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ABSTRACT 

Introduction: Human papillomavirus (HPV) infection is an important public health problem 

facing black African women. Persistent infection with high-risk (HR) HPV types is the key factor 

for the development of cervical cancer. Coinfection of HPV with other sexually transmitted 

pathogens contributes to the progression of cervical cancer. Preventative measures including 

screening for and treating pre-cancerous cervical lesions as well as HPV vaccination have been 

implemented in parts of South Africa. However, in the rural Eastern Cape Province there is 

limited information on the prevalence of HPV and the HPV types associated with cervical 

lesions. Two cohorts were chosen to study HPV in the Eastern Cape (South Africa), a 

community clinic, and a referral hospital for treatment of cervical lesions. This study aimed at 

determining the prevalence of HPV, risk factors of HPV, coinfection of HPV with sexually 

transmitted pathogens and evaluate the performance of a number of HPV tests for HPV 

detection and cervical cancer screening. 

 

The objectives of the study were: 

 To investigate the prevalence of HR-HPV and factors associated with HR-HPV infection 

among women from rural Eastern Cape, South Africa.  

 To investigate the distribution of HPV genotypes among women with cervical 

intraepithelial lesions according to HIV status from Eastern Cape Province, South 

Africa. 

 To investigate HR-HPV prevalence and compare agreement between clinician-

collected and self-collected genital specimens as well as two different HPV tests on 

clinician-collected samples. 

 To investigate the prevalence of sexually transmitted pathogens and co-infection of 

with HR-HPV infection among women from rural Eastern Cape Province, South Africa.  

 

Methods: A total of 741 participants were recruited from the Mbekweni Community Clinic 

(N=417) and the Nelson Mandela Hospital Referral Clinic (N=324) located in the OR Tambo 

municipality of the Eastern Cape Province. Clinician-collected cervical scrapes from women 

attending the Community Clinic were screened for HR-HPV prevalence and HR-HPV viral load 
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using Hybrid Capture 2 (HC-2, Qiagen Inc., Gaithersburg, MD; USA); Cervical clinician-collected 

and vaginal self-collected specimens of women with or without abnormal cytology from both 

study cohorts were also screened for HR-HPV infection using hpVIR real-time PCR.  HPV typing 

of clinician-collected cervical specimens from women with cervical intraepithelial neoplasia 

grades 2 and 3 (CIN 2 / 3) was done using Direct Flow Chip HPV kit (Master Diagnostica, Spain).  

 

Cervical specimens from the Community Clinic (N=205) were also tested for sexually 

transmitted infections (STIs) namely Chlamydia trachomatis: CT, Haemophilus ducreyi, Herpes 

Simplex Virus type 2, Neisseria gonorrhoeae: NG, Treponema pallidum, and Trichomonas 

vaginalis: TV) and pathobionts (Ureaplasma spp: (UP), Mycoplasma genitalium: MG, and 

Mycoplasma hominis: MH) using the STD Direct Flow Chip kit (Master Diagnostica, Spain).  

 

The univariate and multivariate analysis was used to determine the correlation between HPV 

infection and potential behavioural risk factors using STATA 14.2 (Stata Corp, College Station, 

Texas). A chi squared test was used determine the difference in estimated HR-HPV prevalence 

between self-collected and clinician-collected samples. STIs prevalence and association with 

behavioural risk factors were analysed using GraphPad Prism v6.01 (GraphPad Software, Inc., 

San Diego, CA). 

 

Results: Of the 417 women from the community clinic, HR-HPV prevalence was significantly 

higher in HIV-positive women compared to HIV-negative women (40.6%, 63/155 vs 21.4%, 

56/262, p<0.0001). Women who were HIV-positive (p<0.0001), having one sexual partner in 

the past last month (p=0.01), three life-time sexual partners (p=0.02), at least four times 

frequency of vaginal sexual intercourse in the past last month (p=0.004) and having vaginal 

discharge currently/in the previous week (p=0.01) were significantly associated with HR-HPV 

infection. HIV-positive women had a significantly high HPV viral load compared to HIV-

negative women (RLU/CO: median 0.390 (IQR: 0.009-3245.33) compared to 0.180 (IQR:0.08-

2884.2); p< 0.0001). 
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Among women referred to Nelson Mandela Hospital with cervical intraepithelial lesions, HPV 

prevalence was observed to be significantly higher in HIV-positive than HIV-positive women 

(98.0% vs 89.1%, p=0.012). Similarly, HIV-positive women (65.3%, 96/147) had higher multiple 

HPV infections than HIV-negative women (47.8%, 22/46; p=0.034). HPV35 (23.9%), HPV58 

(23.9%), HPV45 (19.6%), and HPV16 (17.3%) were the most frequently detected HPV types in 

CIN2, while HPV35 (22.5%), HPV16 (21.8%), HPV33 (15.6%), HPV58 (14.3%) were commonly 

detected in women with CIN3 regardless of HIV status.  

 

HR-HPV prevalence in clinician-collected samples was equivalent to self-collected samples 

from both study sites, the community clinic (26.4% vs 27.9%, p=0.601) and the referral clinic 

(83.6% vs 79.9%, p=0.222). HR-HPV positivity between self-collected and clinician-collected 

samples showed an agreement of 86.9% for community clinic (k=0.669) and 91.4% for referral 

clinic (k=0.711). The distribution of HR-HPV genotypes was similar between self-collected and 

clinician-collected samples from both study sites. The agreement of HR-HPV genotypes 

between self-collected and clinician ranged from moderate to almost perfect (0.571-0.888). 

A majority of women reported a high positive response of acceptance for self-collection 

(community-based clinic: 77.2% and referral clinic: 83.0%). HR-HPV detection agreement 

between hpVIR real-time PCR and HC-2 was almost perfect (87.7%, k=0.754). 

 

The prevalence of the six traditional STIs (CT, TV, NG, HSV-2, TP, and Haemophilus ducreyi) 

was high (22.9%, 47/205). TV was the most frequently detected STI (15.6%, 32/205). UP 

(70.2%, 144/205) and MH (36.6%, 47/205) were the most frequently identified pathobionts. 

Multiple infections/coinfections with more than two STIs/pathobionts was found in 52.7% 

(108/205) of women with UP/MH (26.9%) and UP/HPV (21.3%) the frequently identified 

coinfections. HR-HPV infection was significantly associated with HIV infection (p=0.017) and 

HSV-2 (p=0.026). 

 

Conclusion: This study shows that HIV infection and sexual behaviour increased the risk of 

HPV infection among women from the community clinic. HIV-positive women had 

significantly higher HPV viral load and multiple HPV type infections compared with HIV-
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negative women with or without cervical lesions.  Since HIV positive women are at higher risk 

of HPV infection they need to continue to be screened more regularly for cervical lesions and 

treated when appropriate.  In addition, the high prevalence of HPV in the community of HIV 

negative women indicates that a robust cervical screening programme is needed to 

implement the cervical screening policy of South Africa. Thus, the women get the allocated 

three cervical smears in a life time. Distribution of HPV types was similar among women with 

CIN2 & 3 with HPV35 being the most frequently detected HPV type regardless of HIV status. 

This highlights the importance for the inclusion of HPV-35 in the next generation of HPV 

prophylactic vaccines. The findings of this study add to the limited information on genital HPV 

infection in women from this province. Moreover, our data now acts as a baseline/reference 

data for future investigations. The data will also contribute to discussions on HPV testing as 

the primary screening strategy for cervical cancer and HPV vaccination in South Africa. 

 

The hpVIR real-time PCR test between self-collected and clinician-collected specimens 

showed comparable agreement for the detection of HPV infection. The type-specific 

concordance between self-collected and clinician-collected showed moderate to an excellent 

agreement, indicating that self-collection can be utilised as the alternative screening tool for 

cervical cancer. The participants showed a high positive response for the self-collection 

method, indicating that introducing this method can positively impact the cervical cancer 

screening program. However, hpVIR real-time PCR is an in-house test which is not practical to 

introduce on a large scale in South Africa. Therefore, future research should be done to 

determine what other HPV tests could be done on these types of specimens. 

 

Presently, syndromic management is used to treat STI at clinics in South Africa. The high 

prevalence of sexually transmitted pathogens necessitates the need to enhance the current 

screening methods for these pathogens. 
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CHAPTER 1: Introduction and Literature Review 

1.0 The burden of cervical cancer 

Globally, cervical cancer is the third most common cancer in women and the leading cause of 

cancer mortality among women from low- and middle-income countries including those in 

sub-Saharan Africa (Bruni et al. 2019a). Sub-Saharan Africa (Eastern Africa, Southern Africa, 

middle Africa, Western Africa) has a high overall age-standardised incidence rate (ASIR) of 

27.6 per 100,000 women-years compared with Latin America (Central America, Caribbean 

and South America; 11.2 per 100,000 women-years) and Asia (Southern-Eastern Asia, South 

Central Asia, Eastern Asia and Western Asia; 11.9 per 100,000 women-years) (Bruni et al. 

2019a). Of the sub-Saharan African regions, the ASIR for cervical cancer ranges from 26.8-43.1 

per 100,000 women-years while the age-standardised mortality rate (ASMR) ranges from 

21.1-30.0 per 100,000 women-years (Figure 1.1) (Bray et al. 2018; Arbyn et al. 2020; Bruni et 

al. 2019a).  

 

Figure 1.1: Age-standardised incidence and mortality rate of women with cervical cancer 

according to regions worldwide, taken from (Bray et al. 2018). 

Southern Africa, Eastern Africa, and Western Africa are the top three high-risk regions, with 

eSwatini having the highest ASIR (75.3 per 100,000 women-years) and Malawi with the 
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highest ASMR (72.9 per 100,000 women-years) of cervical cancer compared to the rest of 

Africa (Figure 1.2) (Bray et al. 2018). 

 

Figure 1.2: Age-standardised incidence and mortality rate of women with cervical cancer by 

African countries, taken from (Arbyn et al. 2020). 
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Among South African women, cervical cancer is the second most common  cancer with 12, 

983 new cases reported in 2018 and an ASIR of 44.4 per 100,000 women per year (Bruni et al. 

2019b). However, in black women cervical cancer is the most common cancer (National 

Institute For Communicable Diseases Of South Africa, 2020). The ASIR of cervical cancer in the 

rural regions of the Eastern Cape region of South Africa ranged from 18.8 to 39 per 100,000 

population during the period 1998 to 2012 (Figure 1.3) (Somdyala et al. 2020). Cervical cancer 

has become the most common malignancy in women in rural Eastern Cape, particularly in 

regions with limited resources (Somdyala et al. 2015a). Women in rural areas of the Eastern 

Cape are more prone to cervical cancer because screening is not fully implemented in rural 

areas and there high HIV infection. This is due to limited resources to implement screening 

programmes. Furthermore, it has been reported that factors including health inequity, 

unequal distribution of resources and low health-seeking behaviour have an impact on the 

increase of cervical cancer incidence in rural areas (Botha and Richter, 2015; Sibiya and 

Grainger, 2007; Ramathuba et al. 2016; Mosavel et al. 2009). 

 

Figure 1.3: Age-standardized incidence rate (ASR) of cervical cancer between 1998-2012 in 

rural Eastern Cape regions, taken from (Somdyala et al. 2020). 

 

The Eastern Cape Province cancer registry is a register of cancer patients living in rural areas 

and 99% of which are Black Africans (Somdyala et al. 2015b). Of the Eight municipalities 

present in Eastern Cape (Figure 1.4), the registry only covers two district municipalities (OR 

Tambo and Amathole District municipality) (Somdyala et al. 2015b) and eight magisterial 
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regions in (North region: Flagstaff, Bizana and Lusikisiki and the South region: Idutywa, 

Centane, Nqamakwe, Butterworth and Willowvale) (Somdyala et al. 2020; Somdyala et al. 

2015a) (Figure 1.3). It collects and incorporates cancer data yearly from eight district 

hospitals, six referral hospitals and one pathology laboratory (National Health Laboratory 

services). Women are initially screened at their local hospitals/clinics and sent to the referral 

hospital for further evaluation if the cytology test is abnormal (Somdyala et al. 2020).  

 

Figure 1.4: Eastern Cape map showing eight municipalities (https://municipalities.co.za/provinces/view/1/eastern-

cape). 

 

1.1 The burden of cervical intraepithelial lesions 

Approximately 80% of cervical cancer cases are classified as squamous cell carcinomas. These 

cancers develop from the abnormal growth of the squamous epithelial cells in the 

transformation zone of the ectocervix known as cervical intraepithelial neoplasia (CIN) 

(Safaeian et al. 2007). CIN is regarded as a premalignant lesion and is classified into stages 

based on histology: CIN1 (mild dysplasia), CIN2 (moderate dysplasia), and CIN3 (severe 

dysplasia) (Figure 1.5) (Sellors and Sankaranarayanan, 2003; Bowden and Kyrgiou, 2020). CIN 

grades are used in the cervical screening programme to determine the risk of developing 
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cervical cancer (Waxman et al. 2012). CIN1 is considered a low-grade lesion, while CIN2 and3 

are considered high-grade lesions (Waxman et al. 2012).  

 

Figure 1.5: Natural history of cervical intraepithelial lesions showing the development of 

premalignant lesions stages, modified from (Bowden and Kyrgiou, 2020). 

 

A worldwide systematic review reported an incidence rate of cervical intraepithelial lesions 

of <10% among women aged 30 years or more who had normal cytology at baseline and with 

follow-up for 5-127 months (Ting et al. 2015). According to MacDonald and colleagues (2014), 

the overall prevalence of cervical precancerous lesions was 5.0% for CIN1, 2.5% for CIN2, and 

1.3% for CIN3 in both women aged 17-65 years recruited from a general population in Cape 

Town, South Africa. However, human immunodeficiency virus (HIV) positive women had a 

significantly higher prevalence of lesions than HIV-negative women e.g. 2% of HIV-positive 

women having CIN3 vs 1.1% in HIV negative women and 15.5% of HIV positive women having 

CIN2 vs 3.2% of HIV negative women (McDonald et al. 2014). It has been shown that the 

distribution of cervical intraepithelial lesion grades differs by age, with high regression rates 

and low progression rates observed among younger women compared to older women 

(Bekos et al. 2018; Chang et al. 2019; Munro et al. 2016). The peak of CIN1 is observed among 

women aged 20-30 years, while CIN2-3 is common in women aged >30 years (Vink et al. 2013; 

Ting et al. 2010). In younger women (<25 years), CIN1-2 has the likelihood to regress with a 

rate of 90% for CIN1 and almost 70% for CIN2 (Moscicki et al. 2010; Moscicki et al. 2004). A 

systematic review and meta-analysis showed that women age less than 30 years had a 60% 
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regression rate of untreated CIN2, and only 11% progressed to CIN3 within two years (Tainio 

et al. 2018). Among older women aged 35-65 years, the regression rate of CIN2 was 56%, and 

16% progressed to CIN3 within six years (Wang et al. 2013). The higher-grade lesions (CIN2-

3) are the most likely to progress to invasive cervical cancer. A clinical study from the 

Netherlands in women aged 30 years diagnosed with CIN2/3 or cervical cancer between 2000 

and 2005 reported that 1.6% of CIN2-3 developed into cervical cancer within ten years (Vink 

et al. 2013). The study also estimated the median time to be 23.5 years for the development 

of CIN2-3 to cervical cancer (Vink et al. 2013). Human papillomavirus (HPV) infection is 

reported as a significant factor that plays a causal role in CIN's natural history.  

 

1.2 Human Papillomavirus classification 

HPVs belong to the Papillomaviridae family that includes 39 genera found in diverse species, 

including birds, mammals, and reptiles (snakes and turtles) (de Villiers et al. 2004; Bravo et al. 

2010). Within the human papillomaviruses, 228 HPV genotypes have been identified 

belonging to five genera (alpha, beta, gamma, Nu, and Mu-papillomavirus) (Figure 1.6) 

(International human papillomavirus reference center 2020; Bernard et al. 2010; de Villiers 

2013; Van Doorslaer et al. 2013). The genus alpha-papillomavirus contains the essential 

evolutionary branches of HPV types associated with severe human diseases (Plummer et al. 

2016). There are 65 different alpha HPV genotypes identified (Mühr, Eklund, and Dillner et al. 

2018). These HPV genotypes are broadly divided into mucosal types that infect the internal 

lining of organs such as anogenital, throat, or mouth, and the cutaneous types characterised 

by infection on the epidermis of the skin (feet and hands) (Burd 2003; Mistry et al. 2008).  
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Figure 1.6: Evolutionary phylogenetic tree showing HPV types found from five genera, with 

alpha having the largest group of HPV types than other genera. The HPV types highlighted in 

red on alpha genera are known as human carcinogens, taken from (Egawa et al. 2015).  

 

Mucosal HPV types are further classified into two groups: low-risk (LR), and high-risk (HR) HPV 

types. LR-HPV types are those types that are non-carcinogenic genotypes capable of causing 

genital warts. In contrast, HR-HPV types are associated with precancers or lesions and diverse 

types of cancer (cervical, vaginal vulvar, penile, anal, breast, oral, head and neck) (Bzhalava, 

Eklund, and Dillner 2015; Plummer et al. 2016; Michaud et al. 2014; Salman et al. 2017). Of 

the HR-HPV types, the International Agency for Research on Cancer evaluation (IARC) 

reported three high-risk groups (Group I, Group 2A, and Group 2B) that have carcinogenicity 

to humans (IARC 2012). Group I includes 12 high-risk types, for which there is strong evidence 

for a causal role in cervical cancer (IARC 2012). At the same time, Group 2A is classified as 

probably carcinogenic in humans with strong mechanistic evidence for a role in cervical 
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cancer. In contrast, Group 2B is classified as possible carcinogenic with limited evidence for 

causing cervical cancer (IARC 2012) (Table 1.1).  

 

Table 1.1: HPV types classification into four groups according to the International Agency for 
Research on Cancer evaluation  

HPV types classification HPV genotypes 

Low-risk HPV types HPV6, 11, 40, 42, 43, 44, 54, 61, 70, 72, 81, 83, 89 

Group 1 HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 

Group 2A HPV 68 

Group 2B HPV 26, 30, 34, 53, 66, 67, 69, 70, 73, 82, 85, and 97 

Group 1: classified as carcinogenic high-risk HPV types; Group 2A: classified as probable 

carcinogenic; Group 2B: classified as possible high-risk HPV types, adapted from (IARC 2012). 

 

1.3 The natural history of cervical HPV infection 

1.3.1 The burden of HPV infection and HPV genotype distribution in Africa 

Since HPV infection is the central aspect and the first step for developing cervical cancer 

diseases, it is crucial to determine the burden of HPV and HPV types present in the African 

population in order to know the HPV types involved in causing cervical cancer. Thus, this 

information helps to improve, implement suitable cervical cancer screening strategies, and 

observe the effect of HPV vaccines in the African population. 

 

In women with normal cytology worldwide, the estimated prevalence of HPV is 12.0%, with 

the highest rates observed in African countries ranging between 12.8% to 57.3% (Ogembo et 

al. 2015; Bruni et al. 2010). The prevalence of HPV infection is related to age. The highest HPV 

prevalence is observed among 25-year-old women and it decreases as age increases. Cross-

sectional studies done in South Africa, showed that the prevalence of HPV among adolescent 

and young women (16-24 years) ranges from 40% to 88.6 % (Adler et al. 2013; Ebrahim et al. 

2016; Giuliano et al. 2015; Mbatha, Taylor, et al. 2017; Mbulawa et al. 2018; Menezes et al. 

2018; Adler et al. 2014), while in older women it range from 16.0%-60.0% with or without HIV 

infection (Johnson et al. 2020; Mbulawa, Coetzee, and Williamson 2015; McDonald et al. 

2014). The high prevalence in adolescent and younger women could be influenced by sexual 

behaviour, while in older women, it could also be the reactivation of a pre-existing or latent 

infection (Rositch et al. 2012; Winer et al. 2016).  
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A systematic review and meta-analysis performed among African women with abnormal 

cytology found that HPV prevalence was 74.2% in low-grade squamous lesions (LSIL), 84.8% 

in high-grade squamous lesions (HSIL) and 89.5% in invasive cervical cancer group (Ogembo 

et al. 2015). The predominant HR-HPV genotypes in South African women with normal 

cytology were reported to be HPV16 (11.0%), HPV51 (9.3%), HPV53 (9.1%), HPV58 (7.9%), 

HPV45 (7.5%), and HPV83 (2.6%) (Van Aardt et al. 2013; Allan et al. 2008). Among women 

with abnormal cytology, the most prevalent HR-HPV types were HPV52 (17.5%), HPV53, 

(15.8%), and HPV16 (12.3%) for LSIL and HPV16 (18.9%), HPV35 (18.9%) and HPV31 (11.3%) 

for HSIL (Allan et al. 2008). Figure 1.7 and 1.8 shows the HPV types in women with or with 

cervical cancer lesions from Africa and South Africa. 

 

Figure 1.7: High-risk HPV types according to women with normal cytology, abnormal cytology, 

and invasive cervical cancer from Africa, modified from (Ogembo et al. 2015). 
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Figure 1.8: Distribution of high-risk HPV types in women with normal cytology, low-grade 

cervical lesions, high-grade cervical lesions, and cervical cancer from South Africa, modified 

from (Bruni et al. 2019a). 

 

In cases of high-grade CIN2-3, the predominant HR-HPV types among HIV-negative women 

were found to be HPV16 (31.1%), HPV52 (22.2%), HPV31 (17.8%), HPV35 (17.8%) and HPV58 

(17.8%) while HPV16 (32.9%), HPV58 (26.7%), HPV35 (25.3%), HPV51(23.1%) and HPV52 

(21.3%) were common in HIV-positive women (Van Aardt et al. 2016). In the case of invasive 

cervical cancer, HPV 16 (50.7%) had the highest prevalence, followed by HPV18 (19.2%), 

HPV45 (10.1%), HPV35 (9.7%), HPV33 (5.0%) and HPV52 (4.5%) among women with invasive 

cancer from South Africa, Ghana and Nigeria (Denny et al. 2014). Figure 1.9 shows the global, 

cumulative proportion of cervical cancer cases attributable to HPV type (Arbyn et al. 2014). 
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Figure 1.9: A distribution of high-risk HPV types associated with cervical cancer and 

cumulative proportion, taken from (Arbyn et al. 2014; Bowden and Kyrgiou 2020). 

 

With vaccination being used as the primary strategy for preventing HPV infection and cervical 

cancer diseases. The HPV vaccines have been found to be harmless, well-tolerated, and 

effective in preventing cervical cancer diseases correlated with HPV types covered by the 

currently available vaccines (Lu et al. 2011). The HPV vaccination field is evolving with three 

prophylactic HPV vaccines developed and approved by United States Food and Drug 

Administration (FDA). These include bivalent HPV vaccine known as Cervarix (manufactured 

by GlaxoSmithKline) targeting HPV16 and HPV18; quadrivalent recognised as Gardasil 

(manufactured by Merck) targeting HPV types 16, 18, 11 and 6 (Harper and Vierthaler 2011; 

Markowitz et al. 2012). A 9-valent HPV vaccine (manufactured by Merck) comprises four same 

HPV types targeted by Gardasil and five additional HR-HPV types (33/31/45/52/58) (Joura et 

al. 2015). This vaccine targets 80%-90% of the HPV types associated with cervical cancer 

(Figure 1.8). Data from different countries have shown show that introduction of these HPV 

vaccines has effectively reduced the prevalence of HPV specific vaccine types, the incidence 

of genital warts, and high-grade cervical abnormalities (Kahn et al. 2012; Markowitz et al. 

2013; Leval et al. 2012; Read et al. 2011; Crowe et al. 2014; Brotherton et al. 2011). These 
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vaccines are provided only younger women and boys who are not exposed to HPV infection 

and are available in many countries such as South Africa (Gardasil and Cervarix), Kenya 

(Gardasil and Cervarix) and Botswana (Gardasil) (Garland and Smith 2010). 

 

1.3.2 New HPV infection 

Genital HPV infection is most frequently reported viral infection occurring at higher rates 

compared to other HPV transmission routes and is associated with the development of genital 

diseases in different sites (Vogt et al. 2013; Insinga et al. 2008; Daling et al. 2002). There is a 

general agreement that genital HPV infection can occur through sexual contact and nonsexual 

routes such as skin to skin or environmental fomites (Liu et al. 2015; Sabeena et al. 2017). 

However, sexual contact is the predominant transmission route and is considered the primary 

pathway for spreading genital HPV infection (Kero and Rautava 2019). A South African study 

done among heterosexual couples who were followed-up for 6-24 months observed that 

female-to-male transmission rate of HPV infection (2.8 per 100 person-months) was 2.4-folds 

higher than male-to-female transmission (1.17 per 100 persons-months) (Mbulawa et al. 

2013). However, the rate of new HPV infection was significantly higher in the penile samples 

(55.6 per 1000 person-months) compared to cervical samples within a follow-up of 24 months 

(33.8 per 1000 person-months) (Mbulawa et al. 2012). In a model-based study, the likelihood 

of transmission for the 14 HR-HPV types (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66  

and 68) was estimated to be 80% per any new sexual partner (Bogaards et al. 2010).  

 

In the female genital tract HPV infects the cells around the normal cervix's transformation 

zone, which can result in abnormal cytology. Many HPV infections are short-term and 

asymptomatic, with most of them being eliminated by the host immune system (Jaisamrarn 

et al. 2013). It has been reported that new genital HPV infections can be detected within one 

year after the initial sexual interaction with an infected person (Moscicki, Ma, Jonte, et al. 

2010). In a Tanzanian study, the acquisition of new HPV infections was 209 per 100 persons-

years for any HPV infection and 63 per 100 persons-years for HR-HPV infection among 

adolescent girls who reported first sexual debut during the follow-up of eighteen months 

(Houlihan et al. 2016). Furthermore, another study on US women (18-24 years) reported an 

increase of HPV incidence from 28.5% within one year after sexual debut to almost 50% 
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during three-year follow-up (Winer et al. 2008). Although new HPV infections may be 

observed in all age groups, the acquisition of HPV is predominantly among adolescents and 

young women (Burger et al. 2017). 

 

1.3.3 Persistent infection and clearance of HPV infection 

After the HPV infection is established, it could be cleared or persist or become latent, and in 

rare cases progress to cancer (Figure 1.10). According to a study done by Winer and colleagues 

(2011) among young women (18-22 years), 90.6% of individuals infected with HPV cleared 

the infections within two years (Winer et al. 2011). However, other studies show that some 

HPV infections are more likely to be persistent (Thorsteinsson et al. 2019; Mollers et al. 2013). 

The duration of persistent HPV infection differs according to HPV type with an estimated 

median of 9.8 months for any HPV type and 8.4 months for LR-HPV types (Winer et al. 2011; 

Rositch et al. 2013). However, HR-HPV types are more likely to persist and have a longer 

duration of 1-2 years (Schiffman 2007; Winer et al. 2011). For example, follow-up studies have 

reported that HPV 16 was more likely to persist compared to other HR-HPV types within 

eighteen to twenty-four months (Mbulawa et al. 2012; Carcopino et al. 2011; Miranda et al. 

2013). Host cell-mediated immunity is a factor that plays a significant role in the virus's 

clearance (Schiffman 2007). 

 

HPV infection can enter the latent stage due to cellular immune response whereby the virus 

becomes undetectable, perhaps due to low viral load (Hammer et al. 2019; Maglennon, 

McIntosh, and Doorbar 2011) Immune compromised individuals such as HIV-positive women 

have a higher rate of latency and reactivation of latent HPV infections compared to HIV-

negative women (Theiler et al. 2010). Older women are reported as more likely to be carriers 

of persistent HPV infection. A population-based cohort study showed that the risk of HR-HPV 

persistence was 2-fold higher among women aged 50-60 years compared to women aged 40-

49 years and 3-fold higher than women aged 30-39 years (Mittal et al. 2017). According to 

Schlecht and colleagues (2003), women with persistent infection were likely to have LSIL 

(Schlecht et al. 2003). However, the majority of LSIL are more likely to regress, and less than 

10% develop into HSIL (Ciavattini et al. 2019). Persistent or untreated HPV infection with co-

factors such as sexually transmitted infections (STIs), parity, smoking and immunosuppression 
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increases the risk of progression of HSIL to invasive cervical cancer (Hoffman et al. 2016; 

Schiffman et al. 2007; Zhao et al. 2012).  

 

Figure 1.10: The natural history of human papillomavirus (HPV) infection and determinants 

involved in the progression of the HPV infection. Taken and modified from (Hoffman et al. 

2016). 

 

1.4 Cervical cancer screening  

Cervical cancer can be prevented through cervical screening and treatment programmes (Koh 

et al. 2015). There are three significant possible approaches recommended in the screening 

guidelines for diagnosing cervical lesions and invasive cervical cancer, including screening 

with Papanicolaou smear test (Pap smear) (conventional cytology/liquid-based cytology), 

visual inspection with acetic acid (VIA) or HPV testing, colposcopy, and histology diagnosis 

(WHO 2013).  

 

1.4.1 Cervical cytology and liquid-based cytology 

The Pap smear test is a screening tool utilised to evaluate cervical cells to determine any 

abnormal changes by examining the cells using microscopy. These cytological abnormalities 

are classified according to the Bethesda system: atypical glandular cells not otherwise 

specified (AGC-NOS), atypical squamous cells of undetermined significance (ASC-US), atypical 

squamous cells-cannot exclude HSIL (ASC-H), LSIL and HSIL (Solomon et al. 2002; Nayar and 

Wilbur 2015). Over the past 50 years, conventional cytology has been utilised as the standard 
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non-molecular screening method for cervical cancer in the screening programmes (Mitteldorf 

2016; Saslow et al. 2012). The conventional cytology technique requires obtaining the cervical 

cells using a spatula and smear onto the slide (Gupta et al. 2019). Several studies reported 

that the conventional cytology test has significantly contributed to the reduction of the 

incidence and mortality rate of cervical cancer in Australia, England (Simonella and Canfell 

2013), and the United States (Campbell et al. 2012; Tota et al. 2017). However, conventional 

cytology tests have a low sensitivity (23-55%) with high specificity (84-100%) to detect high-

grade precancerous lesions (Khodakarami et al. 2011; Vahedpoor et al. 2019; Mayrand et al. 

2007). The estimate of false-negative rates for cytology screening ranges between 13.8%-50% 

(Mayrand et al. 2007; Koonmee et al. 2017). 

 

On the other hand, liquid-based cytology method is based on obtaining cervical cells using a 

cytology brush and transferring them into ThinPrep or SurePath solution (Gupta et al. 2019; 

Rozemeijer et al. 2017). Compared to conventional cytology, liquid-based cytology has several 

advantages. It is cost-effective, more accurate, and can be used for testing for HPV infection 

or staining for biomarkers (Gupta et al. 2019; Armstrong and Guest 2020; Del Pino et al. 2015). 

Moreover, liquid-based cytology samples contain more cervical cells due to the use of a 

cytobrush sampling device and have low rates of unsatisfactory specimens compared to 

conventional cytology (Liptak and Barnetson 2012; Ito et al. 2020). Developed countries such 

as Denmark, the United Kingdom, and the Netherlands have replaced conventional cytology 

with liquid-based cytology (Rask et al. 2014; Public Health England 2009). A population-based 

study done in the Netherlands reported a low incidence rate of invasive cancer with SurePath 

(44.6 per 100, 000 person-years) compared to conventional cytology (58.5 per 100,000) after 

the normal cytology test (Rozemeijer et al. 2017). Furthermore, a study done in Brazil among 

referral women reported significantly higher sensitivity with liquid-based cytology (1.43% for 

ThinPrep and 0.91% for SurePath) compared to conventional cytology (0.71%) for the 

identification of high-grade lesions (de Oliveira et al. 2020). However, other studies show 

similar performance between liquid-based cytology and conventional cytology with an 

adequate rate of 88.7% and 86.6%,  respectively (Dhananjaya and Kumari 2017).  
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In South Africa, the general population's screening guidelines in the public sector recommend 

women of aged ≥30 years to have three Pap smears in their lifetime, at ten-year intervals. 

However, among HIV-positive women, cervical cancer screening begins at the age <30 years 

or at HIV diagnosis, and the policy recommends 3-year intervals if the cytology result is 

negative or annual screening if the cytology result is positive (National Department of Health 

2017). In public sector the Pap smear test is free while women going to private sector they 

are required to pay. 

 

 

1.4.2 Visual Inspection with Acetic Acid/Lugol’s iodine 

VIA is a simple, low cost and suitable method for cervical cancer screening (Sauvaget et al. 

2011). VIA involves applying a solution containing 3-5% acetic acid to the cervix to identify 

precancerous lesions on the cervix and is viewed with the naked eye (Mabeya et al. 2012; 

Khan et al. 2015). VIA is easy to access and reduces multiple visits by combining screening 

with treatment on a single visit (Denny, Quinn, and Sankaranarayanan 2006). However, it has 

been shown to have low accuracy in other studies (Bhattacharyya, Nath, and Deka 2015; 

Sinha, Srivastava, and Srivastava 2018). In low-income countries such as Ghana, VIA has been 

included in the national screening guideline and is recommended for women 25-45 years of 

age (Ministry of Health 2017). A meta-analysis of studies done in sub-Saharan Africa showed 

that VIA's sensitivity and specificity differed by country, whereby the highest sensitivity for 

CIN2+ was observed in Tanzania (94.4%) while the lowest in Mali (65.0%) (Fokom-Domgue et 

al. 2015). However, the specificity was low in Zimbabwe (65.1%) and highest in Tanzania 

(98.2%) (Fokom-Domgue et al. 2015). VIA is reported to have a higher sensitivity (77.0%) than 

conventional cytology (59.0%) but lower sensitivity than liquid-based cytology (88.0%), while 

the specificity was observed to be similar (87.0% for VIA, 94.0% for conventional cytology, 

and 88.0% for liquid-based cytology) (Chen et al. 2012). VIA is negatively associated with 

adequacy among older women (Cremer et al. 2011). 

 

1.4.3 HPV DNA testing 

Since HR-HPV persistence is necessary for cervical cancer development, HPV DNA testing has 

become an alternative test for cervical screening. HPV testing depends on molecular methods 
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designed to detect nucleic acids of specific HPV genotypes (Poljak et al. 2012). Several HPV 

DNA tests have been used to test for HPV infection in the screening programmes. These 

include some of the commercial HPV DNA tests approved by the FDA for HPV testing, i.e., 

Hybrid Capture-2 (HC-2) (Qiagen, USA), Care HPV Test (Roche, USA), Cervista HPV Test 

(Hologic, WI), Cobas 4800 HPV Test (Roche, USA), Aptima HPV assay (Gen probe) and BD 

Onclarity (Becton Dickinson diagnostics, Sparks, USA) (Salazar et al. 2019; Poljak et al. 2012). 

Several developed countries have transitioned from cytology-based screening to HPV testing 

as the primary method for cervical cancer screening (Rebolj et al. 2019; Polman, Snijders, et 

al. 2019; Hortlund et al. 2018). There are currently different strategies implemented for HPV 

testing, including HPV DNA testing as the primary screening test, as a triage test to identify 

women who should be referred for further investigation or return to the standard screening 

modality, and co-testing (HPV and cytology at the same visit). Furthermore, the 

implementation status of these cervical screening strategies differs by country.  Some of these 

are discussed in the sections below. 

 

1.5 HPV DNA testing strategies 

1.5.1 HPV DNA test as the primary screening/alone 

HPV testing as the primary screening method has been implemented in developed countries 

(US and Australia) among women aged 30-65 years (von Karsa et al. 2015; Huh et al. 2015; 

Australian Government Department of Health 2017). Studies have shown that HPV tests alone 

are more effective and sensitive but less specific than Pap smear in identifying high-grade 

lesions (Sangrajrang et al. 2017; Tshomo et al. 2017; Agorastos et al. 2015). The cumulative 

incidence rate of CIN3 using HPV testing alone was significantly lower for negative HPV results 

(2.3 per 1,000) compared to 5.5 per 1,000 of a normal cytology test within four years (Ogilvie 

et al. 2018). A European trial of four studies showed that invasive cancer's cumulative 

incidence ranged from 3.3-18.6 per 100,000 population in HPV-negative women (Ronco et al. 

2014). In contrast, for the cytology-negative test, it ranged between 7.9-27.0 within five years 

(Ronco et al. 2014). 

 

The sensitivity of HPV testing using the FDA approved tests ranges from 82%-100%, with 

specificity between 61%-92.4% to detect CIN3 or higher (Rebolj et al. 2015; Phillips et al. 2015; 



 

22 
 

Ejegod et al. 2016; Cuschieri et al. 2015). The HPV DNA test protects cervical cancer cases by 

60-70% compared to cytology testing (Ronco et al. 2014). HPV testing alone has a high 

negative predictive value, allowing cervical cancer screening intervals to increase to five years 

for a negative HPV test (Arbyn et al. 2012). However, compared to cytology screening, primary 

screening of HPV testing increases the number of women referred to colposcopy (Arbyn et al. 

2012; Bains et al. 2019). Therefore, a single HPV test would not be useful for younger women 

as they are more likely to have a high regression rate of HPV infection (Bains et al. 2019). 

 

In HIV-positive South African women, the sensitivity of HPV testing alone was observed to be 

significantly higher compared to cytology testing (83.1% vs 59.3%) but with lower specificity 

(66.4% vs 91.6%) (Kremer et al. 2019). A single HPV testing with the currently approved FDA 

tests is expensive, and for low-income countries, these costs would be out of reach. The 

estimated cost of HPV testing in South Africa for initial screening ranges from $36.50 to $64.83 

USD (Lince-Deroche et al. 2015; Dreyer, Maske, and Stander 2019). Therefore, an inexpensive 

HPV test such as the careHPV test has been designed, and the cost per test is estimated to be 

~$5 USD (Camel and Maza 2020). 

 

1.5.2 Triage testing  

The triage test is characterised as the strategy in which HPV testing is utilised to stratify 

women who primarily had low-grade cervical cytology abnormalities by identification of HR-

HPV types (HPV16/18) (Kelly et al. 2011; Public Health Agency 2013; Wentzensen et al. 2016). 

Approximately 10-20% of women are referred for colposcopy/biopsy and treatment (Public 

Health Agency 2013). The triage screening approach eliminates HPV-negative women who 

are at low risk of precancerous lesions or cancer and identifies HPV-positive women with 

persistent infection at high-risk of cervical cancer lesions and who require to be referred to 

the colposcopy clinic for treatment (Wentzensen et al. 2016; Cox et al. 2013). This HPV 

strategy test decreases the time for women to return to routine recall and the multiple repeat 

of Pap smear test (Kelly et al. 2011). Also, the triage approach is useful for tests that lack 

specificity and leads to early identification of precancerous lesions and reduces 

overtreatment as low-income countries have with limited resources (Wentzensen et al. 2016; 

Cox et al. 2013). There are various triage strategies for HPV-positive women, such as p16/Ki-
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67 dual stain cytology, HPV16/18, repeat cytology test, viral load, and viral methylation 

testing (Luttmer et al. 2016). Dual stain cytology is the identification of coexpression of p16, 

a tumor suppressor protein upregulated by HPV oncogene activity, and the cell proliferation 

marker Ki-67. Of these methods, only two triage test methods have been approved by FDA 

[HPV16/18 and cytology (threshold of ASC-US)]  with screening intervals of three years (Gage 

et al. 2014; Saslow et al. 2012; Moyer 2012; Zaritsky 2019), while other methods are being 

evaluated (Luttmer et al. 2016; Wentzensen et al. 2016). These two triage tests have been 

approved in developing countries namely in USA, Australia Sweden, Norway and Netherlands 

(Huh et al. 2015; Australian Government Department of Health 2018; Saslow et al. 2012; 

Cuschieri et al. 2018)  

 

 In previous studies, using a single cytology test to triage women positive for HR-HPV infection 

revealed a sensitivity ranging from 52%-75.4% with specificity between 78%-85.6% among 

CIN3 or higher (Rijkaart et al. 2012; Dijkstra et al. 2014; Castle et al. 2011). A trial study done 

in Canada comparing the strategies of triage approach for women positive on HPV alone 

showed that HPV genotyping (HPV16/18+ or 16/18-) with reflex cytology (Reflex cytology is 

the detection of HPV in a liquid-based Pap smear sample) yielded a high sensitivity (82.5%), 

moderate specificity (64.3%), and the highest rate of referrals (42.3%) (Isidean et al. 2017). 

However, the approved cytology triage with a threshold of ASCUS showed a low sensitivity 

(47.8%), high specificity (84.5%), and a low number of referrals (19.5%) (Isidean et al. 2017). 

A population-based study done among Mexican women showed that the triage approach of 

HPV16/18 with reflex cytology had a higher sensitivity (86.6%) to identify CIN2 or higher than 

liquid-based cytology (42.9%) but low specificity (34.0% vs 74.0% respectively) (Torres-Ibarra 

et al. 2019). The referral rate was 2-fold higher for HPV16/18 combined with reflex cytology 

(29%) than liquid-based cytology (12%) (Torres-Ibarra et al. 2019). An emerging triage 

strategy is a dual-stain cytology with HPV testing observed to decrease cervical cancer 

incidence by 36% and mortality by 40% (Tjalma 2017; Tjalma, Kim, and Vandeweyer 2017). 

The dual stain cytology negative test has been found to have a low risk rate for CIN2 or more 

compared to the negative cytology test within five years of follow-up (8.5% vs 12.3%, 

respectively)  (Clarke et al. 2019). Furthermore, it has been observed that dual stain cytology 

has a low rate of referral women to colposcopy (Clarke et al. 2019). Therefore, dual stain 
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cytology is an attractive biomarker and safe for extension of cervical cancer screening 

intervals. 

 

1.5.3 Co-testing 

Co-testing incorporates both the HPV DNA test and cytology test to detect high-grade 

intraepithelial lesions at the same visit (Cuzick et al. 2015; Felix et al. 2016). The co-testing 

approach is reported as the safest screening method, has the probable of improving clinical 

outcomes and low risk of cervical cancer lesions for women who test negative on both 

screening tests (Ibáñez et al. 2020; Schiffman et al. 2018; Felix et al. 2016). However, co-

testing has been found to be costly (Schiffman et al. 2018). Co-testing with a validated HPV 

DNA test was approved in 2003 by the FDA and included in the routine screening for women 

aged between 30-65 years in developed countries like the USA (Saslow et al. 2012; Katki et al. 

2011; Gage et al. 2014; Wright and Schiffman 2003). Since the approval of co-testing, this 

approach's uptake has increased 9-times from 8.9% to 78.4% between 2006-2013 in 

developing countries (Silver et al. 2018). A retrospective study showed that the cumulative 

risk of developing high-grade lesions differs, with women who are HPV-positive/cytology-

positive having the highest risk of 19.2%, followed by HPV-negative/cytology-positive (7.9%) 

and HPV-positive/cytology-negative (3.1%) (Ge et al. 2019). Women who tested negative on 

both screening tests are required to repeat screening after five years (Castle 2015). However, 

those positive on the HPV test but negative on cervical cytology are requested to repeat the 

co-testing after one year (Saraiya et al. 2014; Castle 2015). The advantage of co-testing is that 

it uses the combination of a highly sensitive test (HPV testing) and a highly specific test 

(cytology screening) to identify women with cervical lesions (Tota et al. 2014; Tota et al. 2010).  

 

A study conducted in Spain among older women (40 years or more) found that the CIN2/3 

incidence rate was 0.4% within five years and 1.3% within nine years for women both negative 

for cytology and HPV testing at baseline (Ibáñez et al. 2020). Therefore, the authors suggest 

that the low incidence rate shows that the extension of cervical screening intervals is safe for 

women with negative co-testing results at baseline (Ibáñez et al. 2020). In women with CIN2, 

the co-testing sensitivity of detecting HPV infection was 72.5%, with a 96.5% specificity, a 
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positive predictive value of 97.8%, and a negative predictive value of 62.5% (Choi et al. 2016).  

For CIN3, co-testing shows low sensitivity of 60% in women with CIN3 with a high specificity 

of 96.5%, a positive predictive value of 97.8%, and negative predictive value of 63.6% (Choi et 

al. 2016). Compared to HPV testing alone, co-testing had higher sensitivity (98.8% vs 94.0%) 

in detecting CIN3 or higher (Blatt et al. 2015). Furthermore, the incidence rate of cervical 

cancer among women with negative results of co-testing was observed to be lower (3.2 per 

100,000) compared to HPV-negative result alone (3.8 per 10 000) and cytology testing (7.5 

per 100,000) after five years intervals (Katki et al. 2011). However other studies show 

different findings. For example, a study done by Liang and authors (2020) showed that the co-

testing and HPV alone had similar sensitivity, with co-testing having lower specificity than HPV 

alone, resulting in high number of false positive tests and referrals to colposcopy. According 

to the authors, this indicate that co-testing is less beneficial and that HPV test as a primary 

screening offers a balance of benefits and harms compared to co-testing (Liang et al. 2020). 

 

1.6 Strategies for managing HPV-positive women 

1.6.1 Colposcopy  

In South Africa, women with ASC-H and HSIL on cytology testing are usually referred to the 

colposcopy clinic. The ongoing referrals and treatment for cervical cancer is free in the public 

sector.  Colposcopy is a standard procedure used to view the cervical transformation zone, 

identify the cervical cancer lesions, and evaluate them for histology diagnosis through biopsy 

sampling (Jeronimo and Schiffman 2006; Wentzensen et al. 2015). A biopsy allows one to 

determine the diagnosis of precancerous lesions that will require treatment to prevent 

further progression (Wentzensen et al. 2015). Colposcopy has been revealed to have low 

sensitivity and interobserver or intraobserver agreement to detect high-grade cervical cancer 

lesions (Massad et al. 2009; Ferris and Litaker 2005). It has been previously reported that it is 

challenging to implement conventional colposcopy in low-income countries (Xue, Ng, and 

Qiao 2020). Therefore, digital colposcopes have been designed and are more sensitive, 

accurate, inexpensive, and easy to use in villages (Newman et al. 2019; Basu et al. 2016). The 

Enhanced Visual Assessment (EVA) system is one of the emerging portable digital colposcopy 

devices with smartphone features such as a customised camera and enhanced smartphone 

device light for visualization (Peterson et al. 2016). The EVA system has software that 
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monitors and evaluates the cervix area (Peterson et al. 2016). EVA's advantages include low 

cost, a better-magnified image of the cervix area, high-quality digital images, and images that 

can be stored and sent electronically to investigate further cases that are challenging to 

evaluate (Peterson et al. 2016).  

 

Women identified with high-grade cervical lesions on histology diagnosis receive treatment. 

Various treatments are used, such as loop electrosurgical excision (LEEP), cold knife 

colonisation, large loop excision of the transformation zone (LLETZ), cryotherapy, and 

thermocoagulation (Massad et al. 2013; WHO 2014a; Chamot et al. 2010). Cryotherapy and 

LEEP are the most frequently used treatments for precancerous lesions in developing 

countries (Chamot et al. 2010). WHO recommended that cryotherapy be used in the general 

population and high-risk population to treat high-grade lesions (WHO 2014a). A systematic 

review and meta-analysis reported that LEEP has a significantly lower risk of persistence 

within six months and recurrence within one year of follow-up biopsy than cryotherapy 

(D'Alessandro et al. 2018). A randomised study done among HIV positive South African 

women reported that both cryotherapy and LEEP effectively reduced CIN2+ by more than 

70% within one year. Furthermore, LEEP's efficacy was observed to be 81.5%, while that of 

cryotherapy ranged between 72.8% among women with precancerous lesions (Smith et al. 

2017). 

 

1.6.2 Screen-and-treat 

A screen-and-treat approach allows women to be screened and receive treatment (for 

women positive for HR-HPV types) in a single visit. The screen-and-treat strategy eliminates 

the delays that require further evaluation before treatment, such as colposcopy and cervical 

biopsy tissue for women who test positive for HR-HPV infection (Kuhn et al. 2010; Denny et 

al. 2005). Low-income countries have adopted the screen-and-treat strategy and is reported 

to reduce CIN1-2 by 88% and CIN3 by 70% (Luciani et al. 2008). In a South African study, 

screen-and-treat using the HPV test was evaluated as an effective approach for managing 

HPV-positive women and reduced high-grade lesions by 2-fold compared to VIA (Denny et al. 

2005). Moreover, the screen and treat approach resulted in a significantly lower rate of CIN2+ 

using the HPV test (77%) and VIA (37%) compared to women who received delayed evaluation 
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within six months (Denny et al. 2005). The advantage of the screen-and-treat approach is that 

it is cost-effective and reduces the number of appointments and losses to follow-up (Goldie 

et al. 2005; Waxman 2016). However, this approach is reported to be more prone to 

overtreatment (Goldie et al. 2005; Waxman 2016).  

 

The screen-and-treat approach uses cryotherapy or thermocoagulation to treat high-grade 

lesion or HR-HPV-positive women with genotype 16/18. Thermocoagulation is characterised 

by removing cervical lesions at a temperature of 100-120°C while cryotherapy freezes the 

cervix tissue (Naud et al. 2016; de Fouw et al. 2019). These treatment methods use portable 

devices that are affordable, safe, easy to use, quick, and do not require a highly skilled nurse 

(Maza et al. 2016). Cryotherapy and thermocoagulation have been evaluated to have similar 

performance and are effective at treating cervical cancer lesions (de Fouw et al. 2019; Naud 

et al. 2016). The cure rate of thermocoagulation has been reported to be9 1.4% for CIN1 and 

91.6% for CIN2-3, whereas for cryotherapy it has been found to be 93.8% for CIN1 and 82.6% 

for CIN2-3 (de Fouw et al. 2019). A study done among a high risk population (HIV-positive 

women) reported that HPV test-and-treat was the most effective and cost-effective method 

and decreased the risk of cervical cancer by 56% (Campos et al. 2018). The incremental cost-

effectiveness ratio was estimated to be $3010 USD per year of life saved (Campos et al. 2018). 

