.013. PubMed PMID: 19931499; PubMed Central PMCID: 

PMCPMC3816517. 

119. Hillemanns P, Kimmig R, Huttemann U, Dannecker C, Thaler CJ. Screening for cervical 

neoplasia by self-assessment for human papillomavirus DNA. Lancet (London, England). 

1999;354(9194):1970. PubMed PMID: 10622304. 

120. Schiffman M, Herrero R, Hildesheim A, Sherman ME, Bratti M, Wacholder S, et al. HPV DNA 

testing in cervical cancer screening: results from women in a high-risk province of Costa Rica. Jama. 

2000;283(1):87-93. PubMed PMID: 10632285. 

121. Arbyn M, Verdoodt F, Snijders PJ, Verhoef VM, Suonio E, Dillner L, et al. Accuracy of human 

papillomavirus testing on self-collected versus clinician-collected samples: a meta-analysis. The Lancet 

Oncology. 2014;15(2):172-83. doi: 10.1016/S1470-2045(13)70570-9. PubMed PMID: 24433684. 

 



  

97 

 

122. Nakalembe M, Makanga P, Mubiru F, Swanson M, Martin J, Huchko M. Prevalence, correlates, 

and predictive value of high-risk human papillomavirus mRNA detection in a community-based cervical 

cancer screening program in western Uganda. Infectious agents and cancer. 2019;14:14. doi: 

10.1186/s13027-019-0230-0. PubMed PMID: 31114629; PubMed Central PMCID: PMCPMC6515623. 

123. Martin HL, Jr., Jackson DJ, Mandaliya K, Bwayo J, Rakwar JP, Nyange P, et al. Preparation for 

AIDS vaccine evaluation in Mombasa, Kenya: establishment of seronegative cohorts of commercial sex 

workers and trucking company employees. AIDS Res Hum Retroviruses. 1994;10 Suppl 2:S235-7. 

PubMed PMID: 7865309. 

124. Sorbye SW, Fismen S, Gutteberg TJ, Mortensen ES, Skjeldestad FE. Primary cervical cancer 

screening with an HPV mRNA test: a prospective cohort study. BMJ open. 2016;6(8):e011981. doi: 

10.1136/bmjopen-2016-011981. PubMed PMID: 27515759; PubMed Central PMCID: 

PMCPMC4985920. 

125. Castle PE, Eaton B, Reid J, Getman D, Dockter J. Comparison of human papillomavirus 

detection by Aptima HPV and cobas HPV tests in a population of women referred for colposcopy 

following detection of atypical squamous cells of undetermined significance by Pap cytology. Journal of 

clinical microbiology. 2015;53(4):1277-81. doi: 10.1128/JCM.03558-14. PubMed PMID: 25653409; 

PubMed Central PMCID: PMCPMC4365215. 

126. Cook DA, Smith LW, Law J, Mei W, van Niekerk DJ, Ceballos K, et al. Aptima HPV Assay 

versus Hybrid Capture((R)) 2 HPV test for primary cervical cancer screening in the HPV FOCAL trial. 

Journal of clinical virology : the official publication of the Pan American Society for Clinical Virology. 

2017;87:23-9. doi: 10.1016/j.jcv.2016.12.004. PubMed PMID: 27988420. 

127. Iftner T, Becker S, Neis KJ, Castanon A, Iftner A, Holz B, et al. Head-to-Head Comparison of the 

RNA-Based Aptima Human Papillomavirus (HPV) Assay and the DNA-Based Hybrid Capture 2 HPV 

Test in a Routine Screening Population of Women Aged 30 to 60 Years in Germany. Journal of clinical 

microbiology. 2015;53(8):2509-16. doi: 10.1128/JCM.01013-15. PubMed PMID: 26019212; PubMed 

Central PMCID: PMCPMC4508437. 

128. Berner A, Hassel SB, Tebeu PM, Untiet S, Kengne-Fosso G, Navarria I, et al. Human 

papillomavirus self-sampling in Cameroon: women's uncertainties over the reliability of the method are 

barriers to acceptance. Journal of lower genital tract disease. 2013;17(3):235-41. doi: 

10.1097/LGT.0b013e31826b7b51. PubMed PMID: 23422643. 

