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SUMMARY
Background: Persistent infection with high risk HPV is a necessary but insufficient cause of
cervical cancer. Behavioural, viral and host factors modulate the risk of HPV persistence. In
this thesis, I explore the role of the vaginal microbiota, a host factor and the presence of
multiple HPV infections, a viral factor in HPV persistence. Considering the limited data on
the epidemiology of HPV related diseases in low and middle-countries (LMIC), and the
limited success of cervical cancer screening strategies in many LMIC, I provide data on the
distribution of HPV related diseases in Nigeria and evaluate the acceptability of innovative
strategies to increase cervical cancer screening uptake.
Methods/Results: To achieve my aims, I implemented a longitudinal cohort study of 1,020
women in Nigeria. I begin my results chapters with two methodological papers. Attrition is an
important consideration for every longitudinal cohort, particularly in LMIC, therefore, I
present my findings on attrition, determinants of attrition and practical strategies to ensure
low attrition in studies conducted in LMIC. Considering that sexual behaviour is an important
potential confounder in all HPV studies, and the reliability of self-reported history is often
questioned, I present findings on the test-retest reliability of self-reported sexual behaviour
history collected in my study. Having found that attrition levels were low and that selfreported sexual behaviour history was generally reliable within my cohort, I present my
findings on the association between the vaginal microbiota and persistent hrHPV; and the role
of multiple HPV infections in viral persistence. I found that the vaginal microbiota was
associated with persistent hrHPV in HIV negative women, but not in HIV positive women;
and that multiple HPV infections did not increase the risk of viral persistence when compared
to single HPV infections. Next, I present my findings on the prevalence and incidence of
anogenital warts in Nigeria, with additional reports on the prevalence of cervical cancer and
other HPV associated cancers using data from two population based cancer registries. Finally,
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I present my findings on the acceptability of innovative strategies to improve cervical cancer
screening uptake in Nigeria. I found that Nigerian women had a favorable attitude to the use
of HPV DNA based screening as part of routine antenatal care, however attitudes towards the
use of self-sampling techniques for HPV based cervical cancer screening varied by religious
affiliations.
Conclusion: In my thesis, I was able to systematically investigate the epidemiology of HPV
infections in a LMIC. I considered the distribution of HPV related diseases, host and viral
determinants of HPV persistence and investigated control strategies to reduce the burden of
cervical cancer in a LMIC. My results provide useful data for surveillance, monitoring and
evaluation of control programs on HPV and cervical cancer in Nigeria and may be useful to
cervical cancer control programs in other LMIC.
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CHAPTER 1:

INTRODUCTION

1.1 Background
Global burden of cervical cancer
Cervical cancer is one of the commonest causes of cancer morbidity and mortality among
women1. It is the third most common cancer among women and the tenth among both sexes,
globally1,2. In 2015, 526,000 incident cases were estimated to have occurred globally, with
age standardized incidence rate (ASR) of 14.3 per 100,000 women2. Worldwide, there is
regional variation in the incidence of cervical cancer. Southern Sub-Saharan Africa (SSA) and
Oceania have the highest incidence rates of 46.8 and 42.3 per 100,000 women respectively,
while Australasia, North and Middle Africa have the lowest incidence rates of 5.6 and 7.5 per
100,000 women respectively3. About 85% of new cases occur in low and middle-income
(LMIC) countries, where the lifetime risk of cervical cancer is 1 in 24 women, compared to 1
in 115 women in more developed countries, but it remains an important cause of morbidity in
developed countries where 83,000 incident cases were estimated to have occurred in 2012 1,2.
In 2015, cervical cancer was the commonest cause of cancer deaths in 50 countries and
accounted for 239,000 deaths globally2. Regional cervical cancer mortality rates are highly
varied ranging from less than 2 per 100,000 in Western Asia and Western Europe to more
than 20 per 100,000 in Melanesia, Middle and Eastern Africa1. Cervical cancer caused 7
million disability adjusted life years (DALYs) in 2015 and was the tenth leading cause of
years of life lost (YLL) due to cancers2.
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Burden of cervical cancer in SSA and Nigeria
In SSA cervical cancer is the most common cancer among women with 93,000 cases
estimated to have occurred in 20124. In Nigeria, it is the second commonest cancer after
breast cancer with 14,000 new cases in 20121. The ASR for cervical cancer in Nigeria (29.0
per 100,000) is almost three-fold higher than regional estimates for Europe (11.4 per 100,000)
but not as high as estimates for some other countries in SSA, such as Malawi (75 per 100,000)
and Zambia (58 per 100,000)1.
The regional differences in cervical cancer incidence and mortality between SSA and highincome countries (HIC) is a reflection of the historic investment and good access to effective
screening programs in many developed countries compared to countries in SSA; as well as
regional variations in the background prevalence of high risk human papillomavirus (hrHPV)
infection, the single most important risk factor for cervical cancer pathogenesis 3,5,6.