 

1.7 HPV DNA testing on self-collected samples 

1.7.1 Accuracy of self-sampling vs. clinician-sampling 

Self-sampling is a desirable screening approach because it can motivate women to participate 

in the cervical cancer screening programme. It allows women to collect the specimens 

themselves in private, eliminates the time and financial costs of traveling to the clinics (Wong 

et al. 2016; Fargnoli et al. 2015). Women can perform self-collection at home or any private 

setting at their own time without experiencing the clinician's discomfort (Wong et al. 2016; 

Snijders et al. 2013). Previously, HPV testing was performed on cervical clinician-collected 

samples; however, it has evolved to vaginal self-collected sampling. Self-sampling allows 

samples to be collected from the vagina, containing a mixture of vaginal and cervical cells 

obtained using a cervicovaginal brush or swab (Pedersen et al. 2018). Self-collection was 

introduced to increase the screening coverage and eliminate the barriers of cytology testing 
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(Pedersen et al. 2018). In European countries, self-sampling for HPV tests is used as the 

alternative screening method for non-attendee women (Polman, de Haan, et al. 2019; 

Pedersen et al. 2018). Studies show a comparable detection rate of HR-HPV infection and 

clinical accuracy between self-collection and clinician-collection to identify CIN2 or higher 

(Nutthachote et al. 2019; Arbyn et al. 2014; Snijders et al. 2013). The agreement between 

self-collection and clinician-collection ranges from 0.60-0.88 (Nodjikouambaye et al. 2020). 

 

Other studies have reported low self-collection performance compared to clinician-collection, 

attributed to different sampling devices or HPV test assays (Arbyn et al. 2014). A meta-

analysis showed low sensitivity and specificity for self-collection compared to clinician-

collection using a signal-based HPV testing assay (HC-2) (Arbyn et al. 2014). However, studies 

using clinically validated PCR-based HPV testing assays have demonstrated similar 

performance between self-collection and clinician-collection (Arbynet al. 2014). The pooled 

sensitivity of self-collection ranges from 77%-96% and 93%-96% for clinician-collection, while 

the specificity is 79%-84% for self-collection and 79%-86% for clinician-collection for detection 

of precancerous lesions (CIN2+) (Arbyn et al. 2018). Furthermore, self-collection has a better 

sensitivity than cytology tests. The incidence of CIN2+ among women with negative cytology 

tests was 3-fold higher than a negative self-collection test (Porras et al. 2015). Self-sampling 

provides access to cervical cancer screening for women from rural areas who cannot visit 

clinics or countries that do not have organised cervical cancer screening (Snijders et al. 2013). 

The self-collection strategy is suitable for the follow-up of women who test positive for HPV 

infection from low-income countries (Viviano et al. 2018). Self-collection provides the 

advantages of allowing samples to be mailed, stored, and reducing transportation costs 

(Arbyn et al. 2018). However, although self-sampling would be a good implementation in rural 

areas, women have raised some concerns about self-sampling such as fearing of collecting 

the specimen incorrectly. In additional, some potential barriers include loss to follow-up, and 

poor transport system (such as mailing of self-sampling) in rural areas (Mbatha et al. 2017; 

Mulki et al. 2021). 
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1.7.2 Experience and acceptability of self-sampling vs. clinician-sampling 

Numerous studies have reported that a large proportion of women (61.9%-98.7%)  are highly 

agreeable to self-collection and are willing to perform the screening tests in the future 

(Nodjikouambaye et al. 2019; Obiri-Yeboah et al. 2017; Sossauer et al. 2014; Bansil et al. 

2014). The self-sampling procedure has been demonstrated and has received high 

acceptability among women from indigenous communities and rural communities (Ogilvie et 

al. 2007; Zehbe et al. 2011; Racey et al. 2016; Bansil et al. 2014; Murchland et al. 2019). 

Studies highlight that self-collection is easy, more comfortable, less painful, and has 

understandable instructions to perform sampling (Nodjikouambaye et al. 2020; Maza et al. 

2018; Bansil et al. 2014). The experience of self-sampling is associated with age and 

education. For example, women with less years of education (<13 years) were more likely to 

self-report less pain when performing self-sampling than clinician-sampling when compared 

to women with 13 years more years of education (Leinonen et al. 2018). Also, the experience 

of reporting fear for self-sampling was observed to decrease as age increases. A larger number 

of women younger less than 30 years were found to fear hurting themselves when performing 

self-sampling than those 30 years or more (Lorenzi et al. 2019).  

 

The preference for self-collection ranges from 22.0%-95.0% compared to the preference for 

clinician-collection, which ranges from 11.9%-12.9% (Nelson et al. 2017; Polman, et al. 2019; 

Lorenzi et al. 2019). The higher preference for self-collection is due to the provision of privacy 

and the advantage of choosing the place and time to perform sampling (Lorenzi et al. 2019). 

Among African studies, preference for self-sampling for HPV testing ranges from 76.7%-86.3% 

(Haile et al. 2020). However, other studies reported that women prefer a clinician-collection 

due to the fear of collecting the specimen incorrectly or specimen inadequacy. Other factors 

include education and a lack of awareness for cervical cancer screening (Maza et al. 2018; 

Berner et al. 2013). 

 

Since self-sampling is a feasible alternative for screening for cervical cancer in rural areas, 

different strategies have been designed to reach women who cannot visit the clinics or those 

who do not prefer the clinician to perform the sample collection (Jede et al. 2020; Arbyn et 
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al. 2018). These include, a direct offer of self-collection kits, mailing self-collection kits, and 

an opt-in strategy (Arbyn et al. 2018). Of these strategies, a community health worker's direct 

offer of self-collection had a high participation rate of more than 75% compared to other 

methods among underscreened women (Arbyn et al. 2018). Opt-in was observed to be a less 

effective strategy than mailing self-sampling kit/letter invitations for underscreened women 

(Arbyn et al. 2018). However, a recent randomised clinical trial of women with treated CIN2+ 

cases from the United States showed that the uptake of cervical screening increased with 

mailing HPV kits compared to the usual care reminder (26.3% vs 17.4%) (Winer et al. 2019). 

 

1.7.3 Sampling devices and collection system 

Sampling devices such as tampons, lavage, Evalyn brush, Qvintip, HerSwab, Catch-all swab, 

and Qiagen swabs have been used for the self-collection sample (Arbyn et al. 2018; Bishop et 

al. 2019). It has been shown that women favour swabs and brushes to collect a specimen for 

self-collection because they are easy to use, comfortable, and small in size (Bishop et al. 

2019). Similarly, in a cross-sectional study performed by Bishop (2019) among women from 

the United States, the Catch-all swab device (73.9%), Qvintip (72.1%), and Evalyn (67.6%) 

were the most favourable sampling devices compared to HerSwab (49.4%) (Bishop et al. 

2019). Furthermore, a study on a South African women cohort from rural regions 

(Mpumalanga) reported that cervical brushes were the most acceptable self-collection device 

(≥75%) compared to a tampon (19%) and lavage (4%) (Mahomed et al. 2014). However, in the 

urban areas (Johannesburg), women preferred tampon (45%) over lavage (33%) and cervical 

brush (22%) (Mahomed et al. 2014), indicating that women from different regions have 

different preferences for sampling devices. 

 

These sampling devices have been evaluated in studies using clinically validated HPV testing 

assays. A brush or lavage device for self-collection provides a similar sensitivity to a clinician-

collected sample with PCR-based HPV testing (Arbyn et al. 2014). In contrast, the signal 

amplification HPV testing has low sensitivity with any device used for sample collection 

(Arbynet al. 2014). The cervicovaginal lavage samples have been found to have significantly 

higher DNA concentrations than Qvintip samples (Jentschke et al. 2016). The clinical 



 

31 
 

performance for detection of CIN2+ was similar between the Evalyn (sensitivity of 89.8% and 

specificity of 66.7%) and Qvintip (sensitivity of 83.7% and specificity of 69.0%) sampling 

devices (Jentschke et al. 2016). 

 

The sampling storage differs whereby swabs and Evalyn brush are stored dry, and brushes are 

placed in a liquid-based transport medium or smeared onto FTA cards (van Baars et al. 2012; 

Gonzalez et al. 2012; Gustavssonet al. 2009). Liquid transport medium is used as the standard 

storage system for HPV testing and has been shown to have comparable performance to dry 

storage or dry cervicovaginal sample collection (Sultana et al. 2015; Wolfrum et al. 2013). The 

dry specimen collection and liquid-based specimen collection were found to have an overall 

agreement of 92.8% with a kappa value of 0.85 to detect HPV infection (Sultana et al. 2015; 

Wolfrum et al. 2013). The positive agreement of HPV type-specific between dry and liquid-

based sample collection was 91.3% for HPV16/18 with a sensitivity of 95.5% (Sultana et al. 

2015). However, a liquid-based medium is not favourable for home-based self-collection kits 

as they are more likely to cause linkage and contamination without the nurse's supervision. 

Dry storage has a low cost for transportation and can be stored for an extended period at 

room temperature (Catarino et al. 2015; Gustavsson et al. 2009). 

 

1.8 Risk factors for cervical cancer  

1.8.1 Sexually transmitted pathogens associated with HPV and development of cervical 

cancer 

Since HPV is sexually transmitted, other STIs share the same transmission route, thus the risk 

factors that influence the acquisition of other STIs and the development of cervical cancer are 

equivalent. STIs are believed to increase the acquisition and spread of each other through 

sexual behaviour and biological mechanisms such as altering pathogens’ natural history, 

interfering local immune response and disruption of mucus (mucosal) (Moscicki et al. 2010; 

Wright 2009; Horvath et al. 2010; Castle and Giuliano 2003). Furthermore, STIs have been 

found to function as cofactors of HPV infection, and co-infection increases the inflammation, 

resulting in oxidative metabolites and reduction of cell-mediated immunity (Verteramo et al. 

2009; Samoff et al. 2005; Castle and Giuliano 2003). Therefore, STIs have been reported to 

increase the acquisition of HPV infection and persistent HPV infection, thereby increasing the 

risk of cervical cancer (Samoff et al. 2005; Wang et al. 2011). 
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1.8.1.1 Sexually transmitted infections 

Sexually transmitted infections (STIs) such as Chlamydia trachomatis (CT), Trichomonas 

vaginalis (TV) and Neisseria gonorrhoeae (NG) are linked with inflammation, leading to 

susceptibility to infection with HPV and growth of cancerous cervical cells (Castle and Giuliano 

2003; Reighard et al. 2011; Castle et al. 2001; Silva, Cerqueira, and Medeiros 2014). Cancer is 

associated with inflammation, and different pathways trigger inflammation to cause 

malignancy. These include an increase of cytokines and chemokines production, which are 

the key components for cancer-related inflammation (Germano, Allavena, and Mantovani 

2008; Costantini et al. 2009; Moerman-Herzog and Nakagawa 2015). These inflammatory 

mediators (cytokine and chemokines) can suppress the HPV viral gene expression, thereby 

forming an inflammatory microenvironment that can result in cell damage and encourage 

cellular to change, resulting in cancer (Moerman-Herzog and Nakagawa 2015; Mantovani et 

al. 2008). Also, oncogenic genes (HPV16 E5, E6 and E7) can increase the inflammatory 

cyclooxygenase-prostaglandin (COX) axis through overexpression of receptors for E-series 

prostaglandin and overexpression of oncogene COX-2, which can encourage immune 

infiltration, inflammation, and cancer progression (Adefuye and Sales 2012; Oh et al. 2009; 

Subbaramaiah and Dannenberg 2007; Oh et al. 2010). 

 

The co-infection of sexually transmitted pathogens is thought to influence CIN's progression 

through mucosal immunity, which may result in persistent HPV infection and cervical cancer 

lesions (Kawana et al. 2008; Chumduri et al. 2013; Kojima et al. 2011; Kiseki et al. 2017). 

Infection with TV increases the likelihood of cervical abnormalities in women with HR-HPV 

infection (Donders et al. 2013), which is a result of induced inflammation that causes 

disruption in the cervical epithelium, may allow entry of HPV infection and interferes with 

viral clearance (Thurman and Doncel 2011; da Costa et al. 2005). A study recognized NG and 

CT as primary STIs related to HR-HPV infection for elevated risk of all cervical abnormalities 

with the implication that an interaction may occur in the development of cervical cancer 

lesions (de Abreu et al. 2016). A longitudinal study conducted by Lehtinen and co-authors 

showed that CT was an independent risk factor for CIN2 (Lehtinen et al. 2011). The authors 

suggest that this STI may be involved in the early development of the precancerous lesion but 
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it was not observed in women with high grade lesions (CIN3) (Lehtinen et al. 2011). Di Pietro 

et al., 2018 reported that women co-infected with HPV and CT were more likely to have highly 

diverse cervical microbiota than women negative for HPV/CT confection, thus increasing their 

susceptibility to persistent infection (Di Pietro et al. 2018). 

 

1.8.1.2 Herpes simplex virus type-2 

Herpes simplex virus (HSV) type 2 is the most common HSV serotype and has been found to 

have a synergistic function with HPV infection in causing cervical cancer. Mechanisms of HSV-

2 involve in causing precancerous lesion or cancer include mutations, inflammation, and 

formation of ulcer (Konvalina, Gašperík, and Golais 2002; Clure and Rivard 2018; Tomkins, 

White, and Higgins 2015). These mechanisms may cause genetic changes and damages the 

epithelium barrier thereby allowing the entry of HPV into the epithelial cells and the growth 

of cervical lesions (Horbul et al. 2011; Clure and Rivard 2018; Konvalina, Gašperík, and Golais 

2002). Infection of HSV-2 engages in the first stage of carcinogenesis (“hit and run” 

mechanism). Therefore, retention of HSV-2 is not needed for later stages in cancer 

progression. Hence, infection of this virus is not consistently found in all biopsies of 

precancerous lesions or cancer. This indicates that HSV-2 infection is required for the initial 

cell transformation but not the development of cancerous lesions/cancer (Zhao et al. 2012; 

Galloway and McDougall 1983; Partridge et al. 2007; Smith, Herrero, et al. 2002). In vitro 

studies showed that the transcription level of HPV  genes (E1, E2 and E6) increased by 3-fold 

in CaSki cells and 9-fold HeLa cells with HSV-2 infection, indicating that HSV-2 might increase 

cervical cancer risk by the induction of overexpression of the HPV regulatory and oncogenes 

(Pisani et al. 2002; Pisani et al. 2004). HSV-2 is also associated with HIV acquisition and 

persistent HPV infection, which might be due to the shared behavioural risks including route 

of transmission (Caldeira et al. 2013). Li and Wen (2017) showed that HSV-2 seropositive 

women were 2-times more likely to have high-risk of cervical cancer than seronegative 

women and after adjusted for HR-HPV infection, indicating that being positive for HSV-2 might 

act as an independent risk factor for cervical cancer (Li and Wen 2017). Significantly increased 

co-infection of HSV-2 with HPV infection was observed in CIN and squamous cell carcinoma 

cases compared to having single HSV-2 or HPV infection (Zhao et al. 2012).Therefore, 
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demonstrating that HSV-2 or coinfection of HPV/HSV-2 may impact the progression of cervical 

cancer (Zhao et al. 2012). 

 

1.8.1.3 HIV infection 

Genital HPV infection is significantly associated with HIV acquisition and the interaction 

between these viral STIs is complex (Williamson 2015). Both these viruses (HPV and HIV) share 

the same transmission route and remain the major public health problem in sub-Saharan 

Africa (Mbulawa et al. 2013). HIV-positive women have compromised immune systems, which 

is a favourable environment for persistent HPV infection and the development of 

premalignant lesions (Lissouba, Van de Perre, and Auvert 2013). Globally, it is  estimated that 

10% of HIV-positive women are likely to develop CIN2-3 compared to 1-2% of HIV-negative 

women yearly (Arbyn et al. 2012; De Vuyst et al. 2012; Joshi et al. 2013; Denny et al. 2008; 

Zhang et al. 2012). HIV-positive women have a relatively higher risk of acquiring HPV infection 

and a lower rate of clearing the infection than HIV-negative women (Liu et al. 2018). A cohort 

study among women with HIV-1 infection from Zimbabwe showed that HPV clearance was 

negatively associated with HIV-1 infection which shows that immune response may play a 

role on the increase of HIV-1 susceptibility (Averbach et al. 2010). Coinfection of HIV infection 

is significantly associated with genital HPV prevalence and HPV type specific concordance 

(Mbulawa et al. 2009). HIV-positive women have been reported to have increased prevalence 

of HPV infection and are more likely to be infected with multiple HPV genotypes than HIV-

negative women. In a heterosexual couple South African study, HPV prevalence was 

significantly higher among HIV-positive women/men compared to HIV-negative women/men 

(Mbulawa et al. 2010). The study also found that male participants having a HIV-positive 

partner had higher risk of having HR-HPV infection and LR-HPV infection than male 

participants with HIV-negative partners (Mbulawa et al. 2010)  

 

 

The influence of high HPV acquisition rate and HPV prevalence were associated with reduced 

CD4 cell count (<350 cells/mm3) (Liu et al. 2018; Mbulawa et al. 2013). Furthermore, low CD4 

count was significantly associated with almost 3-fold increased risk of developing HSIL, 

indicating a poor immune response among HIV-positive women (Enebe et al. 2015). Studies 
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of prospective cohorts report that HIV-positive women on antiretroviral therapy (ART) had 

reduced progression of SIL, increased clearance of HR-HPV types(16/18) and low incidence of 

abnormal cytology than women not on ART (Blitz et al. 2013; Adler et al. 2012).  Therefore, 

this indicates that long-term exposure to ART plays a significant role in improving HIV-positive 

women's immunity and may protect against cervical lesions' progression (Kelly et al. 2018; 

Zeier et al. 2015). It has been found that reduced HIV viral load among women on ART for 

more than two years increased the likelihood of HPV clearance (Konopnicki et al. 2013).  

 

1.8.1.4 Pathobionts 

Pathobionts are microbes that live in a non-harmful symbiosis that can potentially influence 

or cause clinical disease in healthy humans without showing any noticeable symptoms 

(Pickard et al. 2017; Hornef 2015; Jochum and Stecher 2020; Chow, Tang, and Mazmanian 

2011). These microbes are also known as opportunistic pathogens that reside as commensals 

in the healthy environment and can increase chronic inflammatory responses in a genitally 

vulnerable host (Chow, Tang, and Mazmanian 2011; Combaz-Söhnchen and Kuhn 2017; 

Bjartling, Osser, and Persson 2010; Zechner 2017). Mycoplasma hominis (MH), Mycoplasma 

genitalium (MG), Ureaplasma spp (U. urealyticum, and U. parvum) belong to a genus of 

genital mycoplasma from the Mycoplasmataceae family (Martin 2015; Taylor-Robinson 

2017). These microorganisms have been isolated in 67% of sexually active, 40% sexually 

inactive, and 25% of postmenopausal women (Viscardi 2010). It has been reported that MH 

was present in 20-50%, MG in 0-5% and Ureaplasma spp in 40-80% of sexually active women 

from vaginal/cervical samples (Morse 2010). Studies show inconclusive results on whether 

these microorganisms are potential genital pathogens or commensal inhabitants (Combaz-

Söhnchen and Kuhn 2017; Kletzel et al. 2018). However, genital mycoplasma is associated 

with cervicitis, vaginitis, infertility, discharge, and pelvic inflammatory disease (Combaz-

Söhnchen and Kuhn 2017; Leli et al. 2018; McGowin, Popov, and Pyles 2009). 

 

Notably, emerging evidence show that genital mycoplasma might impact HPV natural history 

through initiating viral persistent infection and cellular abnormalities (Ye et al. 2018; Lukic et 

al. 2006). U. urealyticum has been established as the co-factors of HPV infection (prevalence) 
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and may influence persistent disease and cervical abnormalities (Lukic et al. 2006). The 

bacterial load of U. parvum in women with cervical lesions was significantly higher than those 

with no lesions (Amorim et al. 2017). Women with co-infection of U. urealyticum and HR-HPV 

infection had a 12-times higher risk of HSIL and cervical cancer (Wang et al. 2019). The risk of 

HSIL and cervical cancer was 11.6-fold higher for U. urealyticum and 7.5-fold higher for U. 

parvum, demonstrating that the presence of Ureaplasma species might be biomarkers for 

cervical cancer lesions (Wang et al. 2019). The pathogenesis mechanisms of Ureaplasma 

species are reported to be unclear. However, MH was found to increase inflammatory 

cytokine expression from the monocytic cell line, thus increasing the risk of cervical 

abnormalities (Fiori et al. 2013). 

 

1.8.2 Other factors  

1.8.2.1 HPV Viral load, HR-HPV types, and persistent infection 

The viral load of HPV infection is regarded as a biomarker for progression of cervical lesion to 

cancer and increases with higher grades of cervical neoplasia (Malagón et al. 2019; Marongiu 

et al. 2014; Kim et al. 2020). An increase in HPV viral load over time was associated with a 4-

fold increase in prediction of the development of CIN2-3 (Mittal et al. 2017). According to 

Malagon et al., 2019, the relationship between high-grade cervical lesions and viral load was 

due to lifestyle aspects (such as contraceptive use) that affect immunity (Malagón et al. 2019). 

Cross sectional studies found a significant association of high HPV viral load with an elevated 

risk of having a large size of the cervical lesion and a higher grade of squamous lesions (Sun 

et al. 2001; Ding et al. 2016; Kim et al. 2020; Wang et al. 2018). However, having low viral load 

was not associated with an increased risk of squamous intraepithelial lesions and cervical 

lesion size (Sun et al. 2001; Ding et al. 2016), therefore indicating that the progression from 

HPV infection to HSIL is driven by high HPV viral load and that viral load could be utilised to 

estimate the cervical lesions' severity. 

 

Previous studies have shown that high viral load infections have reduced clearance rates and 

increased persistent infection likelihood, suggesting that high viral load could indicate 

persistent infection (Mittal et al. 2017; Trevisan et al. 2013). Persistent infection with HPV16, 

18, 31, and 33 may influence the probability of developing high-grade cervical lesions (Kjær 

et al. 2010). A prospective study done by Matsumoto (2011) demonstrated a significantly 
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higher cumulative incidence rate of CIN3 for women with HR-HPV specific types (16, 18, 31,33, 

35, 52, and 58) compared to women with other high-HPV types (20.5% vs.6.0%) within five 

years of follow-up (Matsumoto et al. 2011). Also, HPV16/18 has been discovered as a strong 

predictor of the increased risk of squamous cell carcinoma and adenocarcinoma (Arnheim 

Dahlström et al. 2011). Therefore, this shows that these are essential HR-HPV types that play 

a significant role in development of invasive cervical cancer. Other studies show that women 

with cytology abnormalities (ASCUS, LSIL and HSIL) are more likely to have multiple HPV 

infections than those with normal cytology (Schmitt et al. 2013). The presence of multiple HR-

HPV infections with high viral load was found to have 4-6 fold increased risk of developing 

cervical precancerous lesions than with single infection and high viral load (Schmitt et al. 

2013). 

 

1.8.2.2 Smoking  

Smoking is associated with HR-HPV infection, and tobacco or cigarette smoke contains a 

chemical (such as Nicotine) that causes damage to the squamous epithelial cells, promoting 

the growth of cervical cancer lesions (Castle 2008; Fang et al. 2018; Wang et al. 2017; Chen 

and Wang 2019; Nersesyan et al. 2020; Alam et al. 2008; Jensen et al. 2012a). Two 

mechanisms have been reported to influence cervical lesions' development, namely the 

inhibition of immune response by tobacco metabolites and exposure of cells infected by HR-

HPV infection, which causes damage to the DNA (Castle 2008; Castellsagué and Muñoz 2003). 

A study done by Xu (2018) reported that women currently smoking had a 43% increased risk 

of high-grade CIN compared to women who never smoked (Xu et al. 2018). Current or past 

smokers were observed to have an almost 4-times higher risk of CIN2 incidence than non-

smokers (Sarian et al. 2009). The odds of developing cervical cancer significantly increased 

with long-term smoking and in-take/dose of cigarettes per day (Sugawara et al. 2019; Jensen 

et al. 2012b). Similarly, women with persistent HPV infection and an intake of 18 or more 

cigarettes per day were found to have a higher risk of CIN3+ than those who never smoked 

(Fang et al. 2018). Moreover, a prospective study conducted by Jensen (2012) reported that 

women having persistent high-risk infections with ≥ ten years of smoking and an intake of 20 

or more cigarettes per day were more likely to be diagnosed with high-grade CIN3+ within 13 

years of follow-up (Jensen et al. 2012b). 
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1.8.2.3 Sexual behaviour and parity  

Sexual behaviour is associated with HPV infection and increases the progression to cervical 

cancer (Louie et al. 2009; Itarat et al. 2019). Women who have a young age of sexual debut 

have been consistently found to have a high risk of HPV infection (Louie et al. 2009). Women 

who had their first sexual experience before the age of 15 years had an almost 6-times higher 

risk of developing precancerous lesions (Kassa 2018). Having multiple sexual partners (≥5) 

was correlated with a six-fold increased risk of precancerous lesions (Kassa 2018). 

Furthermore, the risk increases with age difference whereby women having an age difference 

of 10 years or more with their sexual partners had a 2-fold increased risk of developing 

cervical cancer (Baussano et al. 2017). 

 

Parity is related to sexual behaviour and has been found to increase cervical cancer risk. The 

association between parity and cervical cancer progression is suspected to be influenced by 

the elevated levels of sex hormones during pregnancy (Roura et al. 2016; Rajkumar et al. 

2006; Muñoz et al. 2002). During pregnancy, it has been found that changes in the squamous 

columnar junction occur, which may enable HPV infection, influence persistent infection, and 

accelerate the development of cervical lesions and cervical cancer (Rajkumar et al. 2006; 

Jensen et al. 2013; Muñoz et al. 2002). Another biological mechanism is the immune 

suppression triggered by high progesterone levels, which may increase HPV acquisition and 

development of cervical lesions (Gariglio et al. 2009; Delvenne et al. 2007; Rajkumar et al. 

2006). A study done among women with persistent HPV infection reported that having more 

than two pregnancies resulted in an almost 2-times higher risk of CIN3+ within 13 years of 

follow-up (Jensen et al. 2013). Similarly, women with more than five children were nearly 3-

times more likely to have high cervical cancer risk (Paramita 2010).  

 

1.8.2.4 Contraceptive use 

The use of hormonal contraceptives is reported to regulate HPV immune responses and 

encourage the risk of persistent infection or cervical lesion progression (Volpato et al. 2018; 

Marks et al. 2011). Women currently using hormonal contraceptives were observed to have 

a 50% higher risk for cervical lesions progression than former users or women who never used 
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hormonal contraceptives (Xu et al. 2018). A case-control study among healthy women and 

cervical cancer confirmed women found that current users or women who had ever used oral 

contraceptives were more likely to have increased risk of cervical cancer than women who 

never used oral contraceptives (Vanakankovit and Taneepanichskul 2008). Furthermore, in a 

case-control study among black South women, prolonged use injectable contraceptives but 

not oral contraceptives was significantly correlated with a transiently higher risk of cervical 

cancer but not in women that had ceased the use more than ten years previously (Urban et 

al. 2012). Similarly, women with long-term oral contraception (≥ 15 years) had a significantly 

higher risk of high-grade cervical lesions, carcinoma in situ and invasive cervical cancer; 

indicating that long term use of oral contraceptive might be a cofactor of cervical cancer 

(Roura et al. 2016; Xu et al. 2018; Vanakankovit and Taneepanichskul 2008). However, other 

controlled studies have shown that women who using either oral or injectable contraceptives 

only or combined showed no significant increased risk of cervical cancer (Shapiro et al. 2003; 

Peng et al. 2017). Therefore, this difference could be affected by some uncontrolled risk 

factors (such as sexual behaviour) that may have a negative impact on the results. 

 

1.9 Project motivation 

The prevalence of HPV and cervical cancer is high in South Africa and is further exacerbated 

by the HIV epidemic (Bruni et al. 2019a; Stein et al. 2008; Mbulawa, Coetzee, and Williamson 

2015; Mbulawa et al. 2009; Mbulawa et al. 2010). The Eastern Cape Province has a high ASR 

of cervical cancer (29.2 per 100 000) (Somdyala et al. 2015b; Somdyala et al. 2020) and some 

of the poorest health infrastructure. These women are informed about cervical cancer 

screening when the visit clinics. Women in rural areas such as Eastern Cape are not likely to 

be screened for cervical cancer because of the lack of knowledge, awareness regarding 

cervical cancer screening, health facilities and resources to perform screening (Ramathuba et 

al. 2016; Godfrey, Mathenjwa, and Mayat 2019; Sibiya and Grainger 2007). The high incidence 

rate of cervical cancer in the Eastern Cape stresses the need to improve cervical screening, 

particularly in rural areas. The introduction of self-collection of samples could increase the 

number of women accessing cervical cancer screening, as this is an easy and accessible 

screening method. Not much research has been done in Eastern Cape on the prevalence of 

HPV and typing of HPV as well as the acceptability of self-sampling as part of a cervical 

screening program. Therefore, the findings of this study will add to the limited information 
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on HPV and cervical cancer screening. Furthermore, this study will raise awareness of the risk 

factors associated with HPV types causing cervical cancer. It will also compare the 

performance of two HPV diagnostic tests namely HC2 and real-time hpVIR for HPV detection 

among women from the rural community clinic and referral clinic. The HPV typing data will 

provide background information to support the ongoing HPV vaccination programs. 

Currently, there is limited knowledge on the prevalence of STIs and high-risk HPV types 

causing cervical cancer. Further research questions will be identified based on the data 

generated during the study. 

 

Therefore, the objectives of the study are: 

 To investigate the prevalence of HR-HPV and factors associated with HR-HPV infection 

among women from rural Eastern Cape, South Africa.  

 To investigate the distribution of HPV genotypes among women with cervical 

intraepithelial lesions according to HIV status from Eastern Cape Province, South 

Africa. 

 To investigate HR-HPV prevalence and compare agreement between clinician-

collected and self-collected genital specimens as well as two different HPV tests on 

clinician-collected samples. 

 To investigate the prevalence of sexually transmitted pathogens and co-infection with 

HR-HPV infection among women from rural Eastern Cape Province, South Africa.  
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CHAPTER 2: Human papillomavirus prevalence and risk factors among HIV-

negative and HIV-positive women residing in rural Eastern Cape, South Africa 

Ongeziwe Taku1,2, Charles B. Businge3,4, Mana L. Mdaka,3,4 Keletso Phohlo1, 2, Wisdom 
Basera5, Mirta Garcia-Jardon6, Tracy L. Meiring1,2, Ulf Gyllensten11, Anna-Lise Williamson1,2, 8, 

Zizipho Z.A. Mbulawa2,7, 8, 9, 10 # 

 

ABSTRACT 

Background: This cross-sectional study investigate the prevalence of high-risk (HR) human 

papillomavirus (HPV) and factors associated with HR-HPV infection among women from rural 

Eastern Cape, South Africa. 

Method: HPV prevalence was determined using the Hybrid Capture-2 assay in cervical 

specimens from 417 women aged ≥30 years (median: 46 years, range: 30-98 years) recruited 

from the community health clinic in the Eastern Cape. 

Results: HR-HPV prevalence was 28.5% (119/417), and HIV-positive women had significantly 

higher HR-HPV prevalence than HIV-negative women (40.6%, 63/155 vs 21.4%, 56/262 

respectively, p=0.001). HIV-positive status (OR:: 2.52, 95% CI: 1.63-3.90); having ≥3 lifetime 

sexual partners (OR: 2.12, 95% CI: 1.16-3.89); ≥1 sexual partner in the last month (OR: 1.89, 

95% CI: 1.21-2.92); ≥4 times frequency of vaginal sex in the past 1-month (OR: 2.40, 95% CI: 

1.32-4.35) and having vaginal discharge currently/previous week (OR: 2.13, 95% CI: 1.18-3.85) 

increased the risk of HR-HPV infection. In multivariate analysis, HIV-positivity remained 

strongly associated with HR-HPV infection (OR: 1.94, 95% CI: 1.17-3.22). 

Conclusion: Risk factors related to sexual behaviours play a significant role in HR-HPV 

infection in this population. This report will inform health policy makers on HPV prevalence 

in this population and contribute to discussions on use of HPV testing as primary cervical 

screening test in the South Africa.  

 

 

 

 

 



 

42 
 

2.1 INTRODUCTION 

Human papillomavirus (HPV) is the most common sexually transmitted virus (Muñoz et al. 

2003).  Cervical persistent infection with any of the high-risk (HR) HPV genotypes; such as HPV 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and/ or 68; is associated with development of 

cervical intraepithelial lesions and cancer (Bouvard et al. 2009). There are a number of factors 

influencing HPV natural history (i.e., HPV acquisition, clearance, persistence and transmission) 

and development of cervical intraepithelial lesions and cancer (Castellsagué et al. 2014; 

Schiffman and Kjaer 2003; Strickler et al. 2005).  

 

The effect of HPV and HIV-co-infection has been established, and women co-infected with 

both HIV and HPV are found to have reduced HPV clearance rate as well as an increased risk 

of persistent HPV infection compared with HIV-negative women (Strickler et al. 2005; 

Rowhani-Rahbar et al. 2007). HIV-positive women have a significantly increased risk of 

developing cervical lesions as they are more likely to have persistent HR-HPV infection (Hawes 

et al. 2003). Moreover, studies have found higher HR-HPV prevalence, HR-HPV viral load and 

cervical lesions among women who are HIV-positive compared to HIV-negative (Clifford et al. 

2016; Mbulawa et al. 2014). South Africa has a high burden of HIV infection; in year 2018, 

20.4% women between the ages of 10 and 49 years were reported to be living with HIV 

(UNAIDS 2019).  

 

Globally, the cervical cancer incidence (13.1 per 100,000 women) and mortality rate (6.9 per 

100,000 women) are high among women of reproductive age (15-44 years) (Bruni et al. 2019b; 

Fitzmaurice et al. 2017). Africa has the highest burden of both HPV and cervical cancer (de 

Martel et al. 2012; Ogembo et al. 2015). Of the reported HPV prevalence globally (11.7%) 

(Bruni et al. 2010), the estimated overall prevalence is two-fold higher (29%) among African 

women with normal cervical cytology (Ogembo et al. 2015). HPV prevalence has been found 

to differ across Southern African regions (Ogembo et al. 2015). This is also observed in South 

African studies, with prevalence ranging between 20.4% to 76% among women with normal 

cervical cytology (Allan et al. 2008; Ebrahim et al. 2016; Giuliano et al. 2015; McDonald et al. 

2012; Richter et al. 2013). The different HPV prevalence in these studies could be influenced 
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by many factors including different HPV detection assay, type of specimen used, the age of 

the study population, HIV co-infection and study population characteristics. 

 

HPV vaccination programs are implemented in number of countries including South Africa as 

the primary tool for the prevention of HPV infection and HPV-associated diseases; however, 

cervical cancer screening is essential for both the vaccinated and unvaccinated populations 

(Denny and Kuhn 2017). The implementation of an effective cervical cancer screening 

program that offers regular cervical screening, monitoring, follow-up, and management of 

cervical lesions is needed in order to prevent or manage the progression to invasive cancer, 

especially in a country where the HIV burden is high, like South Africa (Kabir et al. 2012; 

Tartaglia et al. 2017). The burden of cervical cancer has significantly decreased in developed 

countries due to the success of cervical screening implementation (Bruni et al. 2010; Jemal, 

Ward, and Thun 2010). However, in African regions, especially in rural areas, cervical 

screening remains a major issue because of limited resources, lack of knowledge or awareness 

and lack of trained health care professionals (Arulogun and Maxwell 2012; Perlman et al. 

2014)  

 

Currently, in South Africa, the Pap smear/cervical cytology remains the only screening test 

utilised for cervical cancer screening in public facilities. The targeted age group for cervical 

cytology in the general population is women aged 30 years or older, and the recommendation 

is to have cervical screening at least three times in their lifetime (Botha and Dreyer 2017). 

However, among HIV-positive women, cervical cancer screening begins at the aged <30 years 

or at HIV diagnosis, and the policy recommends 3-year intervals if the cytology result is 

negative or annual screening if the cytology result is positive (National Department of Health 

2017). Cervical cancer screening coverage is lower in rural areas, which are generally poor 

and lack the health care services found in urban areas. Data from the South African National 

Health Laboratory Services (NHLS) indicate that among HIV-positive and HIV-negative women 

age ≥30 years, Pap smear coverage in Eastern Cape municipality districts was <50% during 

2013-2014. This is well below the national target of 70% Pap smear coverage (Makura et al. 

2016).  
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In many countries, cervical cytology is being replaced by HPV testing in cervical screening 

programs. (Altobelli et al. 2019; Basu et al. 2018). There is increasing evidence showing that 

HPV testing identifies more cases of precancerous cervical changes when compared to 

cytology screening (Dillner 2019; Ogilvie et al. 2018). A randomised trial study performed in 

Netherlands reported a higher detection rate of women with CIN2+ after HPV testing (16.5 

per 1,000 women) when compared to cytology testing (10.1 per 1,000 women) at baseline 

(Ogilvie et al. 2018). However, the detection rate of women with CIN2+ was significantly lower 

with HPV testing (5.0 per 1,000 women) than cytology testing (10.6 per 1,000 women) after 

a follow-up of 48 months (Ogilvie et al. 2018). Since HPV testing has been established to be 

more highly sensitive than cytology testing, the cervical screening  interval of women with an 

HPV-negative test have been extended from 5 to 10 years because of low long-term risk of 

CIN3+ development (Dillner 2019; Peto and Gilham 2017). There are different scenarios to 

manage HR-HPV-positive women. In low-resource settings, screen-and-treat regimens have 

been investigated for managing HPV-positive women (Kuhn and Denny 2017). In recent years 

there has been discussion of modifying the South African guidelines to include algorithms 

with HPV testing and strategies of treating HR-HPV-positive. There is now good evidence that 

HPV testing could replace or complement cytology (Botha and Dreyer 2017; National 

Department of Health 2017).  

 

According to the Eastern Cape Province population-based cancer registry, cervical cancer 

became the most common cancer between 1998 and 2012, with a significant increase in 

incidence during the period from 22.1 per  100,00 to 29.0 per  100,000 (Somdyala et al. 

2015a). However, there is a lack of information on HPV prevalence and high-risk types causing 

cervical cancer among women residing in rural Eastern Cape Province of South Africa. It is 

crucial to investigate the prevalence of HPV, as this information will serve as baseline data to 

identify the need and appropriate strategies of prevention and cervical screening 

implementation, since there is high burden of cervical cancer in this region. Therefore, the 

aim of this study was to investigate the prevalence of HR-HPV and the association of socio-

demographic data, sexual behaviour, and other factors with HR-HPV among women aged 30 

years or older, in the general population who were visiting a community-based clinic in rural 

Eastern Cape Province. 
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2.2 MATERIALS AND METHODS 

2.2.1 Study design and specimen collection 

This cross-sectional study was carried out at a community health clinic within OR Tambo 

district municipality, in Mthatha, Eastern Cape Province of South Africa. A total of 417 women, 

aged 30-98 years who were attending the community health clinic for cervical cancer 

screening and for any other reasons were recruited between September 2017 and August 

2018. The study adhered to the Helsinki declaration of 2013. Written informed consent was 

sought from prospective participants. The Human Research Ethics Committees of the 

University of Cape Town (UCT) (HREC reference 615/2017), Walter Sisulu University 

(reference 090/2016) and Eastern Cape Department of Health Ethics (EC reference 

2017RP0_484), approved all aspects of the study. Sociodemographic data and information on 

risk factors were obtained through interviews. 

 

The study nurse collected two cervical specimens for cervical cytology and HPV testing. 

Cervical brushes for HPV testing were stored in Digene transport medium (Qiagen, 

Gaithersburg, MD, USA) and transported to UCT HPV laboratory where they were stored at -

80oC until laboratory testing. “The NHLS laboratory, Mthatha, performed the cervical cytology 

analysis and results were interpreted according to the Bethesda Classification System 

(Solomon et al. 2002).” All women who had high-grade squamous intraepithelial lesions 

(HSILs) on their cytology result were referred to Nelson Mandela Academic Hospital 

colposcopy clinic for follow-up. 

 

2.2.2 HPV DNA detection and viral load 

The Hybrid Capture-2 (HC-2) DNA test (Qiagen Inc., Gaithersburg, MD; USA) identifies 13 HR-

HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68); this test was performed 

manually according to manufacturer’s instructions. Viral quantification data in ratio of relative 

light units/cut off (RLU/CO) was measured using a DML 3000TM microplate Luminometer 

(Qiagen Inc., Gaithersburg, MD; USA); a specimen with a ratio of ≥1 (5,000 copies) was 

considered a positive result and a specimen with ratio < 1 was considered a negative result 

for HR-HPV types. The RLU reflect the viral load but in this test there is no discrimination on 

HPV type. 
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2.2.3 Statistical analysis 

Data were collected in REDcap (Research Electronic Data Capture) and the statistical analysis 

performed using Stata 14.2 (Stata Corp, College Station, Texas). Most of the data were 

categorical. When data were presented as proportions of the total sample, the missing data 

were excluded from the denominator. Univariate logistic regression models were used to 

identify the factors associated with HR-HPV. Multivariate models included factors that were 

statistically significant at 5%, considering variables with p-value of less than 10% in the 

univariate analysis. The figure was drawn using GraphPad Prism v6.01 (GraphPad Software, 

Inc., San Diego, CA); this summarises the HPV viral load disaggregated by HIV status and 

cervical cytology. The Mann-Whitney test was used to determine differences in median HR-

HPV viral load between HIV-positive and HIV-negative women with normal or abnormal 

cytology and a p-value of <0.05 was considered significant. 

 

2.3 RESULTS  

2.3.1 Description of study participants 

Of the 417 participants, 37.2% (155/417) were HIV-positive, and 96.1% of the HIV-positive 

women were on antiretroviral drugs. The median age of the study participants was 46 years 

(interquartile range (IQR) 38-55 years), with the majority in the age group ≥50 years (42.9%). 

The median age at first sex was 18 years (IQR 16-20 years), and the median lifetime number 

of sexual partners was 2 (IQR 2-3). The majority of women had never smoked (94.5%), never 

drank alcohol (90.8%), and had been pregnant before (96.6%). The highest education level 

attained by most of the study participants was high school or university (73.4%) and they had 

a low monthly household income<$139.36 (71.2%). Amongst the 154 (36.9%) women who 

reported using contraception with their current partners, 79.2% (122/154) had started using 

contraceptives at the age of 18 years (Table 2.1). According to their genital health history, 

53.7% (224/417) of women self-reported having had a vaginal discharge and 14.4% (60/417) 

as having had ulcers/blisters/warts in their lifetime. A pelvic examination by the study nurse 

revealed that on the day of specimen collection, a vaginal discharge was present in 20.9% 

(87/417) and warts in 1.2% (5/417) of the women. 
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2.3.2 HR-HPV prevalence and HIV-coinfection  

The overall HR-HPV prevalence was 28.5%. HIV-positive women were found to have higher 

HR-HPV prevalence compared to HIV-negative women (40.6%, 63/155 vs 21.4%, 56/262, 

respectively; p<0.001, Table 2.1). HIV-positive women had significantly higher HR-HPV viral 

load as measured by RLU compared to HIV-negative women [median: 0.390 (0.009-3245.33) 

compared to 0.180 (0.08-2884.2) RLU/CO, p<0.0001, Figure 2.1] and this remained so even 

when women were grouped according to cervical cytology results [normal: 0.270 (0.009-

1557.42) RLU/CO vs 0.180 (0.08-1660.34) RLU/CO, p<0.0001 and abnormal: 75.350 (0.08-

3245.33) vs 0.200 (0.09-2884.20) RLU/CO, p=0.035, Figure 2.1].  

 
Figure 2.1: High-risk human papillomavirus (HR-HPV) viral load according to human 
immunodeficiency virus (HIV) status and cervical cytology 

 

2.3.3 Factors associated with HR-HPV in women (univariate and multivariate analysis) 

Women with more than three lifetime sexual partners [odds ratio (OR), 2.12 (95% confidence 

interval (CI):1.16-3.89)], one or more sexual partners in the last month [OR: 1.89 (95% CI:1.21-

2.92)] and currently using any contraception [OR: 1.86 (95% CI:1.02-2.87)] were found to have 

significant increased risk of HR-HPV. Furthermore, women who reported to have had vaginal 

sex ≥4 times during the past 1 month were more likely to have HR-HPV [OR: 2.40 (95% CI:1.32-
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4.35)] compared to those who reported no sexual intercourse during past 1-month (Table 

2.1). Risk of HR-HPV was also found to increase with increasing number of sexual partners in 

the past 12-months compared to those who reported no sexual partner in the past 12-month 

[1 partner: OR: 1.99 (95% CI:0.35-1.40) and ≥2 partners: OR: 2.17 (95% CI:0.97-4.84)], 

however this was not statistically significant for women with ≥2 sexual partners in the past 

12months. 

 

Participants who self-reported to having vaginal discharge at the time of the study (currently) 

or recent (in the last week at the time of the study) had increased risk of HR-HPV types [OR: 

2.13 (95% CI:1.18-3.85) when compared to women who reported not having had a vaginal 

discharge in their lifetime. It is important to note that during pelvic examination by the study 

nurse, all women who reported having a current discharge or discharge in the previous week 

before the interview or examination, were found to have a discharge on the day of the study 

visit. Even though self-reported warts history was not associated with HR-HPV, 60.0% (3/5) of 

women who were found to have warts during the pelvic examination were also found to have 

HR-HPV infections. Other factors such as age at first sex, level of education, annual household 

income, smoking, self-reported ulcer or warts and pregnancy were not significantly associated 

with HR-HPV infection (Table 2.1). In the multivariate analysis, HIV-positive status [OR: 1.94 

(95% CI: 1.17-3.22)] and abnormal cytology [OR: 2.83 (95% CI: 1.39-5.76] were associated with 

an increased risk of HR-HPV types. Women who reported having new sexual partners in the 

last 1-month had increased risk of HR-HPV types; however, this was not statistically significant 

[OR: 1.80 (95% CI: 0.68-4.97)] (Table 2.1). 



 

49 
 

Table 2. 1: Factors associated with high-risk human papillomavirus in women (univariate analysis and multivariate analysis). 