129. Oketch SY, Kwena Z, Choi Y, Adewumi K, Moghadassi M, Bukusi EA, et al. Perspectives of 

women participating in a cervical cancer screening campaign with community-based HPV self-sampling 

in rural western Kenya: a qualitative study. BMC women's health. 2019;19(1):75. doi: 10.1186/s12905-

019-0778-2. PubMed PMID: 31196175. 

 



  

98 

 

130. Ng'ang'a A, Nyangasi M, Nkonge NG, Gathitu E, Kibachio J, Gichangi P, et al. Predictors of 

cervical cancer screening among Kenyan women: results of a nested case-control study in a nationally 

representative survey. BMC public health. 2018;18(Suppl 3):1221. doi: 10.1186/s12889-018-6054-9. 

PubMed PMID: 30400916; PubMed Central PMCID: PMCPMC6219012. 

131. Kenya Demographic Health Survey  Kenya National Bureau of Statistics. Ministry of Health. 

National AIDS Control Council. Kenya Medical Research Institute. National Council for Population and 

Development. The DHS Program ICF International 2014. 

132. Comprehensive cervical cancer control: a guide to essential practice 2nd Edition ed: World 

Health Organization 2014. 

133. Basu P, Meheus F, Chami Y, Hariprasad R, Zhao F, Sankaranarayanan R. Management 

algorithms for cervical cancer screening and precancer treatment for resource-limited settings. 

International journal of gynaecology and obstetrics: the official organ of the International Federation of 

Gynaecology and Obstetrics. 2017;138 Suppl 1:26-32. doi: 10.1002/ijgo.12183. PubMed PMID: 

28691336. 

134. Bank TW. GDP Per Capita (current US$) 2019 [cited 2019 June]. Available from: 

https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=KE. 

135. Fokom-Domgue J, Combescure C, Fokom-Defo V, Tebeu PM, Vassilakos P, Kengne AP, et al. 

Performance of alternative strategies for primary cervical cancer screening in sub-Saharan Africa: 

systematic review and meta-analysis of diagnostic test accuracy studies. BMJ (Clinical research ed). 

2015;351:h3084. Epub 2015/07/05. doi: 10.1136/bmj.h3084. PubMed PMID: 26142020; PubMed Central 

PMCID: PMCPMC4490835. 

136. Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV. The causal relation between human 

papillomavirus and cervical cancer. Journal of clinical pathology. 2002;55(4):244-65. doi: 

10.1136/jcp.55.4.244. PubMed PMID: 11919208; PubMed Central PMCID: PMCPMC1769629. 

137. Jeronimo J, Bansil P, Lim J, Peck R, Paul P, Amador JJ, et al. A multicountry evaluation of 

careHPV testing, visual inspection with acetic acid, and papanicolaou testing for the detection of cervical 

cancer. International journal of gynecological cancer : official journal of the International Gynecological 

Cancer Society. 2014;24(3):576-85. doi: 10.1097/IGC.0000000000000084. PubMed PMID: 24557438; 

PubMed Central PMCID: PMCPMC4047307. 

138. Demarco M, Lorey TS, Fetterman B, Cheung LC, Guido RS, Wentzensen N, et al. Risks of CIN 

2+, CIN 3+, and Cancer by Cytology and Human Papillomavirus Status: The Foundation of Risk-Based 

Cervical Screening Guidelines. Journal of lower genital tract disease. 2017;21(4):261-7. doi: 

10.1097/LGT.0000000000000343. PubMed PMID: 28953116; PubMed Central PMCID: 

PMCPMC5625966. 

https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=KE


  

99 

 

139. Sankaranarayanan R, Nene BM, Dinshaw KA, Mahe C, Jayant K, Shastri SS, et al. A cluster 

randomized controlled trial of visual, cytology and human papillomavirus screening for cancer of the 

cervix in rural India. Int J Cancer. 2005;116(4):617-23. doi: 10.1002/ijc.21050. PubMed PMID: 

15818610. 

140. Santesso N, Mustafa RA, Wiercioch W, Kehar R, Gandhi S, Chen Y, et al. Systematic reviews 

and meta-analyses of benefits and harms of cryotherapy, LEEP, and cold knife conization to treat cervical 

intraepithelial neoplasia. International journal of gynaecology and obstetrics: the official organ of the 

International Federation of Gynaecology and Obstetrics. 2016;132(3):266-71. doi: 

10.1016/j.ijgo.2015.07.026. PubMed PMID: 26643302. 