Trends in cervical cancer incidence
Between 2005 and 2015, the incidence rate of cervical cancer declined worldwide (Figure
1.1), albeit at a faster pace in HIC (32%) than in LMIC (17%)2. There were some exceptions
to the observed global decline of cervical cancer incidence rates in East and South-East Asia,
Eastern Europe, Eastern Africa and Western Africa where incidence rates were either stable
or rising2,4,7.
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Figure 1.1: Trends in age standardized incidence rates of cervical cancer

Adapted from Fitzmaurice et al2. SDI- Sociodemographic index

Despite the overall regional decrease in incidence rate in LMIC, the incidence of cervical
cancers in LMIC has continued to rise4. This increase in incidence is largely driven by
population growth and increasing life expectancy, in the absence of effective screening
programs. By 2030, the United Nations estimate that the population of women in SSA is
projected to increase to 554 million from 486 million in 2015 making SSA the region with
largest growing population in the world8. The regional burden of incident cervical cancer
cases in SSA is projected to increase to about 140,000 cases in 20309. The combination of
these trends in incidence rates, population growth and changes in age structure in the absence
of effective screening programs, makes it likely that cervical cancer will continue to be a
major cause of cancer morbidity and mortality in SSA in the next two to three decades.
In developed countries, despite the success of screening programs in reducing incidence of
cervical squamous cell carcinomas, the impact of screening on invasive cervical
adenocarcinoma is much less, with some countries reporting an increase in the incidence of
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cervical adenocarcinoma10,11. Optimal screening strategies and management of precursor
lesions for cervical adenocarcinoma remains a challenge for effective cervical cancer control.

1.2 HrHPV infection and cervical carcinogenesis
Human papillomaviruses (HPV) are non-enveloped circular, double stranded DNA viruses of
approximately 8000 base pairs, which contain eight or nine open reading frames depending on
the HPV type (Figure 1.2). HPVs are believed to have co-evolved with humans over millions
of years12.
Figure 1.2: Schematic representation of the HPV18 double stranded genome

Adapted from Doorbar et al12

There are over 200 HPV types that have been identified and these are phylogenetically
classified into five genera: alpha, beta, gamma, nu and mu; based on the similarities in their
DNA sequence13. Individual HPV types have a nucleotide sequence that is at least 10%
different from other papillomaviruses13. Nucleotide differences of <10% in the viral genome
are used to classify HPV types into lineages (nucleotide differences of 1-10%) and sublineages (nucleotide differences of 0.5-1%)14. The majority of HPV belong to the alpha, beta
and gamma genera12. Phylogenic classifications provide important insights into disease
associations in humans. Many members of the alpha genus are known to be associated with
several malignant and benign diseases, however, a few members of the beta and gamma
genera are known to cause disease in humans as well12. In 2012, the International Agency for
Research on Cancer (IARC) classified 12 members of the alpha genus:16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58 and 59 as high-risk HPV (hrHPV) based on their association with cervical
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cancer5. Due to phylogenetic relatedness between other HPV types and the identified hrHPV
types, it is possible that more HPV types will be classified as hrHPV with the accumulation of
more epidemiological and mechanistic data5.
There is robust evidence from epidemiological and laboratory based studies to show that
infection with one or more of the hrHPV types is a necessary but insufficient cause for
cervical cancer5. Lesion formation is thought to begin with HPV entry into the epithelial basal
cells after abrasions to the cervical epithelium5. The active cell division which accompanies
wound repair is believed to facilitate HPV viral genome entry into the nucleus 12,15. This is
followed by a phase of genome amplification primarily driven by E1 and E2, during which
the viral genome is maintained in an episomal form12. In hrHPV infection, E6 and E7 are the
major oncoproteins. They facilitate cell cycle entry for genome amplification through
interactions with cellular proteins. The E6 protein facilitates proteosome mediated
degradation of p53, which is essential for maintaining genomic integrity during cell divisions;
and several PDZ domain proteins, which regulate cell contact and signaling pathways5,16. It
also upregulates telomerase activity12. The E7 protein facilitates the degradation of members
of the retinoblastoma family (pRb), p105, p107 and p130 which control cell cycle entry17. The
E7 protein also leads to the epigenetic reprogramming of infected cells through activation of
transcription of DNA methyltransferases in tumour suppressor genes, inactivation of histone
deacetylases, and transcription of E2F-responsive genes12. These activities of E6 and E7
stimulate cell cycle re-entry and further viral genome amplification, in the upper epithelial
layers, where the late genes, L1 and L2 are expressed for genome packaging and viral
release5. Virus maturation takes place in the superficial keratinocytes where mature viruses
are shed and can infect new cells12. Most infections are cleared by cell mediated immune
response without clinical symptoms18. However, in a few women who develop cervical
neoplasia and its precursor lesions, the viral infection persists with deregulation of the
replication process leading to viral integration of the HPV genome into the host genome 12.
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The integration into the host genome is associated with further deregulation, loss of negative
feedback control of oncogene expression by the regulatory E2 protein and genomic instability,
which eventually leads to cervical neoplasia12. Factors that influence persistence, deregulation
of viral gene expression and integration into the host genome are not well understood.