      HR-HPV prevalence    Univariate analysis   Multivariate analysis 

 Variables n/N (%)  n (%)  OR (95% CI) p-value  OR (95% CI) p-value 

Age in years: median (IQR) 46 (38-55)  119/417 (28.5)  0.97 (0.95-0.99) 0.001  0.99 (0.96-1.02) 0.49 

HIV Status          
                  Negative 262/417 (62.8)  56/262 (21.4)  ref   ref  
                  Positive 155/417 (31.2)  63/155 (40.7)  2.52 (1.63-3.90) <0.001  1.94 (1.17-3.22) 0.01 
Age categories          
                  30-39 years 130/417 (31.2)  46/130 (35.4)  ref     
                  40-49 years 108/417 (25.9)  40/108 (37.0)  1.07 (0.63-1.83) 0.79    
                  ≥50 years 179/417 (42.9)  33/179 (18.4)  0.41 (0.25-0.70) 0.001    
Highest level of education attained          
                  Never/ Primary 111/417 (26.6)  25/111 (22.5)  ref     
                  High School/University 306/417 (73.4)  94/306 (30.7)  1.53 (0.92-2.53) 0.1    
Household income          
                 <$139.36 297/417 (71.2)  82/297 (27.6)  ref     
                  ≥$139.36 115/417 (27.6)  36/115 (31.3)  1.19 (0.75-1.91) 0.46    
Smoking status          
                  Never 394/417 (94.50)  110/394 (27.9)  ref     
                  Former smoker/Current smoker 23/417 (5.5)  9/23 (39.1)  1.66 (0.70-3.95) 0.25    
Ever drank alcohol          
                  No 379/417 (90.8)  111/379 (29.3)  ref     
                  Yes 38/417 (9.1)  8/38 (21.1)  0.64 (0.29-1.45) 0.29    
Age at first sexual intercourse          
                  <16 years 51/417 (12.2)  16/51 (31.4)  ref     
                 16-18 years 217/417 (52.0)  58/217 (26.7)  0.80 (0.41-1.55) 0.51    
                 ≥18 years 147/417 (35.30)  44/147 (29.9)  0.93 (0.47-1.86) 0.85    
Lifetime sexual partners          

                1 84/417 (20.1)  17/84 (20.2)  ref   ref  
                2 126/417 (30.2)  30/126 (23.8)  1.23 (0.63-2.41) 0.54  0.90 (0.44-1.85) 0.93 
                ≥3 206/417 (49.4)  72/206 (35.0)  2.12 (1.16-3.89) 0.02  1.20 (0.60-2.39) 0.67 
Sexual partners in 12 months          
                0 124/417 (29.7)  24/124 (19.4)  ref   ref  
                1 254/417 (60.9)  82/254 (32.3)  1.99 (0.35-1.40) 0.01  1.16 (0.57-2.36) 0.67 
                ≥2 38/417 (9.1)  13/38 (34.2)  2.17 (0.97-4.84) 0.06  0.89 (0.31-2.56) 0.83 
Sexual partners in the last month          
                 0 200/417 (48.0)  44/200 (22.0)  ref   ref  
                ≥1 216/417 (51.8)  75/216 (34.7)  1.89 (1.21-2.92) 0.004  1.80 (0.68-4.79) 0.24 
Used condoms during last sexual intercourse          
               No 292/417 (70.0)  75/292 (25.7)  ref   ref  
               Yes 121/417 (29.0)  43/121 (35.5)  1.60 (1.01-2.52) 0.05  1.07 (0.64-1.79) 0.8 
Frequency of vaginal sex past 1 month          
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               0 220/417 (52.8)  52/220 (23.6)  ref   ref  
               1-3 times                133/417 (31.9)  40/133 (30.1)  1.39 (0.86-2.25) 0.18  0.73 (0.28-1.91) 0.52 
               ≥4 times 61/417 (14.6)  26/61 (42.6)  2.40 (1.32-4.35) 0.004  1.13 (0.40-3.22) 0.81 
Frequency of anal sex past 1 month          
              0 386/417 (92.6)  109/386 (28.2)  ref     
              ≥1 time 21/417 (5.0)  7/21 (33.3)  1.27 (0.50-3.23) 0.62    
Using any contraception with current partner          
              No 258/417 (61.9)  62/258 (24.0)  ref     
              Yes 154/417 (36.9)  57/154 (37.0)  1.86 (1.20-2.87) 0.01    
Method of contraception          
              None/implant/ligation etc. 265/417 (5.4)  62/265 (23.4)  ref     
              Injectables/Birth control pill 77/417 (18.5)  27/77 (35.1)  1.77 (1.02-3.06) 0.04    
              Condoms 70/417 (16.9)  30/70 (42.9)  2.46 (1.41-4.27) <0.01    
Age at first contraceptive use          
              <16 years 5/417 (1.2)  1/5 (20.0)  ref     
              16-18 years 21/417 (5.0)  6/21 (28.6)  1.60 (0.15-17.41) 0.7    
              ≥18 years 122/417 (29.3)  48/122 (39.3)  2.59 (0.28-23.91) 0.4    
Vaginal discharge (self-reported)          
             No 192/417 (46.0)  49/192(25.5)  ref     
             Yes 224/417 (53.7)  70/224(31.3)  1.33 (0.86-2.04) 0.2    
Frequency of vaginal discharge (self-reported)          
             No vaginal discharge 192/417 (46.0)  49/192 (25.5)  ref   ref  
             Current/last week 64/417 (15.4)  27/64 (42.2))  2.13 (1.18-3.85) 0.01  1.67 (0.88-3.15) 0.12 
             More than a week and less than 6 months 55/417 (13.2)  17/55 (30.9)  1.31 (0.68-2.52) 0.43  1.03 (0.50-2.13) 0.93 
             More than or equal to 6 months 103/417 (24.7)  24/103 (23.3)  0.89 (0.51-1.55) 0.67  0.73 (0.40-1.35) 0.32 
Cytology           
             Normal 373/417 (89.5)  97/373 (26.0)  ref   ref  
             Abnormal 41/417 (9.8)  22/41 (53.7)   3.29 (1.71-6.35) <0.01   2.83 (1.39-5.76) 0.04 

HR-HPV: High-risk Human papillomavirus; OR: odds ratio; Cl: confidence interval; ref: reference; n: number of women responded, N: total number of study participants. 
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2.4 DISCUSSION 

This appears to be the first study reporting HR-HPV prevalence and risk factors among women 

attending a community-based clinic in rural Eastern Cape, South Africa. This is a cross-

sectional study so causality and temporal relationships cannot be inferred. The study 

demonstrates a relatively high overall HR-HPV prevalence (28.5%) particularly, among HIV-

positive women (40.6%). High HR-HPV prevalence and ineffective cervical screening 

programmes in a country with high burden of HIV, like South Africa, are major public health 

challenges. HIV-positive women are more likely to have HR-HPV persistent infection and 

progress to develop cervical cancer as compared to HIV-negative women (Dartell et al. 2012; 

McDonald et al. 2014; Moodley et al. 2006). The HR-HPV infection rate observed in the 

present study is higher than that reported in other African studies using HC-2  such as rural 

and urban Nigeria (15.6%) (Pimentel et al. 2013), rural Ethiopia (16.0%) (Leyh-Bannurah et al. 

2014), rural and urban Tanzania (20.1%) (Dartell et al. 2012) and urban South Africa (20.7%) 

(McDonald et al. 2012). However, HR-HPV prevalence detected in this study is similar to that 

reported among women from rural Mali (23%) (Schluterman et al. 2013).  

 

It is important to note that, in this study, being HR-HPV-positive was not influenced by level 

of education. This aspect has been previously reported to be significantly associated with 

HPV, as women with low level of education have been found to be more likely to engage in 

unprotected sexual activities (Mitchell et al. 2014). The present study show that multiple 

lifetime sexual partners (≥3), multiple sexual partners in the last month (≥1), sexual partners 

in the past 12-months and vaginal discharge at the time of the study or in the week before 

the study, were the most significant risk factors of HR-HPV infection. These findings confirm 

the current evidence on association of sexual behaviour and HPV infection (Winer et al. 2016; 

Nielsen et al. 2009). A study showed that women who reported having one or more high-risk 

sexual behaviours were almost three times more likely to have an incident detectable HR-HPV 

infection compared to those who reported not being recently sexually active (Winer et al. 

2016). Sexual behaviour as the risk factor of HR-HPV infection played a significant role in this 

population. This highlights the need to emphasize the significance of implementing 

educational programs about HPV infection and risk reduction. There sexual partner and 

vaginal discharge variables and association with HR-HPV is only seen on univariate analysis. 
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HIV infection was found as an independent risk factor for HR-HPV in this study. Previous 

studies have reported HIV infection as the significant risk factor for HR-HPV infection (Dartell 

et al. 2012; Leyh-Bannurah et al. 2014; McDonald et al. 2012). This may be due to the effect 

of immunosuppression that causing reduced rates of HPV clearance, which may influence 

high rates of HPV infection, persistent HPV infection or reactivation of latent HPV (Strickler et 

al. 2005; Mbulawa et al. 2012). Mbulawa et al. (2012) showed that HIV-positive women were 

three times as likely to have a new HPV infection as compared to HIV-negative women 

(Mbulawa et al. 2012). Similarly, the decline of CD4 counts among HIV-positive women also 

influences the HPV prevalence (Mbulawa et al. 2010). A South African study found HR-HPV 

prevalence to be more than two-fold higher in older HIV-positive women (30 years or more)  

compared to HIV-negative (McDonald et al. 2014), relative to that found in our study (50 years 

or more). HR-HPV viral load was significantly higher among HIV-positive women with normal 

cytology and abnormal cytology. Since a high viral load has been associated with persistent 

HPV infection, studies suggest that HPV viral load could be used as the biomarker for 

predicting the progression of cervical lesions and an indicator for a follow-up after treatment 

of cervical lesions (Shen et al. 2014; Xi et al. 2011).  

 

There are different ways in which those with HR-HPV-positive results can be managed, 

including referring these women to a colposcopy clinic or screen-and-treat where the health 

care worker would treat all the HR-HPV-positive women. In developed countries, HR-HPV-

positive women are referred to colposcopy clinics for follow-up; however this would be 

difficult in South Africa due to lack of resources for cervical cancer screening and treatment 

(Denny and Kuhn 2017). South Africa has system barriers whereby there is a limited number 

of colposcopy system that are only available in urban areas, resulting in a long waiting list for 

treatment (Denny and Kuhn 2017; Katz et al. 2016). According to a South African study, screen 

(HPV testing)-and-treat is safe and effective and influences the prevalence of CIN. The study 

found that CIN2+ cases were 73% lower when using an HPV-based rather than a Visual 

Inspection Acetic acid (VIA) based screen-and-treat after 36 months follow-up (Denny et al. 

2010). For HPV testing, there women were screened with HC-2 assay and cryotherapy was 

performed by freezing using nitrous oxide in women based on their screening test result. If 

the screen-and-treat approach was to be initiated in this rural community, the observed 
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28.5% HR-HPV-positive women would be treated. However, treating 28.5% of women would 

be challenging, and further resources and training would be needed before implementation. 

Another possibility is to introduce a triage system to identify those women at the highest risk 

of disease for treatment. In a randomised study done in Sweden, HR-HPV-positive women 

were rescreened with HPV testing after 4-6 months, and 71% of women were found to have 

persistent HR-HPV (Gustavsson et al. 2018). The cumulative prevalence of CIN2+ was much 

higher in women with persistent infection (20.2 per 1,000 women) compared to those with 

one HPV test (10.8 per 1000 women). HPV-positive women in South Africa may need to be 

triaged for treatment to target those at high risk of cervical disease. Further studies are 

needed in order to identify biomarkers for cervical lesions that do not need treatment 

(Gustavsson et al. 2018).  

 

Such scenarios, when implemented into the healthcare system, would help improve the 

standard of care, overcome the barriers to cervical cytology screening, and improve health 

outcomes of women in the region. Eastern Cape Province has the poorest healthcare system, 

with limited resources and a lack of trained clinicians in public sectors to evaluate of high-risk 

cervical lesions and the treatment. Different screening methods that can be utilised in cervical 

cancer screening program. Previous studies have estimated the cost of initial cervical 

screening in South Africa as $36.50 for HPV DNA testing, $12.61 for liquid cytology, $9.75 for 

conventional cytology and $4.383 for VIA (Dreyer et al. 2019; Lince-Deroche et al. 2015). 

Clinically approved HPV DNA tests such as the HC-2 assay are relatively expensive compared 

to other HPV tests (such as careHPV assay) and VIA (Lince-Deroche et al. 2015; Katanga et al. 

2019; Qiao et al. 2008). VIA is the most cost-effective test but has low performance. A low-

cost HPV test is desirable for developing countries.  

 

In this study, HPV infection was detected by HC-2 assay. This assay was selected because of 

its high clinical sensitivity and specificity. The clinical sensitivity is linked to higher copy 

numbers; therefore HC-2 was set up to detect a copy number that correlated with disease. 

The HC-2 assay is approved by the US FDA as a primary test for cervical cancer screening test 

and widely used as reference standard for HPV testing (Ejegod et al. 2016; Salazar et al. 2019). 

However, the use of HC-2 in this study could be the limitation, a PCR based assay could have 
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increased the HR-HPV prevalence. It is acknowledged that the study population were from 

one community health clinic and does not represent the population of rural Eastern Cape 

Province of South Africa; therefore, it cannot be used to generalise the whole population of 

rural Eastern Cape Province. Despite this limitation, the data reported in this report remain 

important and there is currently no other report on HR-HPV prevalence in this population.  

 

2.5 CONCLUSION  

HIV infection and sexual behaviour impact on the prevalence of HR-HPV. There sexual partner 

and vaginal discharge variables and association with HR-HPV is only seen on univariate 

analysis. The relatively high HR-HPV burden is an important factor when examining the 

feasibility of HPV based screen-and-treat approaches for this region. This report will inform 

health policymakers on HPV prevalence in this population and contribute to discussions on 

use of HPV testing as primary cervical cancer screening test in the South Africa.  
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CHAPTER 3: Distribution of human papillomavirus (HPV) genotypes in HIV-

negative and HIV-positive women with cervical intraepithelial lesions in the 

Eastern Cape Province, South Africa 

Ongeziwe Taku1,2*, Zizipho Z.A. Mbulawa1,3,4,5, Keletso Phohlo1,2, Mirta Garcia-Jardon6, 

Charles B. Businge7,8 and Anna-Lise Williamson1,2,3# 

ABSTRACT 

Background: South African women have a high rate of cervical cancer cases, but there are 

limited data on human papillomavirus (HPV) genotypes in cervical intraepithelial neoplasia 

(CIN) in the Eastern Cape province, South Africa. 

Method: A total of 193 cervical specimens with confirmed CIN from women aged 18 years or 

older, recruited from a referral hospital, were tested for HPV infection. The cervical 

specimens, smeared onto FTA cards, were screened for 36 HPV types using an HPV direct flow 

kit.  

Results and conclusion: HPV prevalence was 93.5% (43/46) in CIN2 and 96.6% (142/147) in 

CIN3. HIV-positive women had a significantly higher HPV prevalence than HIV-negative 

women (98.0% vs. 89.1%, p=0.012). The prevalence of multiple types was significantly higher 

in HIV-positive than HIV-negative women (p=0.034). The frequently detected genotypes were 

HPV35 (23.9%), HPV58 (23.9%), HPV45 (19.6%), and HPV16 (17.3%) in CIN2 cases, while in 

CIN3, HPV35 (22.5%), HPV16 (21.8%), HPV33 (15.6%), and HPV58 (14.3%) were the most 

common identified HPV types, independent of HIV status. The prevalence of HPV types 

targeted by the nonavalent HPV vaccine was 60.9% and 68.7% among women with CIN2 and 

CIN3, respectively, indicating that vaccination would have an impact both in HIV-negative and 

HIV-positive South African women, although it will not provide full protection in preventing 

HPV infection and cervical cancer lesions. 
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3.1. INTRODUCTION 

Human immunodeficiency virus (HIV) infection is highly predominant in Africa. Globally, 

approximately 25.7 million people live with HIV infection, of which 80% (20.7 million) reside 

in Eastern and Southern Africa, as reported in 2019 (Avert 2019; WHO 2019). Of the African 

countries, South Africa has the largest population affected by HIV infection, with 7.5 million 

people living with HIV and 200,000 new infections reported in 2019 (UNAIDS 2019). HIV 

prevalence is estimated to be 19.0% among women aged 15-49 years (UNAIDS 2019; WHO 

2019). Among the nine provinces in South Africa, the prevalence of HIV infection for adult 

women aged 15-49 years ranges from 12.6% to 27.0%, with high rates observed in Kwazulu-

Natal province (27.0%), Free State province (25.5%), and Eastern Cape Province (25.2%) 

(Human Sciences Research Council 2018).  

 

An interaction between HIV infection and specific cancers has been established. Cervical 

cancer is one of the three cancers established as AIDS-defining cancers (Blattner and Nowak 

2013). South Africa ranked as the country with the fourth highest number of cervical cancer 

cases among HIV-positive women (63.4%) in 2018 (Stelzle et al. 2020). The incidence rate of 

cervical cancer was estimated to be 506 per 10,000 person-years among HIV-positive South 

African women in 2017 (Rohner et al. 2017). Cervical cancer arises from CIN stages 1-3 and is 

causally associated with genital human papillomavirus (HPV) (zur Hausen 2002; Jemal et al. 

2011). HIV-positive women have an increased burden of genital HPV acquisition, high-risk 

(HR) HPV persistent infection, multiple infections of HR-HPV, and precancerous lesions 

compared to HIV-negative women (Liu et al. 2018; Marembo, Dube Mandishora, and Borok 

2019). Studies suggest that this results from immune suppression and low CD4 cell count (Liu 

et al. 2018; Kriek et al. 2016). 

 

Persistent infection with HPV16, HPV18, and other HR-HPV genotypes is the most significant 

risk factor for developing cervical lesions and cervical cancer (Schettino et al. 2014). HPV16/18 

are essential HR-HPV types that significantly contribute to cervical cancer disease progression 

(Khan et al. 2005). There are different strategies implemented to prevent preinvasive lesions 

and cervical cancer, mainly through HPV vaccination and cervical cancer screening. The type-

specific HPV vaccines, namely, bivalent (HPV16/18), quadrivalent (HPV16/18/6/11), and 
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nonavalent (HPV16/18/6/11/31/33/45/52/58), have been introduced in more than forty 

countries, both developing and developed (Joura et al. 2015; Harper and Vierthaler 2011; 

Markowitz et al. 2012). These vaccines are offered to adolescent and young women aged 9–

26 years (Harper and Vierthaler 2011; Joura et al. 2015). In South Africa, a national school-

based vaccination campaign for the bivalent HPV vaccine was implemented to target public 

school girls aged nine years in grade 4. An uptake of the bivalent HPV vaccine ranging from 

87% to 92% was positively attained among South African girls (Delany-Moretlwe et al. 2018; 

Botha et al. 2015). However, cervical cancer screening among older women is still necessary, 

as they are beyond the targeted age for receiving the HPV vaccine and are more likely to have 

been infected with HPV. 

 

Molecular HPV DNA testing has been implemented as the alternative to non-molecular testing 

for cervical cancer, particularly cytology testing (Segondy et al. 2016). HPV testing is utilised 

in various strategies for screening, such as triage, co-testing, or HPV testing alone (Cuzick et 

al. 2015), and has high sensitivity but low specificity for the detection of CIN2/3 (Firnhaber et 

al. 2013; Ronco et al. 2014). 

 

There is limited information on the epidemiology of HPV types in women with preinvasive 

cervical lesions from the Eastern Cape province. It is essential to investigate the prevalence 

of HPV genotypes and their distribution among women with different immune statuses and 

confirmed CIN histology results in this region. Therefore, these data will help achieve better 

understanding of the HR-HPV types involved in cervical lesions and cervical cancer cases. 

Furthermore, this information will contribute to discussions about implementing strategies 

for cervical screening and monitoring HPV types that are not present in the current vaccines 

to reduce cervical cancer disease in this population. Our study aims at investigating the 

distribution of HPV genotypes among HIV-positive and HIV-negative women with cervical 

intraepithelial lesions from Eastern Cape, South Africa. 

 

3.2. MATERIAL AND METHODS  

3.2.1 Study population 

The study obtained ethical approval from the Human Ethics Committees of the University of 

Cape Town (UCT, HREC reference 615/2017), Walter Sisulu University (016/2017), and 
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Eastern Cape Department of Health (EC reference 2017RPO_484). The recruitment procedure 

for this study was reported previously (Taku et al. 2020a). Briefly, between September 2017 

and March 2019, cervical specimens were collected among women referred to the Nelson 

Mandela Academic Hospital Gynaecology Outpatient Clinic located in the OR Tambo 

municipality area in the Eastern Cape Province, South Africa. A total of 193 women were 

recruited, aged ≥18 years, with atypical squamous cells of undetermined significance (ASCUS), 

atypical squamous cells cannot exclude high-grade lesions (ASC-H), atypical glandular cells, 

not otherwise specified (AGC-NOS), low-grade squamous intraepithelial lesions (LSIL), and 

high-grade squamous intraepithelial lesions (HSIL). The cervical specimens were collected by 

a study nurse using a Viba-brush (Rovers Medical Devices B.V., 5347 KV Oss, Netherlands), 

smeared onto FTA cards (GE Healthcare, Amersham place little Chalfont, Buckinghamshire 

HP7 9NA, UK), and shipped at room temperature to UCT. There cervical samples were first 

taken for the study and followed by the biopsy for further evaluation. The cervical biopsy was 

collected for histopathology and was performed by the National Health Laboratory Service. 

Based on the histopathology results, 46 women with CIN2 and 147 with CIN3 were included 

in this study. All eligible women provided signed consent forms for participation, collection of 

biological specimens and storage of their biological specimens for further laboratory-based 

studies. 

 

3.2.2 Detection of HPV genotypes 

DNA elution of cervical specimens from FTA cards was done following the procedure 

previously described (Taku et al. 2020a; Gustavsson et al. 2011). Four microlitres of extracted 

DNA was used for HPV testing. Detection of HPV genotypes was performed using an HPV 

direct flow chip kit on a Hybrispot machine (Master Diagnostica, Granada, Spain) following 

the manufacturer’s procedure. The HPV direct flow chip protocol is a PCR-based method 

based on the amplification of a viral DNA fragment, followed by hybridisation onto a 

membrane chip using the amplified PCR products. The chip membrane contains DNA control, 

hybridisation control, PCR control, and probes for genotype specific HPV detection. The assay 

detects 36 HPV genotypes (low-risk HPV: 6, 11, 40, 42, 43, 44, 54, 55, 61, 62, 67, 69, 70, 71, 

72, 81, 84, and 89 (C6108) and high-risk HPV:16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 

59, 66, 68, 73 and 82). Each chip membrane’s results were captured by a camera and analysed 
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automatically using HybriSoft software (Master Diagnostica, Granada, Spain) (Herraez-

Hernandez et al. 2013). 

 

3.2.3 Identification of HR-HPV using hpVIR real-time PCR 

The eluted DNA from specimens on FTA cards was tested for HR-HPV using the clinically 

validated hpVIR real-time PCR assay (Gustavsson et al. 2019). hpVIR assay detects 12 HR-HPV 

genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and the analysis was 

performed as previously described (Gustavsson, Juko-Pecirep, et al. 2009). Some HR-HPV 

types (16, -31, -35, -39, -51, -56, and -59) are identified as individual types, while HPV18 and 

-45, and HPV33, -52 and -58 are detected as two groups. The hpVIR assay also detect a human 

single copy house-keeping gene encoding Homo sapiens hydroxymethylbilane synthase 

(HMBS; GenBank accession no.M9523.1). This serves as a control for the integrity of the 

eluted DNA and interpretation of the results for HPV-negative samples. The hpVIR assay has 

a cut-off of for HMBS single copy gene, and 10 copies per PCR of HPV for a positive HR-HPV 

type (Gustavsson et al. 2019).  

 

3.2.4 Statistical analysis  

All data and statistical analyses were done using GraphPad Prism v6.01 (GraphPad Software, 

Inc., San Diego, CA). The chi-squared test was used to determine a statistical difference 

between HPV infection and variables. A variable was considered significant if the p-value was 

< 0.05. 

 

3.3. RESULTS 

3.3.1. Description of study participants 

The median age of women was 40 (IQR: 33-48) years. A high number of women were HIV-

positive (76.2%) and never smoked (93.3%), and half of the women had their first sexual 

experience at the age of 16-18 years (53.9%) (Table 3.1). Women were more likely to have 

≥3-lifetime sexual partners (62.7%), with a high proportion having high-grade squamous 

lesions on cytology testing (75.1%) (Table 3.1). 
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Table 3.1: Demographic and behavioural characteristics of study participants. 
Variables % (n/N) 

Age in years: Median (IQR) 40 (33-48) 

HIV Status  

          No 23.8% (46/193) 

          Yes 76.2% (147/193) 

Age categories  

          18-29 years 11.4% (22/193) 

          30-39 years 35.2% (68/193) 

          40-49 years 35.2% (68/193) 

          ≥50 years 18.1% (35/193) 

Highest level of education attained  

          Never/ primary 29.5% (57/193) 

          High school/university 70.5% (136/193) 

Household income  

          < $139,36 75.1% (145/193) 

          ≥ $139,36 22.8% (44/193) 

Smoking status  

          Never 93.3% (180/193) 

          Former/current smoker 6.2% (12/193) 

Age at first sexual experience  

          <16 years 21.2% (41/193) 

          16-18 years 53.9% (104/193) 

          ≥18 years 24.9% (48/193) 

Lifetime sexual partners  

          1 15.0% (29/193) 

          2 21.8% (42/193) 

          ≥3 62.7% (121/193) 

Cytology   

         ASCUS/ASCU-H/AGC-NOS 13.5% (26/193) 

         LSIL 9.3% (18/193) 

         HSIL 75.1% (145/193) 

ASCUS: Atypical Squamous Cells of Undetermined Significance; ASC-H: Atypical Squamous Cells Cannot Exclude High-Grade 
Lesions; AGC-NOS: Atypical Glandular Cells, Not Otherwise Specified; LSIL: Low-Grade Squamous Intraepithelial Lesions; 
HSIL: High-Grade Squamous Intraepithelial Lesions. n: number of women responded, N: total number of study participants 

 

3.3.2. HPV prevalence according to HIV status 

Of the 193 women screened, 93.5% (43/46) with CIN2 and 96.6% with CIN3 had an HPV 

infection. HIV-positive women had a significantly higher prevalence of any HPV infection 

compared to HIV-negative women (98.0% vs. 89.1%, p=0.012) (Table 3.2). HIV-negative 

women were almost 2-times more likely to have only a single HPV infection compared to HIV-

positive women, although there was no statistical significance (OR: 1.45; 95%CI: 0.735-2.867, 

p=0.282, Table 3.2). However, HIV-positive women had a significantly higher HPV prevalence 

compared to HIV-negative women (65.3% vs. 47.8%, p=0.034, Table 2). For multiple 
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infections, the median of HPV types was 2 (range: 2-11). When stratified by HIV status, there 

was no significant distinction between HIV-negative and HPV-positive women (Figure 3.1). 

 

Table 3.2: Prevalence of HPV infection according to HIV status. 

 Variables HIV-negative, N=46 HIV-positive, N=147 OR (95%CI) p-value 

Any types 89.1% (41/46) 98.0% (144/147) 0.17 (0.039-0.745) 0.012 
Single infection 41.3% (19/46) 32.7% (48/147) 1.45 (0.735-2.867) 0.282 
Multiple infection 47.8% (22/46) 65.3% (96/147) 0.49 (0.249-0.953) 0.034 
HR-HPV types 82.6% (38/46) 87.1% (128/147) 0.71 (0.286-1.738) 0.446 
Probable HR-HPV types 17.4% (8/46) 30.6% (45/147) 0.60 (0.260-1.394) 0.233 
LR-HPV 39.1% (18/46) 44.2% (65/147) 0.81 (0.413-1.594) 0.543 

HR-HPV: high-risk human papillomavirus; LR-HPV: low-risk human papillomavirus; OR: Odds Ratio; CI: Confidence 

Intervals.  

 

 

Figure 3.1: Distribution of single and multiple HPV types according to age in HIV-negative (a) 
and HIV-positive (b) women with cervical intraepithelial lesions. 

 

3.3.3. HPV distribution according to cervical intraepithelial lesions and HIV status 

Women with CIN2 were more likely to be infected with two HPV types (Figure 3.2A). The most 

frequently detected HPV types were HPV35 (23.9%), HPV58 (23.9%), HPV45 (19.6%), and 
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HPV16 (17.3%) (Table 3.3). Among single HPV infections, HPV35 and HPV16 were more 

frequent in HIV-negative women, while HPV16 and HPV52 were detected in HIV-positive 

women (Figure 3.3). For multiple HPV infections, HPV35, HPV58, and HPV45 were common in 

HIV-positive wom-en, whereas HPV35, HPV58, and HPV16 were frequently detected among 

HIV-negative women (Figure 3.3). 

 

Women with CIN3 were more likely to be infected with two HPV types (Fig-ure 3.2B). Their 

commonly identified HPV types were HPV35 (22.5%), HPV16 (21.8%), HPV33 (15.6%), and 

HPV58 (14.3%) (Table 3.3). In single infections, HPV16, HPV35, and HPV33 were mostly 

observed in HIV-negative and HIV-positive women (Figure 3.4). However, the most detected 

HPV types in multiple infections were HPV16, HPV35, and HPV66 in HIV-negative, whereas 

HPV16, HPV35, and HPV45 were observed among HIV-positive women (Figure 3.4). 

 

 

Figure 3.2: Distribution of single and multiple HPV types according to age in women with CIN2 
(a) and CIN3 (b). 
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Table 3.3: Distribution of HPV genotypes among women with CIN2 and CIN3 from a referral 
hospital. 

HPV types All women (CIN2/3) % (n/N) CIN2 % (n/N) CIN3 % (n/N) 

16 20.7% (40/193) 17.4% (8/46) 21.8% (32/147) 
18 8.8% (17/193) 10.9% (5/46) 8.8% (12/147) 
31 11.4% (22/193) 8.7% (4/46) 12.2% (18/147) 
33 13.0% (25/193) 4.4% (2/46) 15.6% (23/147) 
35 22.8% (44/193) 23.9% (11/46) 22.5% (33/147) 
39 6.2% (12/193) 2.2% (1/46) 7.5% (11/147) 
45 15.0% (29/193) 19.6% (9/46) 13.6% (20/147) 
51 6.7% (13/193) 6.5% (3/46) 6.8% (10/147) 
52 13.5% (26/193) 15.2% (7/46) 12.9% (19/147) 
56 8.3% (16/193) 4.4% (2/46) 9.5% (14/147) 
58 16.6% (32/193) 23.9% (11/46) 14.3% (21/147) 
59 2.6% (5/193) 4.4% (2/46) 2.0% (3/147) 
26 4.1% (8/193) 4.4% (2/46) 4.1% (6/147) 
53 0.5% (1/193) 0.0% (0/46) 0.7% (1/147) 
66 8.3% (16/193) 8.7% (4/46) 8.2% (12/147) 
68 4.1% (8/193) 4.4% (2/46 4.1% (6/147) 
73 2.6% (5/193) 4.4% (2/46) 2.0% (3/147) 
82 10.4% (20/193) 6.5% (3/46) 11.6% (17/147) 
6 6.2% (12/193) 6.5% (3/46) 6.1% (9/147) 
11 4.7% (9/193) 0.0% (0/46) 6.1% (9/147) 
40 3.6% (7/193) 2.2% (1/46) 4.1% (6/147) 
42 7.3% (14/193) 8.7% (4/46) 6.8% (10/147) 
43 2.1% (4/193) 0.0% (0/46) 2.7% (4/147) 
44/55 10.9% (21/193) 17.4% (8/46) 8.8% (13/147) 
54 3.6% (7/193) 6.5% (3/46) 2.7% (4/147) 
61 0.5% (1/193) 0.0% (0/46) 1.4% (1/147) 
62/81 15.0% (29/193) 19.6% (9/46) 13.6% (20/147) 
70 4.1% (8/193) 6.5% (3/46) 3.4% (5/147) 
71 4.7% (9/193) 2.2% (1/46) 5.4% (8/147) 
72 3.6% (7/193) 6.5% (3/46) 2.7% (4/147) 

HPV: human papillomavirus; CIN: cervical intraepithelial neoplasia; n: number of women responded, N: total number of study 
participants. Bold indicates the most dominant HPV types. 
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Figure 3.3: Distribution of HPV types among women with CIN2 in single and multiple 
according to HIV status. 

 

 

Figure 3.4: Distribution of HPV types among women with CIN3 in single and multiple 
according to HIV status. 

 

3.3.4. HPV prevalence according to vaccine HPV types 

The prevalence of bivalent vaccine HPV types (HPV16/18) increased from 20.0% of CIN2/HIV-

negative to 25.0% of CIN2/HIV-positive and from 27.8% of CIN3/HIV-negative to 29.7% of 

CIN3/HIV-positive, with no statistical significance (p=1.000 and p=0.823, respectively) (Figure 

3.5). For quadrivalent HPV types (HPV6/11/16/18), the positivity increased from 20.0% for 
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CIN2/HIV-negative to 30.5% for CIN2/HIV-positive and from 33.3% for CIN3/HIV-negative to 

36.0% for CIN3/HIV-positive (p=0.700 and p=0.768, respectively) (Figure 3.5). CIN2/HIV-

positive women had a higher prevalence of nonavalent HPV types than CIN2/HPV-negative, 

with no statistical significance (66.7% vs. 40.0%, p = 0.157). However, CIN3/HIV-negative 

women had a similar prevalence of nonavalent HPV types (HPV6/11/16/18/31/33/45/52/58) 

to CIN3/HIV-positive women (67.7% vs. 69.0%, p = 0.761) (Figure 3.5). 

 

Figure 3.5: Prevalence of HPV vaccine types according to CIN2/3 and HIV status. 

 

3.4 DISCUSSION 

This study investigated the prevalence and distribution of HPV types among HIV-positive and 

HIV-negative women with high-grade precancerous cervical lesions. A high number of women 

in this study were HIV-positive (76.2%). A significantly high overall prevalence of any HPV 

infection (98% vs. 89%) and multiple infections (65% vs. 49%) was observed among HIV-

positive compared to HIV-negative women with cervical intraepithelial lesions. This higher 

prevalence of multiple types of HPV infection among women with HIV infection agrees with 

other cohorts of women with high-grade lesions from Botswana and South Africa (Ramogola-

Masire et al. 2011; McDonald et al. 2014; Van Aardt et al. 2016). However, in a South African 

study by Van Aardt and colleagues, the rate of multiple HPV infections among HIV-positive 

and HIV-negative women (81.3% vs. 64.4%) with confirmed CIN2/3 was higher compared to 

our study (Van Aardt et al. 2016). This difference could be attributed to the various assays 

used for HPV testing and the different study populations.  
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A high prevalence of HPV in women with CIN2 (93.5%) and CIN3 (96.6%) was observed in this 

study, which is expected as these women had abnormal cytology from the referral clinic. 

Similarly, a high HPV prevalence was reported in a global meta-analysis study, whereby HPV 

prevalence ranged from 86% to 93% in women with high-grade lesions (CIN2/3) (Guan et al. 

2012). In the present cohort, HPV35 was the most predominant HPV type among participants 

with CIN2 lesions, while in those with CIN3 lesions, HPV16 and HPV35 were the most 

frequently detected HPV genotypes, either as a single HPV infection or multiple infections, 

regardless of HIV status. This observation was similar to other studies from South Africa and 

Kenya, where HPV16 and 35 were the most common genotypes in HIV-positive or HIV-

negative women with high-grade squamous intraepithelial lesions or CIN2/3 (Menon et al. 

2016; McDonald et al. 2014). However, a study among sex workers from Kenya showed that 

HPV52 was the most prevalent HPV type and more likely to be present as a single infection in 

women with severe lesions (HSIL/SCC) (Sweet et al. 2020). Furthermore, a recent cross-

sectional study among women from four developed countries (Iceland, Norway, Sweden, and 

Denmark) reported a different distribution of HPV types, with HPV16, 31, and 52 present in 

CIN2 cases and HPV 16, 31, and 33 detected in CIN3 cases (Dovey de la Cour et al. 2019). The 

high occurrence of HPV35 in this population and other African studies of women with invasive 

cervical cancer suggests an interaction between HPV35 and cervical carcinogenesis (Pinheiro 

et al. 2020; Howitt et al. 2017; Castellsagué et al. 2008). Therefore, preventative strategies 

are needed, as the HPV35 genotype is present in up to 10% of sub-Saharan African women 

with invasive cervical cancer (Okolo et al. 2010; Denny et al. 2014; Clifford et al. 2016; 

Castellsagué et al. 2008) and not present in the current HPV vaccines. 

 

Previously, cervical histological lesions were associated with one HPV type (van der Marel et 

al. 2015). However, in the present cohort, most high-risk HPV types and probable high-risk 

HPV types occurred as multiple HPV infections both in CIN2 and CIN3 cases. Multiple 

infections are reported as the risk factor of persistent infection and associated with high-

grade CIN2/3 cases compared to a single infection (Schmitt et al. 2013). Women with multiple 

HPV types have been found to have larger cervical lesions and are associated with poor 

responses to cervical cancer treatment (Kaliff et al. 2018; Munagala et al. 2009). Kaliff et al. 

(2018) reported a significantly high recurrence rate of cervical cancer among women with 
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multiple HPV infections compared to a single HPV infection (44.0% vs. 24.0%) and a low cancer 

survival rate (Kaliff et al. 2018). Furthermore, the high prevalence of multiple HPV infections 

in the present study could be because HPV testing was performed on cervical cells instead of 

biopsy specimens. Therefore, it is not possible to determine which HPV types caused the 

lesion and which infected other parts of the cervix. HPV testing on biopsies eliminates the 

detection of multiple HPV infections, and multiple HPV infections are observed to be 

significantly lower in biopsies compared to exfoliated cells from invasive cervical cancers (De 

Vuyst et al. 2013; Clifford et al. 2016). 

 

Interestingly, in our study, HPV16 was not the predominant HPV type, as it ranked fourth in 

CIN2 and second in CIN3 cases in the present cohort. A low prevalence of HPV16 has been 

observed in other sub-Saharan studies, while a high prevalence was observed in European 

studies (Bruni et al. 2010; Monsonego et al. 2015; Tornesello et al. 2014). These findings could 

be explained by the population being sampled from different geographical areas, host genetic 

difference/host immunogenic factors, and the biological interplay between HPV types 

(Hildesheim and Wang 2002). It is important to do a study based on cervical cancer biopsies 

to determine which HPV types are causally involved in cervical cancer in this community. The 

distribution of HPV types in this study are concerning, as there are many types that are not in 

the available vaccines. 

 

Persistent HR-HPV infection is regarded as a significant factor in the development of cervical 

cancer lesions. However, in the current study, 4.2% (8/193) of women with CIN2/3 were 

negative for any HPV type, and seven of these samples were also negative when typed with 

hpVIR real-time PCR (Taku et al. 2020a). One specimen was positive on hpVIR real-time PCR 

for HR-HPV infection (HPV59) but had a low HPV copy number (11.3 copies) and viral titre 

(0.052). The observed negative results of HPV infection in women with high-grade lesions may 

suggest that it could result from sample storage, inadequate sampling, or low viral load. 

Alternatively, there may be novel HPV types causing the cancers that are not detected by the 

test used. 
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The currently available HPV vaccines are estimated to prevent 70-90% of cervical cancer cases 

(Serrano et al. 2014). The nonavalent HPV vaccine has been highly effective in preventing HPV 

infection and cancer diseases, with efficacies ranging between 90% and 100% (Garland et al. 

2018; Joura et al. 2015; Huh et al. 2017; Ruiz-Sternberg et al. 2018). A study reported by 

Garland and colleagues (2018) in Asian women showed that nonavalent significantly de-

creased the risk of persistent infection, abnormal cytology, and diseases caused by specific 

HPV types targeted by this vaccine (Garland et al. 2018). In the present study, HPV vaccines 

could protect 20-69.0% of CIN2/3 cases in women with or without HIV infection. Therefore, 

the high prevalence of HPV types targeted by the nonavalent HPV vaccine suggests that 

introducing this HPV vaccine would be beneficial, as most precancerous lesions could have 

been prevented. However, the predominant HPV genotype (HPV35) in this population, which 

accounts for 24% in CIN2 and 23.0% in CIN3, is not covered by the nonavalent HPV vaccine.  

 

Vaccines have been found to provide cross-protection against specific vaccine HPV types as 

well as some types that are not present in the vaccine. Numerous trial studies have reported 

that the bivalent vaccine offers a wider extent of cross-protection against nonvalent specific 

types (31/33/45/52/58), with less extensive cross-protection by Gardasil-9 (Kreimer et al. 

2015; Skinner et al. 2016; Malagón et al. 2012). Studies have reported that bivalent showed 

substantial cross-protection against HPV31/33/45 but less so against HPV35 and HPV58 after 

seven to eight years post vaccination (Tsang et al. 2020; Kreimer et al. 2015; Bogaards et al. 

2019). A study by Brown and colleagues among younger women aged 16-25 years vaccinated 

with the quadrivalent HPV vaccine showed a reduction of high-grade lesions (32.5%) related 

to ten non-vaccine HPV types (31/33/35/39/45/52/52/56/58/59) known to cause cervical 

cancer after 3.6 years of follow-up (Brown et al. 2009). Therefore, this suggests that cross-

protection might have played a role and that the benefits of vaccination could include 

protection from clinically relevant HPV types not included in the vaccines (Brown et al. 2009). 

The cross-protection is related to the phylogenetic distance between the HPV types, as they 

are all closely related to vaccine types and found in the alpha-9 group (Bogaards et al. 2019). 

However, since cross-protection against HPV35 is observed to be less efficient compared to 

other HPV types, the addition of HPV35 to the next-generation HPV vaccine would improve 

the effectiveness of the HPV vaccine, especially in Africa.  
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5. Conclusions  

We observed a significantly higher prevalence of HPV and multiple HPV infections in HIV-

positive compared to HIV-negative women with cervical intraepithelial lesions. The 

distribution of HPV genotypes was similar between CIN2 and CIN3 cases independently of HIV 

status. The HPV nonavalent vaccine would have an impact on South African women, although 

it will not provide full protection in preventing HPV infection and cervical cancer lesions. 

Therefore, the high prevalence of the non-vaccine type (HPV35) underscores the need to 

incorporate this HPV type into the next HPV vaccines. This study also highlights the 

importance of introducing cervical cancer screening strategies to monitor non-vaccine HPV 

types.  
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CHAPTER 4: Acceptability of self- collection for human papillomavirus 

detection in the Eastern Cape, South Africa 

Ongeziwe Taku1,2, Tracy L. Meiring1,2, Inger Gustavsson3, Keletso Phohlo1,2, Mirta Garcia-Jardon4, 

Zizipho Z.A. Mbulawa1,5,6,7, Charles B. Businge8,9, Ulf Gyllensten3, Anna-Lise Williamson1,2,5* 

 

ABSTRACT 

Background: Human papillomavirus (HPV) testing on vaginal self-collected and cervical 

clinician-collected specimens shows comparable performance. Self-sampling on FTA cards is 

suitable for women residing in rural settings or not attending regular screening and increases 

participation rate in the cervical cancer screening programme. We aimed to investigate and 

compare high-risk (HR)-HPV prevalence in clinician-collected and self-collected genital 

specimens as well as two different HPV tests on the clinician collected samples.  

Method: A total of 737 women were recruited from two sites, a community health clinic 

(n=413) and a referral clinic (n=324) in the Eastern Cape Province. Cervical clinician-collected 

(FTA cards and Digene transport medium) and vaginal self-collected specimens were tested 

for HR-HPV using the hpVIR assay (FTA cards) and Hybrid Capture-2 (Digene transport 

medium).  

Results: There was no significant difference in HR-HPV positivity between clinician-collected 

and self-collected specimens among women from the community-based clinic (26.4% vs 

27.9%, p=0.601) or the referral clinic (83.6% vs 79.9%, p=0.222). HPV16, HPV35, and 

HPV33/52/58 group were the most frequently detected genotypes at both study sites. Self-

sampling for HPV testing received a high positive response of acceptance (77.2% in the 

community-based clinic and 83.0% in referral clinic). The overall agreement between hpVIR 

assay and HC-2 was 87.7% (k=0.754).  

Conclusion: The study found good agreement between clinician-collected and self-collected 

genital specimens. Self-collection can have a positive impact on a cervical screening program 

in South Africa by increasing coverage of women in rural areas, in particular those unable to 

visit the clinics and women attending clinics where cytology-based programs are not 

functioning effectively. 
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4.1 INTRODUCTION 

Cervical cancer , is the third-ranking cause of cancer disease with an estimated 569,847 cases 

leading to 311,365 deaths in women globally in 2018 (Bruni et al. 2019b). The age-

standardised incidence rate of cervical cancer varies worldwide from ≤2 to 75 per 100,000 

women in different populations (Arbyn et al. 2020). In South Africa, cervical cancer is the 

leading cause of cancer in women of reproductive age (15-44 years) and the most important 

cancer in black women. About 12,983 new cervical cancer cases are diagnosed annually in 

South Africa (estimates for 2018) with an incidence of 31.7 per 100, 000 women (Bruni et al. 

2019a; National Institute For Communicable Diseases Of South Africa 2020).  

 

Cervical cancer is causally associated with infection by high-risk types of human 

papillomavirus (HPV) (Bruni et al. 2019b). Cervarix, which targets HPV16 and 18 (Arbyn, Xu, 

et al. 2018), is the current HPV vaccine used in school-based HPV vaccination programme in 

South Africa. Although this vaccine is expected to prevent at least 70% of cervical cancer, both 

vaccinated women and unvaccinated women still need to continue to be screened for cervical 

cancer (Arbyn, Xu, et al. 2018). Cervical cancer screening methods include Visual Inspection 

with Acetic acid (VIA), cytology-based (Pap smear or liquid-based cytology) and HPV DNA 

testing (Denny et al. 2015). Worldwide, cytology-based screening is still the most used 

screening test, although it has not been successfully implemented in African countries, 

including South Africa (Hoque, Hoque, and Kader 2008; WHO 2014b). In the Eastern Cape 

province of South Africa, cervical cancer screening coverage is <50%, which is below the 

national target of 70% coverage (Makura et al. 2016). Pap smear screening is not readily 

available to most of the women in rural South Africa, including Eastern Cape Province (Makura 

et al. 2016; Sibiya and Grainger 2007). In addition, while cervical cancer screening 

programmes may be available in some local clinics, the majority of women are not aware of 

the available services and not likely to participate (Nene et al. 2007; Waller et al. 2009; Daley 

et al. 2011). 

 

HPV DNA testing is an effective cervical cancer prevention screening method and offers many 

advantages compared to cytology-based screening. This includes high sensitivity in predicting 

future precancerous lesions and cervical cancer, ability to perform self-collection of 
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specimens for HPV testing, and the possibility to increase of screening intervals for women 

with an HPV-negative test (>5-years) (Ogilvie et al. 2018; Kitchener 2019). A randomised study 

in India reported that a single HPV DNA test is more likely to lower the mortality rate of 

cervical cancer disease as compared to cytology-based screening or VIA (Sankaranarayanan 

et al. 2009). Australia and Netherlands have introduced vaginal self-sampling for HPV DNA 

testing in their routine screening program as an alternative screening method for non-

attendees (Polman, de Haan, et al. 2019; Committee 2014) and shown increased participation 

(Arbyn, Smith, et al. 2018; Gök et al. 2010; Tranberg et al. 2018). Therefore, introducing a self-

collection method might overcome barriers that limit the use of the Pap smear test and make 

cervical cancer screening accessible to more women.  

 

Liquid-based transport medium is commonly used to transport and store cervical or vaginal 

specimens for HPV testing. FTA cards for storage of cervical or vaginal specimens, have several 

advantages over a liquid-based media. These include inclusion of a colour indicator to confirm 

that the sample is applied correctly, the samples become non-infectious once dried, long term 

stable storage at room temperature and easy transport (Gustavsson, Lindell, et al. 2009; Guan 

et al. 2013; Gustavsson et al. 2011; de Bie et al. 2011). Unlike the liquid-based transport 

medium, FTA cards are suitable for self-collection at home and can be transported via regular 

mail or other means not involving a cold-chain (Gustavsson et al. 2011). The process of 

extracting DNA from the FTA card is easy, quick and can be automated (Gustavsson et al. 

2011; Gustavsson, Lindell, et al. 2009). Using the FTA card in combination with a clinically 

validated HPV DNA test has also been shown to work effectively for detection of HR-HPV 

infection (Geraets et al. 2013); with clinical specimens depicting up to 100% agreement of HR-

HPV detection between FTA cards and liquid-based medium (Lenselink et al. 2009). 

 

Due to the lack of infrastructure to perform Pap smear tests, cytology screening is not fully 

functional in rural settings. It is essential to implement a cervical cancer screening test that is 

easily accessible (such as self-collection) and simple to handle for women that do not have 

access to healthcare facilities offering regular cytology screening. In this study we aimed to a) 

determine the prevalence of HR-HPV genotypes in women attending a community-based 

clinic and a referral clinic in the Eastern Cape, b) investigate and compare the HR-HPV 
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prevalence in clinician-collected and self-collected genital specimens on FTA cards and to c) 

investigate attitudes to self-collection in women from the Eastern Cape. 

 

4.2 MATERIALS AND METHODS  

4.2.1 Study population and sample collection 

This cross-sectional study was carried out from September 2017 to March 2019 at a 

community health clinic and the referral clinic for women with abnormal Pap smears within 

the OR Tambo district in the Eastern Cape Province of South Africa. A total of 413 women 

aged ≥30 years attending the community health clinic for cervical cancer screening or other 

reasons were recruited. Also, 324 women aged ≥18 years with abnormal cervical cytology and 

cervical cancer were recruited from the referral clinic. Written signed consent forms were 

obtained from all study participants, and sociodemographic data with other factors were 

obtained through a questionnaire. The ethical approval for this study was granted by the 

Human Research Ethics Committees of the University of Cape Town (UCT) (HREC reference 

615/2017), Walter Sisulu University (reference 090/2016), and Eastern Cape Department of 

Health Ethics (EC reference 2017RP0_484). 

 

Study participants provided three genital specimens. One clinician-collected cervical and one 

self-collected vaginal specimen were collected using Viba-brushes (Rovers Viba-Brush, Rovers 

Medical Devices) and applied onto indicating FTA elute cards (GE Health Care Life Sciences, 

Buckinghamshire, United Kingdom). A second clinician-collected cervical specimen was 

obtained using cervical brushes and stored in Digene transport medium (Qiagen, 

Gaithersburg, MD, USA). All specimens were kept at room temperature until shipped to the 

UCT HPV laboratory for analysis. Among participants recruited from the referral clinic, a 

cervical biopsy was collected and sent to the National Health Laboratory Service for 

histological analysis. The histology results were interpreted according to the guidelines of the 

International Agency for Research on Cancer (Sellors and Sankaranarayanan 2003). 

 

4.2.2 Elution of DNA from FTA cards 

DNA elution was performed as previously described (Gustavsson et al. 2011). Briefly, four 3.2 

mm punches were obtained from each FTA card using the DBS Puncher Instrument (Perkin 



 

74 
 

Elmer Life and Analytical Sciences, Wallac, Oy, Finland) and collected in a 96-well plate. The 

punches were washed with sterile water and the DNA eluted in 70 µl water by incubating in 

a PCR machine at 95°C for 30 minutes. The DNA was stored at -20°C until further use. 

 

4.2.3 Identification of HR-HPV using hpVIR real-time PCR 

The eluted DNA from specimens on FTA cards was tested for HR-HPV using the clinically 

validated hpVIR real-time PCR assay (Gustavsson et al. 2019). hpVIR assay detects 12 HR-HPV 

genotypes (HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and the analysis was 

performed as previously described (Gustavsson, Juko-Pecirep, et al. 2009). Some HR-HPV 

types (16, -31, -35, -39, -51, -56, and -59) are identified as individual types, while HPV18 and 

-45, and HPV33, -52 and -58 are detected as two groups. The hpVIR assay also detect a human 

single copy house-keeping gene encoding Homo sapiens hydroxymethylbilane synthase 

(HMBS; GenBank accession no.M9523.1). This serves as a control for the integrity of the 

eluted DNA and interpretation of the results for HPV-negative samples. The hpVIR assay has 

a cut-off of for HMBS single copy gene, and 10 copies per PCR of HPV for a positive HR-HPV 

type (Gustavsson et al. 2019).  

 

4.2.4 Detection of HR-HPV using Hybrid Capture-2  

Cervical specimens in Digene transport medium were tested for 13 HR-HPV types (HPV16, 18, 

31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) using the Hybrid Capture-2 (HC-2) assay (Qiagen 

Inc., Gaithersburg, MD, USA) according to the manufacturer’s protocol. A ratio of relative light 

units/cut-off ≥1 was considered positive while a ratio <1 was considered negative for HR-HPV 

types. 