141. D'Alessandro P, Arduino B, Borgo M, Saccone G, Venturella R, Di Cello A, et al. Loop 

Electrosurgical Excision Procedure versus Cryotherapy in the Treatment of Cervical Intraepithelial 

Neoplasia: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Gynecol Minim 

Invasive Ther. 2018;7(4):145-51. doi: 10.4103/GMIT.GMIT_56_18. PubMed PMID: 30306032; PubMed 

Central PMCID: PMCPMC6172872. 

142. Chirenje ZM, Rusakaniko S, Akino V, Mlingo M. A randomised clinical trial of loop 

electrosurgical excision procedure (LEEP) versus cryotherapy in the treatment of cervical intraepithelial 

neoplasia. Journal of obstetrics and gynaecology : the journal of the Institute of Obstetrics and 

Gynaecology. 2001;21(6):617-21. doi: 10.1080/01443610120085618. PubMed PMID: 12521783. 

143. Global action plan for the prevention and control of noncommunicable diseases 2013-2020. 

Geneva, Switzerland: World Health Organization; 2013 [cited 2019 01/10]. Available from: 

http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf?ua=1. 

144. Kreimer AR, Schiffman M, Herrero R, Hildesheim A, Gonzalez P, Burk RD, et al. Long-term 

risk of recurrent cervical human papillomavirus infection and precancer and cancer following excisional 

treatment. Int J Cancer. 2012;131(1):211-8. doi: 10.1002/ijc.26349. PubMed PMID: 21823117; PubMed 

Central PMCID: PMCPMC3334438. 

145. Mungo C, Cohen CR, Maloba M, Bukusi EA, Huchko MJ. Prevalence, characteristics, and 

outcomes of HIV-positive women diagnosed with invasive cancer of the cervix in Kenya. International 

journal of gynaecology and obstetrics: the official organ of the International Federation of Gynaecology 

and Obstetrics. 2013;123(3):231-5. doi: 10.1016/j.ijgo.2013.07.010. PubMed PMID: 24095308; PubMed 

Central PMCID: PMCPMC4151462. 

146. Gondos A, Brenner H, Wabinga H, Parkin DM. Cancer survival in Kampala, Uganda. British 

journal of cancer. 2005;92(9):1808-12. doi: 10.1038/sj.bjc.6602540. PubMed PMID: 15827554; PubMed 

Central PMCID: PMCPMC2362045. 

 

http://apps.who.int/iris/bitstream/10665/94384/1/9789241506236_eng.pdf?ua=1


  

100 

 

147. Kitchener CH, Canfell K, Gilham C, Sargent A, Roberts C, Desai M, et al. The clinical 

effectiveness and cost-effectiveness of primary human papillomavirus cervical screening in England: 

extended follow-up of the ARTISTIC randomised trial cohort through three screening rounds. Health 

technology assessment (Winchester, England). 2014;18(23):1-196. doi: 10.3310/hta18230. PubMed 

PMID: 24762804; PubMed Central PMCID: PMCPMC4781243. 

148. Simms KT, Laprise JF, Smith MA, Lew JB, Caruana M, Brisson M, et al. Cost-effectiveness of 

the next generation nonavalent human papillomavirus vaccine in the context of primary human 

papillomavirus screening in Australia: a comparative modelling analysis. Lancet Public Health. 

2016;1(2):e66-e75. doi: 10.1016/S2468-2667(16)30019-6. PubMed PMID: 29253419. 

149. Simonella L, Howard K, Canfell K. A survey of population-based utility scores for cervical 

cancer prevention. BMC research notes. 2014;7:899. doi: 10.1186/1756-0500-7-899. PubMed PMID: 

25495005; PubMed Central PMCID: PMCPMC4307910. 

150. Tromme I, Devleesschauwer B, Beutels P, Richez P, Leroy A, Baurain JF, et al. Health-related 

quality of life in patients with melanoma expressed as utilities and disability weights. The British journal 

of dermatology. 2014;171(6):1443-50. doi: 10.1111/bjd.13262. PubMed PMID: 25039853. 