1.3 Benign manifestations of genital HPV infection- anogenital warts
Genital HPV infection may cause benign skin and mucosal lesions, such as anogenital warts.
Anogenital warts are commonly associated with HPV 6 and 11, however several other HPV
types have been associated with anogenital warts12. The median time between infection with
HPV types 6 and 11 and the development of anogenital warts is 11 – 12 months in men and 5
– 6 months in young women19. Population surveys suggest that there is a rising incidence of
anogenital warts in the general populations in Europe and the United States20. In contrast,
little is known about the incidence/prevalence of anogenital warts in SSA21. Anogenital warts
may regress spontaneously or remain quiescent for extended periods. They can be refractory
to treatment and have profound impact on patients’ quality of life. In rare cases, they can
become malignant.

1.4 Distribution of genital HPV infections
Infections with genital HPV are very common with over 80% of women acquiring HPV at
some point in their lifetimes, usually at the onset of sexual activity5. The global prevalence of
HPV infections in women with normal cytology is around 11-12%, with highest prevalence
estimates in SSA (24%), Eastern Europe (21%) and Latin America (16%) 3. Prevalence
estimates are lower in more developed regions of the world, with estimates of less than 10%
in Western Europe, Southern Europe and Northern America. Within SSA, there is some
regional variation with the highest prevalence estimates in Southern Africa (57%) and Eastern
Africa (42%). In Western Africa, prevalence estimates are generally below 30% 22-24.
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The prevalence of HPV is age dependent, similar to the epidemiology of many sexually
transmitted infections25. The highest prevalence is observed in young women less than 30
years (Figure 1.3), with a steady decline with increasing age in most populations and a
secondary peak in middle aged women in some populations3,22,24.
In Nigeria, different age specific prevalence patterns have been observed 24,26,27. Consistent
within all the patterns that have been observed among Nigerian women is a high prevalence in
young women. In older Nigerian women, HPV prevalence trends have been reported to be
either as high as estimates in younger women or exhibit a downward trend.
The determinants of these regional variations in prevalence and age specific prevalence
pattern are an interesting area of study to provide insights on the natural history of HPV
infections and how the observed age specific patterns modulate risk of persistence and
progression to pre-invasive/invasive cervical lesions28.

Figure 1.3: Age specific prevalence of HPV in women with normal cervical cytology

Data obtained from HPV Information Center (www.hpvcentre.net)
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1.5 Determinants of persistent HPV infections and cervical cancer
The causal relationship between persistent hrHPV and cervical cancer is well recognized but
there is no well-accepted definition of “persistence”. It is loosely defined as the occurrence of
two positive HPV tests but there is no consensus on the interval between the two tests 5.
Previous studies have used intervals that range between 2 months and 7 years with a median
of 6 months5. The definition of persistence remains a conceptual problem in epidemiological
studies and is a limitation in the comparison of research findings, however, detection of HPV
infection with a minimum interval of 6 months allows good discrimination of infections that
have a higher likelihood of progressing to precancerous lesions29. Irrespective of the time
intervals used to define persistence, most infections are transient suggesting that there are
other behavioural, viral and host co-factors that modulate risk of persistence and progression
to cervical cancer.