 

4.2.5 Statistical analysis 

Data analysis was performed using GraphPad Prism v6.01 (GraphPad Software, Inc., San 

Diego, CA). Descriptive statistics (medians and interquartile range) and frequency distribution 

were used to describe the sociodemographic and other variables of study participants in the 

population. For statistical analysis, chi-squared test was used to determine the difference in 

estimated HR-HPV prevalence between self-collected and clinician-collected samples. A p-

value <0.05 was considered significant. The overall agreement and HR-HPV genotype 

distribution agreement (percent agreement, kappa values with 95% Confidence Intervals) 
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were determined using the kappa statistic. The kappa values were interpreted using a 

standard method (http://www.graphpad.com/quickcalcs/Kappa2.cfm). 

 

4.3 RESULTS  

4.3.1 Description of study participants 

Table 4.1 summarises the baseline demographics of study participants and other factors. 

Women from the community-based clinic had a median age of 46 years (IQR: 38-55), most 

were ≥50 years (42.4%), 37.3% were HIV-positive and the majority had been pregnant 

(96.6%). Almost half the women had ≥3-lifetime sexual partners (49.4%) and most of the 

women never smoked (94.4%). A high proportion of women had attended high school or 

university (73.6%), and the monthly household income was <$139,36 (71.2%). 

 

Median age of the referral clinic women was 40.5 years (IQR: 33-49) and the majority were 

HIV-positive (71.3%). Half of the study participants had attended high school or university 

(54.3%) and 77.4% of women had a monthly household income of <$139,36. The majority of 

women had their first sexual experience at the age of 16-18 years (54.3%), with 60.8% of them 

having ≥3-lifetime sexual partners.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.graphpad.com/quickcalcs/Kappa2.cfm
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Table 4. 1: Demographic and behaviour characteristics of study participants. 
  Community clinic   Referral clinic 

Variables % (n/N)  % (n/N) 
HIV Status    
          No 62.7 (259/413)  27.8 (90/324) 
          Yes 37.3 (154/413)  71.3 (231/324) 
          Missing  0.0 (0/413)  0.9 (3/324) 
                    If yes, ARV’s?    
                              No  3.9 (6/154)  1.3 (3/231) 
                              Yes  96.1 (148/154)  98.3 (227/231) 
                              Missing 0.0 (0/154)  0.4 (1/231) 
Age categories    
          18-29 years ……  13.0 (42/324) 
          30-39 years 31.5 (130/413)  33.3 (108/324) 
          40-49 years 26.2 (108/413)  31.2 (101/324) 
          ≥50 years 42.4 (175/413)  22.5 (73/324) 
          Missing  0.0 (0/413)  0.0 (0/324) 
Highest level of education attained    
          Never/ primary 26.4 (109/413)  45.7 (148/324) 
          High school/university 73.6 (304/413)  54.3 (176/324) 
          Missing  0.0 (0/413)  0.0 (0/324) 
Household income    
          < $139,36 71.2 (294/413)  77.5 (251/324) 
          ≥ $139,36 27.6 (114/413)  21.3 (69/324) 
          Missing  1.2 (5/413)  1.2 (4/324) 
Smoking status    
          Never 94.4 (390/413)  92.0 (298/324) 
          Former/current smoker 5.6 (23/413)  7.7 (25/324) 
          Missing  0.0 (0/413)  0.3 (1/324) 
Ever drank alcohol    
          No 91.0 (376/413)  81.5 (264/324) 
          Yes 9.0 (37/413)  18.2 (59/324) 
          Missing  0.0 (0/413)  0.3 (1/324) 
Age at first sexual experience    
          <16 years 12.1 (50/413)  19.4 (63/324) 
          16-18 years 52.5 (217/413)  54.3 (176/324) 
          ≥18 years 34.9 (144/413)  26.2 (85/324) 
         Missing  0.5 (2/413)  0.0 (0/324) 
Lifetime sexual partners    
          1 20.3 (84/413)  15.1 (49/324) 
          2 30.0 (124/413)  23.8 (77/324) 
          ≥3 49.4 (204/413)  60.8 (197/324) 
         Missing  0.2 (1/413)  0.3 (1/324) 
Used condoms during last sexual intercourse    
          No 70.0 (289/413)  65.4 (212/324) 
          Yes 29.1 (120/413)  33.6 (109/324) 
          Missing  0.9 (4/413)  1.0 (3/324) 
Method of contraceptive, last time had sex    
          None/implant/ligation etc 51.1 (211/413)  52.2 (169/324) 
          Injectables/birth control pill 21.1 (87/413)  20.7 (67/324) 
          Condoms 26.1 (108/413)  26.9 (87/324) 
          Missing  1.7 (7/413)  0.3 (1/324) 
Using any contraception currently    
          No 61.7 (255/413)  60.8 (197/324) 
          Yes 37.1 (153/413)  38.6 (125/324) 
          Missing  1.2 (5/413)  0.6 (2/324) 
Pregnancy     
          No  3.2 (13/413)  4.6 (15/324) 
          Yes 96.6 (399/413)  95.1 (308/324) 
          Missing  0.2 (1/413)   0.3 (1/324) 

HIV: human immunodeficiency virus ARV’s: Antiretrovirals, n: number of women responded, N: total number of study participants; Missing: 

not answered  
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4.3.2 HR-HPV prevalence and agreement between self-collected and clinician-collected 

specimen using the hpVIR assay  

All specimens on FTA cards had sufficient amounts of genomic DNA (10 copies or more of the 

HMBS single copy gene) for the HPV test to be informative. For women recruited at the 

community-based clinic, there was no significant difference in HR-HPV prevalence between 

self-collected and clinician-collected samples [27.9 %( 115/413) vs 26.4% (109/413), p=0.639]. 

HR-HPV positivity between self-collected and clinician-collected samples showed an 

agreement of 86.9%, with a kappa value of 0.669 [95% CI: 0.588-0.750, (Table 4.2)]. 

 

Among the referral clinic women, HR-HPV prevalence was slightly higher in clinician-collected 

versus self-collected specimens, but the difference was not significant [83.6% (271/324) vs 

79.9% (259/324), p=0.222]. The observed overall agreement of HR-HPV infection between 

self-collected and clinician-collected samples was 91.4% [k=0.711, 95%CI: 0.610 to 0.811, 

(Table 4.2)]. 

 

 

Table 4. 2: Concordance between high-risk HPV in self-collected and clinician-collected genital 
specimens from the community and the referral clinics. 

 Community clinic                                                                        Self-collected 

    HR-HPV positive (%) HR-HPV negative (%) Total (%) % Agreement 

Clinician-collected HR-HPV positive (%) 85 (20.6) 24 (5.8) 109 (26.4) 86.9 (k=0.669) 

  HR-HPV negative (%) 30 (7.3) 274 (66.3) 304 (73.6)  
  Total (%) 115 (27.9) 298 (72.1) 413 (100.0)  

      
 Referral clinic                                                                              Self-collected 

    HR-HPV positive (%) HR-HPV negative (%) Total (%) % Agreement 

Clinician-collected HR-HPV positive (%) 251 (77.4) 20 (6.2) 271 (83.6) 91.4 (k=0.711) 

  HR-HPV negative (%) 8 (2.5) 45 (13.9) 53 (16.4)  
  Total (%) 259 (79.9) 65 (20.1) 324 (100.0)  
HR-HPV: high-risk human papillomavirus, k-kappa value 

 

4.3.3 HR-HPV genotypes and agreement between clinician-collection and self-collection 

using the hpVIR assay  

Of the 413 women attending the community-based clinic, 19.1% of the self-collected and 

20.4% samples of clinician-collected samples were infected with single HR-HPV types, and this 

difference was not statistically significant (p=0.601, Table 4.3). The prevalence of multiple HR-
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HPV infections was not significantly different between self-collected and clinician-collected 

specimens (8.7% vs 5.8%, p=0.108). The most frequently detected HR-HPV genotypes were 

HPV16, HPV35, and the HPV33/52/58 group, both in self-collected and clinician-collected 

specimens (Figure 4.1). The agreement in the HR-HPV genotypes identified in self-collected 

and clinician-collected specimens ranged from moderate to almost perfect (k=0.571-0.888), 

with HPV39 (99.8%, k=0.888) and HPV31 (99.3%, k=0.838) showing almost perfect agreement 

(Table 4.4). 

 

In the referral clinic, the distribution was similar when comparing HR-HPV genotypes in self-

collected and clinician-collected samples. The HPV33/52/58 group, HPV16 and HPV35 were 

the most frequently detected HR-HPV genotypes in both collection groups (Figure 4.1). The 

prevalence of single HR-HPV infection was somewhat higher in clinician-collected specimens 

as compared to self-collected specimens, but the difference was not statistically significant 

[46.0% vs 42.3%, p=0.342, (Table 4.3)]. The HR-HPV prevalence of multiple infection was the 

same in self-collected and clinician-collected specimens [37.7% vs 37.7%, p=1.000, (Table 

4.3)]. The concordance of the HR-HPV genotype distribution between collection groups 

showed kappa values ranging between 0.627-0.841 (Table 4.4). The HPV16 genotype showed 

a substantial agreement between self-collected and clinician-collected samples (89.2%, 

k=0.735, Table 4.4), while HPV35 showed an almost perfect agreement between self-

collected and clinician-collected specimens (95.4%, k=0.841). 

 

 

Figure 4.1: Prevalence of HR-HPV genotypes in self-collected and clinician-collected 
specimens using the hpVIR assay in the community and the referral clinics. 
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Table 4. 3: Comparison of self-collected and clinician-collected samples from women with 
single HR-HPV infections and multiple HR-HPV infections from the community and the referral 
clinics. 

  Community clinic   Referral clinic 

Variables  Clinician-collected Self-collected p-value   Clinician-collected Self-collected p-value 

Single infection 20.4% (85/413) 19.1% (79/413)  0.601  46.0% (149/324) 42.3% (137/324)  0.342 

Multiple infection 5.8% (24/413) 8.7% (36/413)  0.108   37.7% (122/324) 37.7% (122/324)  1.000 

 

Table 4. 4: Concordance for HR-HPV genotypes between self-collected and clinician-collected 
specimen in the community clinic and the referral clinics. 

  Community clinic   Referral clinic 

HR-HPV types % Agreement kappa value 95% CI  % Agreement Kappa value 95% CI 

16 96.4 0.717 0.581-0.853  89.2 0.735 0.653-0.817 
18/45 96.6 0.571 0.369-0.773  90.7 0.705 0.606-0.803 

33/52/58 94.0 0.658 0.533-0.782  86.1 0.701 0.670-0.782 
31 99.3 0.838 0.659-1.000  96.3 0.780 0.659-0.900 
35 96.6 0.678 0.519-0.836  95.4 0.841 0.763-0.919 
39 99.8 0.888 0.669-1.000  96.9 0.627 0.413-0.840 
51 97.8 0.629 0.406-0.853  93.5 0.660 0.525-0795 
56 98.8 0.700 0.449-0.950  96.6 0.801 0.687-0.915 
59 99.0 0.709 0.438-0.981  97.5 0.777 0.627-0.926 

HR-HPV: high-risk human papillomavirus, CI: confidence intervals 

 

4.3.4 HR-HPV genotypes according to histology using hpVIR assay 

Of the 324 women, histology results were available for 291 women including 2.1% (6/291) 

with inconclusive results (Table 4.5). More than half of the women had CIN3 (51.2%, 149/291), 

followed by CIN2 (23.0%, 67/291), no atypia (15.5%, 45/291), CIN1 (4.1%, 12/291) and cervical 

cancer (4.1%, 12/291). Overall, there was no significant difference in HR-HPV prevalence 

based on histology between self-collected and clinician-collected samples [78.4% (228/291) 

vs 81.8% (238/291), p=0.299]. HR-HPV vaccine types (HPV16/18/31/33/45/52/58) were 

identified in 64.4% vs 46.7% of no atypia, 41.7% vs 41.7% of CIN1, 65.7% vs 59.7% of CIN2, 

71.8% vs 71.1% of CIN3 and 75.0% vs 66.7% of cervical cancer between clinician-collected and 

self-collected, respectively (Table 4.5). The detection rate of the most commonly detected 

HPV genotypes (HPV16 and -35) was similar between self-collected and clinician-collected 

samples from women with CIN2/3 and cervical cancer [29.0% (66/228) vs 28.5% (65/228) and 

19.7% (45/228) vs 19,3% (44/228), respectively]. Three women with CIN3 tested positive for 

HPV16 in their self-collected samples and were infected with multiple HPV types but were 

negative in their clinician-collected samples. The HR-HPV copy number for three self-collected 

CIN3 samples were above the cut-off for HR-HPV positivity, but two of the samples had a low 

viral load. 
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Table 4.5: Distribution of HR-HPV types between self-collected and clinician-collected 
specimen according to histology results in women from referral clinic. 

Histology results 

 NILM (n=45)  CIN1 (n=12)  CIN2 (n=67)  CIN3 (n=149)  Cervical cancer (n=12) 

HR-HPV types 
Clinician-
collected 

Self-
collected  

Clinician-
collected 

Self-
collected  

Clinician-
collected 

Self-
collected  

Clinician-
collected 

Self-
collected  

Clinician-
collected 

Self-
collected 

16 11 10  0 2  18 17  41 44  6 5 

18/45 7 8  1 1  16 19  23 29  3 3 

33/52/58 12 9  2 3  19 19  66 62  3 2 

31 5 3  2 2  4 6  18 15  0 0 

35 6 6  2 1  14 15  29 28  1 2 

39 2 0  1 0  2 2  5 8  0 0 

51 1 4  1 1  4 7  17 16  1 1 

56 4 3  1 1  5 7  12 14  2 2 

59 4 3  0 0  4 4  6 13  1 1 

HPV multiple infection 14 12  3 4  19 22  61 65  5 4 

HR-HPV16/18/31/33/45/52/58 29 21  5 5  44 40  107 106  9 8 

HR-HPV negative 13 17  5 5  14 15  20 25  1 1 

HR-HPV positive 32 28  7 7  53 52  129 124  11 11 

NILM: negative for intraepithelial lesions or malignancy, CIN: cervical intraepithelial neoplasia, HR-HPV: high-risk human 

papillomavirus 

 

4.3.5 Acceptance of self-collection of specimens for HPV testing  

The participants from both study sites gave a similar response regarding self-collection versus 

clinician-collection of specimen (Table 4.6). More than half of the women find self-collection 

and clinician-collection to be interesting (64.4% vs 66.1% in the community-based clinic and 

54.0% vs 59.3% in referral clinic, respectively). A very small proportion of women from the 

community-based clinic experienced discomfort when collecting the sample, both using self-

collection (3.4%) and clinician-collection (3.9%). In the referral clinic, a slightly higher 

proportion of women experienced discomfort with clinician-collection (9.5%) as compared to 

self-collection (4.3%) of samples. At both study sites older women reported to be 

embarrassed and were more likely to have had only one Pap smear screening test in their 

lifetime [73.3% (22/30) self-collected vs 66.7% (20/30) clinician-collected at community-

based clinic and 66.1% (39/59) self-collected vs 67.9% (36/53) clinician-collected at referral 

clinic]. Most participants at both study sites reported that they would be willing to perform 

self-collection at home and return the card for testing [77.2% in the community-based clinic 

and 83.0% in referral clinic, (Table 4.7)]. Given a choice, almost all participants preferred 

clinician-collection to self-collection of samples (95.6% in community-based clinic and 90.7% 

in referral clinic, Table 4.7). 
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Table 4.6: Experience with self-collection and clinician-collection. 
  Community clinic   Referral clinic 

Variable  Clinician-collected %(n/N) Self-collected %(n/N)   Clinician-collected %(n/N) Self-collected %(n/N) 

Embarrassed 12.8% (53/413)  14.0% (58/413)  16.4% (53/324) 18.2% (59/324)  

Self-confident 17.0% (70/413) 16.0% (66/413)  16.7% (54/324) 16.7% (54/324) 

Discomfort 3.9% (16/413) 3.4% (14/413)  9.5% (31/324) 4.3% (14/324) 

Interested 64.4% (266/413) 66.1% (273/413)  54.0% (175/324) 59.3% (192/324) 

n: number of women responded, N: total number of study participants 

 
 

Table 4.7: Investigation of the acceptability of self-collection for HPV testing. 
  Community clinic  Referral clinic 

Variables % (n/N)  % (n/N) 

Would you be willing to collect a sample yourself (self-sample) at home and bring it in 
for testing?    
  Yes 77.2% (319/413)  83.0% (269/324) 

  Not sure 18.6% (77/413)  10.8% (35/324) 

  No 1.9% (8/413)  4.3% (14/324) 

        If no, why not?    
        I prefer the specimen to be taken by the nurse 12.5% (1/8)  12.5% (1/14) 

        I will not be able to take the specimen correctly 62.5% (5/8)  62.5% (5/14) 

Which method do you prefer for cervical cancer screening    
  To take a sample myself 1.4% (6/413)  3.7% (12/324) 

  For a healthcare worker to take a sample 95.6% (395/413)  90.7% (294/324) 

  Either for myself to take a sample or a health worker to take a sample 1.2% (5/413)  2.5% (8/324) 

n: number of women responded, N: total number of study participants 

 

4.3.6 HPV detection in cervical clinician-collected specimen using the hpVIR assay and HC-

2 

A total of 628 women were screened for HR-HPV infection using HC-2 and the hpVIR assay. 

Overall, the HR-HPV prevalence was 46.2% using hpVIR compared to 48.3% using HC-2, with 

an agreement of 87.7% (k=0.754, 95%CI;0.703-0.806) between the two assays (Table 4.8). 

 

Table 4.8: Concordance of HR-HPV infection between the hpVIR and the HC-2 assays. 
  hpVIR  

    HR-HPV positive (%) HR-HPV negative (%) Total (%) % Agreement 

HC-2  HR-HPV positive (%) 258 (41.1) 45 (7.1) 303 (48.3) 87.7 (k=0.754) 

  HR-HPV negative (%) 32 (5.1) 293 (46.7) 325 (51.7)  
   Total (%) 290 (46.2) 338 (53.8)  628 (100.0)  
HR-HPV: high-risk human papillomavirus, k-kappa value 

 

4.4 DISCUSSION 

The present study assessed the prevalence of HR-HPV genotypes between self-collected and 

clinician-collected samples applied to FTA cards in women from a community-based clinic and 

a referral clinic in Eastern Cape, South Africa. We observed high HR-HPV prevalence, overall 
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agreement of HR-HPV infection, and a similar distribution of HR-HPV genotypes between self-

collected and clinician-collected samples. A similar trend has been reported using FTA cards 

and PCR-based assays performed in women from the general population and referral 

population (Guan et al. 2013; Geraets et al. 2013; Dijkstra et al. 2012). Our findings confirm 

that the self-collection method and storage on FTA cards is an adequate procedure for HPV 

DNA testing and support the use of self-collection as an alternative strategy in the regular 

cervical cancer screening routine. Many developed countries have transitioned to HPV DNA 

testing, and cervical cancer screening guidelines with HPV DNA testing has been implemented 

(Committee 2014; Polmanet al. 2019; Arbyn et al. 2015). However, this is the opposite for 

low-income countries having low participation rate in cervical cancer screening particularly in 

rural regions. Therefore, introducing new screening strategies for women experiencing 

screening barriers will improve uptake and could have an impact on the incidence of cervical 

cancer diseases (Gustavsson et al. 2018). 

 

The prevalence of HR-HPV infection and distribution of HR-HPV genotypes differs between 

regions and countries (Bruni et al. 2019a; de Sanjosé et al. 2007). In the current study, HPV16 

and HPV35 were the most frequently detected genotypes in both self-collected and clinician-

collected samples in the two sites. Other cross-sectional studies conducted in South Africa 

also reported HPV35 and HPV16 as the most commonly identified genotypes among women 

with or without cervical abnormalities (Dols et al. 2012; McDonald et al. 2012; McDonald et 

al. 2014). However, the predominant HR-HPV genotypes in other African studies were HPV18 

& HPV59 in Ghana and HPV52 & HPV16 in Tanzania (Dols et al. 2012; Awua et al. 2016). A 

recent study done in Brazil among women residing in rural areas showed HPV56 and HPV51 

the common types in their population (Lorenzi et al. 2019). The two HR-HPV genotypes 

(HPV16 and 35) are among the top five causing cervical cancer in South Africa (Bruni et al. 

2019b). None of the HPV vaccines protect against HPV35 (overall prevalence =18.5%, mostly 

in multiple infections); an important HR-HPV genotype in women with cervical disease in the 

Eastern Cape. A high proportion of 72.0% CIN3/cervical cancer women were more likely to 

harbour vaccine HR-HPV types (HPV16/18/31/33/45/52/58). Our results indicate that studies 

on the distribution of HPV genotypes in cervical cancer not present in the current vaccines 
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should be considered when developing strategies and targets for the next generation of HPV 

vaccines. 

 

A slightly higher prevalence of multiple HR-HPV infections was observed in self-collected as 

compared to clinician-collected samples in the community-based clinic which could reflect 

the anatomic area sampled. Vaginal self-collected samples contain vaginal fluid with both 

cervical and vaginal cells. Women are more likely to be infected with several HPV genotypes 

in the vagina that are not present in the endocervix (Gustavsson et al. 2011; Dijkstra et al. 

2012). HR-HPV genotypes at low viral load present only in vaginal self-collected samples are 

not correlated with cervical cancer diseases (Gustavsson et al. 2011; Zhang et al. 2014). The 

few cases of discordance of HPV16 between self-collected and clinician-collected samples 

among women with CIN3 in our study, were likely to be due to low viral load. 

 

There was high concordance in HR-HPV detection between self-collected and clinician-

collected samples in the present study. The use of the Viba-brush in combination with FTA 

cards, yields good quality DNA in both self-collected and clinician-collected specimen, 

indicating that the self-collection was performed correctly. Sampling devices for HPV DNA 

testing have a strong effect on the detection of HPV infection. Self-sampling with a brush-

based sampling device in combination with FTA cards was found to be acceptable among 

women and this together with the clinically validated PCR-based HPV DNA test yielded high 

agreement in identifying women with high risk of CIN2+ in comparison with clinician-

collection sampling (Dijkstra et al. 2012). The in-house hpVIR assay combined with the FTA 

cards performed well compared to HC-2, as demonstrated by substantial agreement in HR-

HPV positivity. Our findings concur with previous studies reporting on the performance of the 

two assays, indicating that the hpVIR assay and FTA cards can be utilised for primary screening 

programmes in regions other than Sweden (Gustavsson et al. 2019; Gustavsson et al. 2009). 

 

At both study sites, women showed the same attitude regarding self-collection versus 

clinician collection samples for HPV DNA testing. The high rate of willingness to perform self-

collection was not influenced by sociodemographic factors or any other factor studied as 

observed in previous studies (Murchland et al. 2019; Morgan et al. 2019). This underscores 
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the strong scientific basis for implementing self-collection in cervical cancer screening, 

thereby enabling women from communities and rural settings where cervical cancer 

screening programmes are presently not available to participate. Moreover, the high rate of 

acceptability for vaginal self-collection could influence the effectiveness of HPV self-collection 

in routine screening programme (Polmanet al. 2019). Although self-collection was highly 

accepted, the majority of women preferred the specimen to be taken by a healthcare worker. 

In our study, we did not investigate factors influencing women’s choice as to why they prefer 

clinician-collection of samples. Mao and colleagues reported that women who prefer a 

clinician-collection want to have a one-on-one consultation with a clinician, so that they can 

address other issues they may have (Mao et al. 2017). Other factors that women are raising 

include adequacy of the specimen and lack of confidence to perform self-collection correctly 

(Morgan et al. 2019; Saidu et al. 2018). Therefore, our findings suggest that women should be 

given an opportunity to choose which method they prefer for specimen collection, when 

participating in the cervical cancer screening programme. 

 

A large population of women in the Eastern Cape Province reside in rural areas and are less 

likely to participate in cervical cancer screening programme because of the lack of nearby 

facilities with functional cervical cancer screening programmes (Hoque et al. 2008). 

Implementing self-sampling in this region will therefore have an impact on the screening 

programme since it does not require infrastructure. This approach allows women who are 

unwilling to attend Pap smear test performed by clinician to have access to cervical screening 

and give them privacy to collect the specimen (Guan et al. 2013). Implementation of self-

collection is also more likely to create awareness and more information about HPV infection 

than clinician-collection (Allen-Leigh et al. 2017; Crofts et al. 2015). There are different 

methods to administer the self-collection kit, including mailing the kit directly to the woman, 

conducting community-based campaigns and using an opt-in strategy (Arbyn et al. 2018). In 

developed countries, such as Sweden, mailing self-collection kits to underscreened women 

has been shown to work effectively (Gustavsson et al. 2018). However, in South Africa, it will 

be challenging to send self-collection kits as the postal system is not working effectively or 

does not exist in some rural areas. Direct offer of self-collection kit would be a better method 

to achieve knowledge and confidence among women residing in rural communities as this 
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method has been previously shown to have significantly high rate (>75%) among 

underscreened women (Arbyn et al. 2018). A second issue would be loss of women to follow-

up due to difficulty in travelling to the clinics, something which would have a strong negative 

impact on the efficiency of cervical cancer screening programmes. Therefore, effective 

communication strategies to follow-up women with HR-HPV positive test needs to be 

developed prior to implementation of self-collection for HPV testing outside the clinics in 

South Africa.  

 

The FTA cards provide several advantages for self-collection in this environment. These 

strategies have the potential to improve cervical cancer screening programmes by increasing 

the screening coverage, reducing the work load for the clinicians, and identify women at high-

risk of developing cervical cancer (Gustavsson et al. 2018; Arbyn, Smith, et al. 2018). 

Furthermore, this allows healthcare facilities with limited resources for cervical cancer 

screening to target women at high-risk of cervical cancer. However, self-collection for HPV 

has been found to increase the rate of women being referred to colposcopy clinics and for 

treatment. Biomarkers such as DNA methylation has been reported to triage self-collected 

HR-HPV positive women, but further studies are needed to determine its clinical value 

(Snellenberg et al. 2012). Repeating the HPV test in 4-6 months for women that are HPV-

positive in their screening test, can be used to identify women with persistent infection and 

thereby increase the sensitivity and specificity of screening (Gustavsson et al. 2018). If it was 

possible to rescreen women, this may be the best approach to triage women for referral to 

the treatment clinic.  

 

A potential limitation in this study could be the use of in-house hpVIR real time PCR assay. 

The hpVIR assay is clinically validated HPV test that gives HPV type information, but it does 

not distinguish between the alpha HPV types, HPV18/45, and HPV33/52/58 because they are 

closely related. This limits the ability to provide the prevalence of the individual HPV types 

that are grouped in the hpVIR assay.  
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4.5 CONCLUSION 

The study shows a high concordance in HR-HPV genotype prevalence between self-collected 

and clinician-collected specimens. The frequency distribution of HR-HPV genotypes will assist 

in identifying and monitoring genotypes that are not covered by the vaccines currently in use. 

The self-collection procedure for HPV testing was regarded as highly acceptable by the 

women. Self-collection can have a positive impact on the cervical screening programme in 

South Africa by increasing the population coverage in rural areas and enable women who are 

unable to attend clinics to participate in cervical cancer screening. 
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CHAPTER 5: Detection of Sexually Transmitted Pathogens and Co-Infection 

with Human Papillomavirus in Women Residing in Rural Eastern Cape, South 

Africa 

Ongeziwe Taku1,2*, Adrian Brink3, Tracy L. Meiring1 ,2, Keletso Phohlo1, 2, Charles B. Businge4,5, 

Zizipho Z.A. Mbulawa1,6,7,8, Anna-Lise Williamson1,2,6# 

ABSTRACT 

Background: South African women of reproductive age have a high burden of sexually 

transmitted infections (STIs), including human papillomavirus (HPV) infection. However, there 

is limited information on the prevalence of sexually transmitted pathogens in women from 

rural Eastern Cape Province, South Africa. The study aims at determining the prevalence of 

sexually transmitted pathogens and co-infection with high-risk (HR) HPV among women from 

rural Eastern Cape Province, South Africa.  

Method: A total of 205 cervical specimens were collected from women aged ≥30 years from 

a rural community-based clinic. The samples were tested for a panel of pathogenic STIs 

[Chlamydia trachomatis (serovars A-K & L1-L3), Haemophilus ducreyi, Herpes Simplex Virus 

(Types 1 & 2), Neisseria gonorrhoeae (NG), Treponema pallidum, Trichomonas vaginalis (TV), 

and pathobionts [Mycoplasma genitalium (MG), Mycoplasma hominis (MH)   and Ureaplasma 

spp. (UP)] using a multiplex PCR STD direct flow chip assay through a manual Hybrispot 

platform (Master Diagnostica, Granada, Spain). HR-HPV detection was performed by HC-2 

assay.  

Results: High-risk HPV prevalence was 32.2% (66/205) and HIV-1 prevalence was 38.5% 

(79/205). The overall prevalence of six pathogenic STIs was 22.9% (47/205), with TV having 

the highest prevalence (15.6%; 32/205). UP (70.2%, 144/205) and MH (36.6%, 75/205) were 

the most frequently detected pathobionts. Co-infection with ≥2 pathogens / pathobionts was 

observed among 52.7% (108/205) participants. Of the six pathogenic STIs, three participants 

had more than one STI (1.46%) with the presence of MH and UP.  HSV-2 (OR: 4.17, 95% CI: 

1.184-14.690) and HIV infection (OR: 2.11, 95% CI: 1.145-3.873) were independent STIs 

associated with HR-HPV infection.  
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Conclusions: The high prevalence of pathogenic STIs underscores the need to improve 

syndromic management policy by implementing effective strategies of prevention, screening 

tests, and management. HSV-2 and HIV-positive remain strongly associated with HR-HPV 

infection.  
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5.1 INTRODUCTION 

Internationally, sexually transmitted infections (STIs) are a significant public health problem, 

with approximately more than one million people infected each day. According to the World 

Health Organization, the global estimate of new infections with commonly treatable STIs 

[Trichomonas vaginalis (TV), Treponema pallidum (TP), Chlamydia trachomatis (CT) and 

Neisseria gonorrhoeae (NG)] was 376.4 million in 2016 (WHO 2018). Africa accounts for 69 

million new infections of treatable STIs with women having a high burden of TV (11, 8%) and 

CT (5, 0%) (WHO 2018). STIs have an impact on women’s health, associated with cervicitis, 

urethritis, pelvic inflammation, complications of reproductive health, and poor pregnancy 

outcomes (Mermelstein and Plax 2016). South African women have a high prevalence of STIs, 

ranging from 12.7% to 47.8%, which differs by age, region, and population (Moodley et al. 

2015; Joseph Davey et al. 2019; Mudau et al. 2018; Naidoo et al. 2014). The burden of STIs is 

more common among women of reproductive age (15-49 years) (WHO 2018). The acquisition 

of new STIs occurs at all ages, and high rates of STIs are more likely to be found in younger 

women (Naidoo et al. 2014). In South African studies, women age <25 years are almost 2-fold 

more likely to have STIs compared to older women (>25 years) and have high rates of co-

infections (Naidoo et al. 2014; Mbulawa et al. 2018; Menezes et al. 2018). 

 

Human papillomavirus (HPV) is the most common and infectious viral STI, with 291 million 

new infections estimated to have occurred in 2016, with a particularly high burden among 

women in Southern Africa (Bruni et al. 2010; WHO 2018). Most HPV infections are transient, 

but 5% remain persistent and can progress to high-grade lesions or cervical cancer (Schiffman 

et al. 2011). The high burden of HPV infection is influenced by several factors, including co-

infection with other STIs. HIV infection is a significant independent factor of HPV, and 

infection with either HPV or HIV is thought to enhance the spread of the other infection 

(Smith-McCune et al. 2010). HIV-positive women have been reported to have a higher 

prevalence and higher viral load of high-risk (HR) HPV compared to HIV-negative women 

(Taku et al. 2020). In addition, CT, Herpes Simplex Virus-2 (HSV-2), and NG increase the risk of 

HIV acquisition (Adachi et al. 2015; Johnson and Lewis 2008; Looker et al. 2017). These STIs 

are co-factors of HPV and may have an impact on the natural history of HPV (Deluca et al. 

2011; de Abreu et al. 2016; Paba et al. 2008; Smith, Herrero, et al. 2002; Smith, Muñoz, et al. 
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2002). The association of HPV infection with some of these STIs is due to chronic inflammation 

or immunosuppression, which promotes the susceptibility to and progression of HR-HPV 

persistent infection (Adefuye and Sales 2012; Denny et al. 2012; Liu et al. 2016; Paba et al. 

2008; Silins et al. 2005). HPV-positive women co-infected with one or more of these STIs are 

at high risk of developing cervical cancer diseases and invasive cervical cancer (Smithet al. 

2002; Paba et al. 2008; Deluca et al. 2011). Consequently, women harbouring or having a 

history of CT are less likely to clear HPV infection, and two times more likely to develop 

cervical cancer diseases (Lehtinen et al. 2011; Jensen et al. 2014; Vriend et al. 2015). 

Moreover, sexually transmitted pathobionts such as Mycoplasma hominis (MH) and 

Ureaplasma spp. (UP) are associated with an increased risk of HPV persistent infection and 

abnormal cervical cytology (Parthenis et al. 2018). Therefore, it is crucial to screen for these 

sexually transmitted pathogens to reduce the risk of transmission and their outcome. 

 

In South Africa, the current strategy for diagnosing STIs is through clinical indicators such as 

vaginal discharge, pelvic pain, and ulcerative genital lesions (Department of National Health 

2015). The syndromic management approach has been successful in treating many pathogens 

causing STIs and reducing the burden of other STIs such as TP (Kularatne et al. 2018). 

However, this approach may result in overtreatment, antimicrobial resistance, and is not 

effective in people with STIs who do not show any clinical symptoms (Mayaud and Mabey 

2004). South African studies reported a high prevalence of asymptomatic women, ranging 

from 50-75%, harbouring genital tract infections (Francis et al. 2018; Wilkinson et al. 1999). 

Since many STIs are asymptomatic and missed by the syndromic management approach, 

laboratory-based diagnosis remains the only strategy that allows the detection of genital tract 

infections (Sznitman et al. 2010).  

 

Moreover, screening programmes allow people to be informed about STIs, which helps to 

prevent and manage the spread of STIs (Sznitman et al. 2010).  Women residing in rural areas 

have limited knowledge of STIs and not likely to be informed about STIs services due to lack 

of access to healthcare facilities or facilities having limited resources to treat STIs (Cristillo et 

al. 2017; Wi et al. 2019). There is limited information on STIs and the prevalence of specific 

sexually transmitted pathogens in Eastern Cape Province. Therefore, the study aims at 
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investigating the prevalence of sexually transmitted pathogens in women from rural Eastern 

Cape using molecular detection. 

 

5.2 MATERIALS AND METHODS 

Cohort description or description of study participants: Two hundred and five cervical samples 

were selected from a cross-sectional study done between September 2017 and August 2018. 

The cross-sectional study has been described in detail previously (Taku et al. 2020b). Briefly, 

women aged 30 years or more attending cervical cancer screenings or for other reasons were 

recruited from a community-based clinic within the OR Tambo District, Eastern Cape. All 

signed consent forms were obtained from all enrolled women. Women were requested to 

test for HIV if they were not aware of their HIV status or if their HIV status was not 

documented on their health card. Women received pre-HIV testing counselling prior to and 

after testing them for HIV using a rapid test (Alere DetermineTM HIV-1/2 Ag/Ab Combo, Alere, 

Waltham, MA).The protocol of this study was approved by the Human Research Ethics 

Committees of the University of Cape Town (UCT) (HREC reference 615/2017), Walter Sisulu 

University (reference 090/2016), and Eastern Cape Department of Health Ethics (EC reference 

2017RP0_484). Cervical specimens were stored in the Digene Specimen Transport Medium 

(Qiagen Inc., Gaithersburg, MD; USA), transported to UCT, and kept at -80OC until further 

analysis.  

 

There was no special selection criteria considered for this study. The median age of the 

women was 45 years (IQR: 38-53), and the median number of lifetime sexual partners was 

three. A total of 61.5% (126/205) of the women reported not using a condom during their last 

sexual encounter. More than half of women (58.5%, 120/205) reported not using any method 

of contraception with their current partner. One hundred and ten (110) study participants 

(53.6%) reported having had vaginal discharge with 44.5% (49/110) reporting to have 

occurred more or equal to six months (Table 5.1). A proportion of 38.5% (79/205) women 

were positive for HIV and 96.2% (76/79) were on antiretroviral drugs. Majority of women on 

cytology test were negative for intraepithelial lesions (88.8%, 182/205), 7.8% (16/205) for 

ASCUS, 2.0% (4/205) for low grade intraepithelial squamous lesions and 1.0% (2/205) for high 
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grade squamous intraepithelial lesions. One participant had had inadequate result 

(0.5%,1/205). 

 

Table 5.1: Description of the study participants. 
Variables % (n/N) 

Age in years, median (IQR)  45 (38-53) 
Age category   
    30-39 years  33.7% (69/205) 
    40-49 years 28.8% (59/205) 
    ≥50 years 37.6% (77/205) 
Lifetime partners  
    1 15.1% (31/205) 
    2 29.8% (61/205) 
    ≥3  55.1% (113/205) 
Sexual partners past 12 months  
    0 26.3% (54/205) 
    ≥1 73.7% (151/205) 
Sexual partners past 1 month  
    0 41.5% (85/205) 
    ≥1 58.5% (120/205) 
Frequency of vaginal sex past 1 month  
    0 49.3% (101/205) 
    1-3 33.2% (68/205) 
    ≥4 17.1% (35/205) 
Used condoms during last sexual intercourse  
    No 61.5% (126/205) 
    Yes 37.1% (76/205) 
Discharge  
    No 46.3% (95/205) 
    Yes 53.7% (110/205) 
Frequency of vaginal discharge  
    Current/last week 18.1% (37/205) 
    More than a week and less than 6 months 11.2% (23/205) 
    More than or equal to 6 months 23.9% (49/205) 
Using any contraception with current partner  
    No 58.5% (120/205) 
    Yes 40.0% (82/205) 
Pregnancy  
    No 4.4% (9/205) 
    Yes 95.6% (196/205) 
HIV infection  
    Negative 61.5% (126/205) 
    Positive 38.5% (79/205) 

n: number of women responded, N: total number of study participants 

 

5.2.1 DNA extraction 

The DNA was extracted from each cervical specimen (400µl) using the MagNA Pure Compact 

Nucleic Acid Isolation kit (Roche diagnostic, Mannheim, Germany) on an automated Roche 

MagNA Pure Compact system. DNA was eluted in 100µl elution buffer and stored at -20oC 

until further use. 

 

5.2.2 Detection of sexually transmitted pathogens 

Extracted DNA was used for detection of STD performed using multiplex PCR STD direct flow 

chip assay through a manual Hybrispot platform (Master Diagnostica, Granada, Spain) 
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following the manufacturer’s instructions. The panel detects the following pathogens: TP, HSV 

(Type 1&2), TV, CT (Biovar LGV: Serovars L1-L3 & Serovars A-K), NG, Haemophilus ducreyi as 

well as UP (urealyticum/parvum), MG and MH (Barrientos-Durán et al. 2020). The image 

results of each chip membrane were captured by a camera, and analysis was performed 

automatically with HybriSoft software. 

 

5.2.3 Detection of HR-HPV infection 

Cervical specimens in Digene transport medium were tested for 13 HR-HPV types (HPV16, 18, 

31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68) using the Hybrid Capture-2 (HC-2) assay (Qiagen 

Inc., Gaithersburg, MD; USA) according to the manufacturer's protocol. A ratio of relative light 

units/cut-off ≥1 was considered positive, while a ratio of <1 was considered negative for HR-

HPV types. 

 

5.2.4 Statistical analysis 

Single infection was defined as being positive for one of any pathogenic STIs or pathobionts. 

Multiple infections was defined as having two or more microorganisms (pathogenic 

STIs/pathobionts). Statistical analysis was performed using STATA 15.0 (STATA Corp, College 

Station, TX, USA). Univariate logistic regression models were conducted to determine the 

association between sexually transmitted pathogens and HR-HPV infection. Multivariate 

analysis was done using the statistically significant variables (p-value<0.05) of the univariate 

logistic regression models to identify the sexually transmitted pathogens that are 

independently associated with HR-HPV infection.  

 

5.3 RESULTS 

5.3.1 Sexually transmitted pathogens / pathobionts and pattern of infection 

HR-HPV prevalence was 32.2% (66/205) and HIV-1 prevalence was 38.5% (79/205). The 

overall prevalence of the six STIs was 22.9% (47/205) with a highest number of women 

positive for TV (15.6%, 32/205) followed by HSV-2 (5.9%, 12/205), CT (2.4%, 5/205) and NG 

(1.5%, 3/205) (Table 5.2). Of the pathobionts, UP (70.2%, 144/205) and MH (36.6%, 75/205) 

were the most frequently detected (Table 5.2). Overall, the prevalence of single infection was 

31.2% (64/205), with most women infected with UP (62.5%) and HR-HPV infection (17.2%) 
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(Figure 5.1 A, B and C). Furthermore, multiple infections were found in 52.7% (108/205) 

women, with 30.7% had dual infection (2 pathogens or pathobionts) and 22.0% co-infected 

with more than three pathogens or  pathobionts (Figure 5.1 B, C & D). A higher proportion of 

co-infection was observed among women with UP, whereby UP/MH (26.9%), UP/HPV 

(21.3%), and MH/UP/TV (10.2%) were the most commonly detected co-infections (Figure 5.1 

C and D). Of the six pathogenic STIs, three participants had more than one STI (1.46%) with 

the presence of MH and UP. Women with HSV-2 infection were almost five times more likely 

to be infected with HR-HPV (OR: 4.65, 95% CI: 1.35-16.071). In the multivariate analysis, HSV-

2 (OR: 4.17, 95% CI: 1.184-14.690) and HIV infection (OR: 2.11, 95% CI: 1.145-3.873) remained 

the significant risk factors of HR-HPV infection (Table 5.3). 

 

Table 5.2: Prevalence of sexually transmitted infections detected using multiplex PCR STD 
direct flow chip assay. 

Variables % (n/N)   

Chlamydia trachomatis (serovars L1-L3)   0.5% (1/205)  

Chlamydia trachomatis (serotypes A-K)   2.0% (4/205)  

Herpes simplex virus Types I   0.0% (0/205)  

Herpes simplex virus Types II   5.9% (12/205)  

Trichomonas vaginalis   15.6% (32/205)  

Neisseria gonorrhoeae   1.5% (3/205)  

Treponema pallidum   0.0% (0/205)  

Haemophilus ducreyi   0.0% (0/205)  

Mycoplasma hominis   36.6% (75/205)  

Ureaplasmas (U. urealyticum or U. parvum)   70.2% (144/205)  

Mycoplasma genitalium   1.5% (3/205)  

n: number of women responded, N: total number of study participants. 
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Table 5.3: Association of sexually transmitted pathogens and HR-HPV infection. 

  HR-HPV prevalence     Univariate analysis    Multivariate analysis  

Variables   % (n/N)    OR (95% Cl) P-value  OR (95% Cl) p-value 

Mycoplasma hominis          
    Negative   33.9% (44/130)  ref     

    Positive   29.3% (22/75)  0.81 (0.438-1.502) 0.506    
Ureaplasmas species (U. urealyticum or U. parvum)          
    Negative   24.6% (15/61)  ref     
    Positive   35.4% (51/144)  1.68 (0.856-3.305) 0.131    
Trichomonas Vaginalis          
    Negative   31.8% (55/173)  ref     
    Positive   34.4% (11/32)  1.12 (0.507-2.493) 0.838    
Herpes Simplex Virus Types II          
    Negative   30.1% (58/193)  ref   ref  
    Positive   66.7% (8/12)  4.65 (1.35-16.071) 0.015  4.17 (1.184-14.690) 0.026 
Chlamydia Trachomatis (serovars L1-L3 & A-K)          
    Negative   32.5% (65/200)  ref     
    Positive   20.0% (1/5)  0.52 (0.057-4.739) 0.561    
Neisseria gonorrhoeae          
    Negative   32.2% (65/202)  ref     
    Positive   33.3% (1/3)  1.05 (0.094-11.834) 0.966    
Mycoplasma genitalium          
    Negative   31.7% (64/202)  ref     
    Positive   66.7% (2/3)  4.31 (0.384-48.434) 0.236    
HIV infection          
    Negative   25.4% (32/126)  ref   ref  
    Positive   43.0% (34/79)   2.22 (1.219-4.042) 0.009  2.11 (1.145-3.873) 0.017 

HR-HPV: high-risk human papillomavirus, OR: odds ratio, CI: confidence intervals, ref: reference, Highlighted values: 
significant p-value, ref: reference; n: number of women responded, N: total number of study participants. 
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Figure 5.1: Patterns of sexually transmitted pathogens in women of rural South Africa. A) The pattern of infections (no infection, single infection, and multiple 
infections) B) The pattern of single infections in women with one of the nine sexually transmitted pathogens [Chlamydia trachomatis (CT), Herpes simplex 
virus-2 (HSV-2), Mycoplasma genitalium (MG), Mycoplasma hominis (MH), Neisseria gonorrhoeae (NG), Trichomonas vaginalis (TV), Ureaplasma spp. (UP), 
and Human papillomavirus (HPV)]. C) The pattern of HPV co-infections and bacterial coinfection in women with more than one sexually transmitted pathogens 
evaluated. 
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Of the women with self-reported vaginal discharge, a total of 21 (19.1%) were positive for 

treatable STIs, including 56.3% (18/32) with TV and 60.0% (3/5) with CT. All women positive 

for NG self-reported not having had vaginal discharge (100.0%, 3/3). Similarly, the pelvic 

examination done by the study nurse showed that 28 .1% (9/32) of women positive for TV 

had vaginal discharge but none of the women positive for NG had vaginal discharge. The 

association of STIs and behavioural factors are depicted in Table S5.1. Women having 3 or 

more lifetime sexual partners were associated with STIs (OR: 3.69, 95% CI: 1.047-12.986, 

p=0.042). In addition, women aged ≥50 years (OR:0.38, 95% CI:0.185-0.797, p=0.010), three 

or more lifetime sexual partners (OR:3.08, 95% CI:1.098-8.619, p=0.033), HIV positive 

(OR:2.22, 95% CI:1.219-4.042, P=0.009) and reported having  had vaginal discharge more than 

or equal to six months (OR:0.38, 95% CI:0.149-0.967, p=0.042) were significant factors of HR-

HPV infection (Table S5.2). However, in the multivariate none of these factors remained the 

significant risk factor of HR-HPV infection (Table S5.2).  

 

5.4 DISCUSSION 

We investigated the prevalence of sexually transmitted pathogens or pathobionts and co-

infection with HPV infection among women from rural Eastern Cape. The study demonstrates 

a high overall prevalence of the conventional pathogenic STIs (22.9%) and confirms the high 

prevalence of TV (15.6%) in this population. The high burden of TV has been previously 

reported in South African women of a rural region, occurring in 66% of asymptomatic women 

(de Waaij et al. 2017). It has been found that hormonal changes and menstrual bleeding 

contribute to the increase of TV and put women at high risk of being more susceptible to 

acquisition and persistent infection (Poole and McClelland 2013). Women with TV persistence 

have an increased risk of acquiring HIV, a high viral load of HIV, and a likelihood of transmitting 

HIV infection to their sexual partners (Van der Pol 2007; de Waaij et al. 2017). Also, the high 

prevalence of TV may cause serious reproductive health problems in this group of women, as 

shown in previous studies (Kissinger 2015). Therefore, better screening programmes and 

control measures to reduce the burden of this STI are of critical importance, particularly 

among asymptomatic women. 
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The positivity rate for CT (2.4%) and NG (1.5%) was low in this cohort and similar to that 

observed in community-based studies conducted among older women from rural and urban 

regions of sub-Saharan Africa (Dubbink et al. 2018). The highest rates of CT/NG are usually 

observed among younger women (<25 years) because of biological vulnerability (such as 

immature ectopic tissue on the cervix) and sexual behaviour which makes them prone to the 

growth of these pathogens (Lee, Tobin, and Foley 2006; Menezes et al. 2018). For example, 

amongst asymptomatic young HIV-negative South African women (<25 years), high rates of 

33.5% and 11.1%, have been recorded for CT and NG, respectively (Menezes et al. 2018). 

Sexual behaviour was a significant risk factor, suggesting that more campaigns are needed to 

educate younger women and men about sexual and reproductive health (Menezes et al. 

2018).  

 

Notably, a high prevalence of UP (70.2%) and MH (36.6%) was observed, occurring in multiple 

infections. UP and MH are emerging pathobionts found in women both with healthy and 

unhealthy vaginal microbiota (Cox et al. 2016; Waites, Katz, and Schelonka 2005; 

Rumyantseva et al. 2019). The prevalence of UP is between 40-80%, while MH ranges 

between 21-53% in cervical/vaginal specimens of sexually active women (Cox et al. 2016; 

Waites, Katz, and Schelonka 2005). Previous studies have reported an association of these 

pathogens with bacterial vaginosis (BV) and STI, such as MG, and CT (Marovt et al. 2015). 

Rumyantseva and colleagues (2019) reported a significantly higher prevalence of UP (73.4%) 

among women with BV compared to women with normal bacterial flora (49.4%) or aerobic 

vaginitis (28.4%) (Rumyantseva et al. 2019). MH is considered BV-associated bacteria and has 

been reported to have a significantly higher bacterial load in women with BV compared to 

women without BV (Rumyantseva et al. 2019; Sha et al. 2005). Women with BV are reported 

to have high vaginal pH (>4.5) which is a favourable vaginal environment for pathogenic 

organisms (Kaambo et al. 2018). Additionally, women with detectable MH were often found 

to be co-infected with Gardnerella vaginalis, and such co-infection has been demonstrated in 

60.7% of BV-positive women compared to BV-negative women (8.8%), which demonstrate a 

possible interaction between these pathogens (Cox et al. 2016). The transmission of either 

MH or Gardnerella vaginalis could activate the growth of the other, which may promote or 

contribute to the progression of BV (Cox et al. 2016). Verteramo and colleagues reported UP 
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and MH as opportunistic pathogens of the lower female genital tract (Verteramo et al. 2009). 