151. Maertens de Noordhout C, Devleesschauwer B, Gielens L, Plasmans MHD, Haagsma JA, 

Speybroeck N. Mapping EQ-5D utilities to GBD 2010 and GBD 2013 disability weights: results of two 

pilot studies in Belgium. Arch Public Health. 2017;75:6. doi: 10.1186/s13690-017-0174-z. PubMed 

PMID: 28191312; PubMed Central PMCID: PMCPMC5292789. 

152. Haagsma JA, van Beeck EF, Polinder S, Hoeymans N, Mulder S, Bonsel GJ. Novel empirical 

disability weights to assess the burden of non-fatal injury. Injury prevention : journal of the International 

Society for Child and Adolescent Injury Prevention. 2008;14(1):5-10. doi: 10.1136/ip.2007.017178. 

PubMed PMID: 18245308. 

153. Disease GBD, Injury I, Prevalence C. Global, regional, and national incidence, prevalence, and 

years lived with disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: a 

systematic analysis for the Global Burden of Disease Study 2017. Lancet (London, England). 

2018;392(10159):1789-858. doi: 10.1016/S0140-6736(18)32279-7. PubMed PMID: 30496104; PubMed 

Central PMCID: PMCPMC6227754. 

154. Goldie SJ, Gaffikin L, Goldhaber-Fiebert JD, Gordillo-Tobar A, Levin C, Mahe C, et al. Cost-

effectiveness of cervical-cancer screening in five developing countries. The New England journal of 

medicine. 2005;353(20):2158-68. Epub 2005/11/18. doi: 10.1056/NEJMsa044278. PubMed PMID: 

16291985. 

155. The World Bank - Kenya PPP Conversion factor, private consumption: The World Bank; 2019 

[cited 2019 June ]. Available from: 

https://data.worldbank.org/indicator/PA.NUS.PRVT.PP?locations=KE. 

https://data.worldbank.org/indicator/PA.NUS.PRVT.PP?locations=KE


  

101 

 

156. Muennig P. Cost-effectiveness analysis in health: a practical approach. San Francisco John Wiley 

& Sons; 2008. 

157. Cantor SB. Cost-effectiveness analysis, extended dominance and ethics. Medical Decision 

Making 1994;14:259-65. 

158. Drummond M SM, Torrance G, O'Brien B, Stoddart G. . Methods for the Economic Evaluation 

of Health Care Programmes Third ed. Oxford: Oxford University Press; 2005. 

159. Mezei AK, Pedersen HN, Sy S, Regan C, Mitchell-Foster SM, Byamugisha J, et al. Community-

based HPV self-collection versus visual inspection with acetic acid in Uganda: a cost-effectiveness 

analysis of the ASPIRE trial. BMJ open. 2018;8(6):e020484. Epub 2018/06/14. doi: 10.1136/bmjopen-

2017-020484. PubMed PMID: 29895648; PubMed Central PMCID: PMCPMC6009460. 

160. Muwonge R, Wesley RS, Nene BM, Shastri SS, Jayant K, Malvi SG, et al. Evaluation of 

cytology and visual triage of human papillomavirus-positive women in cervical cancer prevention in 

India. Int J Cancer. 2014;134(12):2902-9. doi: 10.1002/ijc.28627. PubMed PMID: 24272364. 

161. Campos NG, Castle PE, Wright TC, Jr., Kim JJ. Cervical cancer screening in low-resource 

settings: A cost-effectiveness framework for valuing tradeoffs between test performance and program 

coverage. Int J Cancer. 2015;137(9):2208-19. doi: 10.1002/ijc.29594. PubMed PMID: 25943074; 

PubMed Central PMCID: PMCPMC4910518. 

162. Mandelblatt JS, Lawrence WF, Womack SM, Jacobson D, Yi B, Hwang YT, et al. Benefits and 

costs of using HPV testing to screen for cervical cancer. Jama. 2002;287(18):2372-81. doi: 

10.1001/jama.287.18.2372. PubMed PMID: 11988058. 

163. de Kok I, Korfage IJ, van den Hout WB, Helmerhorst TJM, Habbema JDF, Essink-Bot ML, et al. 

Quality of life assumptions determine which cervical cancer screening strategies are cost-effective. Int J 

Cancer. 2018;142(11):2383-93. doi: 10.1002/ijc.31265. PubMed PMID: 29349795. 

 