Behavioural factors
Tobacco Smoking
Tobacco smoking is one of the established risk factors for persistent hrHPV and progression
to precancerous/cancerous cervical lesions 5. Women who smoke have a longer duration of
HPV infections and a lower probability of clearing these infections than women who have
never smoked5. Several epidemiologic studies consistently show an almost 2-fold increased
risk of cervical cancer with a dose-response relation to number of cigarettes and duration of
smoking among HPV positive women30. Although, these results may be confounded by
unmeasured sexual behaviour which is highly correlated with smoking status, with smoking
duration being a proxy for the duration of HPV exposure31. Despite the possibility of residual
confounding, there is some evidence that tobacco related carcinogens modulate risk of
persistence and progression to cervical cancer through direct genotoxic effect causing DNA
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damage and/or immunomodulation5. Smoking reduces the efficiency of local immune
response by reducing the number of Langerhans cells and T lymphocytes which are required
for antigen recognition in the cervix as well as impairing humoral immunity resulting in
increased risk of subsequent HPV infection and HPV persistence32,33.

Long term hormonal contraceptive use
Evidence from pooled analysis of several prospective and case control studies show that long
term use of oral contraceptive pills for more than 5 years is strongly linked with up to fourfold increased incidence of cervical cancer among HPV positive women, with a decrease in
risk after cessation of oral contraceptive use34-36. Data on the effect of long term hormonal
contraceptive use on HPV persistence are scarce and inconsistent37,38. The few mechanistic
studies available on the mechanisms modulating risk of cervical cancer among women with
long term use of hormonal contraceptives suggest that oestradiol may promote integration of
HPV DNA into the host genome, stimulating viral gene expression of E6, E7, LCR genes
which support the proliferative capacity of infected cells 12. These mechanisms are consistent
with experimental data from HPV transgenic mice who develop cervical cancer when treated
with exogenous oestradiol in concentrations that mimic formulations seen in oral
contraceptives39.

Diet
Currently available evidence suggests that certain carotenoids, vitamin C and vitamin E offer
a protective effect against HPV persistence40,41. However, evidence of a protective effect of
diet against progression to cervical neoplasia is not yet convincing 5. There is probable
evidence that folate, retinol, vitamin E, vitamin C, vitamin B12, alpha-carotene, betacarotene, lycopene, lutein/zeaxanthin and cryptoxanthin may offer some protection against
cervical cancer among women who are HPV positive, while high homocysteine levels
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probably increases risk of cervical cancer40. In nutrient chemoprevention clinical trials for
folic acid, beta-carotene- and retinol, only retinol showed improvement of cervical lesions
among women with precancerous lesions suggesting that these antioxidant nutrients may
modulate risk only in the early stages of carcinogenesis 42. Investigating the role of nutrients in
the natural history and progression of HPV infection to cervical cancer is difficult 5. This is
because of challenges in the accurate assessment of dietary exposure leading to
misclassification and the high level of correlation that exist between diet and several
environmental and behavioural attributes 43. The mechanism by which these antioxidant
nutrients reduce the risk of HPV persistence and progression to cervical cancer is likely to be
due to the reduction of reactive oxygen species. Reactive oxygen species may lead to damage
to the HPV viral genome and host DNA thereby facilitating integration as well as increased
transcription of viral E6 and E7 genes44.