However, The European STI guidelines do not recommend routine screening and treatment 

for these pathogens (Horner et al. 2018). 

 

In this study, more than half of the study participants harboured multiple infections with 

sexually transmitted pathogens (52.7%). Multiple infections are reported to have a negative 

impact on the treatment of STIs and regarded as a risk factor for cervical cancer (Magaña-

Contreras et al. 2015). Of the multiple infections, the co-infection of UP/HR-HPV occurred at 

a rate of 21.3% women, similar to that reported among sexually active women attending the 

outpatient clinic for routine cervical cancer screening (Parthenis et al. 2018). Moreover, a 

study among reproductive-age women from Gambia reported that 50% of women with HPV 

infection were co-infected with UP (Camara et al. 2018). Women with detectable UP are 

found to have high levels of inflammatory cytokines, a biological co-factor that may increase 

the probability of persistent HPV infection and development of precancerous lesions (Biernat-

Sudolska et al. 2011; Lobão et al. 2017; Roeters et al. 2010). Similarly, the prevalence of UP 

was significantly 2-fold higher in women with high-grade squamous intraepithelial lesions 

(57.5%) compared to women with normal cytology (21.3%) (Farag et al. 2013). The interaction 

of HR-HPV with UP demonstrates the need to screen for these pathogens as they may play a 

significant role in initiating the development of cervical cancer lesions. 

 

The significant association of viral STIs (HSV-2 and HIV infection) with HR-HPV infection has 

been previously observed in other studies (Li and Wen 2017; Taku et al. 2020). HSV-2 

increases the odds of acquiring other STIs (such as NG) and is considered as the significant co-

factor for HPV in the development of cervical cancer (Li and Wen 2017; Smith et al. 2002; 

Venkatesh et al. 2011). Women positive for HSV-2 and HIV infection were reported to have 

cervicovaginal inflammation and harbour a high diversity of microbes (Keller et al. 2019). 

These viral STIs have been found as independent risk factors of cervical cancer diseases. For 

example, a case-control study showed that HIV-positive women had a significantly increased 

prevalence of abnormal cytology (13.0%) compared to HIV-negative women (5.0%) (Suehiro 

et al. 2020). Similarly, the presence of HSV-2 infection was 5-fold higher in women with CIN 

and squamous cell carcinoma compared to those with normal cervical cytology (Zhao et al. 



 

100 
 

2012). Moreover, the co-infection of HPV/HSV-2 was significantly associated with cervical 

cancer lesions and cervical cancer than healthy women suggesting that this co-infection could 

be involved in the progression of cervical cancer (Zhao et al. 2012). The findings highlight the 

need to consider awareness and educational programmes about the risk of these viruses in 

order to help reduce their outcome. 

 

With South Africa having a high burden of STIs, particularly among asymptomatic women, an 

effective strategy to diagnose and treat STIs is needed. The high prevalence of HPV observed 

in this population requires the need of HPV vaccination strategies. Syndromic management 

policy has been reported to have low specificity and sensitivity in identifying the most 

common STIs, such as NG and CT (Maina, Kimani, and Anzala 2016; Marx et al. 2010). The 

syndromic management approach may not be good enough to control STIs when utilised 

alone as it results in  a high STI prevalence of undiagnosed infections that may facilitate the 

transmission of HIV infection (Ward and Rönn 2010). The high prevalence of STIs in this region 

encourages the need to implement diagnostic STI screening tests as the potential strategy to 

effectively decrease the burden of STI since a majority of STI-positive women are 

asymptomatic and remain untreated (Barnabas et al. 2018). The screening will be beneficial 

not only for asymptomatic women but for those with symptoms in the general population or 

high-risk populations and facilitate receipt of appropriate treatment. Furthermore, 

considering the high prevalence of HR-HPV observed in this population, STI screening would 

be of assistance as it will help to reduce the burden of sexually transmitted pathogens that 

could potentially promote the development of persistence and cervical cancer lesions (Yong 

Il 2017).  

 

We acknowledge that the study had some potential limitations including small sample size 

and The study population were participants from community clinic and does not represent 

the population of rural Eastern Cape Province of South Africa; therefore, the findings cannot 

be used of this study cannot be regarded as the representative sample for the whole 

population of rural Eastern Cape Province. Also, the study was designed for HPV screening 

and this may result to a potential sampling bias in the context of sexual transmitted infection. 
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Furthermore, in this study we depended on self-reported questionnaire for some data such 

as vaginal discharge, frequency of vaginal discharge and sexual behaviour. Therefore, this 

information may also introduce bias during the collection of participant information and 

analysis.  

 

5.5 CONCLUSION  

A high prevalence of sexually transmitted pathogens, particularly TV, UP, and MH was 

documented in this rural community. HSV-2 and HIV were co-factors strongly associated with 

HR-HPV infection. The high prevalence of these pathogens underscores the need to revise the 

syndromic management policy by implementing effective strategies of prevention, screening 

tests, and management for sexually transmitted pathogens. The study also highlights the 

need to encourage routine screening of STIs for all women screened for cervical cancer. 
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CHAPTER 6: CONCLUSIONS 

The burden of cervical cancer has been reduced in developed countries due to the 

implementation of improved cervical cancer screening programs and HPV vaccination, but it 

remains a public health problem in low- and middle-income countries such as South African. 

It is important to note that the participants included in this study were from a rural 

community clinic and referral gynaecology outpatient clinic. This is the first study to 

investigate HPV prevalence, risk factors for HPV infection and comparing cervical cancer 

screening methods in women from the Eastern Cape of South Africa. Moreover, this is the 

first study to determine the distribution of HR-HPV genotypes in women with or without 

cervical intraepithelial lesions from this community. This thesis provides insight on HPV 

infection, potential risk factors for HPV infection and cervical cancer screening methods from 

women with or without the cervical disease. It also provides information about other sexually 

transmitted pathogens in women without cervical diseases.  

 

HIV infection is the strongest predictor of HPV infection, whereby it greatly influences the 

high HPV prevalence and HPV viral load. We demonstrated a high HR-HPV burden of infection 

among women attending a rural community clinic, with 31% of the women being HIV-positive 

and 40.1% of those women having HR-HPV compared with 21.4% of the HIV-negative women. 

This is extremely high for a cohort where the median age was 46. The HPV infection was 

associated with age, the number of sexual partners and HIV infection. This data shows that 

HIV status and sexual behaviour influenced the prevalence of HR-HPV infection in this cohort. 

We further showed that HIV-positive women had a higher viral load of HR-HPV infection both 

with normal and abnormal cytology compared to HIV-negative women. The increase of HPV 

viral load among HIV-positive could be due to immunologic mechanisms. Furthermore, HPV 

viral load has been previously reported to increase with the severity of cervical cytology and 

can be used as the biomarker for cervical cancer progression (Moodley et al. 2009; Shen et al. 

2014). These results show that education on risk factors associated with HPV infection is 

needed and highlights the importance of cervical cancer screening for both the general and 

high-risk populations. 
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In women with confirmed high-grade lesions (CIN2 & CIN3) on histology analysis had a high 

prevalence of HPV CIN2 (93.5%) and CIN3 (96.6%). There increase in HPV prevalence, and 

multiple HPV infection was influenced by the HIV status, with significantly higher rates 

observed among HIV-positive women than HIV-negative women. The top four identified HPV 

types were HPV35, HPV58, HPV45 and HPV16 for CIN2 women, while HPV35, HPV16, HPV33 

and HPV58 were the most frequently detected genotypes for CIN3. HPV16 has been reported 

as the most dominant genotype in women with precancerous lesions and cervical cancer (Van 

Aardt et al. 2016), but this result was not observed in our study. It has been shown that 

cervical cancer lesions are associated with a single HPV type compared to multiple HPV types 

(van der Marel et al. 2015). In our study HPV35 was the predominant HPV type as a single 

HPV infection or in multiple HPV infections in both HIV-positive women and HIV-negative 

women. Multiple infections in this cohort might be due to the population studied (number of 

HIV-positive women) and the procedure used for collecting the specimens (exfoliative cervical 

specimens). The currently available vaccine does not cover HPV35. Therefore, this data shows 

that HPV vaccines will not be fully protective in this population and suggest the inclusion of 

this HR-HPV type in the next generation of HPV vaccines. HPV genotype data will raise 

awareness of HPV types present in women with precancerous lesions before implementing 

HPV testing strategies in this population. 

 

Emerging evidence shows that the HPV test for self-sampling is an attractive, promising, and 

effective screening strategy for women residing in rural communities (Mbatha et al. 2017; 

Fitzpatrick et al. 2019; Esber et al. 2018). Data from this study shows that the detection of HR-

HPV infection was comparable between self-collection and clinician-collection in both the 

rural community clinic and the referral clinic. The distribution of HPV types was similar, with 

HPV16, HPV35 and HPV33/52/58 being the most frequently detected genotypes in self-

collected and clinician-collected specimens. HPV-specific type agreement between self-

collection and clinician-collection varied from moderate to almost perfect. The compatibility 

of self-collection and clinician-collected for HPV detection indicate that the self-collection 

method can be incorporated and used as the alternative screening tool in the cervical cancer 

screening programme. 
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FTA cards as the specimen storage system provided good DNA quality for the detection of 

HPV infection, suggesting that self-collection on FTA cards is an effective storage method. HPV 

tests (HC-2 and hpVIR real-time PCR) used in this cohort had a good concordance for HPV 

detection, indicating that HPV testing can be included in cervical cancer screening for general 

and high-risk populations. However, implementation of HPV testing as the primary cervical 

cancer screening test would be challenging in our country due the high prevalence of HPV 

indicating that triage strategies would be useful. HC-2 offers cost-effectiveness but has the 

disadvantages of not having internal control for DNA and it does not specify which individual 

HR-HPV types are present in participants. The hpVIR real-time provides individual specific HPV 

types, HPV copy number, viral load, and control for DNA, but it might be complicated to 

implement this type of HPV test as it is an “in-house” test requiring a high level of laboratory 

expertise which is not available in most diagnostic centres in South Africa. Therefore, these 

findings encourage the need to conduct more studies comparing HPV tests in order to 

determine which test could be done on these samples. 

 

The high level of acceptance of self-sampling among women from the community clinic and 

the referral clinic indicates that the self-collection method may positively impact this 

population. Implementation of self-sampling might increase the participation/uptake of 

cervical cancer screening in regions with limited equipment to perform cytology screening or 

women from rural areas who do not have access to screening.  Self-sampling offers benefits 

to women. It gives women the opportunity to collect the specimen themselves without 

feeling embarrassed/uncomfortable, saves time and reduces the cost of traveling to the 

clinic/ hospital. However, women have raised some concerns about self-collection, such as 

fear of hurting themselves when collecting the samples, not collecting the samples correctly 

and the accuracy of the test. Other participants found self-sampling not appropriate for older 

and disabled women.    

 

The interaction of HPV with other sexually transmitted pathogens influences the progression 

of cervical cancer lesions. TV was highly prevalent in this study, with low rates of the most 
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commonly detect STIs such as CT and NG in women from the community clinic, which could 

be influenced by the population studied. It is important to note that the population studied 

was not from the STI clinic. Pathobionts such as UP and MH were present at a higher rate, 

and high co-infection rates were found to be UP/MH (26%) and UP/HR-HPV (21%). Other 

studies have reported co-infection of these pathobionts and HPV infection (Camara et al. 

2018; Parthenis et al. 2018). However there are no screening guidelines available for these 

pathogens. Furthermore, HIV infection and HSV-2 were associated with HR-HPV infection, 

which shows that this correctional may impact cervical cancer lesions' development. The high 

prevalence of STIs and other sexually transmitted pathogens shows that there is a need to 

improve STI screening, treatment, and implementing strategies to prevent and reduce the 

burden sexual transmitted pathogens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

106 
 

REFERENCES 

Adachi, K., J. D. Klausner, C. C. Bristow, J. Xu, B. Ank, M. G. Morgado, D. H. Watts, F. Weir, D. Persing, 
L. M. Mofenson, V. G. Veloso, J. H. Pilotto, E. Joao, and K. Nielsen-Saines. 2015. 'Chlamydia 
and Gonorrhea in HIV-Infected Pregnant Women and Infant HIV Transmission', Sex Transm 
Dis, 42: 554-65. 

Adefuye, A., and K. Sales. 2012. 'Regulation of inflammatory pathways in cancer and infectious disease 
of the cervix', Scientifica (Cairo), 548150. 

Adler, D. H., L. Kakinami, T. Modisenyane, N. Tshabangu, L. Mohapi, G. De Bruyn, N. A. Martinson, and 
T. Omar. 2012. 'Increased regression and decreased incidence of human papillomavirus-
related cervical lesions among HIV-infected women on HAART', Aids, 26: 1645-52. 

Adler, D. H., M. Wallace, T. Bennie, M. Mrubata, B. Abar, T. L. Meiring, A. L. Williamson, and L. G. 
Bekker. 2014. 'Cervical dysplasia and high-risk human papillomavirus infections among HIV-
infected and HIV-uninfected adolescent females in South Africa', Infect Dis Obstet Gynecol, 
498048. 

Adler, D., F. Laher, M. Wallace, K. Grzesik, H. Jaspan, L. G. Bekker, G. Gray, Z. Valley-Omar, B. Allan, 
and A. L. Williamson. 2013. 'High Rate of Multiple Concurrent Human Papillomavirus 
Infections among HIV-Uninfected South African Adolescents', J Immunol Tech Infect Dis, 2: 
1000106. 

Agorastos, T., K. Chatzistamatiou, T. Katsamagkas, G. Koliopoulos, A. Daponte, T. Constantinidis, and 
T. C. Constantinidis. 2015. 'Primary screening for cervical cancer based on high-risk human 
papillomavirus (HPV) detection and HPV 16 and HPV 18 genotyping, in comparison to 
cytology', PLoS One, 10: e0119755. 

Alam, S., M. J. Conway, H. S. Chen, and C. Meyers. 2008. 'The cigarette smoke carcinogen 
benzo[a]pyrene enhances human papillomavirus synthesis', J Virol, 82: 1053-8. 

Allan, B., D. J. Marais, M. Hoffman, S. Shapiro, and A. L. Williamson. 2008. 'Cervical human 
papillomavirus (HPV) infection in South African women: implications for HPV screening and 
vaccine strategies', J Clin Microbiol, 46: 740-2. 

Allen-Leigh, B., P. Uribe-Zúñiga, L. León-Maldonado, B. J. Brown, A. Lörincz, J. Salmeron, and E. 
Lazcano-Ponce. 2017. 'Barriers to HPV self-sampling and cytology among low-income 
indigenous women in rural areas of a middle-income setting: a qualitative study', BMC Cancer, 
17: 734. 

Altobelli, E., L. Rapacchietta, V. F. Profeta, and R. Fagnano. 2019. 'HPV-vaccination and cancer cervical 
screening in 53 WHO European Countries: An update on prevention programs according to 
income level', Cancer Med, 8: 2524-34. 

Amorim, A. T., L. M. Marques, G. B. Campos, T. N. Lobão, V. de Souza Lino, R. C. Cintra, M. A. Andreoli, 
L. L. Villa, E. Boccardo, Acrb Junior, R. V. M. López, D. B. Dos Santos, G. M. de Souza, C. C. 
Romano, and J. Timenetsky. 2017. 'Co-infection of sexually transmitted pathogens and Human 
Papillomavirus in cervical samples of women of Brazil', BMC Infect Dis, 17: 769. 

Arbyn, M., A. Haelens, A. Desomer, F.  Verdoodt, N. Thiry, J. Francart, G. Hanquet, and J.  Robays. 2015. 
'Cervical cancer screening program and Human Papillomavirus (HPV) testing, part II: Update 
on HPV primary screening. ', Health Technology Assessment (HTA) Brussels: Belgian Health 
Care Knowledge Centre (KCE) KCE Reports 238. 

Arbyn, M., G. Ronco, A. Anttila, C. J. Meijer, M. Poljak, G. Ogilvie, G. Koliopoulos, P. Naucler, R. 
Sankaranarayanan, and J. Peto. 2012. 'Evidence regarding human papillomavirus testing in 
secondary prevention of cervical cancer', Vaccine, 30 Suppl 5: F88-99. 

Arbyn, M., S. B. Smith, S. Temin, F. Sultana, and P. Castle. 2018. 'Detecting cervical precancer and 
reaching underscreened women by using HPV testing on self samples: updated meta-
analyses', Bmj, 363: k4823. 

Arbyn, M., M. Tommasino, C. Depuydt, and J. Dillner. 2014. 'Are 20 human papillomavirus types 
causing cervical cancer?', J Pathol, 234: 431-5. 



 

107 
 

Arbyn, M., F. Verdoodt, P. J. Snijders, V. M. Verhoef, E. Suonio, L. Dillner, S. Minozzi, C. Bellisario, R. 
Banzi, F. H. Zhao, P. Hillemanns, and A. Anttila. 2014. 'Accuracy of human papillomavirus 
testing on self-collected versus clinician-collected samples: a meta-analysis', Lancet Oncol, 15: 
172-83. 

Arbyn, M., E. Weiderpass, L. Bruni, S. de Sanjosé, M. Saraiya, J. Ferlay, and F. Bray. 2020. 'Estimates of 
incidence and mortality of cervical cancer in 2018: a worldwide analysis', Lancet Glob Health, 
8: e191-e203. 

Arbyn, M., L. Xu, C. Simoens, and P. P. Martin-Hirsch. 2018. 'Prophylactic vaccination against human 
papillomaviruses to prevent cervical cancer and its precursors', Cochrane Database Syst Rev, 
5: Cd009069. 

Armstrong, S. F., and J. F. Guest. 2020. 'Cost-Effectiveness and Cost-Benefit of Cervical Cancer 
Screening with Liquid Based Cytology Compared with Conventional Cytology in Germany', 
Clinicoecon Outcomes Res, 12: 153-66. 

Arnheim Dahlström, L., K. Andersson, T. Luostarinen, S. Thoresen, H. Ögmundsdottír, L. Tryggvadottír, 
F. Wiklund, G. B. Skare, C. Eklund, K. Sjölin, E. Jellum, P. Koskela, G. Wadell, M. Lehtinen, and 
J. Dillner. 2011. 'Prospective seroepidemiologic study of human papillomavirus and other risk 
factors in cervical cancer', Cancer Epidemiol Biomarkers Prev, 20: 2541-50. 

Arulogun, O. S., and O. O. Maxwell. 2012. 'Perception and utilization of cervical cancer screening 
services among female nurses in University College Hospital, Ibadan, Nigeria', Pan Afr Med J, 
11: 69. 

Australian Government Department of Health. 2017. 'National Cervical Screening Program', Available 
at  http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/cervical-
screening-1 (Accessed 30 September 2020). 

———. 2018. 'Changes to the National Cervical Screening Program (NCSP) for Healthcare Providers 
From 1 December 2017', 1-december-changes-fact-sheet. Available at 
http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/ (Accessed 
27 January 2021). 

Averbach, S. H., P. E. Gravitt, R. G. Nowak, D. D. Celentano, M. S. Dunbar, C. S. Morrison, B. Grimes, 
and N. S. Padian. 2010. 'The association between cervical human papillomavirus infection and 
HIV acquisition among women in Zimbabwe', Aids, 24: 1035-42. 

Awua, A. K., S. T. Sackey, Y. D. Osei, R. H. Asmah, and E. K. Wiredu. 2016. 'Prevalence of human 
papillomavirus genotypes among women with cervical cancer in Ghana', Infect Agent Cancer, 
11: 4. 

Bains, I., Y. H. Choi, K. Soldan, and M. Jit. 2019. 'Clinical impact and cost-effectiveness of primary 
cytology versus human papillomavirus testing for cervical cancer screening in England', Int J 
Gynecol Cancer, 29(4). 

Bansil, P., S. Wittet, J. L. Lim, J. L. Winkler, P. Paul, and J. Jeronimo. 2014. 'Acceptability of self-
collection sampling for HPV-DNA testing in low-resource settings: a mixed methods approach', 
BMC Public Health, 14: 596. 

Barnabas, S. L., S. Dabee, J. S. Passmore, H. B. Jaspan, D. A. Lewis, S. Z. Jaumdally, H. Gamieldien, L. 
Masson, E. Muller, V. D. Maseko, N. Mkhize, Z. Mbulawa, A. L. Williamson, C. M. Gray, T. J. 
Hope, F. Chiodi, J. Dietrich, G. Gray, and L. G. Bekker. 2018. 'Converging epidemics of sexually 
transmitted infections and bacterial vaginosis in southern African female adolescents at risk 
of HIV', Int J STD AIDS, 29: 531-39. 

Barrientos-Durán, A., A. de Salazar, M. Alvarez-Estévez, A. Fuentes-López, B. Espadafor, and F. Garcia. 
2020. 'Detection of sexually transmitted disease-causing pathogens from direct clinical 
specimens with the multiplex PCR-based STD Direct Flow Chip Kit', Eur J Clin Microbiol Infect 
Dis, 39: 235-41. 

Basu, P., D. Banerjee, S. Mittal, R. Mandal, I. Ghosh, P. Das, R. Muwonge, and J. Biswas. 2016. 
'Evaluation of a compact, rechargeable, magnifying device to triage VIA and HPV positive 

http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/cervical-screening-1
http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/cervical-screening-1
http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/


 

108 
 

women in a cervical cancer screening program in rural India', Cancer Causes Control, 27: 1253-
9. 

Basu, P., A. Ponti, A. Anttila, G. Ronco, C. Senore, D. B. Vale, N. Segnan, M. Tomatis, I. Soerjomataram, 
M. Primic Žakelj, J. Dillner, K. M. Elfström, S. Lönnberg, and R. Sankaranarayanan. 2018. 'Status 
of implementation and organization of cancer screening in The European Union Member 
States-Summary results from the second European screening report', Int J Cancer, 142: 44-56. 

Baussano, I., M. Diaz, S. Tully, N. Muñoz, S. de Sanjosé, F. X. Bosch, and S. Franceschi. 2017. 'Effect of 
age-difference between heterosexual partners on risk of cervical cancer and human 
papillomavirus infection', Papillomavirus Res, 3: 98-104. 

Bekos, C., R. Schwameis, G. Heinze, M. Gärner, C. Grimm, E. Joura, R. Horvat, S. Polterauer, and M. 
Polterauer. 2018. 'Influence of age on histologic outcome of cervical intraepithelial neoplasia 
during observational management: results from large cohort, systematic review, meta-
analysis', Sci Rep, 8: 6383. 

Bernard, H. U., R. D. Burk, Z. Chen, K. van Doorslaer, H. zur Hausen, and E. M. de Villiers. 2010. 
'Classification of papillomaviruses (PVs) based on 189 PV types and proposal of taxonomic 
amendments', Virology, 401: 70-9. 

Berner, A., S. B. Hassel, P. M. Tebeu, S. Untiet, G. Kengne-Fosso, I. Navarria, M. Boulvain, P. Vassilakos, 
and P. Petignat. 2013. 'Human papillomavirus self-sampling in Cameroon: women's 
uncertainties over the reliability of the method are barriers to acceptance', J Low Genit Tract 
Dis, 17: 235-41. 

Bhattacharyya, A. K., J. D. Nath, and H. Deka. 2015. 'Comparative study between pap smear and visual 
inspection with acetic acid (via) in screening of CIN and early cervical cancer', J Midlife Health, 
6: 53-8. 

Biernat-Sudolska, M., S. Szostek, D. Rojek-Zakrzewska, M. Klimek, and M. Kosz-Vnenchak. 2011. 
'Concomitant infections with human papillomavirus and various mycoplasma and ureaplasma 
species in women with abnormal cervical cytology', Adv Med Sci, 56: 299-303. 

Bishop, E., M. L. Katz, and P. L. Reiter. 2019. 'Acceptability of Human Papillomavirus Self-Sampling 
Among a National Sample of Women in the United States', Biores Open Access, 8: 65-73. 

Bjartling, C., S. Osser, and K. Persson. 2010. 'The association between Mycoplasma genitalium and 
pelvic inflammatory disease after termination of pregnancy', Bjog, 117: 361-4. 

Blatt, A. J., R. Kennedy, R. D. Luff, R. M. Austin, and D. S. Rabin. 2015. 'Comparison of cervical cancer 
screening results among 256,648 women in multiple clinical practices', Cancer Cytopathol, 
123: 282-8. 

Blattner, William A., and Rebecca G. Nowak. 2013. 'Epidemiology of AIDS-Defining Malignancies.' in 
Thomas J. Hope, Mario Stevenson and Douglas Richman (eds.), Encyclopedia of AIDS (Springer 
New York: New York, NY). 

Blitz, S., J. Baxter, J. Raboud, S. Walmsley, A. Rachlis, F. Smaill, A. Ferenczy, F. Coutlée, C. Hankins, and 
D. Money. 2013. 'Evaluation of HIV and highly active antiretroviral therapy on the natural 
history of human papillomavirus infection and cervical cytopathologic findings in HIV-positive 
and high-risk HIV-negative women', J Infect Dis, 208: 454-62. 

Bogaards, J. A., P. van der Weele, P. J. Woestenberg, B. H. B. van Benthem, and A. J. King. 2019. 
'Bivalent Human Papillomavirus (HPV) Vaccine Effectiveness Correlates With Phylogenetic 
Distance From HPV Vaccine Types 16 and 18', J Infect Dis, 220: 1141-46. 

Bogaards, J. A., M. Xiridou, V. M. Coupé, C. J. Meijer, J. Wallinga, and J. Berkhof. 2010. 'Model-based 
estimation of viral transmissibility and infection-induced resistance from the age-dependent 
prevalence of infection for 14 high-risk types of human papillomavirus', Am J Epidemiol, 171: 
817-25. 

Botha, M. H., and K. L. Richter. 2015. 'Cervical cancer prevention in South Africa: HPV vaccination and 
screening both essential to achieve and maintain a reduction in incidence', S Afr Med J, 105: 
33-4. 



 

109 
 

Botha, M.H. , and G.  Dreyer. 2017. 'Guidelines for cervical cancer screening in South Africa', South Afr 
J of Gynaecol Oncol, 9(1):8-12. 

Bouvard, V., R. Baan, K. Straif, Y. Grosse, B. Secretan, F. El Ghissassi, L. Benbrahim-Tallaa, N. Guha, C. 
Freeman, L. Galichet, and V. Cogliano. 2009. 'A review of human carcinogens--Part B: 
biological agents', Lancet Oncol, 10: 321-2. 

Bowden, S.J., and M. Kyrgiou. 2020. 'Human papillomavirus', Obstetrics, Gynaecology & Reproductive 
Medicine, 30: 109-18. 

Bravo, I. G., S. de Sanjosé, and M. Gottschling. 2010. 'The clinical importance of understanding the 
evolution of papillomaviruses', Trends Microbiol, 18: 432-8. 

Bray, F., J. Ferlay, I. Soerjomataram, R. L. Siegel, L. A. Torre, and A. Jemal. 2018. 'Global cancer statistics 
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 
countries', CA Cancer J Clin, 68: 394-424. 

Brotherton, J. M., M. Fridman, C. L. May, G. Chappell, A. M. Saville, and D. M. Gertig. 2011. 'Early effect 
of the HPV vaccination programme on cervical abnormalities in Victoria, Australia: an 
ecological study', Lancet, 377: 2085-92. 

Bruni, L. , G.  Albero, B.  Serrano, M.  Mena, D.  Gómez, J.  Muñoz, F.X.  Bosch, and S. de Sanjosé. 2019a. 
'ICO/IARC Information Centre on HPV and Cancer (HPV Information Centre). Human 
Papillomavirus and Related Diseases in World ', Summary Report 17 June 2019. Available at 
https://www.hpvcentre.net/statistics/reports/XWX.pdf (Accessed 28 February 2019). 

———. 2019b. 'ICO/IARC Information Centre on HPV and Cancer (HPV Information Centre). Human 
Papillomavirus and Related Diseases in the South Africa ', Summary Report 17 June 2019. 
Available at https://hpvcentre.net/statistics/reports/ZAF.pdf (Accessed 28 June2019). 

Bruni, L., M. Diaz, X. Castellsagué, E. Ferrer, F. X. Bosch, and S. de Sanjosé. 2010. 'Cervical human 
papillomavirus prevalence in 5 continents: meta-analysis of 1 million women with normal 
cytological findings', J Infect Dis, 202: 1789-99. 

Burd, E. M. 2003. 'Human papillomavirus and cervical cancer', Clin Microbiol Rev, 16: 1-17. 
Burger, E. A., J. J. Kim, S. Sy, and P. E. Castle. 2017. 'Age of Acquiring Causal Human Papillomavirus 

(HPV) Infections: Leveraging Simulation Models to Explore the Natural History of HPV-induced 
Cervical Cancer', Clin Infect Dis, 65: 893-99. 

Bzhalava, D., C. Eklund, and J. Dillner. 2015. 'International standardization and classification of human 
papillomavirus types', Virology, 476: 341-44. 

Caldeira, T.D.M., C.V. Gonçalves, G.R.D. Oliveira, T.V.D. Fonseca, R. Goncalves, C.T.D. Amaral, V.P.D. 
Hora, and A.M.B.D. Martinez.  2013. 'Prevalence of herpes simplex virus type 2 and risk factors 
associated with this infection in women in southern Brazil', Revista do Instituto de Medicina 
Tropical de Sao Paulo, 55: 315-21. 

Camara, B.H., M. Anyanwu, E. Wright, and P. T. Kimmitt. 2018. 'Human papilloma virus genotype 
distribution and risk factor analysis amongst reproductive-age women in urban Gambia', J 
Med Microbiol, 67: 1645-54. 

Camel, C., and M. Maza. 2020. 'The careHPV test', HPV World. available at: 
https://www.hpvworld.com/articles/the-carehpv-test/ (accessed 15 October 2020). 

Campbell, C.M.P., L. J. Menezes, E. D. Paskett, and A. R. Giuliano. 2012. 'Prevention of invasive cervical 
cancer in the United States: past, present, and future', Cancer Epidemiol Biomarkers Prev, 21: 
1402-8. 

Campos, N. G., N. Lince-Deroche, C. J. Chibwesha, C. Firnhaber, J. S. Smith, P. Michelow, G. Meyer-
Rath, L. Jamieson, S. Jordaan, M. Sharma, C. Regan, S. Sy, G. Liu, V. Tsu, J. Jeronimo, and J. J. 
Kim. 2018. 'Cost-Effectiveness of Cervical Cancer Screening in Women Living With HIV in South 
Africa: A Mathematical Modeling Study', J Acquir Immune Defic Syndr, 79: 195-205. 

Carcopino, X., N. Bolger, M. Henry, J. Mancini, L. Boubli, D. Olive, S. Cleary, W. Prendiville, and C. 
Tamalet. 2011. 'Evaluation of type-specific HPV persistence and high-risk HPV viral load 
quantitation in HPV positive women under 30 with normal cervical cytology', J Med Virol, 83: 
637-43. 

https://hpvcentre.net/statistics/reports/ZAF.pdf
https://www.hpvworld.com/articles/the-carehpv-test/


 

110 
 

Castellsagué, X., and N. Muñoz. 2003. 'Chapter 3: Cofactors in human papillomavirus carcinogenesis--
role of parity, oral contraceptives, and tobacco smoking', J Natl Cancer Inst Monogr: 20-8. 

Castellsagué, X., J. Paavonen, U. Jaisamrarn, C. M. Wheeler, S. R. Skinner, M. Lehtinen, P. Naud, S. N. 
Chow, M. R. Del Rosario-Raymundo, J. C. Teixeira, J. Palmroth, N. S. de Carvalho, M. J. Germar, 
K. Peters, S. M. Garland, A. Szarewski, W. A. Poppe, B. Romanowski, T. F. Schwarz, W. A. 
Tjalma, F. X. Bosch, M. C. Bozonnat, F. Struyf, G. Dubin, D. Rosillon, and L. Baril. 2014. 'Risk of 
first cervical HPV infection and pre-cancerous lesions after onset of sexual activity: analysis of 
women in the control arm of the randomized, controlled PATRICIA trial', BMC Infect Dis, 14: 
551. 

Castle, P. E. 2008. 'How does tobacco smoke contribute to cervical carcinogenesis?', J Virol, 82: 6084-
5; author reply 85-6. 

———. 2015. 'Comparison of cervical cancer screening results among 256,648 women in multiple 
clinical practices', Cancer Cytopathol, 123: 566. 

Castle, P. E., and A. R. Giuliano. 2003. 'Chapter 4: Genital tract infections, cervical inflammation, and 
antioxidant nutrients--assessing their roles as human papillomavirus cofactors', J Natl Cancer 
Inst Monogr, 31:29-34. 

Castle, P. E., S. L. Hillier, L. K. Rabe, A. Hildesheim, R. Herrero, M. C. Bratti, M. E. Sherman, R. D. Burk, 
A. C. Rodriguez, M. Alfaro, M. L. Hutchinson, J. Morales, and M. Schiffman. 2001. 'An 
association of cervical inflammation with high-grade cervical neoplasia in women infected 
with oncogenic human papillomavirus (HPV)', Cancer Epidemiol Biomarkers Prev, 10: 1021-7. 

Castle, P. E., M. H. Stoler, T. C. Wright, Jr., A. Sharma, T. L. Wright, and C. M. Behrens. 2011. 
'Performance of carcinogenic human papillomavirus (HPV) testing and HPV16 or HPV18 
genotyping for cervical cancer screening of women aged 25 years and older: a subanalysis of 
the ATHENA study', Lancet Oncol, 12: 880-90. 

Catarino, R., P. Vassilakos, A. Bilancioni, M. Vanden Eynde, U. Meyer-Hamme, P. A. Menoud, F. Guerry, 
and P. Petignat. 2015. 'Randomized Comparison of Two Vaginal Self-Sampling Methods for 
Human Papillomavirus Detection: Dry Swab versus FTA Cartridge', PLoS One, 10: e0143644. 

Chamot, E., S. Kristensen, J. S. Stringer, and M. H. Mwanahamuntu. 2010. 'Are treatments for cervical 
precancerous lesions in less-developed countries safe enough to promote scaling-up of 
cervical screening programs? A systematic review', BMC Womens Health, 10: 11. 

Chang, H. K., S. S. Seo, J. P. Myong, Y. L. Yu, and S. W. Byun. 2019. 'Incidence and costs of cervical 
intraepithelial neoplasia in the Korean population', J Gynecol Oncol, 30: e37. 

Chen, C., Z. Yang, Z. Li, and L. Li. 2012. 'Accuracy of several cervical screening strategies for early 
detection of cervical cancer: a meta-analysis', Int J Gynecol Cancer, 22: 908-21. 

Chen, L., and H. Wang. 2019. 'Nicotine Promotes Human Papillomavirus (HPV)-Immortalized Cervical 
Epithelial Cells (H8) Proliferation by Activating RPS27a-Mdm2-P53 Pathway In Vitro', Toxicol 
Sci, 167: 408-18. 

Choi, J. W., Y. Kim, J. H. Lee, and Y. S. Kim. 2016. 'The clinical performance of primary HPV screening, 
primary HPV screening plus cytology cotesting, and cytology alone at a tertiary care hospital', 
Cancer Cytopathol, 124: 144-52. 

Chow, J., H. Tang, and S. K. Mazmanian. 2011. 'Pathobionts of the gastrointestinal microbiota and 
inflammatory disease', Curr Opin Immunol, 23: 473-80. 

Chumduri, C., R. K. Gurumurthy, P. K. Zadora, Y. Mi, and T. F. Meyer. 2013. 'Chlamydia infection 
promotes host DNA damage and proliferation but impairs the DNA damage response', Cell 
Host Microbe, 13: 746-58. 

Ciavattini, A., M. Serri, J. Di Giuseppe, C. A. Liverani, B. Gardella, M. Papiccio, G. Delli Carpini, S. Morini, 
N. Clemente, and F. Sopracordevole. 2019. 'Long-term observational approach in women with 
histological diagnosis of cervical low-grade squamous intraepithelial lesion: an Italian 
multicentric retrospective cohort study', BMJ Open, 9: e024920. 



 

111 
 

Clarke, M. A., L. C. Cheung, P. E. Castle, M. Schiffman, D. Tokugawa, N. Poitras, T. Lorey, W. Kinney, 
and N. Wentzensen. 2019. 'Five-Year Risk of Cervical Precancer Following p16/Ki-67 Dual-Stain 
Triage of HPV-Positive Women', JAMA Oncol, 5: 181-86. 

Clifford, G. M., S. Franceschi, O. Keiser, F. Schöni-Affolter, M. Lise, S. Dehler, F. Levi, M. Mousavi, C. 
Bouchardy, A. Wolfensberger, K. E. Darling, C. Staehelin, B. Bertisch, E. Kuenzli, E. Bernasconi, 
M. Pawlita, and M. Egger. 2016. 'Immunodeficiency and the risk of cervical intraepithelial 
neoplasia 2/3 and cervical cancer: A nested case-control study in the Swiss HIV cohort study', 
Int J Cancer, 138: 1732-40. 

Clure, C., and C. Rivard. 2018. 'Primary Herpes Simplex Virus Infection Mimicking a Cervical Malignancy 
in an Immunocompetent Individual', Cureus, 10: e2753. 

Combaz-Söhnchen, N., and A. Kuhn. 2017. 'A Systematic Review of Mycoplasma and Ureaplasma in 
Urogynaecology', Geburtshilfe Frauenheilkd, 77: 1299-303. 

Committee, MSA. 2014. 'National Cervical Screening Program renewal: effectiveness modelling and 
economic evaluation in the Australian setting. ', Report November 2013. MSAC application 
1276 Canberra: Australian Government Department of Health. Available at 
http://wwwcancerscreeninggovau/internet/screening/publishingnsf/Content/E6A211A6FFC2
9E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluationpdf (Accessed 23 June 
2020). 

Costantini, S., F. Capone, E. Guerriero, and G. Castello. 2009. 'An approach for understanding the 
inflammation and cancer relationship', Immunol Lett, 126: 91-2. 

Cox, C., A. P. Watt, J. P. McKenna, and P. V. Coyle. 2016. 'Mycoplasma hominis and Gardnerella 
vaginalis display a significant synergistic relationship in bacterial vaginosis', Eur J Clin Microbiol 
Infect Dis, 35: 481-7. 

Cox, J. T., P. E. Castle, C. M. Behrens, A. Sharma, T. C. Wright, Jr., and J. Cuzick. 2013. 'Comparison of 
cervical cancer screening strategies incorporating different combinations of cytology, HPV 
testing, and genotyping for HPV 16/18: results from the ATHENA HPV study', Am J Obstet 
Gynecol, 208: 184.e1-84.e11. 

Cremer, M., E. Conlisk, M. Maza, K. Bullard, E. Peralta, M. Siedhoff, T. Alonzo, and J. Felix. 2011. 
'Adequacy of visual inspection with acetic acid in women of advancing age', Int J Gynaecol 
Obstet, 113: 68-71. 

Cristillo, A. D., C. C. Bristow, R. Peeling, B. Van Der Pol, S. H. de Cortina, I. K. Dimov, N. P. Pai, D. Jin 
Shin, R. Y. Chiu, C. Klapperich, P. Madhivanan, S. R. Morris, and J. D. Klausner. 2017. 'Point-of-
Care Sexually Transmitted Infection Diagnostics: Proceedings of the STAR Sexually 
Transmitted Infection-Clinical Trial Group Programmatic Meeting', Sex Transm Dis, 44: 211-
18. 

Crofts, V., E. Flahault, P. M. Tebeu, S. Untiet, G. K. Fosso, M. Boulvain, P. Vassilakos, and P. Petignat. 
2015. 'Education efforts may contribute to wider acceptance of human papillomavirus self-
sampling', Int J Womens Health, 7: 149-54. 

Crowe, E., N. Pandeya, J. M. Brotherton, A. J. Dobson, S. Kisely, S. B. Lambert, and D. C. Whiteman. 
2014. 'Effectiveness of quadrivalent human papillomavirus vaccine for the prevention of 
cervical abnormalities: case-control study nested within a population based screening 
programme in Australia', Bmj, 348: g1458. 

Cuschieri, K., D. T. Geraets, C. Moore, W. Quint, E. Duvall, and M. Arbyn. 2015. 'Clinical and Analytical 
Performance of the Onclarity HPV Assay Using the VALGENT Framework', J Clin Microbiol, 53: 
3272-9. 

Cuschieri, K., G. Ronco, A. Lorincz, L. Smith, G. Ogilvie, L. Mirabello, F. Carozzi, H. Cubie, N. 
Wentzensen, P. Snijders, M. Arbyn, J. Monsonego, and S. Franceschi. 2018. 'Eurogin roadmap 
2017: Triage strategies for the management of HPV-positive women in cervical screening 
programs', Int J Cancer, 143: 735-45. 

http://wwwcancerscreeninggovau/internet/screening/publishingnsf/Content/E6A211A6FFC29E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluationpdf
http://wwwcancerscreeninggovau/internet/screening/publishingnsf/Content/E6A211A6FFC29E2CCA257CED007FB678/$File/Renewal%20Economic%20Evaluationpdf


 

112 
 

Cuzick, J., O. Myers, W. C. Hunt, D. Saslow, P. E. Castle, W. Kinney, A. Waxman, M. Robertson, and C. 
M. Wheeler. 2015. 'Human papillomavirus testing 2007-2012: co-testing and triage utilization 
and impact on subsequent clinical management', Int J Cancer, 136: 2854-63. 

D'Alessandro, P., B. Arduino, M. Borgo, G. Saccone, R. Venturella, A. Di Cello, and F. Zullo. 2018. '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, 7: 145-51. 

da Costa, R. F., W. de Souza, M. Benchimol, J. F. Alderete, and J. A. Morgado-Diaz. 2005. 'Trichomonas 
vaginalis perturbs the junctional complex in epithelial cells', Cell Res, 15: 704-16. 

Daley, E., A. Alio, E. H. Anstey, R. Chandler, K. Dyer, and H. Helmy. 2011. 'Examining barriers to cervical 
cancer screening and treatment in Florida through a socio-ecological lens', J Community 
Health, 36: 121-31. 

Daling, J. R., M. M. Madeleine, S. M. Schwartz, K. A. Shera, J. J. Carter, B. McKnight, P. L. Porter, D. A. 
Galloway, J. K. McDougall, and H. Tamimi. 2002. 'A population-based study of squamous cell 
vaginal cancer: HPV and cofactors', Gynecol Oncol, 84: 263-70. 

Dartell, M., V. Rasch, C. Kahesa, J. Mwaiselage, T. Ngoma, J. Junge, A. Gernow, S. F. Ejlersen, C. Munk, 
T. Iftner, and S. K. Kjaer. 2012. 'Human papillomavirus prevalence and type distribution in 3603 
HIV-positive and HIV-negative women in the general population of Tanzania: the PROTECT 
study', Sex Transm Dis, 39: 201-8. 

de Abreu, A. L., N. Malaguti, R. P. Souza, N. S. Uchimura, C. Ferreira É, M. W. Pereira, M. D. Carvalho, 
S. M. Pelloso, M. G. Bonini, F. Gimenes, and M. E. Consolaro. 2016. 'Association of human 
papillomavirus, Neisseria gonorrhoeae and Chlamydia trachomatis co-infections on the risk of 
high-grade squamous intraepithelial cervical lesion', Am J Cancer Res, 6: 1371-83. 

de Bie, R. P., C. E. Schmeink, J. M. Bakkers, P. J. Snijders, W. G. Quint, L. F. Massuger, R. L. Bekkers, and 
W. J. Melchers. 2011. 'The indicating FTA elute cartridge a solid sample carrier to detect high-
risk HPV and high-grade cervical lesions', J Mol Diagn, 13: 371-6. 

de Fouw, M., R. M. Oosting, A. Rutgrink, O. M. Dekkers, A. A. W. Peters, and J. J. Beltman. 2019. 'A 
systematic review and meta-analysis of thermal coagulation compared with cryotherapy to 
treat precancerous cervical lesions in low- and middle-income countries', Int J Gynaecol 
Obstet, 147: 4-18. 

de Martel, C., J. Ferlay, S. Franceschi, J. Vignat, F. Bray, D. Forman, and M. Plummer. 2012. 'Global 
burden of cancers attributable to infections in 2008: a review and synthetic analysis', Lancet 
Oncol, 13: 607-15. 

de Oliveira, A. C. A., M. F. Domingues, P. M. Neufeld, M. Fleury, and J. F. Nogueira Neto. 2020. 
'Comparison between Conventional Cytology and Liquid-Based Cytology in the Tertiary 
Brazilian Navy Hospital in Rio de Janeiro', Acta Cytol, 64(6):539-546. 

de Sanjosé, S., M. Diaz, X. Castellsagué, G. Clifford, L. Bruni, N. Muñoz, and F. X. Bosch. 2007. 
'Worldwide prevalence and genotype distribution of cervical human papillomavirus DNA in 
women with normal cytology: a meta-analysis', Lancet Infect Dis, 7: 453-9. 

de Villiers, E. M. 2013. 'Cross-roads in the classification of papillomaviruses', Virology, 445: 2-10. 
de Villiers, E. M., C. Fauquet, T. R. Broker, H. U. Bernard, and H. zur Hausen. 2004. 'Classification of 

papillomaviruses', Virology, 324: 17-27. 
De Vuyst, H., N. R. Mugo, M. H. Chung, K. P. McKenzie, E. Nyongesa-Malava, V. Tenet, J. W. Njoroge, 

S. R. Sakr, C. M. Meijer, P. J. Snijders, F. S. Rana, and S. Franceschi. 2012. 'Prevalence and 
determinants of human papillomavirus infection and cervical lesions in HIV-positive women 
in Kenya', Br J Cancer, 107: 1624-30. 

De Vuyst, H., M.H. Chung, I. Baussano, N.R. Mugo, V. Tenet, F.J. van Kemenade, F.S. Rana, S.R. Sakr, 
C.J. Meijer, P.J. Snijders and S. Franceschi. 2013. Comparison of HPV DNA testing in cervical 
exfoliated cells and tissue biopsies among HIV-positive women in Kenya. International journal 
of cancer, 133(6):1441-1446. 



 

113 
 

de Waaij, D. J., J. H. Dubbink, S. Ouburg, R. P. H. Peters, and S. A. Morré. 2017. 'Prevalence of 
Trichomonas vaginalis infection and protozoan load in South African women: a cross-sectional 
study', BMJ Open, 7: e016959. 

Del Pino, M., C. Svanholm-Barrie, A. Torné, L. Marimon, J. Gaber, A. Sagasta, D. H. Persing, and J. Ordi. 
2015. 'mRNA biomarker detection in liquid-based cytology: a new approach in the prevention 
of cervical cancer', Mod Pathol, 28: 312-20. 

Deluca, G. D., J. Basiletti, E. Schelover, N. D. Vásquez, J. M. Alonso, H. M. Marín, R. H. Lucero, and M. 
A. Picconi. 2011. 'Chlamydia trachomatis as a probable cofactor in human papillomavirus 
infection in aboriginal women from northeastern Argentina', Braz J Infect Dis, 15: 567-72. 

Delvenne, P., L. Herman, N. Kholod, J. H. Caberg, M. Herfs, J. Boniver, N. Jacobs, and P. Hubert. 2007. 
'Role of hormone cofactors in the human papillomavirus-induced carcinogenesis of the 
uterine cervix', Mol Cell Endocrinol, 264: 1-5. 

Denny, L. A., S. Franceschi, S. de Sanjosé, I. Heard, A. B. Moscicki, and J. Palefsky. 2012. 'Human 
papillomavirus, human immunodeficiency virus and immunosuppression', Vaccine, 30 Suppl 
5: F168-74. 

Denny, L., I. Adewole, R. Anorlu, G. Dreyer, M. Moodley, T. Smith, L. Snyman, E. Wiredu, A. Molijn, W. 
Quint, G. Ramakrishnan, and J. Schmidt. 2014. 'Human papillomavirus prevalence and type 
distribution in invasive cervical cancer in sub-Saharan Africa', Int J Cancer, 134: 1389-98. 

Denny, L., R. Boa, A. L. Williamson, B. Allan, D. Hardie, R. Stan, and L. Myer. 2008. 'Human 
papillomavirus infection and cervical disease in human immunodeficiency virus-1-infected 
women', Obstet Gynecol, 111: 1380-7. 

Denny, L., R. Herrero, C. Levin, and J. J. Kim. 2015. 'Cervical Cancer.' in H. Gelband, P. Jha, R. 
Sankaranarayanan and S. Horton (eds.), Cancer: Disease Control Priorities, Third Edition 
(Volume 3) (The International Bank for Reconstruction and Development / The World Bank © 
2015 International Bank for Reconstruction and Development / The World Bank.: Washington 
(DC)). 

Denny, L., L. Kuhn, M. De Souza, A. E. Pollack, W. Dupree, and T. C. Wright, Jr. 2005. 'Screen-and-treat 
approaches for cervical cancer prevention in low-resource settings: a randomized controlled 
trial', Jama, 294: 2173-81. 

Denny, L., L. Kuhn, C. C. Hu, W. Y. Tsai, and T. C. Wright, Jr. 2010. 'Human papillomavirus-based cervical 
cancer prevention: long-term results of a randomized screening trial', J Natl Cancer Inst, 102: 
1557-67. 

Denny, L., M. Quinn, and R. Sankaranarayanan. 2006. 'Chapter 8: Screening for cervical cancer in 
developing countries', Vaccine, 24 Suppl 3: S3/71-7. 

Denny, Lynette, and Louise Kuhn. 2017. 'Cervical cancer prevention and early detection from a South 
African perspective', South African Health Review, 2017: 189-95. 

Department of National Health, republic of South Africa. 2015. 'Sexually Transmitted Infections 
Management Guidelines, adapted from Standard Treatment Guidelines and Essential Drugs 
List Primary Health Care. In: Standard Treatment Guidelines and Essential Drugs List for 
Primary Healthcare, editor ', Available at: 
http://wwwkznhealthgovza/pharmacy/edlphc2014apdf (Accessed 4 May 2020). 

Dhananjaya, D, and K. Kumari. 2017. 'Comparison of Manual Liquid Based Cytology and Conventional 
Pap Smear in Cervical Cancer Screening', National Journal of Laboratory Medicine, 6: 32-37. 

Di Pietro, M., S. Filardo, M. G. Porpora, N. Recine, M. A. Latino, and R. Sessa. 2018. 'HPV/Chlamydia 
trachomatis co-infection: metagenomic analysis of cervical microbiota in asymptomatic 
women', New Microbiol, 41: 34-41. 

Dijkstra, M.G., D.A. Heideman, F.J. van Kemenade, K.J. Hogewoning, A.T. Hesselink, M.C. Verkuijten, 
W.M. van Baal, G. M. Boer, P.J. Snijders, and C.J. Meijer. 2012. 'Brush-based self-sampling in 
combination with GP5+/6+-PCR-based hrHPV testing: high concordance with physician-taken 
cervical scrapes for HPV genotyping and detection of high-grade CIN', J Clin Virol, 54: 147-51. 

http://wwwkznhealthgovza/pharmacy/edlphc2014apdf


 

114 
 

Dijkstra, M.G., D. van Niekerk, D.C. Rijkaart, F.J. van Kemenade, D.A. Heideman, P.J. Snijders, C.J. 
Meijer, and J. Berkhof. 2014. 'Primary hrHPV DNA testing in cervical cancer screening: how to 
manage screen-positive women? A POBASCAM trial substudy', Cancer Epidemiol Biomarkers 
Prev, 23: 55-63. 

Dillner, J. 2019. 'Early detection and prevention', Mol Oncol, 13: 591-98. 
Ding, Z., Y. Li, A. Chen, M. Song, and Y. Zhang. 2016. 'Punch biopsy guided by both colposcopy and HR-

HPV status is more efficient for identification of immediate high-grade squamous 
intraepithelial lesion or worse among HPV-infected women with atypical squamous cells of 
undetermined significance', Eur J Obstet Gynecol Reprod Biol, 207: 32-36. 

Dols, J. A., G. Reid, J. M. Brown, H. Tempelman, T. R. Bontekoe, W. G. Quint, and M. E. Boon. 2012. 
'HPV Type Distribution and Cervical Cytology among HIV-Positive Tanzanian and South African 
Women', ISRN Obstet Gynecol, 514146. 

Donders, G. G., C. E. Depuydt, J. P. Bogers, and A. J. Vereecken. 2013. 'Association of Trichomonas 
vaginalis and cytological abnormalities of the cervix in low risk women', PLoS One, 8: e86266. 

Dovey de la Cour, C., S. Guleria, M. Nygård, L. Trygvadóttir, K. Sigurdsson, K.L. Liaw, M. Hortlund, C. 
Lagheden, B.T. Hansen, C. Munk,  and J. Dillner. 2019. Human papillomavirus types in cervical 
high-grade lesions or cancer among Nordic women—Potential for prevention. Cancer 
medicine, 8(2):839-849. 

Dreyer, G., C. Maske, and M. Stander. 2019. 'Clinical evaluation and budget impact analysis of cervical 
cancer screening using cobas 4800 HPV screening technology in the public sector of South 
Africa', PLoS One, 14: e0221495. 

Dubbink, J. H., S. P. Verweij, H. E. Struthers, S. Ouburg, J. A. McIntyre, S. A. Morré, and R. P. Peters. 
2018. 'Genital Chlamydia trachomatis and Neisseria gonorrhoeae infections among women in 
sub-Saharan Africa: A structured review', Int J STD AIDS, 29: 806-24. 

Ebrahim, S., X. K. Mndende, A. B. Kharsany, Z. Z. Mbulawa, V. Naranbhai, J. Frohlich, L. Werner, N. 
Samsunder, Q. A. Karim, and A. L. Williamson. 2016. 'High Burden of Human Papillomavirus 
(HPV) Infection among Young Women in KwaZulu-Natal, South Africa', PLoS One, 11: 
e0146603. 

Egawa, N., K. Egawa, H. Griffin, and J. Doorbar. 2015. 'Human Papillomaviruses; Epithelial Tropisms, 
and the Development of Neoplasia', Viruses, 7: 3863-90. 

Ejegod, D., F. Bottari, H. Pedersen, M. T. Sandri, and J. Bonde. 2016. 'The BD Onclarity HPV Assay on 
Samples Collected in SurePath Medium Meets the International Guidelines for Human 
Papillomavirus Test Requirements for Cervical Screening', J Clin Microbiol, 54: 2267-72. 

Ejegod, D. M., J. Junge, M. Franzmann, B. Kirschner, F. Bottari, M. Sideri, M. T. Sandri, and J. Bonde. 
2016. 'Clinical and analytical performance of the BD Onclarity™ HPV assay for detection of 
CIN2+ lesions on SurePath samples', Papillomavirus Res, 2: 31-37. 

Enebe, J. T., C. C. Dim, E. F. Nnakenyi, H. U. Ezegwui, and B. C. Ozumba. 2015. 'Effect of Low CD4 Cell 
Count on Cervical Squamous Intraepithelial Lesions among HIV-Positive Women in Enugu, 
Southeastern Nigeria', J Clin Diagn Res, 9: Qc07-10. 

Esber, A., A. Norris, E. Jumbe, J. Kandodo, P. Nampandeni, P. C. Reese, and A. N. Turner. 2018. 
'Feasibility, validity and acceptability of self-collected samples for human papillomavirus (HPV) 
testing in rural Malawi', Malawi Med J, 30: 61-66. 

Fang, J. H., X. M. Yu, S. H. Zhang, and Y. Yang. 2018. 'Effect of smoking on high-grade cervical cancer 
in women on the basis of human papillomavirus infection studies', J Cancer Res Ther, 14: S184-
s89. 

Farag, M.A.E., A.W.A. Morad, A. Azzazi, S.M. Fayed, and A.K.Z. Eldin. 2013. 'Association between 
genital mycoplasma and cervical squamous cell atypia', Middle East Fertility Society Journal, 
18 241-45. 

Felix, J. C., M. J. Lacey, J. D. Miller, G. M. Lenhart, M. Spitzer, and R. Kulkarni. 2016. 'The Clinical and 
Economic Benefits of Co-Testing Versus Primary HPV Testing for Cervical Cancer Screening: A 
Modeling Analysis', J Womens Health (Larchmt), 25: 606-16. 



 

115 
 

Ferris, D. G., and M. Litaker. 2005. 'Interobserver agreement for colposcopy quality control using 
digitized colposcopic images during the ALTS trial', J Low Genit Tract Dis, 9: 29-35. 

Fiori, P. L., N. Diaz, A. R. Cocco, P. Rappelli, and D. Dessì. 2013. 'Association of Trichomonas vaginalis 
with its symbiont Mycoplasma hominis synergistically upregulates the in vitro 
proinflammatory response of human monocytes', Sex Transm Infect, 89: 449-54. 

Fitzmaurice, C., C. Allen, R. M. Barber, L. Barregard, Z. A. Bhutta, H. Brenner, D. J. Dicker, O. Chimed-
Orchir, R. Dandona, L. Dandona, T. Fleming, M. H. Forouzanfar, J. Hancock, R. J. Hay, R. Hunter-
Merrill, C. Huynh, H. D. Hosgood, C. O. Johnson, J. B. Jonas, J. Khubchandani, G. A. Kumar, M. 
Kutz, Q. Lan, H. J. Larson, X. Liang, S. S. Lim, A. D. Lopez, M. F. MacIntyre, L. Marczak, N. 
Marquez, A. H. Mokdad, C. Pinho, F. Pourmalek, J. A. Salomon, J. R. Sanabria, L. Sandar, B. 
Sartorius, S. M. Schwartz, K. A. Shackelford, K. Shibuya, J. Stanaway, C. Steiner, J. Sun, K. 
Takahashi, S. E. Vollset, T. Vos, J. A. Wagner, H. Wang, R. Westerman, H. Zeeb, L. Zoeckler, F. 
Abd-Allah, M. B. Ahmed, S. Alabed, N. K. Alam, S. F. Aldhahri, G. Alem, M. A. Alemayohu, R. 
Ali, R. Al-Raddadi, A. Amare, Y. Amoako, A. Artaman, H. Asayesh, N. Atnafu, A. Awasthi, H. B. 
Saleem, A. Barac, N. Bedi, I. Bensenor, A. Berhane, E. Bernabé, B. Betsu, A. Binagwaho, D. 
Boneya, I. Campos-Nonato, C. Castañeda-Orjuela, F. Catalá-López, P. Chiang, C. Chibueze, A. 
Chitheer, J. Y. Choi, B. Cowie, S. Damtew, J. das Neves, S. Dey, S. Dharmaratne, P. Dhillon, E. 
Ding, T. Driscoll, D. Ekwueme, A. Y. Endries, M. Farvid, F. Farzadfar, J. Fernandes, F. Fischer, G. 
Hiwot TT, A. Gebru, S. Gopalani, A. Hailu, M. Horino, N. Horita, A. Husseini, I. Huybrechts, M. 
Inoue, F. Islami, M. Jakovljevic, S. James, M. Javanbakht, S. H. Jee, A. Kasaeian, M. S. Kedir, Y. 
S. Khader, Y. H. Khang, D. Kim, J. Leigh, S. Linn, R. Lunevicius, H. M. A. El Razek, R. Malekzadeh, 
D. C. Malta, W. Marcenes, D. Markos, Y. A. Melaku, K. G. Meles, W. Mendoza, D. T. Mengiste, 
T. J. Meretoja, T. R. Miller, K. A. Mohammad, A. Mohammadi, S. Mohammed, M. Moradi-
Lakeh, G. Nagel, D. Nand, Q. Le Nguyen, S. Nolte, F. A. Ogbo, K. E. Oladimeji, E. Oren, M. Pa, E. 
K. Park, D. M. Pereira, D. Plass, M. Qorbani, A. Radfar, A. Rafay, M. Rahman, S. M. Rana, K. 
Søreide, M. Satpathy, M. Sawhney, S. G. Sepanlou, M. A. Shaikh, J. She, I. Shiue, H. R. Shore, 
M. G. Shrime, S. So, S. Soneji, V. Stathopoulou, K. Stroumpoulis, M. B. Sufiyan, B. L. Sykes, R. 
Tabarés-Seisdedos, F. Tadese, B. A. Tedla, G. A. Tessema, J. S. Thakur, B. X. Tran, K. N. Ukwaja, 
B. S. C. Uzochukwu, V. V. Vlassov, E. Weiderpass, M. Wubshet Terefe, H. G. Yebyo, H. H. 
Yimam, N. Yonemoto, M. Z. Younis, C. Yu, Z. Zaidi, M. E. S. Zaki, Z. M. Zenebe, C. J. L. Murray, 
and M. Naghavi. 2017. 'Global, Regional, and National Cancer Incidence, Mortality, Years of 
Life Lost, Years Lived With Disability, and Disability-Adjusted Life-years for 32 Cancer Groups, 
1990 to 2015: A Systematic Analysis for the Global Burden of Disease Study', JAMA Oncol, 3: 
524-48. 

Fitzpatrick, M. B., Z. El-Khatib, D. Katzenstein, B. A. Pinsky, Z. M. Chirenje, and K. McCarty. 2019. 
'Community-based self-collected human papillomavirus screening in rural Zimbabwe', BMC 
Public Health, 19: 603. 

Fokom-Domgue, J., C. Combescure, V. Fokom-Defo, P. M. Tebeu, P. Vassilakos, A. P. Kengne, and P. 
Petignat. 2015. 'Performance of alternative strategies for primary cervical cancer screening in 
sub-Saharan Africa: systematic review and meta-analysis of diagnostic test accuracy studies', 
Bmj, 351: h3084. 

Francis, S. C., T. N. Mthiyane, K. Baisley, S. L. McHunu, J. B. Ferguson, T. Smit, T. Crucitti, D. Gareta, S. 
Dlamini, T. Mutevedzi, J. Seeley, D. Pillay, N. McGrath, and M. Shahmanesh. 2018. 'Prevalence 
of sexually transmitted infections among young people in South Africa: A nested survey in a 
health and demographic surveillance site', PLoS Med, 15: e1002512. 

Gage, J. C., M. Schiffman, H. A. Katki, P. E. Castle, B. Fetterman, N. Wentzensen, N. E. Poitras, T. Lorey, 
L. C. Cheung, and W. K. Kinney. 2014. 'Reassurance against future risk of precancer and cancer 
conferred by a negative human papillomavirus test', J Natl Cancer Inst, 106(8). 

Galloway, D. A., and J. K. McDougall. 1983. 'The oncogenic potential of herpes simplex viruses: 
evidence for a 'hit-and-run' mechanism', Nature, 302: 21-4. 



 

116 
 

Gariglio, P., J. Gutiérrez, E. Cortés, and J. Vázquez. 2009. 'The role of retinoid deficiency and estrogens 
as cofactors in cervical cancer', Arch Med Res, 40: 449-65. 

Garland, S. M., and J. S. Smith. 2010. 'Human papillomavirus vaccines: current status and future 
prospects', Drugs, 70: 1079-98. 

Ge, Y., P. A. Christensen, E. Luna, D. Armylagos, J. Xu, J. W. Hsu, H. Zhou, M. R. Schwartz, and D. R. 
Mody. 2019. 'Age-specific 3-year cumulative risk of cervical cancer and high-grade dysplasia 
on biopsy in 9434 women who underwent HPV cytology cotesting', Cancer Cytopathol, 127: 
757-64. 

Geraets, D. T., R. van Baars, I. Alonso, J. Ordi, A. Torné, W. J. Melchers, C. J. Meijer, and W. G. Quint. 
2013. 'Clinical evaluation of high-risk HPV detection on self-samples using the indicating FTA-
elute solid-carrier cartridge', J Clin Virol, 57: 125-9. 

Germano, G., P. Allavena, and A. Mantovani. 2008. 'Cytokines as a key component of cancer-related 
inflammation', Cytokine, 43: 374-9. 

Giuliano, A. R., M. H. Botha, M. Zeier, M. E. Abrahamsen, R. H. Glashoff, L. E. van der Laan, M. 
Papenfuss, S. Engelbrecht, M. F. Schim van der Loeff, S. L. Sudenga, B. N. Torres, S. Kipping, 
and D. Taylor. 2015. 'High HIV, HPV, and STI prevalence among young Western Cape, South 
African women: EVRI HIV prevention preparedness trial', J Acquir Immune Defic Syndr, 68: 
227-35. 

Godfrey, M. A. L., S. Mathenjwa, and N. Mayat. 2019. 'Rural Zulu women's knowledge of and attitudes 
towards Pap smears and adherence to cervical screening', Afr J Prim Health Care Fam Med, 
11: e1-e6. 

Gök, M., D. A. Heideman, F. J. van Kemenade, J. Berkhof, L. Rozendaal, J. W. Spruyt, F. Voorhorst, J. A. 
Beliën, M. Babovic, P. J. Snijders, and C. J. Meijer. 2010. 'HPV testing on self collected 
cervicovaginal lavage specimens as screening method for women who do not attend cervical 
screening: cohort study', Bmj, 340: c1040. 

Goldie, S. J., L. Gaffikin, J. D. Goldhaber-Fiebert, A. Gordillo-Tobar, C. Levin, C. Mahé, and T. C. Wright. 
2005. 'Cost-effectiveness of cervical-cancer screening in five developing countries', N Engl J 
Med, 353: 2158-68. 

Gonzalez, P., B. Cortes, W. Quint, A. R. Kreimer, C. Porras, A. C. Rodríguez, S. Jimenez, R. Herrero, L. 
Struijk, A. Hildesheim, and W. Melchers. 2012. 'Evaluation of the FTA carrier device for human 
papillomavirus testing in developing countries', J Clin Microbiol, 50: 3870-6. 

Guan, Y., P. E. Gravitt, R. Howard, Y. J. Eby, S. Wang, B. Li, C. Feng, Y. L. Qiao, and P. E. Castle. 2013. 
'Agreement for HPV genotyping detection between self-collected specimens on a FTA 
cartridge and clinician-collected specimens', J Virol Methods, 189: 167-71. 

Gupta, R., R. Yadav, A. Sharda, D. Kumar, Sandeep, R. Mehrotra, and S. Gupta. 2019. 'Comparative 
evaluation of conventional cytology and a low-cost liquid-based cytology technique, 
EziPREP™, for cervicovaginal smear reporting: A split sample study', Cytojournal, 16: 22. 

Gustavsson, I., R. Aarnio, M. Berggrund, J. Hedlund-Lindberg, A. S. Strand, K. Sanner, I. Wikström, S. 
Enroth, M. Olovsson, and U. Gyllensten. 2018. 'Randomised study shows that repeated self-
sampling and HPV test has more than two-fold higher detection rate of women with CIN2+ 
histology than Pap smear cytology', Br J Cancer, 118: 896-904. 

Gustavsson, I., R. Aarnio, M. Myrnäs, J. Hedlund-Lindberg, O. Taku, T. Meiring, I. Wikström, S. Enroth, 
A. L. Williamson, M. Olovsson, and U. Gyllensten. 2019. 'Clinical validation of the HPVIR high-
risk HPV test on cervical samples according to the international guidelines for human 
papillomavirus DNA test requirements for cervical cancer screening', Virol J, 16: 107. 

Gustavsson, I., I. Juko-Pecirep, I. Backlund, E. Wilander, and U. Gyllensten. 2009. 'Comparison between 
the Hybrid Capture 2 and the hpVIR real-time PCR for detection of human papillomavirus in 
women with ASCUS or low grade dysplasia', J Clin Virol, 45: 85-9. 

Gustavsson, I., M. Lindell, E. Wilander, A. Strand, and U. Gyllensten. 2009. 'Use of FTA card for dry 
collection, transportation and storage of cervical cell specimen to detect high-risk HPV', J Clin 
Virol, 46: 112-6. 



 

117 
 

Gustavsson, I., K. Sanner, M. Lindell, A. Strand, M. Olovsson, I. Wikström, E. Wilander, and U. 
Gyllensten. 2011. 'Type-specific detection of high-risk human papillomavirus (HPV) in self-
sampled cervicovaginal cells applied to FTA elute cartridge', J Clin Virol, 51: 255-8. 

Haile, E.L., G.B. Woldemichae, R.L. Lebelo, and J.P. Bogers. 2020. 'Comparison and acceptability of HPV 
self-collected cervical cancer samples versus doctor-collected samples in Africa: a systematic 
review', PAMJ-Clinical Medicine, 2. 

Hammer, A., M. N. de Koning, J. Blaakaer, T. Steiniche, J. Doorbar, H. Griffin, E. Mejlgaard, H. Svanholm, 
W. G. Quint, and P. E. Gravitt. 2019. 'Whole tissue cervical mapping of HPV infection: 
Molecular evidence for focal latent HPV infection in humans', Papillomavirus Res, 7: 82-87. 

Harper, D. M., and S. L. Vierthaler. 2011. 'Next Generation Cancer Protection: The Bivalent HPV 
Vaccine for Females', ISRN Obstet Gynecol, 2011: 457204. 

Hawes, S. E., C. W. Critchlow, M. A. Faye Niang, M. B. Diouf, A. Diop, P. Touré, A. Aziz Kasse, B. 
Dembele, P. Salif Sow, A. M. Coll-Seck, J. M. Kuypers, and N. B. Kiviat. 2003. 'Increased risk of 
high-grade cervical squamous intraepithelial lesions and invasive cervical cancer among 
African women with human immunodeficiency virus type 1 and 2 infections', J Infect Dis, 188: 
555-63. 

Hoffman, B.L., J. O. Schorge, K. D. Bradshaw, L.M. Halvorson, J.I. Schaffer, and M.M. Corton. 2016. 
'Cervical Cancer.' in, Williams Gynecology, 3e (McGraw-Hill Education: New York, NY). 

Hoque, M., E. Hoque, and S. B. Kader. 2008. 'Evaluation of cervical cancer screening program at a rural 
community of South Africa', East Afr J Public Health, 5: 111-6. 

Horbul, J. E., S. C. Schmechel, B. R. Miller, S. A. Rice, and P. J. Southern. 2011. 'Herpes simplex virus-
induced epithelial damage and susceptibility to human immunodeficiency virus type 1 
infection in human cervical organ culture', PLoS One, 6: e22638. 

Hornef, M. 2015. 'Pathogens, Commensal Symbionts, and Pathobionts: Discovery and Functional 
Effects on the Host', Ilar j, 56: 159-62. 

Horner, P., G. Donders, M. Cusini, M. Gomberg, J. S. Jensen, and M. Unemo. 2018. 'Should we be 
testing for urogenital Mycoplasma hominis, Ureaplasma parvum and Ureaplasma urealyticum 
in men and women? - a position statement from the European STI Guidelines Editorial Board', 
J Eur Acad Dermatol Venereol, 32: 1845-51. 

Hortlund, M., K. M. Elfström, P. Sparén, P. Almstedt, B. Strander, and J. Dillner. 2018. 'Cervical cancer 
screening in Sweden 2014-2016', PLoS One, 13: e0209003. 

Horvath, C. A., G. A. Boulet, V. M. Renoux, P. O. Delvenne, and J. P. Bogers. 2010. 'Mechanisms of cell 
entry by human papillomaviruses: an overview', Virol J, 7: 11. 

Houlihan, C. F., K. Baisley, I. G. Bravo, S. Kapiga, S. de Sanjosé, J. Changalucha, D. A. Ross, R. J. Hayes, 
and D. Watson-Jones. 2016. 'Rapid acquisition of HPV around the time of sexual debut in 
adolescent girls in Tanzania', Int J Epidemiol, 45: 762-73. 

Huh, W. K., K. A. Ault, D. Chelmow, D. D. Davey, R. A. Goulart, F. A. Garcia, W. K. Kinney, L. S. Massad, 
E. J. Mayeaux, D. Saslow, M. Schiffman, N. Wentzensen, H. W. Lawson, and M. H. Einstein. 
2015. 'Use of primary high-risk human papillomavirus testing for cervical cancer screening: 
interim clinical guidance', Gynecol Oncol, 136: 178-82. 

IARC. 2012. 'Biological agents. Volume 100 B. A review of human carcinogens', IARC Monogr Eval 
Carcinog Risks Hum, 100: 1-441. 

Ibáñez, R., E. Roura, L. Monfil, L. A. Rodríguez, M. Sardà, N. Crespo, A. Pascual, C. Martí, M. Fibla, C. 
Gutiérrez, B. Lloveras, G. Oliveras, A. Torrent, I. Català, F. X. Bosch, L. Bruni, and S. de Sanjosé. 
2020. 'Long-term protection of HPV test in women at risk of cervical cancer', PLoS One, 15: 
e0237988. 

Insinga, R. P., K. L. Liaw, L. G. Johnson, and M. M. Madeleine. 2008. 'A systematic review of the 
prevalence and attribution of human papillomavirus types among cervical, vaginal, and vulvar 
precancers and cancers in the United States', Cancer Epidemiol Biomarkers Prev, 17: 1611-22. 

International human papillomavirus reference center. 2020. 'Human Reference clones', Available at 
https://www.hpvcenter.se/human_reference_clones/ (Accessed 8 February 2021). 

https://www.hpvcenter.se/human_reference_clones/


 

118 
 

Isidean, S. D., M. H. Mayrand, A. V. Ramanakumar, I. Rodrigues, A. Ferenczy, S. Ratnam, F. Coutlée, 
and E. L. Franco. 2017. 'Comparison of Triage Strategies for HPV-Positive Women: Canadian 
Cervical Cancer Screening Trial Results', Cancer Epidemiol Biomarkers Prev, 26: 923-29. 

Itarat, Y., C. Kietpeerakool, N. Jampathong, B. Chumworathayi, P. Kleebkaow, A. Aue-Aungkul, and W. 
Nhokaew. 2019. 'Sexual behavior and infection with cervical human papillomavirus types 16 
and 18', Int J Womens Health, 11: 489-94. 

Ito, K., R. Kimura, H. Konishi, N. Ozawa, N. Yaegashi, Y. Ohashi, M. Suzuki, and T. Kakizoe. 2020. 'A 
comparison of liquid-based and conventional cytology using data for cervical cancer screening 
from the Japan Cancer Society', Jpn J Clin Oncol, 50: 138-44. 

Jaisamrarn, U., X. Castellsagué, S. M. Garland, P. Naud, J. Palmroth, M. R. Del Rosario-Raymundo, C. 
M. Wheeler, J. Salmerón, S. N. Chow, D. Apter, J. C. Teixeira, S. R. Skinner, J. Hedrick, A. 
Szarewski, B. Romanowski, F. Y. Aoki, T. F. Schwarz, W. A. Poppe, F. X. Bosch, N. S. de Carvalho, 
M. J. Germar, K. Peters, J. Paavonen, M. C. Bozonnat, D. Descamps, F. Struyf, G. O. Dubin, D. 
Rosillon, and L. Baril. 2013. 'Natural history of progression of HPV infection to cervical lesion 
or clearance: analysis of the control arm of the large, randomised PATRICIA study', PLoS One, 
8: e79260. 

Jede, F., T. Brandt, M. Gedefaw, S. B. Wubneh, T. Abebe, B. Teka, K. Alemu, B. Tilahun, T. Azemeraw, 
A. Gebeyehu, D. Schmidt, A. Pesic, A. M. Kaufmann, B. Abebe, Z. Ayichew, M. Byczkowski, T. 
Vaucher, H. Sartor, G. Andargie, T. Bärnighausen, M. von Knebel Doeberitz, and H. Bussmann. 
2020. 'Home-based HPV self-sampling assisted by a cloud-based electronic data system: 
Lessons learnt from a pilot community cervical cancer screening campaign in rural Ethiopia', 
Papillomavirus Res, 9: 100198. 

Jemal, A., F. Bray, M. M. Center, J. Ferlay, E. Ward, and D. Forman. 2011. 'Global cancer statistics', CA 
Cancer J Clin, 61: 69-90. 

Jemal, A., E. Ward, and M. Thun. 2010. 'Declining death rates reflect progress against cancer', PLoS 
One, 5: e9584. 

Jensen, K., D. Nizamutdinov, M. Guerrier, S. Afroze, D. Dostal, and S. Glaser, 2012a. General 
mechanisms of nicotine-induced fibrogenesis. The FASEB journal, 26:4778-4787. 

Jensen, K. E., S. Schmiedel, K. Frederiksen, B. Norrild, T. Iftner, and S. K. Kjær. 2012. 'Risk for cervical 
intraepithelial neoplasia grade 3 or worse in relation to smoking among women with 
persistent human papillomavirus infection', Cancer Epidemiol Biomarkers Prev, 21: 1949-55. 

Jensen, K. E., S. Schmiedel, B. Norrild, K. Frederiksen, T. Iftner, and S. K. Kjaer. 2013. 'Parity as a cofactor 
for high-grade cervical disease among women with persistent human papillomavirus 
infection: a 13-year follow-up', Br J Cancer, 108: 234-9. 

Jensen, K. E., L. T. Thomsen, S. Schmiedel, K. Frederiksen, B. Norrild, A. van den Brule, T. Iftner, and S. 
K. Kjær. 2014. 'Chlamydia trachomatis and risk of cervical intraepithelial neoplasia grade 3 or 
worse in women with persistent human papillomavirus infection: a cohort study', Sex Transm 
Infect, 90: 550-5. 

Jentschke, M., K. Chen, M. Arbyn, B. Hertel, M. Noskowicz, P. Soergel, and P. Hillemanns. 2016. 'Direct 
comparison of two vaginal self-sampling devices for the detection of human papillomavirus 
infections', J Clin Virol, 82: 46-50. 

Jeronimo, J., and M. Schiffman. 2006. 'Colposcopy at a crossroads', Am J Obstet Gynecol, 195: 349-53. 
Jochum, L., and B. Stecher. 2020. 'Label or Concept - What Is a Pathobiont?', Trends Microbiol, 28: 789-

92. 
Johnson, L. F., and D. A. Lewis. 2008. 'The effect of genital tract infections on HIV-1 shedding in the 

genital tract: a systematic review and meta-analysis', Sex Transm Dis, 35: 946-59. 
Johnson, L. G., R. Saidu, Z. Mbulawa, A. L. Williamson, R. Boa, A. Tergas, J. Moodley, D. Persing, S. 

Campbell, W. Y. Tsai, T. C. Wright, L. Denny, and L. Kuhn. 2020. 'Selecting human 
papillomavirus genotypes to optimize the performance of screening tests among South 
African women', Cancer Med, 9: 6813-24. 



 

119 
 

Joseph Davey, D. L., D. C. Nyemba, Y. Gomba, L. G. Bekker, S. Taleghani, D. J. DiTullio, D. Shabsovich, 
P. M. Gorbach, T. J. Coates, J. D. Klausner, and L. Myer. 2019. 'Prevalence and correlates of 
sexually transmitted infections in pregnancy in HIV-infected and- uninfected women in Cape 
Town, South Africa', PLoS One, 14: e0218349. 

Joshi, S., R. Sankaranarayanan, R. Muwonge, V. Kulkarni, T. Somanathan, and U. Divate. 2013. 
'Screening of cervical neoplasia in HIV-infected women in India', Aids, 27: 607-15. 

Joura, E. A., A. R. Giuliano, O. E. Iversen, C. Bouchard, C. Mao, J. Mehlsen, E. D. Moreira, Jr., Y. Ngan, 
L. K. Petersen, E. Lazcano-Ponce, P. Pitisuttithum, J. A. Restrepo, G. Stuart, L. Woelber, Y. C. 
Yang, J. Cuzick, S. M. Garland, W. Huh, S. K. Kjaer, O. M. Bautista, I. S. Chan, J. Chen, R. Gesser, 
E. Moeller, M. Ritter, S. Vuocolo, and A. Luxembourg. 2015. 'A 9-valent HPV vaccine against 
infection and intraepithelial neoplasia in women', N Engl J Med, 372: 711-23. 

Kaambo, E., C. Africa, R. Chambuso, and J. S. Passmore. 2018. 'Vaginal Microbiomes Associated With 
Aerobic Vaginitis and Bacterial Vaginosis', Front Public Health, 6: 1-6. 

Kabir, F., C. van Gelderen, J. McIntyre, P. Michelow, D. Turton, and Y. Adam. 2012. 'Cervical intra-
epithelial neoplasia in HIV-positive women after excision of transformation zone - does the 
grade change?', S Afr Med J, 102: 757-60. 

Kahn, J. A., D. R. Brown, L. Ding, L. E. Widdice, M. L. Shew, S. Glynn, and D. I. Bernstein. 2012. 'Vaccine-
type human papillomavirus and evidence of herd protection after vaccine introduction', 
Pediatrics, 130: e249-56. 

Kaliff, M., B. Sorbe, L.B. Mordhorst, G. Helenius, M.G. Karlsson, and G. Lillsunde-Larsson. 2018. 
Findings of multiple HPV genotypes in cervical carcinoma are associated with poor cancer-
specific survival in a Swedish cohort of cervical cancer primarily treated with radiotherapy. 
Oncotarget, 9(27):18786. 

Kassa, R. T. 2018. 'Risk factors associated with precancerous cervical lesion among women screened 
at Marie Stops Ethiopia, Adama town, Ethiopia 2017: a case control study', BMC Res Notes, 
11: 145. 

Katanga, J., S. K. Kjaer, R. Manongi, C. S. Wu, T. Iftner, M. Waldstrom, A. B. Pembe, J. Mwaiselage, and 
V. Rasch. 2019. 'Performance of careHPV, hybrid capture 2 and visual inspection with acetic 
acid for detection of high-grade cervical lesion in Tanzania: A cross-sectional study', PLoS One, 
14: e0218559. 

Katki, H. A., W. K. Kinney, B. Fetterman, T. Lorey, N. E. Poitras, L. Cheung, F. Demuth, M. Schiffman, S. 
Wacholder, and P. E. Castle. 2011. 'Cervical cancer risk for women undergoing concurrent 
testing for human papillomavirus and cervical cytology: a population-based study in routine 
clinical practice', Lancet Oncol, 12: 663-72. 

Katz, I. T., L. M. Butler, T. L. Crankshaw, A. A. Wright, K. Bramhill, D. A. Leone, J. Giddy, and S. Mould. 
2016. 'Cervical Abnormalities in South African Women Living With HIV With High Screening 
and Referral Rates', Journal of global oncology, 2: 375-80. 

Kawana, K., J. Matsumoto, S. Miura, L. Shen, Y. Kawana, T. Nagamatsu, T. Yasugi, T. Fujii, H. Yang, A. J. 
Quayle, Y. Taketani, and D. J. Schust. 2008. 'Expression of CD1d and ligand-induced cytokine 
production are tissue specific in mucosal epithelia of the human lower reproductive tract', 
Infect Immun, 76: 3011-8. 

Keller, M. J., A. Huber, L. Espinoza, M. G. Serrano, H. I. Parikh, G. A. Buck, J. A. Gold, Y. Wu, T. Wang, 
and B. C. Herold. 2019. 'Impact of Herpes Simplex Virus Type 2 and Human Immunodeficiency 
Virus Dual Infection on Female Genital Tract Mucosal Immunity and the Vaginal Microbiome', 
J Infect Dis, 220: 852-61. 

Kelly, H., H. A. Weiss, Y. Benavente, S. de Sanjose, and P. Mayaud. 2018. 'Association of antiretroviral 
therapy with high-risk human papillomavirus, cervical intraepithelial neoplasia, and invasive 
cervical cancer in women living with HIV: a systematic review and meta-analysis', Lancet HIV, 
5: e45-e58. 



 

120 
 

Kelly, R. S., J. Patnick, H. C. Kitchener, and S. M. Moss. 2011. 'HPV testing as a triage for borderline or 
mild dyskaryosis on cervical cytology: results from the Sentinel Sites study', Br J Cancer, 105: 
983-8. 

Kero, K., and J. Rautava. 2019. 'HPV Infections in Heterosexual Couples: Mechanisms and Covariates 
of Virus Transmission', Acta Cytol, 63: 143-47. 

Khan, M., S. S. Sultana, N. Jabeen, U. Arain, and S. Khans. 2015. 'Visual inspection of cervix with acetic 
acid: a good alternative to pap smear for cervical cancer screening in resource-limited setting', 
J Pak Med Assoc, 65: 192-5. 

Khodakarami, N., F. Farzaneh, F. Aslani, and K. Alizadeh. 2011. 'Comparison of Pap smear, visual 
inspection with acetic acid, and digital cervicography as cervical screening strategies', Arch 
Gynecol Obstet, 284: 1247-52. 

Kim, J., B. K. Kim, D. Jeon, C. H. Lee, J. W. Roh, J. Y. Kim, and S. Y. Park. 2020. 'Type-Specific Viral Load 
and Physical State of HPV Type 16, 18, and 58 as Diagnostic Biomarkers for High-Grade 
Squamous Intraepithelial Lesions or Cervical Cancer', Cancer Res Treat, 52: 396-405. 

Kiseki, H., Y. Tsukahara, N. Tajima, A. Tanaka, A. Horimoto, and N. Hashimura. 2017. 'Influence of co-
infection complicated with human papillomavirus on cervical intraepithelial neoplasia 
development in patients with atypical squamous cells of undetermined significance', J Infect 
Chemother, 23: 814-19. 

Kissinger, P. 2015. 'Trichomonas vaginalis: a review of epidemiologic, clinical and treatment issues', 
BMC Infect Dis, 15: 307. 

Kitchener, H. 2019. 'Optimising future cervical screening strategies', Papillomavirus Res, 7: 201-03. 
Kjær, S. K., K. Frederiksen, C. Munk, and T. Iftner. 2010. 'Long-term absolute risk of cervical 

intraepithelial neoplasia grade 3 or worse following human papillomavirus infection: role of 
persistence', J Natl Cancer Inst, 102: 1478-88. 

Kletzel, H. H., R. Rotem, M. Barg, J. Michaeli, and O. Reichman. 2018. 'Ureaplasma urealyticum: the 
Role as a Pathogen in Women's Health, a Systematic Review', Curr Infect Dis Rep, 20: 33. 

Koh, W. J., B. E. Greer, N. R. Abu-Rustum, S. M. Apte, S. M. Campos, K. R. Cho, C. Chu, D. Cohn, M. A. 
Crispens, O. Dorigo, P. J. Eifel, C. M. Fisher, P. Frederick, D. K. Gaffney, E. Han, W. K. Huh, J. R. 
Lurain, 3rd, D. Mutch, A. N. Fader, S. W. Remmenga, R. K. Reynolds, N. Teng, T. Tillmanns, F. 
A. Valea, C. M. Yashar, N. R. McMillian, and J. L. Scavone. 2015. 'Cervical Cancer, Version 
2.2015', J Natl Compr Canc Netw, 13: 395-404; quiz 04. 

Kojima, S., K. Kawana, T. Fujii, T. Yokoyama, S. Miura, K. Tomio, A. Tomio, A. Yamashita, K. Adachi, H. 
Sato, T. Nagamatsu, D. J. Schust, S. Kozuma, and Y. Taketani. 2011. 'Characterization of gut-
derived intraepithelial lymphocyte (IEL) residing in human papillomavirus (HPV)-infected 
intraepithelial neoplastic lesions', Am J Reprod Immunol, 66: 435-43. 

Konopnicki, D., Y. Manigart, C. Gilles, P. Barlow, J. de Marchin, F. Feoli, D. Larsimont, M. Delforge, S. 
De Wit, and N. Clumeck. 2013. 'Sustained Viral Suppression and Higher CD4+ T-Cell Count 
Reduces the Risk of Persistent Cervical High-Risk Human Papillomavirus Infection in HIV-
Positive Women', J Infect Dis, 207. 

Konvalina, I., J. Gašperík, and Franz Golais. 2002. 'A Novel Class of Growth Factors Related to 
Herpesviruses', Acta Veterinaria Brno, 71: 29-36. 

Koonmee, S., A. Bychkov, S. Shuangshoti, K. Bhummichitra, W. Himakhun, A. Karalak, and S. 
Rangdaeng. 2017. 'False-Negative Rate of Papanicolaou Testing: A National Survey from the 
Thai Society of Cytology', Acta Cytol, 61: 434-40. 

Kreimer, A. R., F. Struyf, M. R. Del Rosario-Raymundo, A. Hildesheim, S. R. Skinner, S. Wacholder, S. M. 
Garland, R. Herrero, M. P. David, C. M. Wheeler, P. González, S. Jiménez, D. R. Lowy, L. A. 
Pinto, C. Porras, A. C. Rodriguez, M. Safaeian, M. Schiffman, J. T. Schiller, J. Schussler, M. E. 
Sherman, F. X. Bosch, X. Castellsague, A. Chatterjee, S. N. Chow, D. Descamps, F. Diaz-Mitoma, 
G. Dubin, M. J. Germar, D. M. Harper, D. J. Lewis, G. Limson, P. Naud, K. Peters, W. A. Poppe, 
B. Ramjattan, B. Romanowski, J. Salmeron, T. F. Schwarz, J. C. Teixeira, and W. A. Tjalma. 2015. 



 

121 
 

'Efficacy of fewer than three doses of an HPV-16/18 AS04-adjuvanted vaccine: combined 
analysis of data from the Costa Rica Vaccine and PATRICIA Trials', Lancet Oncol, 16: 775-86. 

Kremer, W. W., M. van Zummeren, E. Breytenbach, K. L. Richter, R. D. M. Steenbergen, Cjlm Meijer, 
and G. Dreyer. 2019. 'The use of molecular markers for cervical screening of women living with 
HIV in South Africa', Aids, 33: 2035-42. 

Kriek, J. M., S. Z. Jaumdally, L. Masson, F. Little, Z. Mbulawa, P. P. Gumbi, S. L. Barnabas, J. Moodley, 
L. Denny, D. Coetzee, A. L. Williamson, and J. A. Passmore. 2016. 'Female genital tract 
inflammation, HIV co-infection and persistent mucosal Human Papillomavirus (HPV) 
infections', Virology, 493: 247-54. 

Kuhn, L., and L. Denny. 2017. 'The time is now to implement HPV testing for primary screening in low 
resource settings', Prev Med, 98: 42-44. 

Kuhn, Louise, Chunhui Wang, Wei-Yann Tsai, Thomas C Wright, and Lynette Denny. 2010. 'Efficacy of 
human papillomavirus-based screen-and-treat for cervical cancer prevention among HIV-
infected women', Aids, 24: 2553-61. 

Kularatne, R. S., R. Niit, J. Rowley, T. Kufa-Chakezha, R. P. H. Peters, M. M. Taylor, L. F. Johnson, and E. 
L. Korenromp. 2018. 'Adult gonorrhea, chlamydia and syphilis prevalence, incidence, 
treatment and syndromic case reporting in South Africa: Estimates using the Spectrum-STI 
model, 1990-2017', PLoS One, 13: e0205863. 

Lee, V., J. M. Tobin, and E. Foley. 2006. 'Relationship of cervical ectopy to chlamydia infection in young 
women', J Fam Plann Reprod Health Care, 32: 104-6. 

Lehtinen, M., K. A. Ault, E. Lyytikainen, J. Dillner, S. M. Garland, D. G. Ferris, L. A. Koutsky, H. L. Sings, 
S. Lu, R. M. Haupt, and J. Paavonen. 2011. 'Chlamydia trachomatis infection and risk of cervical 
intraepithelial neoplasia', Sex Transm Infect, 87: 372-6. 

Leinonen, M. K., K. Schee, C. M. Jonassen, A. K. Lie, C. F. Nystrand, A. Rangberg, I. E. Furre, M. J. 
Johansson, A. Tropé, K. D. Sjøborg, P. E. Castle, and M. Nygård. 2018. 'Safety and acceptability 
of human papillomavirus testing of self-collected specimens: A methodologic study of the 
impact of collection devices and HPV assays on sensitivity for cervical cancer and high-grade 
lesions', J Clin Virol, 99-100: 22-30. 

Leli, C., A. Mencacci, M. A. Latino, P. Clerici, M. Rassu, S. Perito, R. Castronari, E. Pistoni, E. Luciano, D. 
De Maria, C. Morazzoni, M. Pascarella, S. Bozza, and A. Sensini. 2018. 'Prevalence of cervical 
colonization by Ureaplasma parvum, Ureaplasma urealyticum, Mycoplasma hominis and 
Mycoplasma genitalium in childbearing age women by a commercially available multiplex 
real-time PCR: An Italian observational multicentre study', J Microbiol Immunol Infect, 51: 220-
25. 

Lenselink, C. H., R. P. de Bie, D. van Hamont, J. M. Bakkers, W. G. Quint, L. F. Massuger, R. L. Bekkers, 
and W. J. Melchers. 2009. 'Detection and genotyping of human papillomavirus in self-obtained 
cervicovaginal samples by using the FTA cartridge: new possibilities for cervical cancer 
screening', J Clin Microbiol, 47: 2564-70. 

Leval, A., E. Herweijer, L. Arnheim-Dahlström, H. Walum, E. Frans, P. Sparén, and J. F. Simard. 2012. 
'Incidence of genital warts in Sweden before and after quadrivalent human papillomavirus 
vaccine availability', J Infect Dis, 206: 860-6. 

Leyh-Bannurah, S. R., C. Prugger, M. N. de Koning, H. Goette, and R. J. Lellé. 2014. 'Cervical human 
papillomavirus prevalence and genotype distribution among hybrid capture 2 positive women 
15 to 64 years of age in the Gurage zone, rural Ethiopia', Infect Agent Cancer, 9: 33. 

Li, S., and X. Wen. 2017. 'Seropositivity to herpes simplex virus type 2, but not type 1 is associated with 
cervical cancer: NHANES (1999-2014)', BMC Cancer, 17: 726. 

Liang, Linda A., Thomas Einzmann, Arno Franzen, Katja Schwarzer, Gunther Schauberger, Dirk 
Schriefer, Kathrin Radde, Sylke R. Zeissig, Hans Ikenberg, Chris Jlm Meijer, Charles J. 
Kirkpatrick, Heinz Kölbl, Maria Blettner, and Stefanie J. Klug. 2020. 'Cervical Cancer Screening: 
Comparison of conventional Pap smear test, liquid-based cytology and human papillomavirus 
testing as stand-alone or co-testing strategies', Cancer epidemiology, biomarkers &amp; 



 

122 
 

prevention : a publication of the American Association for Cancer Research, cosponsored by 
the American Society of Preventive Oncology. 

Lince-Deroche, N., J. Phiri, P. Michelow, J. S. Smith, and C. Firnhaber. 2015. 'Costs and Cost 
Effectiveness of Three Approaches for Cervical Cancer Screening among HIV-Positive Women 
in Johannesburg, South Africa', PLoS One, 10: e0141969. 

Liptak, P., and R.J. Barnetson. 2012. 'Liquid-based cervical cytology in the United Kingdom and South 
Africa', Continuing Medical Education, 30: 45-48. 

Lissouba, P., P. Van de Perre, and B. Auvert. 2013. 'Association of genital human papillomavirus 
infection with HIV acquisition: a systematic review and meta-analysis', Sex Transm Infect, 89: 
350-6. 

Liu, G., M. Sharma, N. Tan, and R. V. Barnabas. 2018. 'HIV-positive women have higher risk of human 
papilloma virus infection, precancerous lesions, and cervical cancer', Aids, 32: 795-808. 

Liu, J., W. Liu, Y. Liu, X. Zhou, Z. Zhang, and Z. Sun. 2016. 'Prevalence of microorganisms co-infections 
in human papillomaviruses infected women in Northern China', Arch Gynecol Obstet, 293: 
595-602. 

Liu, M., Z. He, C. Zhang, F. Liu, Y. Liu, J. Li, Z. Xu, Q. Wang, D. Hang, N. Shen, Y. Pan, C. Guo, H. Cai, and 
Y. Ke. 2015. 'Transmission of genital human papillomavirus infection in couples: a population-
based cohort study in rural China', Sci Rep, 5: 10986. 

Lobão, T. N., G. B. Campos, N. N. Selis, A. T. Amorim, S. G. Souza, S. S. Mafra, L. S. Pereira, D. B. Dos 
Santos, T. B. Figueiredo, L. M. Marques, and J. Timenetsky. 2017. 'Ureaplasma urealyticum 
and U. parvum in sexually active women attending public health clinics in Brazil', Epidemiol 
Infect, 145: 2341-51. 

Looker, K. J., J. A. R. Elmes, S. L. Gottlieb, J. T. Schiffer, P. Vickerman, K. M. E. Turner, and M. C. Boily. 
2017. 'Effect of HSV-2 infection on subsequent HIV acquisition: an updated systematic review 
and meta-analysis', Lancet Infect Dis, 17: 1303-16. 

Lorenzi, A.T., J.H. Fregnani, L.L. Villa, L. Sichero, E.M. Nunes, and A. Longatto-Filho. 2019. 'Diversity of 
human papillomavirus typing among women population living in rural and remote areas of 
Brazilian territory', Papillomavirus Res, 8: 100186. 

Lorenzi, NPC, L Termini, A Longatto Filho, M Tacla, LM de aguiar, MC Beldi, ES Ferreira-Filho, EC Baracat, and 
JM Soares-Junior. 2019. 'Age-related acceptability of vaginal self-sampling in cervical cancer 
screening at two university hospitals: a pilot cross-sectional study', BMC Public Health, 19: 
963. 

Louie, K. S., S. de Sanjose, M. Diaz, X. Castellsagué, R. Herrero, C. J. Meijer, K. Shah, S. Franceschi, N. 
Muñoz, and F. X. Bosch. 2009. 'Early age at first sexual intercourse and early pregnancy are 
risk factors for cervical cancer in developing countries', Br J Cancer, 100: 1191-7. 

Lu, B., A. Kumar, X. Castellsagué, and A. R. Giuliano. 2011. 'Efficacy and safety of prophylactic vaccines 
against cervical HPV infection and diseases among women: a systematic review & meta-
analysis', BMC Infect Dis, 11: 13. 

Luciani, S., M. Gonzales, S. Munoz, J. Jeronimo, and S. Robles. 2008. 'Effectiveness of cryotherapy 
treatment for cervical intraepithelial neoplasia', Int J Gynaecol Obstet, 101: 172-7. 

Lukic, A., C. Canzio, A. Patella, M. Giovagnoli, P. Cipriani, A. Frega, and M. Moscarini. 2006. 
'Determination of cervicovaginal microorganisms in women with abnormal cervical cytology: 
the role of Ureaplasma urealyticum', Anticancer Res, 26: 4843-9. 

Luttmer, R., L. M. De Strooper, R. D. Steenbergen, J. Berkhof, P. J. Snijders, D. A. Heideman, and C. J. 
Meijer. 2016. 'Management of high-risk HPV-positive women for detection of cervical 
(pre)cancer', Expert Rev Mol Diagn, 16: 961-74. 

Mabeya, H., K. Khozaim, T. Liu, O. Orango, D. Chumba, L. Pisharodi, J. Carter, and S. Cu-Uvin. 2012. 
'Comparison of conventional cervical cytology versus visual inspection with acetic acid among 
human immunodeficiency virus-infected women in Western Kenya', J Low Genit Tract Dis, 16: 
92-7. 



 

123 
 

Magaña-Contreras, M., A. Contreras-Paredes, A. Chavez-Blanco, M. Lizano, Y. De la Cruz-Hernandez, 
and E. De la Cruz-Hernandez. 2015. 'Prevalence of sexually transmitted pathogens associated 
with HPV infection in cervical samples in a Mexican population', J Med Virol, 87: 2098-105. 