Parity
Increasing number of full term pregnancies is associated with a significant increase in risk of
persistent HPV infection and progression to cervical cancer 35,45,46. Plausible explanations for
this association are likely to be a combination of hormonal, nutritional, traumatic and
immunologic factors5. Increased exposure to oestrogen and progesterone during pregnancy
leads to alterations of the cervical transformation zone that increases the susceptibility to HPV
infection and progression; local tissue damage to the cervical epithelium during childbirth
exposes susceptible basal cells to HPV acquisition as well as creating a cellular oxidative
stress environment which favours DNA damage and HPV genome integration into host DNA;
and immune suppression during pregnancy leading to less effective clearance of HPV
infectionss44,47.
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Viral factors
HPV type and variants
HrHPV types are more likely to persist than lrHPV types 37,48,49. Of the hrHPV types, HPV 16
and 18 tend to persist longer than other types50,51. Cervical cancers associated with HPV 16,
18 and 45 are diagnosed 4 years earlier than cancers associated with other hrHPV52. The
mechanisms responsible for these observed differences are not completely understood but
functional differences in the expression of E6 and E7 genes of lrHPV and hrHPV which allow
hrHPV to drive cell cycle entry and cell proliferation while evading immune host mechanisms
are believed to play a role12.
Molecular lineages and sublineages of HPV types tend to segregate geographically into
African, European and Asian variants. This segregation is possibly due to host selection
pressures and adaptations to differential environmental stimuli. There is some evidence that
the risk of HPV persistence and progression to precancerous and invasive cervical lesions is
associated with the molecular variants of HPV. However, there is no consistency as to which
variants increase risk. In some studies, the presence of non-European lineages of HPV 16
confer increased risk of persistence and progression to cervical precancerous lesions, while in
other studies, it is the presence of African lineages that increases risk of persistence14,53-57. Yet
still, in some other studies, risk of persistence is increased when the geographic origin of the
molecular variant matches the ancestry, for example European variants persist longer in white
women than in African American women58. Unravelling and understanding these
inconsistencies in results may provide important clues as to why some women are unable to
clear their HPV infections.
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Viral mutations
There is emerging evidence that while mutations in the E7 HPV viral gene are common,
conservation is crucial for determining viral persistence and progression to cervical cancer 59.
HPV16 has a more hypovariable E7 gene compared to other hrHPV types which may account
for its greater carcinogenic potential60. Persistent infections with HPV variants that have
highly conserved E7 regions are associated with upregulation of the expression of
apolipoprotein-B mRNA editing enzyme, catalytic polypeptide like 3 (APOBEC3) cytidine
deaminases. These deaminases are part of the body’s innate antiviral immune response, and
their increase in HPV infection is possibly an indication of the body’s attempt to limit the
HPV infection61. E7 protein mediated stabilization of APOBEC3 levels may subsequently
lead to off target effects on the host genome leading to accumulation of somatic mutations
that favour cancer progression61,62.

Host factors
Familial aggregation
Evidence from several studies show that hereditary factors play a role in cervical
carcinogenesis - having an affected first degree relative increases risk of cervical cancer by
one to two-fold63. Similarly, the incidence of cervical cancer and its precursors are higher
among monozygotic twins than dizygotic twins when one twin is affected 64,65. Estimates of
the contribution of heritability to cervical cancer risk have been quantified to range from 22%
to 27%66,67. The identification of genetic markers of susceptibility among individuals has
important clinical implications such as risk stratification in cervical cancer screening; and is
the focus of several ongoing studies68,69.
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Genetic polymorphisms
Data on the inherited genetic contribution to cervical cancer and persistent HPV infection is
limited. Until recently, most studies on the association between germline genetic variability
and cervical cancer susceptibility have been candidate gene studies and were largely focused
on immune response genes, genes affecting DNA repair, cell cycle apoptosis and xenobiotic
metabolism70,71. Over 200 candidate genes, involving more than 500 genetic variants have
been evaluated in candidate gene studies, the strongest and most consistent associations have
been observed for the HLA genes, with DRB1*1501 –DQB1*0602 associated with increased
risk while and DRB1*1301- DQB1*0603 are associated with decreased risk of cervical
cancer; and the proinflanmatory cytokine IL1B gene, with the minor allele (c.-511C>T)
associated with increased cervical cancer risk. For the many other immune response genes,
there is very little consensus on their association with cervical cancer 72. The lack of
replication of many of these genes may be related to false positive results due to over reliance
on p value thresholds as a method for determining significance, population differences, effect
modification by environmental influences, limited statistical power and insufficient coverage
of genetic markers across candidate regions73.
The application of genome wide association studies (GWAS) has confirmed some of the
findings with the HLA genes and uncovered some new loci mostly within the major
histocompatibility class (MHC) region73. While, there are no GWAS studies on susceptibility
to HPV acquisition and persistence, candidate gene studies suggest that the same HLA genes
associated with cervical cancer are associated with persistent hrHPV 74. Further studies
addressing host genetic variants and susceptibility to HPV acquisition, persistence and
progress are required to fully understand the role of genetic variation in cervical
carcinogenesis.
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Immune suppression
Immune suppression as occurs in transplant patients and people infected with human immune
deficiency virus (HIV) is an established risk factor for HPV acquisition, persistence and
progression to cervical cancer5. HIV positive women are more likely to have prevalent,
multiple and persistent HPV infections than HIV negative women48. Risk of cervical cancer
and its precursor lesions are also higher among immune suppressed individuals compared to
immune competent individuals5. The higher burden of HPV and cervical cancer and its
precursor lesions among HIV infected individuals are thought to be due to T-cell paucity and
dysfunction, which is required to clear HPV infections 12. There is also some evidence to
suggest that HIV infection leads to perturbations in the cervical immune milieu that
modulates the natural history of HPV infection75. Immune reconstitution resulting from the
initiation of Highly Active Antiretroviral Therapy (HAART) has been associated with a
significant decrease in the prevalence of HPV infection and reduced incidence of cervical
cancer and its precursor lesions, especially if HAART is started at higher CD4 cell counts and
used over longer durations in adherent patients76.