Maglennon, G. A., P. McIntosh, and J. Doorbar. 2011. 'Persistence of viral DNA in the epithelial basal 
layer suggests a model for papillomavirus latency following immune regression', Virology, 414: 
153-63. 

Mahomed, K., D. Evans, C. Sauls, K. Richter, J. Smith, and C. Firnhaber. 2014. 'Human papillomavirus 
(HPV) testing on self-collected specimens: perceptions among HIV positive women attending 
rural and urban clinics in South Africa', Pan Afr Med J, 17: 189. 

Maina, A. N., J. Kimani, and O. Anzala. 2016. 'Prevalence and risk factors of three curable sexually 
transmitted infections among women in Nairobi, Kenya', BMC Res Notes, 9: 193. 

Makura, C. B. T., K. Schnippel, P. Michelow, C. J. Chibwesha, B. Goeieman, S. Jordaan, and C. Firnhaber. 
2016. 'Choropleth Mapping of Cervical Cancer Screening in South Africa Using Healthcare 
Facility-level Data from the National Laboratory Network', AIMS Public Health, 3: 849-62. 

Malagón, T., K. Louvanto, A. V. Ramanakumar, A. Koushik, F. Coutlée, and E. L. Franco. 2019. 'Viral load 
of human papillomavirus types 16/18/31/33/45 as a predictor of cervical intraepithelial 
neoplasia and cancer by age', Gynecol Oncol, 155: 245-53. 

Mantovani, A., P. Allavena, A. Sica, and F. Balkwill. 2008. 'Cancer-related inflammation', Nature, 454: 
436-44. 

Mao, C., S. L. Kulasingam, H. K. Whitham, S. E. Hawes, J. Lin, and N. B. Kiviat. 2017. 'Clinician and Patient 
Acceptability of Self-Collected Human Papillomavirus Testing for Cervical Cancer Screening', J 
Womens Health (Larchmt), 26: 609-15. 

Marembo, T., R. Dube Mandishora, and M. Borok. 2019. 'Use of Multiplex Polymerase Chain Reaction 
for Detection of High-Risk Human Papillomavirus Genotypes in Women Attending Routine 
Cervical Cancer Screening in Harare', Intervirology, 62: 90-95. 

Markowitz, L. E., S. Hariri, C. Lin, E. F. Dunne, M. Steinau, G. McQuillan, and E. R. Unger. 2013. 
'Reduction in human papillomavirus (HPV) prevalence among young women following HPV 
vaccine introduction in the United States, National Health and Nutrition Examination Surveys, 
2003-2010', J Infect Dis, 208: 385-93. 

Markowitz, L. E., V. Tsu, S. L. Deeks, H. Cubie, S. A. Wang, A. S. Vicari, and J. M. Brotherton. 2012. 
'Human papillomavirus vaccine introduction--the first five years', Vaccine, 30 Suppl 5: F139-
48. 

Marks, M., P. E. Gravitt, S. B. Gupta, K. L. Liaw, A. Tadesse, E. Kim, C. Phongnarisorn, V. Wootipoom, 
P. Yuenyao, C. Vipupinyo, S. Sriplienchan, and D. D. Celentano. 2011. 'Combined oral 
contraceptive use increases HPV persistence but not new HPV detection in a cohort of women 
from Thailand', J Infect Dis, 204: 1505-13. 

Marongiu, L., A. Godi, J. V. Parry, and S. Beddows. 2014. 'Human Papillomavirus 16, 18, 31 and 45 viral 
load, integration and methylation status stratified by cervical disease stage', BMC Cancer, 14: 
384. 

Marovt, M., D. Keše, T. Kotar, N. Kmet, J. Miljković, B. Šoba, and M. Matičič. 2015. 'Ureaplasma parvum 
and Ureaplasma urealyticum detected with the same frequency among women with and 
without symptoms of urogenital tract infection', Eur J Clin Microbiol Infect Dis, 34: 1237-45. 

Martin, David H. 2015. '186 - Genital Mycoplasmas: Mycoplasma genitalium, Mycoplasma hominis, 
and Ureaplasma Species.' in John E. Bennett, Raphael Dolin and Martin J. Blaser (eds.), 
Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases (Eighth Edition) 
(Content Repository Only!: Philadelphia). 

Marx, G., G. John-Stewart, R. Bosire, D. Wamalwa, P. Otieno, and C. Farquhar. 2010. 'Diagnosis of 
sexually transmitted infections and bacterial vaginosis among HIV-1-infected pregnant 
women in Nairobi', Int J STD AIDS, 21: 549-52. 

Massad, L. S., M. H. Einstein, W. K. Huh, H. A. Katki, W. K. Kinney, M. Schiffman, D. Solomon, N. 
Wentzensen, and H. W. Lawson. 2013. '2012 updated consensus guidelines for the 



 

124 
 

management of abnormal cervical cancer screening tests and cancer precursors', Obstet 
Gynecol, 121: 829-46. 

Massad, L. S., J. Jeronimo, H. A. Katki, and M. Schiffman. 2009. 'The accuracy of colposcopic grading 
for detection of high-grade cervical intraepithelial neoplasia', J Low Genit Tract Dis, 13: 137-
44. 

Matsumoto, K., A. Oki, R. Furuta, H. Maeda, T. Yasugi, N. Takatsuka, A. Mitsuhashi, T. Fujii, Y. Hirai, T. 
Iwasaka, N. Yaegashi, Y. Watanabe, Y. Nagai, T. Kitagawa, and H. Yoshikawa. 2011. 'Predicting 
the progression of cervical precursor lesions by human papillomavirus genotyping: a 
prospective cohort study', Int J Cancer, 128: 2898-910. 

Mayaud, P., and D. Mabey. 2004. 'Approaches to the control of sexually transmitted infections in 
developing countries: old problems and modern challenges', Sex Transm Infect, 80: 174-82. 

Mayrand, M. H., E. Duarte-Franco, I. Rodrigues, S. D. Walter, J. Hanley, A. Ferenczy, S. Ratnam, F. 
Coutlée, and E. L. Franco. 2007. 'Human papillomavirus DNA versus Papanicolaou screening 
tests for cervical cancer', N Engl J Med, 357: 1579-88. 

Maza, M., M. Melendez, R. Masch, K. Alfaro, A. Chacon, E. Gonzalez, M. Soler, G. Conzuelo-Rodriguez, 
J. C. Gage, T. A. Alonzo, P. E. Castle, J. C. Felix, and M. Cremer. 2018. 'Acceptability of self-
sampling and human papillomavirus testing among non-attenders of cervical cancer screening 
programs in El Salvador', Prev Med, 114: 149-55. 

Maza, M., C.M. Schocken, K.L. Bergman, T.C. Randall, and M.L. Cremer. 2016. 'Cervical Precancer 
Treatment in Low- and Middle-Income Countries: A Technology Overview', Journal of global 
oncology, 3: 400-08. 

Mbatha, J. N., H. N. Galappaththi-Arachchige, A. Mtshali, M. Taylor, P. D. Ndhlovu, E. F. Kjetland, M. F. 
D. Baay, and Z. L. Mkhize-Kwitshana. 2017. 'Self-sampling for human papillomavirus testing 
among rural young women of KwaZulu-Natal, South Africa', BMC Res Notes, 10: 702. 

Mbatha, J. N., M. Taylor, E. Kleppa, K. Lillebo, H. N. Galappaththi-Arachchige, D. Singh, E. F. Kjetland, 
M. F. D. Baay, and Z. L. Mkhize-Kwitshana. 2017. 'High-risk human papillomavirus types in HIV-
infected and HIV-uninfected young women in KwaZulu-Natal, South Africa: implications for 
vaccination', Infect Dis (Lond), 49: 601-08. 

Mbulawa, Z. Z. A., C. van Schalkwyk, N. C. Hu, T. L. Meiring, S. Barnabas, S. Dabee, H. Jaspan, J. M. 
Kriek, S. Z. Jaumdally, E. Muller, L. G. Bekker, D. A. Lewis, J. Dietrich, G. Gray, J. S. Passmore, 
and A. L. Williamson. 2018. 'High human papillomavirus (HPV) prevalence in South African 
adolescents and young women encourages expanded HPV vaccination campaigns', PLoS One, 
13: e0190166. 

Mbulawa, Z. Z., D. Coetzee, D. J. Marais, M. Kamupira, E. Zwane, B. Allan, D. Constant, J. R. Moodley, 
M. Hoffman, and A. L. Williamson. 2009. 'Genital human papillomavirus prevalence and 
human papillomavirus concordance in heterosexual couples are positively associated with 
human immunodeficiency virus coinfection', J Infect Dis, 199: 1514-24. 

Mbulawa, Z. Z., D. Coetzee, and A. L. Williamson. 2015. 'Human papillomavirus prevalence in South 
African women and men according to age and human immunodeficiency virus status', BMC 
Infect Dis, 15: 459. 

Mbulawa, Z. Z., L. F. Johnson, D. J. Marais, D. Coetzee, and A. L. Williamson. 2013. 'The impact of 
human immunodeficiency virus on human papillomavirus transmission in heterosexually 
active couples', J Infect, 67: 51-8. 

Mbulawa, Z. Z., L. F. Johnson, D. J. Marais, I. Gustavsson, J. R. Moodley, D. Coetzee, U. Gyllensten, and 
A. L. Williamson. 2014. 'Increased alpha-9 human papillomavirus species viral load in human 
immunodeficiency virus positive women', BMC Infect Dis, 14: 51. 

Mbulawa, Z. Z., D. J. Marais, L. F. Johnson, A. Boulle, D. Coetzee, and A. L. Williamson. 2010. 'Influence 
of human immunodeficiency virus and CD4 count on the prevalence of human papillomavirus 
in heterosexual couples', J Gen Virol, 91: 3023-31. 



 

125 
 

Mbulawa, Z. Z., D. J. Marais, L. F. Johnson, D. Coetzee, and A. L. Williamson. 2012. 'Impact of human 
immunodeficiency virus on the natural history of human papillomavirus genital infection in 
South African men and women', J Infect Dis, 206: 15-27. 

McDonald, A. C., L. Denny, C. Wang, W. Y. Tsai, T. C. Wright, Jr., and L. Kuhn. 2012. 'Distribution of 
high-risk human papillomavirus genotypes among HIV-negative women with and without 
cervical intraepithelial neoplasia in South Africa', PLoS One, 7: e44332. 

McDonald, A. C., A. I. Tergas, L. Kuhn, L. Denny, and T. C. Wright, Jr. 2014. 'Distribution of Human 
Papillomavirus Genotypes among HIV-Positive and HIV-Negative Women in Cape Town, South 
Africa', Front Oncol, 4: 48. 

McGowin, C. L., V. L. Popov, and R. B. Pyles. 2009. 'Intracellular Mycoplasma genitalium infection of 
human vaginal and cervical epithelial cells elicits distinct patterns of inflammatory cytokine 
secretion and provides a possible survival niche against macrophage-mediated killing', BMC 
Microbiol, 9: 139. 

Menezes, L. J., U. Pokharel, S. L. Sudenga, M. H. Botha, M. Zeier, M. E. Abrahamsen, R. H. Glashoff, S. 
Engelbrecht, M. F. Schim van der Loeff, L. E. van der Laan, S. Kipping, D. Taylor, and A. R. 
Giuliano. 2018. 'Patterns of prevalent HPV and STI co-infections and associated factors among 
HIV-negative young Western Cape, South African women: the EVRI trial', Sex Transm Infect, 
94: 55-61. 

Mermelstein, Sarah, and Katie Plax. 2016. 'Sexually Transmitted Infections', Current Treatment 
Options in Pediatrics, 2: 156-70. 

Michaud, D.S., S.M. Langevin, M. Eliot, H.H. Nelson, M. Pawlita, M.D. McClean, and K.T Kelsey. 2014. 
'High-risk HPV types and head and neck cancer', Int J Cancer, 135: 1653-61. 

Ministry of Health. 2017. 'National Strategy for Cancer Control in Ghana: 2012-2016.', Available at 
http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%202012-
2016.pdf (Accessed 20 August 2020). 

Miranda, P. M., N. N. Silva, B. C. Pitol, I. D. Silva, J. L. Lima-Filho, R. F. Carvalho, R. C. Stocco, W. Beçak, 
and A. A. Lima. 2013. 'Persistence or clearance of human papillomavirus infections in women 
in Ouro Preto, Brazil', Biomed Res Int, 2013: 578276. 

Mistry, N., C. Wibom, and M. Evander. 2008. 'Cutaneous and mucosal human papillomaviruses differ 
in net surface charge, potential impact on tropism', Virol J, 5: 118. 

Mitchell, S. M., M. Sekikubo, C. Biryabarema, J. J. Byamugisha, M. Steinberg, J. Jeronimo, D. M. Money, 
J. Christilaw, and G. S. Ogilvie. 2014. 'Factors associated with high-risk HPV positivity in a low-
resource setting in sub-Saharan Africa', Am J Obstet Gynecol, 210: 81.e1-7. 

Mittal, S., P. Basu, R. Muwonge, D. Banerjee, I. Ghosh, M. M. Sengupta, P. Das, P. Dey, R. Mandal, C. 
Panda, J. Biswas, and R. Sankaranarayanan. 2017. 'Risk of high-grade precancerous lesions and 
invasive cancers in high-risk HPV-positive women with normal cervix or CIN 1 at baseline-A 
population-based cohort study', Int J Cancer, 140: 1850-59. 

Mitteldorf, Cristina Aparecida T. S. 2016. 'Cervical cancer screening: from Pap smear to future 
strategies', Jornal Brasileiro de Patologia e Medicina Laboratorial, 52: 238-45. 

Moerman-Herzog, A., and M. Nakagawa. 2015. 'Early Defensive Mechanisms against Human 
Papillomavirus Infection', Clin Vaccine Immunol, 22: 850-7. 

Mollers, M., J. Boot Hein, J. Vriend Henrike, J. King Audrey, V. F. van den Broek Ingrid, E. A. van Bergen 
Jan, A. T. Brink Antoinette, F. G. Wolffs Petra, J. P. Hoebe Christian, J. L. Meijer Chris, A. B. van 
der Sande Marianne, and E. de Melker Hester. 2013. 'Prevalence, incidence and persistence 
of genital HPV infections in a large cohort of sexually active young women in the Netherlands', 
Vaccine, 31: 394-401. 

Moodley, D., P. Moodley, M. Sebitloane, D. Soowamber, H. L. McNaughton-Reyes, A. K. Groves, and 
S. Maman. 2015. 'High prevalence and incidence of asymptomatic sexually transmitted 
infections during pregnancy and postdelivery in KwaZulu Natal, South Africa', Sex Transm Dis, 
42: 43-7. 

http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%202012-2016.pdf
http://www.iccp-portal.org/sites/default/files/plans/Cancer%20Plan%20Ghana%202012-2016.pdf


 

126 
 

Moodley, J. R., D. Constant, M. Hoffman, A. Salimo, B. Allan, E. Rybicki, I. Hitzeroth, and A. L. 
Williamson. 2009. 'Human papillomavirus prevalence, viral load and pre-cancerous lesions of 
the cervix in women initiating highly active antiretroviral therapy in South Africa: a cross-
sectional study', BMC Cancer, 9: 275. 

Moodley, J. R., M. Hoffman, H. Carrara, B. R. Allan, D. D. Cooper, L. Rosenberg, L. E. Denny, S. Shapiro, 
and A. L. Williamson. 2006. 'HIV and pre-neoplastic and neoplastic lesions of the cervix in 
South Africa: a case-control study', BMC Cancer, 6: 135. 

Morgan, K., M. Azzani, S. L. Khaing, Y. L. Wong, and T. T. Su. 2019. 'Acceptability of Women Self-
Sampling versus Clinician-Collected Samples for HPV DNA Testing: A Systematic Review', J Low 
Genit Tract Dis, 23: 193-99. 

Morse, S.A. 2010. 'Atlas of sexually transmitted diseases and AIDS', Elsevier, 4th 64-71. 
Mosavel, M., C. Simon, C. Oakar, and S. Meyer. 2009. 'Cervical cancer attitudes and beliefs-a Cape 

Town community responds on World Cancer Day', J Cancer Educ, 24: 114-9. 
Moscicki, A. B., Y. Ma, J. Jonte, S. Miller-Benningfield, E. Hanson, J. Jay, C. Godwin de Medina, S. Farhat, 

L. Clayton, and S. Shiboski. 2010. 'The role of sexual behavior and human papillomavirus 
persistence in predicting repeated infections with new human papillomavirus types', Cancer 
Epidemiol Biomarkers Prev, 19: 2055-65. 

Moscicki, A. B., S. Shiboski, N. K. Hills, K. J. Powell, N. Jay, E. N. Hanson, S. Miller, K. L. Canjura-Clayton, 
S. Farhat, J. M. Broering, and T. M. Darragh. 2004. 'Regression of low-grade squamous intra-
epithelial lesions in young women', Lancet, 364: 1678-83. 

Moscicki, A.B., Y. Ma, C. Wibbelsman, T.M. Darragh, A. Powers, S. Farhat, and S. Shiboski. 2010. 'Rate 
of and risks for regression of cervical intraepithelial neoplasia 2 in adolescents and young 
women', Obstet Gynecol, 116: 1373-80. 

Moyer, V. A. 2012. 'Screening for cervical cancer: U.S. Preventive Services Task Force recommendation 
statement', Ann Intern Med, 156: 880-91, w312. 

Mudau, M., R. P. Peters, L. De Vos, D. H. Olivier, J. Davey D, E. S. Mkwanazi, J. A. McIntyre, J. D. 
Klausner, and A. Medina-Marino. 2018. 'High prevalence of asymptomatic sexually 
transmitted infections among human immunodeficiency virus-infected pregnant women in a 
low-income South African community', Int J STD AIDS, 29: 324-33. 

Mühr, L. S. A., C. Eklund, and J. Dillner. 2018. 'Towards quality and order in human papillomavirus 
research', Virology, 519: 74-76. 

Mulki, A.K. and Withers, M., 2021. Human Papilloma Virus self-sampling performance in low-and 
middle-income countries. BMC Women's Health, 21(1), pp.1-11. 

Muñoz, N., F. X. Bosch, S. de Sanjosé, R. Herrero, X. Castellsagué, K. V. Shah, P. J. Snijders, and C. J. 
Meijer. 2003. 'Epidemiologic classification of human papillomavirus types associated with 
cervical cancer', N Engl J Med, 348: 518-27. 

Muñoz, N., S. Franceschi, C. Bosetti, V. Moreno, R. Herrero, J. S. Smith, K. V. Shah, C. J. Meijer, and F. 
X. Bosch. 2002. 'Role of parity and human papillomavirus in cervical cancer: the IARC 
multicentric case-control study', Lancet, 359: 1093-101. 

Munro, A., R. G. Powell, A. Cohen P, S. Bowen, K. Spilsbury, P. O'Leary, J. B. Semmens, J. Codde, V. 
Williams, N. Steel, and Y. Leung. 2016. 'Spontaneous regression of CIN2 in women aged 18-24 
years: a retrospective study of a state-wide population in Western Australia', Acta Obstet 
Gynecol Scand, 95: 291-8. 

Murchland, A. R., A. Gottschlich, K. Bevilacqua, A. Pineda, B. A. Sandoval-Ramírez, C. S. Alvarez, G. S. 
Ogilvie, T. E. Carey, M. Prince, M. Dean, C. Mendoza Montano, A. Rivera-Andrade, and R. 
Meza. 2019. 'HPV self-sampling acceptability in rural and indigenous communities in 
Guatemala: a cross-sectional study', BMJ Open, 9: e029158. 

Naidoo, S., H. Wand, N. S. Abbai, and G. Ramjee. 2014. 'High prevalence and incidence of sexually 
transmitted infections among women living in Kwazulu-Natal, South Africa', AIDS Res Ther, 11: 
1-7. 



 

127 
 

National Department of Health, NDH. 2017. 'Cervical cancer prevention and policy.', Available at 
https://extranet.who.int/ncdccs/Data/ZAF_B5_cervical%20cancer%20policy.pdf (Accessed 20 
July 2019). 

National Institute For Communicable Diseases Of South Africa, NICD. 2020. 'Summary statistics of 
cancer diagnosed histologically in 2017', Available at https://www.nicd.ac.za/wp-
content/uploads/2020/12/NCR_2017_Final_02dec2020.pdf (Accessed 13 June 2020). 

Naud, P. S., R. Muwonge, E. P. Passos, V. Magno, J. Matos, and R. Sankaranarayanan. 2016. 'Efficacy, 
safety, and acceptability of thermocoagulation for treatment of cervical intraepithelial 
neoplasia in a hospital setting in Brazil', Int J Gynaecol Obstet, 133: 351-4. 

Nayar, R., and D. C. Wilbur. 2015. 'The Pap Test and Bethesda 2014', Acta Cytol, 59: 121-32. 
Nelson, E. J., B. R. Maynard, T. Loux, J. Fatla, R. Gordon, and L. D. Arnold. 2017. 'The acceptability of 

self-sampled screening for HPV DNA: a systematic review and meta-analysis', Sex Transm 
Infect, 93: 56-61. 

Nene, B., K. Jayant, S. Arrossi, S. Shastri, A. Budukh, S. Hingmire, R. Muwonge, S. Malvi, K. Dinshaw, 
and R. Sankaranarayanan. 2007. 'Determinants of womens participation in cervical cancer 
screening trial, Maharashtra, India', Bull World Health Organ, 85: 264-72. 

Nersesyan, A., R. Muradyan, M. Kundi, M. Fenech, C. Bolognesi, and S. Knasmueller. 2020. 'Smoking 
causes induction of micronuclei and other nuclear anomalies in cervical cells', Int J Hyg Environ 
Health, 226: 113492. 

Newman, H., J. Hu, X. Li, J. He, L. Bradford, S. Shan, X. Wu, B. Zhu, W. Yang, B. Fu, B. Zhu, and G. Gao. 
2019. 'Evaluation of portable colposcopy and human papillomavirus testing for screening of 
cervical cancer in rural China', Int J Gynecol Cancer, 29: 23-27. 

Nielsen, A., T. Iftner, C. Munk, and S. K. Kjaer. 2009. 'Acquisition of high-risk human papillomavirus 
infection in a population-based cohort of Danish women', Sex Transm Dis, 36: 609-15. 

Nodjikouambaye, Z. A., C. Adawaye, R. S. Mboumba Bouassa, D. Sadjoli, and L. Bélec. 2020. 'A 
systematic review of self-sampling for HPV testing in Africa', Int J Gynaecol Obstet, 149: 123-
29. 

Nodjikouambaye, Z.A., D. Sadjoli, R.S. Mboumba Bouassa, H. Péré, D. Veyer, C. Adawaye, M. Matta, L. 
Robin, S. Tonen-Wolyec, M.M.  Tcheguena, and A.M. Moussa. 2019. 'Acceptability and 
accuracy of cervical cancer screening using a self-collected veil for HPV DNA testing by 
multiplex real-time PCR among adult women in sub-Saharan Africa.', J Clin Res Med, 2: 1-17. 

Nutthachote, P., S. Oranratanaphan, W. Termrungruanglert, S. Triratanachat, A. Chaiwongkot, F. 
Baedyananda, and P. Bhattarakosol. 2019. 'Comparison of detection rate of high risk HPV 
infection between self-collected HPV testing and clinician-collected HPV testing in cervical 
cancer screening', Taiwan J Obstet Gynecol, 58: 477-81. 

Obiri-Yeboah, D., Y. Adu-Sarkodie, F. Djigma, A. Hayfron-Benjamin, L. Abdul, J. Simpore, and P. 
Mayaud. 2017. 'Self-collected vaginal sampling for the detection of genital human 
papillomavirus (HPV) using careHPV among Ghanaian women', BMC Womens Health, 17: 86. 

Ogembo, R. K., P. N. Gona, A. J. Seymour, H. S. Park, P. A. Bain, L. Maranda, and J. G. Ogembo. 2015. 
'Prevalence of human papillomavirus genotypes among African women with normal cervical 
cytology and neoplasia: a systematic review and meta-analysis', PLoS One, 10: e0122488. 

Ogilvie, G., M. Krajden, J. Maginley, J. Isaac-Renton, G. Hislop, R. Elwood-Martin, C. Sherlock, D. Taylor, 
and M. Rekart. 2007. 'Feasibility of self-collection of specimens for human papillomavirus 
testing in hard-to-reach women', Cmaj, 177: 480-3. 

Ogilvie, G. S., D. van Niekerk, M. Krajden, L. W. Smith, D. Cook, L. Gondara, K. Ceballos, D. Quinlan, M. 
Lee, R. E. Martin, L. Gentile, S. Peacock, G. C. E. Stuart, E. L. Franco, and A. J. Coldman. 2018. 
'Effect of Screening With Primary Cervical HPV Testing vs Cytology Testing on High-grade 
Cervical Intraepithelial Neoplasia at 48 Months: The HPV FOCAL Randomized Clinical Trial', 
Jama, 320: 43-52. 

Oh, J. M., S. H. Kim, E. A. Cho, Y. S. Song, W. H. Kim, and Y. S. Juhnn. 2010. 'Human papillomavirus type 
16 E5 protein inhibits hydrogen-peroxide-induced apoptosis by stimulating ubiquitin-

https://extranet.who.int/ncdccs/Data/ZAF_B5_cervical%20cancer%20policy.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/12/NCR_2017_Final_02dec2020.pdf
https://www.nicd.ac.za/wp-content/uploads/2020/12/NCR_2017_Final_02dec2020.pdf


 

128 
 

proteasome-mediated degradation of Bax in human cervical cancer cells', Carcinogenesis, 31: 
402-10. 

Oh, J. M., S. H. Kim, Y. I. Lee, M. Seo, S. Y. Kim, Y. S. Song, W. H. Kim, and Y. S. Juhnn. 2009. 'Human 
papillomavirus E5 protein induces expression of the EP4 subtype of prostaglandin E2 receptor 
in cyclic AMP response element-dependent pathways in cervical cancer cells', Carcinogenesis, 
30: 141-9. 

Paba, P., D. Bonifacio, L. Di Bonito, D. Ombres, C. Favalli, K. Syrjänen, and M. Ciotti. 2008. 'Co-
expression of HSV2 and Chlamydia trachomatis in HPV-positive cervical cancer and cervical 
intraepithelial neoplasia lesions is associated with aberrations in key intracellular pathways', 
Intervirology, 51: 230-4. 

Paramita, S. . 2010. 'High parity and hormonal contraception use as risk factors for cervical cancer in 
East Kalimantan.', Med J Indones, 19: 268-72. 

Parthenis, C., P. Panagopoulos, N. Margari, C. Kottaridi, A. Spathis, A. Pouliakis, S. Konstantoudakis, G. 
Chrelias, C. Chrelias, N. Papantoniou, I. G. Panayiotides, and S. Tsiodras. 2018. 'The association 
between sexually transmitted infections, human papillomavirus, and cervical cytology 
abnormalities among women in Greece', Int J Infect Dis, 73: 72-77. 

Partridge, J. M., J. P. Hughes, Q. Feng, R. L. Winer, B. A. Weaver, L. F. Xi, M. E. Stern, S. K. Lee, S. F. 
O'Reilly, S. E. Hawes, N. B. Kiviat, and L. A. Koutsky. 2007. 'Genital human papillomavirus 
infection in men: incidence and risk factors in a cohort of university students', J Infect Dis, 196: 
1128-36. 

Pedersen, H. N., L. W. Smith, C. S. Racey, D. Cook, M. Krajden, D. van Niekerk, and G. S. Ogilvie. 2018. 
'Implementation considerations using HPV self-collection to reach women under-screened for 
cervical cancer in high-income settings', Curr Oncol, 25: e4-e7. 

Peng, Y., X. Wang, H. Feng, and G. Yan. 2017. 'Is oral contraceptive use associated with an increased 
risk of cervical cancer? An evidence-based meta-analysis', J Obstet Gynaecol Res, 43: 913-22. 

Perlman, S., R. G. Wamai, P. A. Bain, T. Welty, E. Welty, and J. G. Ogembo. 2014. 'Knowledge and 
awareness of HPV vaccine and acceptability to vaccinate in sub-Saharan Africa: a systematic 
review', PLoS One, 9: e90912. 

Peterson, C. W., D. Rose, J. Mink, and D. Levitz. 2016. 'Real-Time Monitoring and Evaluation of a Visual-
Based Cervical Cancer Screening Program Using a Decision Support Job Aid', Diagnostics 
(Basel), 6. 

Peto, J., and C. Gilham. 2017. 'Longer screening intervals are recommended following a negative HPV 
test in primary cervical screening', Evid Based Med, 22: 178. 

Phillips, S., S. M. Garland, J. H. Tan, M. A. Quinn, and S. N. Tabrizi. 2015. 'Comparison of the Roche 
Cobas(®) 4800 HPV assay to Digene Hybrid Capture 2, Roche Linear Array and Roche Amplicor 
for Detection of High-Risk Human Papillomavirus Genotypes in Women undergoing treatment 
for cervical dysplasia', J Clin Virol, 62: 63-5. 

Pickard, J. M., M. Y. Zeng, R. Caruso, and G. Núñez. 2017. 'Gut microbiota: Role in pathogen 
colonization, immune responses, and inflammatory disease', Immunol Rev, 279: 70-89. 

Pimentel, V. M., X. Jiang, S. Mandavilli, C. Umenyi Nwana, and P. F. Schnatz. 2013. 'Prevalence of high-
risk cervical human papillomavirus and squamous intraepithelial lesion in Nigeria', J Low Genit 
Tract Dis, 17: 203-9. 

Pisani, S., D. Fioriti, M. P. Conte, F. Chiarini, L. Seganti, and A. M. Degener. 2002. 'Involvement of herpes 
simplex type 2 in modulation of gene expression of human papillomavirus type 18', Int J 
Immunopathol Pharmacol, 15: 59-63. 

Pisani, S., M. Imperi, L. Seganti, F. Superti, A. Tinari, M. Bucci, and A. M. Degener. 2004. 'Effect of HSV-
2 infection on the expression of HPV 16 genes in CaSki cells', Int J Immunopathol Pharmacol, 
17: 65-70. 

Plummer, M., C. de Martel, J. Vignat, J. Ferlay, F. Bray, and S. Franceschi. 2016. 'Global burden of 
cancers attributable to infections in 2012: a synthetic analysis', Lancet Glob Health, 4: e609-
16. 



 

129 
 

Poljak, M., J. Cuzick, B. J. Kocjan, T. Iftner, J. Dillner, and M. Arbyn. 2012. 'Nucleic acid tests for the 
detection of alpha human papillomaviruses', Vaccine, 30 Suppl 5: F100-6. 

Polman, N. J., Y. de Haan, N.J. Veldhuijzen, D.A.M. Heideman, H.C.W. de Vet, C.J.L.M. Meijer, L.F.A.G. 
Massuger, F. J. van Kemenade, and J. Berkhof. 2019. 'Experience with HPV self-sampling and 
clinician-based sampling in women attending routine cervical screening in the Netherlands', 
Prev Med, 125: 5-11. 

Polman, N. J., R.M.F. Ebisch, D.A.M. Heideman, W.J.G. Melchers, R.L.M. Bekkers, A.C. Molijn, C.J.l.M 
Meijer, W.G.V. Quint, P.J.F. Snijders, L.f.A.G Massuger, F.J. van Kemenade, and J. Berkhof. 
2019. 'Performance of human papillomavirus testing on self-collected versus clinician-
collected samples for the detection of cervical intraepithelial neoplasia of grade 2 or worse: a 
randomised, paired screen-positive, non-inferiority trial', Lancet Oncol, 20: 229-38. 

Polman, N. J., P. J. F. Snijders, G. G. Kenter, J. Berkhof, and Cjlm Meijer. 2019. 'HPV-based cervical 
screening: Rationale, expectations and future perspectives of the new Dutch screening 
programme', Prev Med, 119: 108-17. 

Poole, D. N., and R. S. McClelland. 2013. 'Global epidemiology of Trichomonas vaginalis', Sex Transm 
Infect, 89: 418-22. 

Porras, C., A. Hildesheim, P. González, M. Schiffman, A. C. Rodríguez, S. Wacholder, S. Jiménez, W. 
Quint, D. Guillen, A. R. Kreimer, and R. Herrero. 2015. 'Performance of self-collected cervical 
samples in screening for future precancer using human papillomavirus DNA testing', J Natl 
Cancer Inst, 107: 400. 

Public Health Agency, HSC. 2013. 'Cervical screening programme: HPV triage and test of cure protocol', 
available at 
https://www.publichealth.hscni.net/sites/default/files/Cervical_Screening_HPV_A3_Poster_
01_13.pdf (Accessed 10 February 2021). 

Public Health England. 2009. 'Cervical screening: a pocket guide', NHS Cervical Cancer Screening 
Programme. 

Qiao, Y. L., J. W. Sellors, P. S. Eder, Y. P. Bao, J. M. Lim, F. H. Zhao, B. Weigl, W. H. Zhang, R. B. Peck, L. 
Li, F. Chen, Q. J. Pan, and A. T. Lorincz. 2008. 'A new HPV-DNA test for cervical-cancer screening 
in developing regions: a cross-sectional study of clinical accuracy in rural China', Lancet Oncol, 
9: 929-36. 

Racey, C. S., D. C. Gesink, A. N. Burchell, S. Trivers, T. Wong, and A. Rebbapragada. 2016. 'Randomized 
Intervention of Self-Collected Sampling for Human Papillomavirus Testing in Under-Screened 
Rural Women: Uptake of Screening and Acceptability', J Womens Health (Larchmt), 25: 489-
97. 

Rajkumar, T. , J.  Cuzick, P.  Appleby, R. V.  Barnabas, V.  Beral, A. Berrington De González, D.  Bull, K.  
Canfell, B. Crossley, J.  Green, G.  Reeves, S.  Sweetland, S.  Kjaer, R.  Painter, M.  Vessey, J.  
Daling, M. Madeleine, R. Ray, D. Thomas, and O.  Meirik. 2006. 'Cervical carcinoma and 
reproductive factors: collaborative reanalysis of individual data on 16,563 women with 
cervical carcinoma and 33,542 women without cervical carcinoma from 25 epidemiological 
studies', Int J Cancer, 119: 1108-24. 

Ramathuba, D. U., D. Ngambi, L. B. Khoza, and N. J. Ramakuela. 2016. 'Knowledge, attitudes and 
practices regarding cervical cancer prevention at Thulamela Municipality of Vhembe District 
in Limpopo Province', Afr J Prim Health Care Fam Med, 8: e1-7. 

Rask, J., E. Lynge, M. Franzmann, B. Hansen, A. Hjortebjerg, C. Rygaard, D. Schledermann, A. Wåhlin, 
and M. Rebolj. 2014. 'Impact of technology on cytology outcome in cervical cancer screening 
of young and older women', Int J Cancer, 134: 2168-79. 

Read, T. R., J. S. Hocking, M. Y. Chen, B. Donovan, C. S. Bradshaw, and C. K. Fairley. 2011. 'The near 
disappearance of genital warts in young women 4 years after commencing a national human 
papillomavirus (HPV) vaccination programme', Sex Transm Infect, 87: 544-7. 

https://www.publichealth.hscni.net/sites/default/files/Cervical_Screening_HPV_A3_Poster_01_13.pdf
https://www.publichealth.hscni.net/sites/default/files/Cervical_Screening_HPV_A3_Poster_01_13.pdf


 

130 
 

Rebolj, M., J. Bonde, D. Ejegod, S. Preisler, C. Rygaard, and E. Lynge. 2015. 'A daunting challenge: 
Human Papillomavirus assays and cytology in primary cervical screening of women below age 
30years', Eur J Cancer, 51: 1456-66. 

Rebolj, M., J. Rimmer, K. Denton, J. Tidy, C. Mathews, K. Ellis, J. Smith, C. Evans, T. Giles, V. Frew, X. 
Tyler, A. Sargent, J. Parker, M. Holbrook, K. Hunt, P. Tidbury, T. Levine, D. Smith, J. Patnick, R. 
Stubbs, S. Moss, and H. Kitchener. 2019. 'Primary cervical screening with high risk human 
papillomavirus testing: observational study', Bmj, 364: l240. 

Reighard, S. D., R. L. Sweet, C. Vicetti Miguel, R. D. Vicetti Miguel, M. Chivukula, U. Krishnamurti, and 
T. L. Cherpes. 2011. 'Endometrial leukocyte subpopulations associated with Chlamydia 
trachomatis, Neisseria gonorrhoeae, and Trichomonas vaginalis genital tract infection', Am J 
Obstet Gynecol, 205: 324.e1-7. 

Richter, K., P. Becker, A. Horton, and G. Dreyer. 2013. 'Age-specific prevalence of cervical human 
papillomavirus infection and cytological abnormalities in women in Gauteng Province, South 
Africa', S Afr Med J, 103: 313-7. 

Rijkaart, D. C., J. Berkhof, F. J. van Kemenade, V. M. Coupe, A. T. Hesselink, L. Rozendaal, D. A. 
Heideman, R. H. Verheijen, S. Bulk, W. M. Verweij, P. J. Snijders, and C. J. Meijer. 2012. 
'Evaluation of 14 triage strategies for HPV DNA-positive women in population-based cervical 
screening', Int J Cancer, 130: 602-10. 

Roeters, A. M., M. E. Boon, M. van Haaften, F. Vernooij, T. R. Bontekoe, and A. P. Heintz. 2010. 
'Inflammatory events as detected in cervical smears and squamous intraepithelial lesions', 
Diagn Cytopathol, 38: 85-93. 

Rohner, E., M. Sengayi, B. Goeieman, P. Michelow, C. Firnhaber, M. Maskew, and J. Bohlius. 2017. 
'Cervical cancer risk and impact of Pap-based screening in HIV-positive women on 
antiretroviral therapy in Johannesburg, South Africa', Int J Cancer, 141: 488-96. 

Ronco, G., J. Dillner, K. M. Elfström, S. Tunesi, P. J. Snijders, M. Arbyn, H. Kitchener, N. Segnan, C. 
Gilham, P. Giorgi-Rossi, J. Berkhof, J. Peto, and C. J. Meijer. 2014. 'Efficacy of HPV-based 
screening for prevention of invasive cervical cancer: follow-up of four European randomised 
controlled trials', Lancet, 383: 524-32. 

Rositch, A. F., A. E. Burke, R. P. Viscidi, M. I. Silver, K. Chang, and P. E. Gravitt. 2012. 'Contributions of 
recent and past sexual partnerships on incident human papillomavirus detection: acquisition 
and reactivation in older women', Cancer Res, 72: 6183-90. 

Rositch, A. F., J. Koshiol, M. G. Hudgens, H. Razzaghi, D. M. Backes, J. M. Pimenta, E. L. Franco, C. Poole, 
and J. S. Smith. 2013. 'Patterns of persistent genital human papillomavirus infection among 
women worldwide: a literature review and meta-analysis', Int J Cancer, 133: 1271-85. 

Roura, E., N. Travier, T. Waterboer, S. de Sanjosé, F. X. Bosch, M. Pawlita, V. Pala, E. Weiderpass, N. 
Margall, J. Dillner, I. T. Gram, A. Tjønneland, C. Munk, D. Palli, K. T. Khaw, K. Overvad, F. Clavel-
Chapelon, S. Mesrine, A. Fournier, R. T. Fortner, J. Ose, A. Steffen, A. Trichopoulou, P. Lagiou, 
P. Orfanos, G. Masala, R. Tumino, C. Sacerdote, S. Polidoro, A. Mattiello, E. Lund, P. H. Peeters, 
H. B. Bueno-de-Mesquita, J. R. Quirós, M. J. Sánchez, C. Navarro, A. Barricarte, N. Larrañaga, 
J. Ekström, D. Lindquist, A. Idahl, R. C. Travis, M. A. Merritt, M. J. Gunter, S. Rinaldi, M. 
Tommasino, S. Franceschi, E. Riboli, and X. Castellsagué. 2016. 'The Influence of Hormonal 
Factors on the Risk of Developing Cervical Cancer and Pre-Cancer: Results from the EPIC 
Cohort', PLoS One, 11: e0147029. 

Rowhani-Rahbar, A., S. E. Hawes, P. S. Sow, P. Toure, Q. Feng, A. Dem, B. Dembele, C. W. Critchlow, I. 
N'Doye, and N. B. Kiviat. 2007. 'The impact of HIV status and type on the clearance of human 
papillomavirus infection among Senegalese women', J Infect Dis, 196: 887-94. 

Rozemeijer, K., S. K. Naber, C. Penning, L. I. Overbeek, C. W. Looman, I. M. de Kok, S. M. Matthijsse, 
M. Rebolj, F. J. van Kemenade, and M. van Ballegooijen. 2017. 'Cervical cancer incidence after 
normal cytological sample in routine screening using SurePath, ThinPrep, and conventional 
cytology: population based study', Bmj, 356: j504. 



 

131 
 

Ruiz-Sternberg, Á.M., E.D. Moreira Jr, J.A. Restrepo, E. Lazcano-Ponce, R. Cabello, A. Silva, R. Andrade, 
F. Revollo, S. Uscanga, A. Victoria, and A.M. Guevara. 2018. Efficacy, immunogenicity, and 
safety of a 9-valent human papillomavirus vaccine in Latin American girls, boys, and young 
women. Papillomavirus Research, 5:63-74 

Rumyantseva, T., G. Khayrullina, A. Guschin, and G. Donders. 2019. 'Prevalence of Ureaplasma spp. 
and Mycoplasma hominis in healthy women and patients with flora alterations', Diagn 
Microbiol Infect Dis, 93: 227-31. 

Sabeena, S., P. Bhat, V. Kamath, and G. Arunkumar. 2017. 'Possible non-sexual modes of transmission 
of human papilloma virus', J Obstet Gynaecol Res, 43: 429-35. 

Safaeian, M., D. Solomon, and P.E. Castle. 2007. 'Cervical cancer prevention--cervical screening: 
science in evolution', Obstetrics and gynecology clinics of North America, 34: 739-ix. 

Saidu, R., J. Moodley, A. Tergas, M. Momberg, R. Boa, T. Wright, S. Campbell, C. Svanholm-Barrie, D. 
Persing, L. Kuhn, and L. Denny. 2018. 'South African women's perspectives on self-sampling 
for cervical cancer screening: A mixed-methods study', S Afr Med J, 109: 47-52. 

Salazar, K. L., D. J. Duhon, R. Olsen, and M. Thrall. 2019. 'A review of the FDA-approved molecular 
testing platforms for human papillomavirus', J Am Soc Cytopathol, 8: 284-92. 

Salman, N. A., G. Davies, F. Majidy, F. Shakir, H. Akinrinade, D. Perumal, and G. H. Ashrafi. 2017. 
'Association of High Risk Human Papillomavirus and Breast cancer: A UK based Study', Sci Rep, 
7: 43591. 

Samoff, E., E. H. Koumans, L. E. Markowitz, M. Sternberg, M. K. Sawyer, D. Swan, J. R. Papp, C. M. 
Black, and E. R. Unger. 2005. 'Association of Chlamydia trachomatis with persistence of high-
risk types of human papillomavirus in a cohort of female adolescents', Am J Epidemiol, 162: 
668-75. 

Sangrajrang, S., P. Laowahutanont, M. Wongsena, R. Muwonge, A. Karalak, W. Imsamran, V. 
Senkomago, and R. Sankaranarayanan. 2017. 'Comparative accuracy of Pap smear and HPV 
screening in Ubon Ratchathani in Thailand', Papillomavirus Res, 3: 30-35. 

Sankaranarayanan, R., B. M. Nene, S. S. Shastri, K. Jayant, R. Muwonge, A. M. Budukh, S. Hingmire, S. 
G. Malvi, R. Thorat, A. Kothari, R. Chinoy, R. Kelkar, S. Kane, S. Desai, V. R. Keskar, R. 
Rajeshwarkar, N. Panse, and K. A. Dinshaw. 2009. 'HPV screening for cervical cancer in rural 
India', N Engl J Med, 360: 1385-94. 

Saraiya, M., V. B. Benard, A. A. Greek, M. Steinau, S. Patel, L. S. Massad, G. F. Sawaya, and E. R. Unger. 
2014. 'Type-specific HPV and Pap test results among low-income, underserved women: 
providing insights into management strategies', Am J Obstet Gynecol, 211: 354.e1-6. 

Sarian, L. O., L. S. Hammes, A. Longatto-Filho, R. Guarisi, S. F. Derchain, C. Roteli-Martins, P. Naud, M. 
Erzen, M. Branca, S. Tatti, J. C. de Matos, R. Gontijo, M. Y. Maeda, T. Lima, S. Costa, S. Syrjänen, 
and K. Syrjänen. 2009. 'Increased risk of oncogenic human papillomavirus infections and 
incident high-grade cervical intraepithelial neoplasia among smokers: experience from the 
Latin American screening study', Sex Transm Dis, 36: 241-8. 

Saslow, D., D. Solomon, H. W. Lawson, M. Killackey, S. L. Kulasingam, J. Cain, F. A. Garcia, A. T. Moriarty, 
A. G. Waxman, D. C. Wilbur, N. Wentzensen, L. S. Downs, Jr., M. Spitzer, A. B. Moscicki, E. L. 
Franco, M. H. Stoler, M. Schiffman, P. E. Castle, and E. R. Myers. 2012. 'American Cancer 
Society, American Society for Colposcopy and Cervical Pathology, and American Society for 
Clinical Pathology screening guidelines for the prevention and early detection of cervical 
cancer', CA Cancer J Clin, 62: 147-72. 

Sauvaget, C., J. M. Fayette, R. Muwonge, R. Wesley, and R. Sankaranarayanan. 2011. 'Accuracy of 
visual inspection with acetic acid for cervical cancer screening', Int J Gynaecol Obstet, 113: 14-
24. 

Schiffman, M. 2007. 'Integration of human papillomavirus vaccination, cytology, and human 
papillomavirus testing', Cancer, 111: 145-53. 

Schiffman, M., P. E. Castle, J. Jeronimo, A. C. Rodriguez, and S. Wacholder. 2007. 'Human 
papillomavirus and cervical cancer', Lancet, 370: 890-907. 



 

132 
 

Schiffman, M., W. K. Kinney, L. C. Cheung, J. C. Gage, B. Fetterman, N. E. Poitras, T. S. Lorey, N. 
Wentzensen, B. Befano, J. Schussler, H. A. Katki, and P. E. Castle. 2018. 'Relative Performance 
of HPV and Cytology Components of Cotesting in Cervical Screening', J Natl Cancer Inst, 110: 
501-08. 

Schiffman, M., and S. K. Kjaer. 2003. 'Chapter 2: Natural history of anogenital human papillomavirus 
infection and neoplasia', J Natl Cancer Inst Monogr: 14-9. 

Schiffman, M., N. Wentzensen, S. Wacholder, W. Kinney, J. C. Gage, and P. E. Castle. 2011. 'Human 
papillomavirus testing in the prevention of cervical cancer', J Natl Cancer Inst, 103: 368-83. 

Schlecht, N. F., R. W. Platt, E. Duarte-Franco, M. C. Costa, J. P. Sobrinho, J. C. Prado, A. Ferenczy, T. E. 
Rohan, L. L. Villa, and E. L. Franco. 2003. 'Human papillomavirus infection and time to 
progression and regression of cervical intraepithelial neoplasia', J Natl Cancer Inst, 95: 1336-
43. 

Schluterman, N. H., S. O. Sow, C. B. Traore, K. Bakarou, R. Dembelé, F. Sacko, P. E. Gravitt, and J. K. 
Tracy. 2013. 'Differences in patterns of high-risk human papillomavirus infection between 
urban and rural low-resource settings: cross-sectional findings from Mali', BMC Womens 
Health, 13: 4. 

Schmitt, M., C. Depuydt, I. Benoy, J. Bogers, J. Antoine, M. Arbyn, and M. Pawlita. 2013. 'Multiple 
human papillomavirus infections with high viral loads are associated with cervical lesions but 
do not differentiate grades of cervical abnormalities', J Clin Microbiol, 51: 1458-64. 

Sellors, J.W., and R. Sankaranarayanan. 2003. 'Colposcopy and treatment of cervical intraepithelial 
neoplasia: a beginner’s manual. ', France, International Agency for Research on Cancer, World 
Health Organization. Available at http://screening.iarc.fr/doc/Colposcopymanual.pdf 
(Accessed 23 Septermber 2020). 

Sha, B. E., H. Y. Chen, Q. J. Wang, M. R. Zariffard, M. H. Cohen, and G. T. Spear. 2005. 'Utility of Amsel 
criteria, Nugent score, and quantitative PCR for Gardnerella vaginalis, Mycoplasma hominis, 
and Lactobacillus spp. for diagnosis of bacterial vaginosis in human immunodeficiency virus-
infected women', J Clin Microbiol, 43: 4607-12. 

Shapiro, S., L. Rosenberg, M. Hoffman, J. P. Kelly, D. D. Cooper, H. Carrara, L. E. Denny, G. du Toit, B. 
R. Allan, I. A. Stander, and A. L. Williamson. 2003. 'Risk of invasive cancer of the cervix in 
relation to the use of injectable progestogen contraceptives and combined 
estrogen/progestogen oral contraceptives (South Africa)', Cancer Causes Control, 14: 485-95. 

Shen, G., J. Cheng, Y. Wang, P. Zhou, and G. Zhang. 2014. 'Viral DNA load of high-risk human papilloma 
virus is closely associated with the grade of cervical lesions', Int J Clin Exp Med, 7: 5826-31. 

Sibiya, M. N., and L. Grainger. 2007. 'An assessment of the implementation of the provincial cervical 
screening programme in selected Primary Health Care Clinics in the Ilembe Region, KwaZulu-
Natal', Curationis, 30: 48-55. 

Silins, I., W. Ryd, A. Strand, G. Wadell, S. Törnberg, B. G. Hansson, X. Wang, L. Arnheim, V. Dahl, D. 
Bremell, K. Persson, J. Dillner, and E. Rylander. 2005. 'Chlamydia trachomatis infection and 
persistence of human papillomavirus', Int J Cancer, 116: 110-5. 

Silva, J., F. Cerqueira, and R. Medeiros. 2014. 'Chlamydia trachomatis infection: implications for HPV 
status and cervical cancer', Arch Gynecol Obstet, 289: 715-23. 

Silver, M. I., A. F. Rositch, D. F. Phelan-Emrick, and P. E. Gravitt. 2018. 'Uptake of HPV testing and 
extended cervical cancer screening intervals following cytology alone and Pap/HPV cotesting 
in women aged 30-65 years', Cancer Causes Control, 29: 43-50. 

Simonella, L., and K. Canfell. 2013. 'The impact of a two- versus three-yearly cervical screening interval 
recommendation on cervical cancer incidence and mortality: an analysis of trends in Australia, 
New Zealand, and England', Cancer Causes Control, 24: 1727-36. 

Sinha, P., P. Srivastava, and A. Srivastava. 2018. 'Comparison of Visual Inspection with Acetic Acid and 
the Pap Smear for Cervical Cancer Screening', Acta Cytol, 62: 34-38. 

Smith-McCune, K. K., S. Shiboski, M. Z. Chirenje, T. Magure, J. Tuveson, Y. Ma, M. Da Costa, A. B. 
Moscicki, J. M. Palefsky, R. Makunike-Mutasa, T. Chipato, A. van der Straten, and G. F. Sawaya. 

http://screening.iarc.fr/doc/Colposcopymanual.pdf


 

133 
 

2010. 'Type-specific cervico-vaginal human papillomavirus infection increases risk of HIV 
acquisition independent of other sexually transmitted infections', PLoS One, 5: e10094. 

Smith, J. S., R. Herrero, C. Bosetti, N. Muñoz, F. X. Bosch, J. Eluf-Neto, X. Castellsagué, C. J. Meijer, A. 
J. Van den Brule, S. Franceschi, and R. Ashley. 2002. 'Herpes simplex virus-2 as a human 
papillomavirus cofactor in the etiology of invasive cervical cancer', J Natl Cancer Inst, 94: 1604-
13. 

Smith, J. S., N. Muñoz, R. Herrero, J. Eluf-Neto, C. Ngelangel, S. Franceschi, F. X. Bosch, J. M. 
Walboomers, and R. W. Peeling. 2002. 'Evidence for Chlamydia trachomatis as a human 
papillomavirus cofactor in the etiology of invasive cervical cancer in Brazil and the Philippines', 
J Infect Dis, 185: 324-31. 

Smith, J. S., B. Sanusi, A. Swarts, M. Faesen, S. Levin, B. Goeieman, S. Ramotshela, N. Rakhombe, A. L. 
Williamson, P. Michelow, T. Omar, M. G. Hudgens, and C. Firnhaber. 2017. 'A randomized 
clinical trial comparing cervical dysplasia treatment with cryotherapy vs loop electrosurgical 
excision procedure in HIV-seropositive women from Johannesburg, South Africa', Am J Obstet 
Gynecol, 217: 183.e1-83.e11. 

Snellenberg, S., L. M. De Strooper, A. T. Hesselink, C. J. Meijer, P. J. Snijders, D. A. Heideman, and R. D. 
Steenbergen. 2012. 'Development of a multiplex methylation-specific PCR as candidate triage 
test for women with an HPV-positive cervical scrape', BMC Cancer, 12: 551. 

Snijders, P. J., V. M. Verhoef, M. Arbyn, G. Ogilvie, S. Minozzi, R. Banzi, F. J. van Kemenade, D. A. 
Heideman, and C. J. Meijer. 2013. '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, 132: 2223-36. 

Solomon, D., D. Davey, R. Kurman, A. Moriarty, D. O'Connor, M. Prey, S. Raab, M. Sherman, D. Wilbur, 
T. Wright, Jr., and N. Young. 2002. 'The 2001 Bethesda System: terminology for reporting 
results of cervical cytology', Jama, 287: 2114-9. 

Somdyala, N. I. M., D. Bradshaw, M. A. Dhansay, and D. C. Stefan. 2020. 'Increasing Cervical Cancer 
Incidence in Rural Eastern Cape Province of South Africa From 1998 to 2012: A Population-
Based Cancer Registry Study', JCO Glob Oncol, 6: 1-8. 

Somdyala, N. I., D. M. Parkin, N. Sithole, and D. Bradshaw. 2015a. 'Trends in cancer incidence in rural 
Eastern Cape Province; South Africa, 1998-2012', Int J Cancer, 136: E470-4. 

Somdyala, N. I., M.D. Parkin, N. Sithole, and D.  Bradshaw. 2015b. Cancer incidence in selected 
municipalities of the Eastern Cape Province, 2008-2012. 

Sossauer, G., M. Zbinden, P. M. Tebeu, G. K. Fosso, S. Untiet, P. Vassilakos, and P. Petignat. 2014. 
'Impact of an educational intervention on women's knowledge and acceptability of human 
papillomavirus self-sampling: a randomized controlled trial in Cameroon', PLoS One, 9: 
e109788. 

Stein, L., M. I. Urban, D. O'Connell, X. Q. Yu, V. Beral, R. Newton, P. Ruff, B. Donde, M. Hale, M. Patel, 
and F. Sitas. 2008. 'The spectrum of human immunodeficiency virus-associated cancers in a 
South African black population: results from a case-control study, 1995-2004', Int J Cancer, 
122: 2260-5. 

Stelzle, D., L. F. Tanaka, K. K. Lee, A. Ibrahim Khalil, I. Baussano, A. S. V. Shah, D. A. McAllister, S. L. 
Gottlieb, S. J. Klug, A. S. Winkler, F. Bray, R. Baggaley, G. M. Clifford, N. Broutet, and S. Dalal. 
2020. 'Estimates of the global burden of cervical cancer associated with HIV', Lancet Glob 
Health. 

Strickler, H. D., R. D. Burk, M. Fazzari, K. Anastos, H. Minkoff, L. S. Massad, C. Hall, M. Bacon, A. M. 
Levine, D. H. Watts, M. J. Silverberg, X. Xue, N. F. Schlecht, S. Melnick, and J. M. Palefsky. 2005. 
'Natural history and possible reactivation of human papillomavirus in human 
immunodeficiency virus-positive women', J Natl Cancer Inst, 97: 577-86. 

Subbaramaiah, K., and A. J. Dannenberg. 2007. 'Cyclooxygenase-2 transcription is regulated by human 
papillomavirus 16 E6 and E7 oncoproteins: evidence of a corepressor/coactivator exchange', 
Cancer Res, 67: 3976-85. 



 

134 
 

Suehiro, T. T., Gmzf Damke, E. Damke, P. L. R. de Azevedo Ramos, M. de Andrade Pereira Silva, S. M. 
Pelloso, W. K. Huh, R. A. F. Franco, V. R. S. da Silva, I. C. Scarinci, and M. E. L. Consolaro. 2020. 
'Cervical and oral human papillomavirus infection in women living with human 
immunodeficiency virus (HIV) and matched HIV-negative controls in Brazil', Infect Agent 
Cancer, 15: 1-11. 

Sugawara, Y., I. Tsuji, T. Mizoue, M. Inoue, N. Sawada, K. Matsuo, H. Ito, M. Naito, C. Nagata, Y. 
Kitamura, A. Sadakane, K. Tanaka, A. Tamakoshi, S. Tsugane, and T. Shimazu. 2019. 'Cigarette 
smoking and cervical cancer risk: an evaluation based on a systematic review and meta-
analysis among Japanese women', Jpn J Clin Oncol, 49: 77-86. 

Sultana, F., D. M. Gertig, C. D. Wrede, D. R. English, J. A. Simpson, K. T. Drennan, J. M. Brotherton, G. 
Phillips, S. Heley, P. E. Castle, and M. Saville. 2015. 'A pilot study to compare dry cervical 
sample collection with standard practice of wet cervical samples for human papillomavirus 
testing', J Clin Virol, 69: 210-3. 

Sun, C. A., H. C. Lai, C. C. Chang, S. Neih, C. P. Yu, and T. Y. Chu. 2001. 'The significance of human 
papillomavirus viral load in prediction of histologic severity and size of squamous 
intraepithelial lesions of uterine cervix', Gynecol Oncol, 83: 95-9. 

Sznitman, S. R., M. P. Carey, P. A. Vanable, R. J. DiClemente, L. K. Brown, R. F. Valois, M. Hennessy, N. 
Farber, C. Rizzo, A. Caliendo, L. F. Salazar, B. F. Stanton, and D. Romer. 2010. 'The impact of 
community-based sexually transmitted infection screening results on sexual risk behaviors of 
African American adolescents', J Adolesc Health, 47: 12-9. 

Tainio, K., A. Athanasiou, K. A. O. Tikkinen, R. Aaltonen, J. Cárdenas, Hernándes, S. Glazer-Livson, M. 
Jakobsson, K. Joronen, M. Kiviharju, K. Louvanto, S. Oksjoki, R. Tähtinen, S. Virtanen, P. 
Nieminen, M. Kyrgiou, and I. Kalliala. 2018. 'Clinical course of untreated cervical intraepithelial 
neoplasia grade 2 under active surveillance: systematic review and meta-analysis', Bmj, 360: 
k499. 

Taku, O., Meiring, T.L., Gustavsson, I., Phohlo, K., Garcia-Jardon, M., Mbulawa, Z.Z., Businge, C.B., 
Gyllensten, U. and Williamson, A.L. 2020a. Acceptability of self-collection for human 
papillomavirus detection in the Eastern Cape, South Africa. PloS one, 15(11), p.e0241781. 

Taku, O., C. B. Businge, M. L. Mdaka, K. Phohlo, W. Basera, M. Garcia-Jardon, T. L. Meiring, U. 
Gyllensten, A. L. Williamson, and Z. Z. A. Mbulawa. 2020b. 'Human papillomavirus prevalence 
and risk factors among HIV-negative and HIV-positive women residing in rural Eastern Cape, 
South Africa', Int J Infect Dis, 95: 176-82. 

Tartaglia, E., K. Falasca, J. Vecchiet, G. P. Sabusco, G. Picciano, R. Di Marco, and C. Ucciferri. 2017. 
'Prevalence of HPV infection among HIV-positive and HIV-negative women in Central/Eastern 
Italy: Strategies of prevention', Oncol Lett, 14: 7629-35. 

Taylor-Robinson, D. 2017. 'Mollicutes in vaginal microbiology: Mycoplasma hominis, Ureaplasma 
urealyticum, Ureaplasma parvum and Mycoplasma genitalium', Res Microbiol, 168: 875-81. 

Theiler, R. N., S. L. Farr, J. M. Karon, P. Paramsothy, R. Viscidi, A. Duerr, S. Cu-Uvin, J. Sobel, K. Shah, R. 
S. Klein, and D. J. Jamieson. 2010. 'High-risk human papillomavirus reactivation in human 
immunodeficiency virus-infected women: risk factors for cervical viral shedding', Obstet 
Gynecol, 115: 1150-8. 

Thorsteinsson, K., S. Ladelund, M. Storgaard, T. L. Katzenstein, I. S. Johansen, G. Pedersen, F. F. 
Rönsholt, L. N. Nielsen, L. Nilas, M. Franzmann, N. Obel, A. M. Lebech, and J. Bonde. 2019. 
'Persistence of cervical high-risk human papillomavirus in women living with HIV in Denmark 
- the SHADE', BMC Infect Dis, 19: 740. 

Thurman, A. R., and G. F. Doncel. 2011. 'Innate immunity and inflammatory response to Trichomonas 
vaginalis and bacterial vaginosis: relationship to HIV acquisition', Am J Reprod Immunol, 65: 
89-98. 

Ting, J., D. T. Kruzikas, and J. S. Smith. 2010. 'A global review of age-specific and overall prevalence of 
cervical lesions', Int J Gynecol Cancer, 20: 1244-9. 



 

135 
 

Ting, J., A. F. Rositch, S. M. Taylor, L. Rahangdale, H. M. Soeters, X. Sun, and J. S. Smith. 2015. 
'Worldwide incidence of cervical lesions: a systematic review', Epidemiol Infect, 143: 225-41. 

Tjalma, W. A. A. 2017. 'Diagnostic performance of dual-staining cytology for cervical cancer screening: 
A systematic literature review', Eur J Obstet Gynecol Reprod Biol, 210: 275-80. 

Tjalma, W. A. A., E. Kim, and K. Vandeweyer. 2017. 'The impact on women's health and the cervical 
cancer screening budget of primary HPV screening with dual-stain cytology triage in Belgium', 
Eur J Obstet Gynecol Reprod Biol, 212: 171-81. 

Tomkins, A., C. White, and S. P. Higgins. 2015. 'Primary herpes simplex virus infection mimicking 
cervical cancer', BMJ Case Rep, 2015. 

Torres-Ibarra, L., J. Cuzick, A. T. Lorincz, D. Spiegelman, E. Lazcano-Ponce, E. L. Franco, A. B. Moscicki, 
S. M. Mahmud, C. M. Wheeler, B. Rivera-Paredez, R. Hernández-López, L. León-Maldonado, 
and J. Salmerón. 2019. 'Comparison of HPV-16 and HPV-18 Genotyping and Cytological Testing 
as Triage Testing Within Human Papillomavirus-Based Screening in Mexico', JAMA Netw Open, 
2: e1915781. 

Tota, J. E., J. Bentley, J. Blake, F. Coutlée, M. A. Duggan, A. Ferenczy, E. L. Franco, M. Fung-Kee-Fung, 
W. Gotlieb, M. H. Mayrand, M. McLachlin, J. Murphy, G. Ogilvie, and S. Ratnam. 2017. 
'Introduction of molecular HPV testing as the primary technology in cervical cancer screening: 
Acting on evidence to change the current paradigm', Prev Med, 98: 5-14. 

Tota, J. E., A. V. Ramana-Kumar, Z. El-Khatib, and E. L. Franco. 2014. 'The road ahead for cervical cancer 
prevention and control', Curr Oncol, 21: e255-64. 

Tota, J., S. M. Mahmud, A. Ferenczy, F. Coutlée, and E. L. Franco. 2010. 'Promising strategies for 
cervical cancer screening in the post-human papillomavirus vaccination era', Sex Health, 7: 
376-82. 

Tranberg, M., B. H. Bech, J. Blaakær, J. S. Jensen, H. Svanholm, and B. Andersen. 2018. 'Preventing 
cervical cancer using HPV self-sampling: direct mailing of test-kits increases screening 
participation more than timely opt-in procedures - a randomized controlled trial', BMC Cancer, 
18: 273. 

Trevisan, A., N. F. Schlecht, A. V. Ramanakumar, L. L. Villa, E. L. Franco, and Group The Ludwig-McGill 
Study. 2013. 'Human papillomavirus type 16 viral load measurement as a predictor of infection 
clearance', J Gen Virol, 94: 1850-57. 

Tsang, S. H., J. N. Sampson, J. Schussler, C. Porras, S. Wagner, J. Boland, B. Cortes, D. R. Lowy, J. T. 
Schiller, M. Schiffman, T. J. Kemp, A. C. Rodriguez, W. Quint, M. H. Gail, L. A. Pinto, P. Gonzalez, 
A. Hildesheim, A. R. Kreimer, and R. Herrero. 2020. 'Durability of Cross-Protection by Different 
Schedules of the Bivalent HPV Vaccine: The CVT Trial', J Natl Cancer Inst, 112: 1030-37. 

Tshomo, U., S. Franceschi, T. Tshokey, T. Tobgay, I. Baussano, V. Tenet, D. A. M. Heideman, P. J. F. 
Snijders, and G. M. Clifford. 2017. 'Evaluation of cytology versus human papillomavirus-based 
cervical cancer screening algorithms in Bhutan', Oncotarget, 8: 72438-46. 

UNAIDS. 2019. 'HIV and AIDS in South Africa', Available at https://wwwavertorg/professionals/hiv-
aroundworld/sub-saharan-africa/south-africa (Accessed 27 January 2020). 

Urban, M., E. Banks, S. Egger, K. Canfell, D. O'Connell, V. Beral, and F. Sitas. 2012. 'Injectable and oral 
contraceptive use and cancers of the breast, cervix, ovary, and endometrium in black South 
African women: case-control study', PLoS Med, 9: e1001182. 

Vahedpoor, Z., M. Behrashi, T. Khamehchian, M. Abedzadeh-Kalahroudi, A. Moravveji, and M. 
Mohmadi-Kartalayi. 2019. 'Comparison of the diagnostic value of the visual inspection with 
acetic acid (VIA) and Pap smear in cervical cancer screening', Taiwan J Obstet Gynecol, 58: 
345-48. 

Van Aardt, M. C., G. Dreyer, L. C. Snyman, K. L. Richter, P. Becker, and S. M. Mojaki. 2016. 'Oncogenic 
and incidental HPV types associated with histologically confirmed cervical intraepithelial 
neoplasia in HIV-positive and HIV-negative South African women', S Afr Med J, 106. 

https://wwwavertorg/professionals/hiv-aroundworld/sub-saharan-africa/south-africa
https://wwwavertorg/professionals/hiv-aroundworld/sub-saharan-africa/south-africa


 

136 
 

Van Aardt, M.C., G. Dreyer, K.L. Richter, and P. Becker. 2013. 'Human papillomavirus-type distribution 
in South African women without cytological abnormalities: A peri-urban study', South Afr J 
Gynaecol Oncol, 5: S21. 

van Baars, R., R. P. Bosgraaf, B. W. ter Harmsel, W. J. Melchers, W. G. Quint, and R. L. Bekkers. 2012. 
'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', J Clin 
Microbiol, 50: 3937-43. 

van der Marel, J., J. Berkhof, J. Ordi, A. Torné, M. Del Pino, R. van Baars, M. Schiffman, N. Wentzensen, 
D. Jenkins, and W. G. Quint. 2015. 'Attributing oncogenic human papillomavirus genotypes to 
high-grade cervical neoplasia: which type causes the lesion?', Am J Surg Pathol, 39: 496-504. 

Van der Pol, B. 2007. 'Trichomonas vaginalis infection: the most prevalent nonviral sexually 
transmitted infection receives the least public health attention', Clin Infect Dis, 44: 23-5. 

Van Doorslaer, K., Z. Chen, H. U. Bernard, P. K. S. Chan, R. DeSalle, J. Dillner, O. Forslund, T. Haga, A. 
A. McBride, L. L. Villa, R. D. Burk, and Consortium Ictv Report. 2018. 'ICTV Virus Taxonomy 
Profile: Papillomaviridae', J Gen Virol, 99: 989-90. 

Van Doorslaer, K., Q. Tan, S. Xirasagar, S. Bandaru, V. Gopalan, Y. Mohamoud, Y. Huyen, and A. A. 
McBride. 2013. 'The Papillomavirus Episteme: a central resource for papillomavirus sequence 
data and analysis', Nucleic Acids Res, 41: D571-8. 

Vanakankovit, N., and S. Taneepanichskul. 2008. 'Effect of oral contraceptives on risk of cervical 
cancer', J Med Assoc Thai, 91: 7-12. 

Venkatesh, K. K., A. van der Straten, K. H. Mayer, K. Blanchard, G. Ramjee, M. N. Lurie, T. Chipato, N. 
S. Padian, and G. de Bruyn. 2011. 'African women recently infected with HIV-1 and HSV-2 have 
increased risk of acquiring Neisseria gonorrhoeae and Chlamydia trachomatis in the Methods 
for Improving Reproductive Health in Africa trial', Sex Transm Dis, 38: 562-70. 

Verteramo, R., A. Pierangeli, E. Mancini, E. Calzolari, M. Bucci, J. Osborn, R. Nicosia, F. Chiarini, G. 
Antonelli, and A. M. Degener. 2009. 'Human Papillomaviruses and genital co-infections in 
gynaecological outpatients', BMC Infect Dis, 9: 16. 

Vink, M. A., J. A. Bogaards, F. J. van Kemenade, H. E. de Melker, C. J. Meijer, and J. Berkhof. 2013. 
'Clinical progression of high-grade cervical intraepithelial neoplasia: estimating the time to 
preclinical cervical cancer from doubly censored national registry data', Am J Epidemiol, 178: 
1161-9. 

Viscardi, R. M. 2010. 'Ureaplasma species: role in diseases of prematurity', Clin Perinatol, 37: 393-409. 
Viviano, M., P. L. Tran, B. Kenfack, R. Catarino, M. Akaaboune, L. Temogne, E. T. Foguem, P. Vassilakos, 

and P. Petignat. 2018. 'Self- versus physician-collected samples for the follow-up of human 
papillomavirus-positive women in sub-Saharan Africa', Int J Womens Health, 10: 187-94. 

Vogt, S. L., P. E. Gravitt, N. A. Martinson, J. Hoffmann, and G. D'Souza. 2013. 'Concordant Oral-Genital 
HPV Infection in South Africa Couples: Evidence for Transmission', Front Oncol, 3: 303. 

Volpato, L. K., I. R. Siqueira, R. D. Nunes, and A. P. Piovezan. 2018. 'Association between Hormonal 
Contraception and Injuries Induced by Human Papillomavirus in the Uterine Cervix', Rev Bras 
Ginecol Obstet, 40: 196-202. 

von Karsa, L., M. Arbyn, H. De Vuyst, J. Dillner, L. Dillner, S. Franceschi, J. Patnick, G. Ronco, N. Segnan, 
E. Suonio and S. Törnberg. 2015. 'European guidelines for quality assurance in cervical cancer 
screening. Summary of the supplements on HPV screening and vaccination', Papillomavirus 
Research, 1: 22-31. 

Vriend, H. J., J. A. Bogaards, J. E. van Bergen, A. A. Brink, I. V. van den Broek, C. J. Hoebe, A. J. King, M. 
A. van der Sande, P. F. Wolffs, and H. E. de Melker. 2015. 'Incidence and persistence of 
carcinogenic genital human papillomavirus infections in young women with or without 
Chlamydia trachomatis co-infection', Cancer Med, 4: 1589-98. 

Waites, K. B., B. Katz, and R. L. Schelonka. 2005. 'Mycoplasmas and ureaplasmas as neonatal 
pathogens', Clin Microbiol Rev, 18: 757-89. 



 

137 
 

Waller, J., M. Bartoszek, L. Marlow, and J. Wardle. 2009. 'Barriers to cervical cancer screening 
attendance in England: a population-based survey', J Med Screen, 16: 199-204. 

Wang, C., W. Gu, Y. Zhang, Y. Ji, Y. Wen, and X. Xu. 2017. 'Nicotine promotes cervical carcinoma cell 
line HeLa migration and invasion by activating PI3k/Akt/NF-κB pathway in vitro', Exp Toxicol 
Pathol, 69: 402-07. 

Wang, C., T. C. Wright, L. Denny, and L. Kuhn. 2011. 'Rapid rise in detection of human papillomavirus 
(HPV) infection soon after incident HIV infection among South African women', J Infect Dis, 
203: 479-86. 

Wang, L., L. Zhu, H. Li, N. Ma, H. Huang, X. Zhang, Y. Li, and J. Fang. 2019. 'Association between 
asymptomatic sexually transmitted infections and high-risk human papillomavirus in cervical 
lesions', J Int Med Res, 47: 5548-59. 

Wang, S.M., D. Colombara, J.F. Shi, F.H. Zhao, J. Li, F. Chen, W. Chen, S.M. Li, X. Zhang, Q.J. Pan, and 
J.L. Belinson. 2013. 'Six-year regression and progression of cervical lesions of different human 
papillomavirus viral loads in varied histological diagnoses', Int J Gynecol Cancer, 23: 716-23. 

Wang, W., X. H. Zhang, M. Li, C. H. Hao, Z. M. Zhao, and H. P. Liang. 2018. 'Association between viral 
loads of different oncogenic human papillomavirus types and the degree of cervical lesions in 
the progression of cervical Cancer', Clin Chim Acta, 483: 249-55. 

Ward, H., and M. Rönn. 2010. 'Contribution of sexually transmitted infections to the sexual 
transmission of HIV', Curr Opin HIV AIDS, 5: 305-10. 

Waxman, A. G. 2016. 'See-and-treat: striking a balance between over- and under-treatment', Bjog, 
123: 67. 

Waxman, A. G., D. Chelmow, T. M. Darragh, H. Lawson, and A. B. Moscicki. 2012. 'Revised terminology 
for cervical histopathology and its implications for management of high-grade squamous 
intraepithelial lesions of the cervix', Obstet Gynecol, 120: 1465-71. 

Wentzensen, N., M. Schiffman, T. Palmer, and M. Arbyn. 2016. 'Triage of HPV positive women in 
cervical cancer screening', J Clin Virol, 76 Suppl 1: S49-s55. 

Wentzensen, N., J. L. Walker, M. A. Gold, K. M. Smith, R. E. Zuna, C. Mathews, S. T. Dunn, R. Zhang, K. 
Moxley, E. Bishop, M. Tenney, E. Nugent, B. I. Graubard, S. Wacholder, and M. Schiffman. 
2015. 'Multiple biopsies and detection of cervical cancer precursors at colposcopy', J Clin 
Oncol, 33: 83-9. 

WHO. 2013. 'WHO guidelines for screening and treatment of precancerous lesions for cervical cancer 
prevention', Available at: https://www.ncbi.nlm.nih.gov/books/NBK195239/ (Accessed  13 
August 2020). 

———. 2014a. 'WHO Guidelines for Treatment of Cervical Intraepithelial Neoplasia 2-3 and 
Adenocarcinoma In Situ. ', Geneva, Switzerland:World Health Organization. Available at 
https://apps.who.int/iris/bitstream/handle/10665/104174/9789241506779_eng.pdf;jsessio
nid=6FA1BD1B099107EE2641E4C0543F9C11?sequence=1 (Accessed 13 August 2020). 

———. 2018. 'Report on global sexually transmitted infection surveillance', 
https://appswhoint/iris/bitstream/handle/10665/277258/9789241565691-engpdf?ua=1 
(Accessed 1 May 2020). 

———. 2014b. 'Comprehensive cervical cancer control—A guide to essential practice.', Available at 
https://wwwwhoint/reproductivehealth/publications/cancers/cervical-cancer-guide/en/ 
(Accessed March 2020). 

Wi, T. E., F. J. Ndowa, C. Ferreyra, C. Kelly-Cirino, M. M. Taylor, I. Toskin, J. Kiarie, N. Santesso, and M. 
Unemo. 2019. 'Diagnosing sexually transmitted infections in resource-constrained settings: 
challenges and ways forward', J Int AIDS Soc, 22 Suppl 6: e25343. 

Wilkinson, D., S. S. Abdool Karim, A. Harrison, M. Lurie, M. Colvin, C. Connolly, and A. W. Sturm. 1999. 
'Unrecognized sexually transmitted infections in rural South African women: a hidden 
epidemic', Bull World Health Organ, 77: 22-8. 

Williamson, A. L. 2015. 'The Interaction between Human Immunodeficiency Virus and Human 
Papillomaviruses in Heterosexuals in Africa', J Clin Med, 4: 579-92. 

https://www.ncbi.nlm.nih.gov/books/NBK195239/
https://apps.who.int/iris/bitstream/handle/10665/104174/9789241506779_eng.pdf;jsessionid=6FA1BD1B099107EE2641E4C0543F9C11?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/104174/9789241506779_eng.pdf;jsessionid=6FA1BD1B099107EE2641E4C0543F9C11?sequence=1
https://appswhoint/iris/bitstream/handle/10665/277258/9789241565691-engpdf?ua=1
https://wwwwhoint/reproductivehealth/publications/cancers/cervical-cancer-guide/en/


 

138 
 

Winer, R. L., Q. Feng, J. P. Hughes, S. O'Reilly, N. B. Kiviat, and L. A. Koutsky. 2008. 'Risk of female 
human papillomavirus acquisition associated with first male sex partner', J Infect Dis, 197: 279-
82. 

Winer, R. L., J. P. Hughes, Q. Feng, J. E. Stern, L. F. Xi, and L. A. Koutsky. 2016. 'Incident Detection of 
High-Risk Human Papillomavirus Infections in a Cohort of High-Risk Women Aged 25-65 Years', 
J Infect Dis, 214: 665-75. 

Winer, R. L., J. P. Hughes, Q. Feng, L. F. Xi, S. Cherne, S. O'Reilly, N. B. Kiviat, and L. A. Koutsky. 2011. 
'Early natural history of incident, type-specific human papillomavirus infections in newly 
sexually active young women', Cancer Epidemiol Biomarkers Prev, 20: 699-707. 

Winer, R. L., J. Lin, J. A. Tiro, D. L. Miglioretti, T. Beatty, H. Gao, K. Kimbel, C. Thayer, and D. S. M. Buist. 
2019. 'Effect of Mailed Human Papillomavirus Test Kits vs Usual Care Reminders on Cervical 
Cancer Screening Uptake, Precancer Detection, and Treatment: A Randomized Clinical Trial', 
JAMA Netw Open, 2: e1914729. 

Wolfrum, S. G., L. A. Koutsky, J. P. Hughes, Q. Feng, L. F. Xi, Z. Shen, and R. L. Winer. 2013. 'Evaluation 
of dry and wet transport of at-home self-collected vaginal swabs for human papillomavirus 
testing', J Med Microbiol, 62: 1918. 

Wright, T. . 2009. 'Pathogenesis and diagnosis of preinvasive lesions of the lower genital tract.', In: 
Barakat R, Markman M, Randall M, eds. Principles and Practice of Gynecologic Oncology. 5th 
edn. Philadelphia: Wolters Kluwer/Lippincott Williams & Wilkins; . 

Wright, T. C., Jr., and M. Schiffman. 2003. 'Adding a test for human papillomavirus DNA to cervical-
cancer screening', N Engl J Med, 348: 489-90. 

Xi, L. F., J. P. Hughes, P. E. Castle, Z. R. Edelstein, C. Wang, D. A. Galloway, L. A. Koutsky, N. B. Kiviat, 
and M. Schiffman. 2011. 'Viral load in the natural history of human papillomavirus type 16 
infection: a nested case-control study', J Infect Dis, 203: 1425-33. 

Xu, H., S. Egger, L. S. Velentzis, D. L. O'Connell, E. Banks, J. Darlington-Brown, K. Canfell, and F. Sitas. 
2018. 'Hormonal contraceptive use and smoking as risk factors for high-grade cervical 
intraepithelial neoplasia in unvaccinated women aged 30-44 years: A case-control study in 
New South Wales, Australia', Cancer Epidemiol, 55: 162-69. 

Xue, P., M. T. A. Ng, and Y. Qiao. 2020. 'The challenges of colposcopy for cervical cancer screening in 
LMICs and solutions by artificial intelligence', BMC Med, 18: 169. 

Ye, H., T. Song, X. Zeng, L. Li, M. Hou, and M. Xi. 2018. 'Association between genital mycoplasmas 
infection and human papillomavirus infection, abnormal cervical cytopathology, and cervical 
cancer: a systematic review and meta-analysis', Arch Gynecol Obstet, 297: 1377-87. 

Yong Il, J. . 2017. 'Co-infections with human papillomavirus and mycoplasma/ureaplasma spp. in 
women with abnormal cervical cytology', Res Rep Gynaecol Obstet, 1: 1-3. 

Zaritsky, L. 2019. 'New Approaches in the Evaluation for  High-
Risk Human Papillomavirus  Nucleic Acid Detection Devices', FDA Executive Summary. 
Available at https://www.fda.gov/media/122799/download (Accessed 10 February 2021). 

Zechner, E. L. 2017. 'Inflammatory disease caused by intestinal pathobionts', Curr Opin Microbiol, 35: 
64-69. 

Zehbe, I., H. Moeller, A. Severini, B. Weaver, N. Escott, C. Bell, S. Crawford, D. Bannon, and N. Paavola. 
2011. 'Feasibility of self-sampling and human papillomavirus testing for cervical cancer 
screening in First Nation women from Northwest Ontario, Canada: a pilot study', BMJ Open, 
1: e000030. 

Zeier, M. D., M. H. Botha, S. Engelbrecht, R. N. Machekano, G. B. Jacobs, S. Isaacs, M. van Schalkwyk, 
H. van der Merwe, D. Mason, and J. B. Nachega. 2015. 'Combination antiretroviral therapy 
reduces the detection risk of cervical human papilloma virus infection in women living with 
HIV', Aids, 29: 59-66. 

Zhang, H. Y., S. M. Tiggelaar, V. V. Sahasrabuddhe, J. S. Smith, C. Q. Jiang, R. B. Mei, X. G. Wang, Z. A. 
Li, and Y. L. Qiao. 2012. 'HPV prevalence and cervical intraepithelial neoplasia among HIV-
infected women in Yunnan Province, China: a pilot study', Asian Pac J Cancer Prev, 13: 91-6. 

https://www.fda.gov/media/122799/download


 

139 
 

Zhang, S. K., P. W. Ci, C. Velicer, L. N. Kang, B. Liu, J. F. Cui, F. Chen, X. Zhang, I. J. Chang, C. C. Roberts, 
J. S. Smith, W. Chen, and Y. L. Qiao. 2014. 'Comparison of HPV genotypes and viral load 
between different sites of genital tract: the significance for cervical cancer screening', Cancer 
Epidemiol, 38: 168-73. 

Zhao, Y., X. Cao, Y. Zheng, J. Tang, W. Cai, H. Wang, Y. Gao, and Y. Wang. 2012. 'Relationship between 
cervical disease and infection with human papillomavirus types 16 and 18, and herpes simplex 
virus 1 and 2', J Med Virol, 84: 1920-7. 

zur Hausen, H. 2002. 'Papillomaviruses and cancer: from basic studies to clinical application', Nat Rev 
Cancer, 2: 342-50. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

140 
 

APPENDIX  

Supplemental data 

Supplemental Table 5.1: The association of sexually transmitted infections and behavioural 
factors. 

  STD prevalence  Univariate analysis  
Variables % (n/N)  OR (95%CI) P-value 

Age in years: median-45 years (IQR:38-53)      
HIV infection     
    Negative 21.4% (27/126)  ref ref 
    Positive 25.3% (20/79)  1.24 (0. 641-2.410) 0.520 
Age category     
    30-39 years 31.9% (22/69)  ref ref 
    40-49 years 17.0% (10/59)  0.44 (0.187-1.018) 0.055 
    ≥50 years 19.5% (15/77)  0.52 (0.242 -1.103) 0.088 
Lifetime sexual partners     
    1 9.7% (3/31)  ref ref 
    2 19.7% (12/61)  2.29 (0.594-8.796) 0.229 
    ≥3  28.3% (32/113)  3.69 (1.047-12.986) 0.042 
Sexual partners in 12 months     
    0 22.2% (12/54)  ref Ref 
    ≥1 23.2% (35/151)  1.06 (0.501-2.224) 0.886 
Sexual partners in the last month     
    0 24.7% (21/85)  ref Ref 
    ≥1 21.7% (26/120)  0.84 (0.437-1.626) 0.61 
Used condoms during last sexual intercourse     
    No 23.8% (30/126)  Ref Ref 
    Yes 22.4% (17/76)  0. 92 (0.468-1.816) 0.814 
Frequency of vaginal sex past 1 month     
    0 23.8% (24/101)  ref Ref 
    1-3 26.5% (18/68)  1.16 (0.569-2.343) 0.690 
    ≥4 14.3% (5/35)  0. 54 (0.187-1.531) 0.243 
Vaginal discharge (self-reported)     
    No 20.0% (19/95)  ref ref 
    Yes 25.5% (28/110)  1.37 (0. 705-2.645) 0.355 
Frequency of vaginal discharge     
    Current/last week 18.9% (7/37)  ref ref 
    More than a week and less than 6 months 26.1% (6/23)  1.52 (0. 437-5.238) 0.514 
    More than or equal to 6 months 28.6% (14/49  1.71 (0. 612-4.802) 0.305 
Using any contraception with current partner     
    No 19.2% (23/120)  ref ref 
    Yes 29.3% (24/82)  1.75 (0. 904-3.370) 0.097 
HR-HPV infection     
    Negative 20.9% (29/139)  ref ref 
    Positive 27.3% (18/66)  1.42 (0. 721-2.804) 0.309 

HR-HPV: high-risk human papillomavirus, OR: odds ratio, CI: confidence intervals, ref: reference, Highlighted values: 
significant p-value, ref: reference; n: number of women responded, N: total number of study participants. 
STIs being analysed for this table: Chlamydia trachomatis, Herpes simplex virus-2, Neisseria gonorrhoeae and Trichomonas 
vaginalis. 
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Supplemental Table 5.2: The association of human papillomavirus infection and behavioural 
factors. 

  
HR-HPV 

prevalence 

Univariate analysis 

  
Multivariate analysis 

  

Variables % (n/N) OR (95%CI) p-value OR (95%CI) p-value 

Age in years: median-45 years (IQR:38-53)  
  

 

HIV infection     

    Negative 25.4% (32/126) ref  ref ref ref  
    Positive  43.0% (34/79) 2.22 (1.219-4.042) 0.009 1.95 (0.790-4.827) 0.147 
Age category  

   

    30-39 years  40.6% (28/69) ref ref ref  ref  
    40-49 years 37.3% (22/59) 0.87 (0.426-1.777) 0.704 1.28 (0.469-3.522) 0.627 
    ≥50 years 20.8% (16/77) 0.38 (0.185-0.797) 0.010 0.81 (.266-2.482) 0.717 
Lifetime sexual partners  

   

    1  16.1% (5/31) ref ref ref  ref  

    2 31.2% (19/61) 2.35 (0.783-7.065) 0.127 0.94 (0.150-5.932) 0.951 
    ≥3  37.2% (42/113) 3.08 (1.098-8.619) 0.033 1.42 (.235- 8.583) 0.702 
Sexual partners in 12 months  

   

    0  24.1% (13/54) ref  ref    

    ≥1  35.1% (53/151) 1.71 (0.841-3.461) 0.139   

Sexual partners in the last month    
     0 28.2% (24/85) ref  ref    

    ≥1 35.0% (42/120) 1.37 (0.749-2.502) 0.308   

Used condoms during last sexual intercourse    
    No 31.0% (39/126) ref  ref    

    Yes 34.2% (26/76) 1.16 (0.633-2.126) 0.631   

Frequency of vaginal sex past 1 month    

     0  30.7% (31/101) ref  ref    

    1-3 29.4% (20/68) 0.94 (0.481-1.841) 0.859   
    ≥4 40.0% (14/35) 1.50 (0.678-3.342) 0.315   

Vaginal discharge (self-reported)    

    No 31.6% (30/95) ref  ref    
    Yes 32.7% (36/110) 1.05 (0.586-1.898) 0.861   

Frequency of vaginal discharge    
    Current/last week 43.2% (16/37) ref ref   ref  
    More than a week and less than 6 months 34.8% (8/23) 0.70 (0.239-2.055) 0.516 0.76 (0.246-2.316) 0.624 
    More than or equal to 6 months 22.5% (11/49) 0.38 (0.149-0.967) 0.042 0.38 (0.141-1.029) 0.057 
Using any contraception with current partner    

   No  30.8% (37/120) ref ref   

   Yes 35.4% (29/82)  1.23 (0.676-2.227) 0.500     

HR-HPV: high-risk human papillomavirus, OR: odds ratio, CI: confidence intervals, ref: reference, Highlighted values: 
significant p-value, ref: reference; n: number of women responded, N: total number of study participants. 
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Form for questionnaire 

Name of facility:  …………………………. 

Date: ……………………………… 

Study number:           Place sticker  

1. Date of Birth __________________DDMMYYYY // 

2. How old are you (Years)? ______________________________________years  
I would like to ask you details about your education and employment. 

3. What is the highest level of education that you have completed? _________  

0.  Did not attend school at all                              7    Std 5    Grade 7                                     

1.  Sub A    Grade 1                                                   8    Std 6    Grade 8                                      

2.  Sub B    Grade 2                                       9    Std 7    Grade 9                                     

3.    Std 1    Grade 3                                       10  Std 8    Grade 10                                      

4.    Std 2    Grade 4                                       11  Std 9    Grade 11                                      

5     Std 3    Grade 5                                     12  Std 10   Grade 12                                      

6     Std 4    Grade 6                                                                       

4. Did you have any training of a year or more after school? 

A. Yes 
B. No 

IF YES,  
4a. How many years at  

i.  University_____________________________________________________years  
ii.  Technical College/Technikon _____________________________________years 
iii.  Other, Specify __________________________________________________years 

5. Do you do work that you are paid for? 

A. Yes 
B. No 

IF YES,  
5a. What work do you do? 
Specify ___________________________________________________________  
 
IF NO,  

5b. Are you                                                                                                                    

1. Unemployed-looking for work 
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2. Unemployed-not looking for work 

3. Home-maker (by choice)       

4. Full-time student          

5. Disabled (physically or mentally) or a pensioner (government or private civil     

pension/not working due to old age)                                                
      

6. What is the approximate total household income per month? 

(This money could be coming from grants and donations from various sources)   R 

    

The next  questions ask about tobacco use. 

7. 1. Do you now or have you ever smoked cigarettes?                           

   i. Never_________________________________________________________  

   ii. Ex-smoker _____________________________________________________ 

         

   iii. Present smoker  _______________________________________________ 

8. Have you ever tried cigarette smoking, even one or two puffs? 
A. Yes 
B. No 

9. How old were you when you smoked a whole cigarette for the first time?____years

  
10. During the past 30 days, on how many days did you smoke cigarettes? 

A. 0 days 
B. 1 or 2 days 
C. 3 to 5 days 
D. 6 to 9 days 
E. 10 to 19 days 
F. 20 to 29 days 
G. All 30 days 
 

11. During the past 30 days, on the days you smoked, how many cigarettes did you smoke 
per day? 
A. I did not smoke cigarettes during the past 30 days 
B. Less than 1 cigarette per day 
C. 1 cigarette per day 
D. 2 to 5 cigarettes per day 
E. 6 to 10 cigarettes per day 
F. 11 to 20 cigarettes per day 
G. More than 20 cigarettes per day 
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The next questions ask about drinking alcohol. This includes drinking beer, wine, wine 
coolers, liquor, brandy, and traditional beer.  
12. Did you ever try to drink alcohol? 

A. Yes  
B. No 

 
13. How old were you when you had your first drink of alcohol? 

A. I have never had a drink of alcohol other than a few sips 
B. 8 years old or younger 
C. 9 or 10 years old 
D. 11 or 12 years old 
E. 13 or 14 years old 
F. 15 or 16 years old 
G. 17 years old or older 

14. During the past 30 days, on how many days did you have at least one drink of alcohol? 
A. 0 days 
B. 1 or 2 days 
C. 3 to 5 days 
D. 6 to 9 days 
E. 10 to 19 days 
F. 20 to 29 days 
G. All 30 days 

 
15. During the past 30 days, on how many days did you have 5 or more drinks of alcohol in a 

row, that is, within a couple of hours? 
A. 0 days 
B. 1 day 
C. 2 days 
D. 3 to 5 days 
E. 6 to 9 days 
F. 10 to 19 days 
G. 20 or more days 

 

The next questions ask about sexual behaviour. 
 
16. Have you ever had sexual intercourse? 

A. Yes 
B. No 

17. How old were you when you had sexual intercourse for the first time?  ____years
  

 
 
18. What is the age difference between you and your current sexual partner(s) 

A. .… years older 
B. .… years younger 
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19. What was the age difference between you and your past sexual partner(s) 
A. .… years older 
B. .… years younger 

20. During the past year, with how many people have you had sexual intercourse? __ 

21. During the past 1 month, with how many people did you have sexual intercourse? 

22. During your life, with how many people have you had sexual intercourse? ______ 

23. How many NEW sexual partners have you had in the past 1-year?____________ 

 
24. Did you drink alcohol or use drugs before you had sexual intercourse the last time? 

A. I have never had sexual intercourse 
B. Yes 
C. No 

25. The last time you had sexual intercourse, did you or your partner use a condom? 
A. I have never had sexual intercourse 
B. Yes 
C. No 

26. The last time you had sexual intercourse, what one method did you or your partner 
use to prevent pregnancy? (Select only one response.) 
A. I have never had sexual intercourse 
B. No method was used to prevent pregnancy 
C. Birth control pills 
D. Condoms 
E. An intrauterine device (such as Mirena or ParaGard) or implant (such as 

Implanon or Nexplanon) 
F. 3-month injectable (‘depo’) 
G.         2-month injectable (‘nuristerate’) 
H. Withdrawal or some other method 
I. Injectable but don’t know which one 

27.  How many times have you had VAGINAL sex in the past 1-month? _________                                  
28. How many times have you had ANAL sex in the past 1-month? _____________ 
29. How many times have you had ORAL sex in the past 1-month? _____________ 
30.  Are you or your partner currently using any kind of contraception?   

A. Yes 
B. No 
C.          Don’t know 

31.  Which of the following methods of contraception are you (or your partner) using 
currently?  

 
A. I have never had sexual intercourse 
B. No method was used to prevent pregnancy 
C. Birth control pills 
D. Condoms 
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E. An intrauterine device (such as Mirena or ParaGard) or implant (such as 
Implanon or Nexplanon) 

F. 3-month injectable (‘depo’) 
G.         2-month injectable (‘nuristerate’) 
H. Withdrawal or some other method 
I. Injectable but don’t know which one 

32. How old were you when you started taking contraceptives___________years 

33. Have you ever been pregnant?           
A. Yes 
B. No 

            IF YES, How many live children do you have? _________________  
34. Have you had any miscarriages, abortions/ectopic pregnancy?  

A. Yes 
B. No 
IF YES, how many          _________  

The next 2 questions ask about your genital health 
35. Have you had vaginal discharge that causes itching or foul smell that has caused you 
some worry?                                                            

A. Yes 
B. No 
IF YES, When was the last time it occurred? 

A. in the last week        
B. more than 1 week but less than a month ago   
C. more than 1 month but less than 6 months  
D. more than 6 months ago 

36. Have you had ulcers/blisters/warts on the genitals      
A. Yes 
B. No 
IF YES, When was the last time it occurred? 

E. in the last week        
F. more than 1 week but less than a month ago   
G. more than 1 month but less than 6 months  
H. more than 6 months ago 

I would like to ask you about your Pap smear  
Prior to today had you heard of a Pap smear? Can you describe this for me?   
If the person fully understands don’t give an explanation again. 

Otherwise say, “Let me go over it again” and then give explanation:  

It is a test to detect abnormal cells in the mouth of the womb that could lead to cancer.  

When performing this test the doctor or nurse places an instrument called a speculum (spoon) in the 
woman’s vagina so that he/she can see the mouth of the womb and the test is done.  

Then interviewer to ask:  

37. Did you ever have this test done?   
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A. Yes 
B. No 
C. Unknown 

  

IF YES:  

37a. How many times have you ever had a PAP? _______________________________years 

37b. Age at first?  ____________________________________________________years  

37c. Age at last? _____________________________________________________years 

37d. Did you ever get the result of any of your PAP smears/tests?    

A. Yes 
B. No 

IF YES:   

37e. What were you told: _________________________________________________________ 

37f. Have you ever been told that there was something wrong with the mouth of your womb?       

A. Yes 
B. No 

 
IF YES:  

37g. What were you told:____________________________________________________________ 

Nurse’s name (please print) ...........................   Nurse’s signature  ..................   Date ...................... 

Nurse’s comments: 

Appendix 5 - Pelvic examination, list of specimens collected and HIV rapid test results 

 1.  Pelvic Examination 

Symptoms Present/ Absent Comment Code 

Warts    

 

 

 

Discharge    

 

 

 

Other observations    

 

 

 

 

2. Specimens collected - tick when completed 
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Self-collected cervical-vaginal specimen on FTA card  

Pap smear specimen  

Clinician collected cervical specimen on FTA card  

Clinician collected cervical specimen in STM  

Anal specimen  

Oral specimen  

    

3. Rapid HIV test results 

Offer HIV pre-test counselling 

HIV Rapid Test Result       ________________Positive        Negative  

Offer HIV Post-test counselling 

To be completed if participant is HIV positive and was aware of HIV status 

Are you taking anti-retrovirals  (ARVs)      

 A. Yes 
             B. No 

 3a. What are the names of the ARVS that you are taking __________________________________? 

(Nurse also check the clinic records for this information even if the participant gave the name of 
ARVs) 

If participant is HIV positive and was the first time to know her HIV status please refers to the 

Community Health Centre for further management.  

Nurse’s name (please print) ...........................   Nurse’s signature  ..................   Date ...................... 

Nurse’s comments: 

Appendix 6 - Self-sample and clinician-collected specimen; and exit form 

Date of Visit:  __ __ / __ __ / __ __ __ __ Name of Interviewer:  ___________________ 
 
                          DD MM        YYYY  
 

1. How did you feel when collecting the first sample yourself (self-sample)? 

 Extremely Very Moderately Slightly Not at all 

a) Embarrassed 1 2 3 4 5 

b) Self-confident 1 2 3 4 5 

c) Discomfort 1 2 3 4 5 
d) Ignored by health 

worker 1 2 3 4 5 

e) Intrigued/interested 1 2 3 4 5 

 
2. How did you feel when the doctor was collecting the other samples? 

 Extremely Very Moderately Slightly Not at all 
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a) Embarrassed 1 2 3 4 5 

b) Self-confident 1 2 3 4 5 

c) Discomfort 1 2 3 4 5 
d) Ignored by health 

worker 1 2 3 4 5 

e) Intrigued/interested 1 2 3 4 5 

 
3. Would you be willing to collect a sample yourself (self-sample) at home and bring it in for 

testing? 
a. Yes 
b. Not sure 
c. No 
d. If no, why not? __________________________________________ 

 
4. Which method do you prefer for cervical cancer screening? 

a. To take a sample myself 
b. For a health worker to take a sample 
c. Either for myself to take a sample or a health worker to take a sample 
d. Neither  

 
5. What comments do you have on your experience in this study today? 

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

______________________________________________________ 