Age
Some studies have reported an increased risk of HPV persistence among older women
compared to younger women77. While age related immune senescence among older women
may be responsible for their inability to effectively clear HPV infections leading to more
persistent infections, the underlying mechanisms for the increased risk of HPV persistence is
poorly understood78.
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Vaginal microbiome and role of other sexually transmitted infections
(STIs).
There is increasing evidence to suggest that the host vaginal microbiome plays a crucial role
in the pathogenesis of HPV infection and cervical carcinogenesis 79,80. The defense
mechanisms against colonization by pathogenic organisms in the vagina include the presence
of lactic acid producing Lactobacillus species, an acidic environment and antimicrobial
peptides. Disruptions in these defense mechanisms, as may exist with high diversity
microbiota, and coinfections with other STIs such as Chlamydia trachomatis and Herpes
Simplex virus, may modulate risk of HPV acquisition, persistence and progression to cervical
cancer through alterations in the local host immune microenvironment which disrupt the
integrity of the vaginal mucosa and cervical epithelium. High diversity vaginal communities
are associated with host proinflammatory responses which may directly damage the epithelial
barrier facilitating HPV entry to basal keratinocytes, as well as interacting with cellular
pathways that lead to persistent, productive viral infections 75,81-83.

1.6 Cervical cancer control
Primary prevention
Over the last decade, three prophylactic HPV vaccines have been approved for use in female
and male adolescents. The vaccines offer protection against infection with HPV 16 and 18 for
the bivalent vaccine; 6, 11, 16, and 18 for the quadrivalent vaccine; and 6, 11, 16, 18, 31, 33,
45, 52 and 58 for the nonavalent vaccine. The World Health Organization (WHO)
recommends vaccination of 9 – 13-year-old girls using a 2-dose schedule administered 6-12
months apart, as the vaccines are most effective prior to sexual debut 84.
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HPV vaccination uptake and coverage are highly varied worldwide. By 2016, only 74, mostly
high income, countries (Figure 1.4) had introduced HPV vaccine in their national
immunization program for girls, and in some countries for boys too85. Globally, between 2006
and 2014, 118 million women were targeted by an HPV immunization program at some
point86. Among these women, coverage was only 40%, most (68%) of which were from high
income countries86. An HPV vaccine coverage of 70% is regarded as the threshold for
optimum cost effectiveness86.
Despite the availability of vaccination programs, there is still a long way to go before
successful global control of cervical cancer is achieved 84. Vaccination is unlikely to replace
cervical cancer screening programs as a prevention strategy for several reasons. It will
presumably take a long time before high coverage rate of the general population is achieved 86.
Duration of vaccine protection is uncertain. Vaccination will only protect against the HPV
types covered by the vaccine with some limited cross protection from other HPV types 12. The
possibility of genotype replacement cannot be ruled out. Older women who are not covered
under the present vaccination guidelines will continue to be at risk. In LMIC, there is no data
on the efficacy of the vaccine in special populations such as malnourished or HIV infected
adolescents84.

28

Figure 1.4: Countries that have introduced HPV vaccination programs since 200686
Stripped sections represent countries that have implemented programs in parts of the country.
The year of implementation for each country is provided in the adjoining table

Secondary prevention
Progression from precancerous cervical lesions to invasive cervical cancer can take 10 -20
years providing an opportunity for early detection and treatment. The aim of cervical cancer
screening is to identify precancerous lesions which can be treated or removed if necessary.
The incidence of cervical cancer in developed countries has fallen drastically in the past
decades because of widespread implementation of cytology based screening programs 2.
Currently, almost half the cases of cervical cancer in developed countries occur in under
screened women87. In contrast, many LMIC have not been able to implement successful
screening programs, with screening coverage in Africa ranging from 1-23%, compared to 5182% in European countries88. The poor screening coverage in LMIC may be attributed to the
lack of infrastructure and resources required for cytology based screening programs as well as
poor uptake of screening services where they exist89.
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Despite the widespread implementation of screening programs in developed countries, up to
16-24% of the annual cervical cancer burden occurs in women who have been screened at
least once in the past year highlighting the low sensitivity of cytology based screening. In a
pooled meta-analysis of randomized controlled trials, involving 176,464 women, HPV based
screening was shown to detect cervical cancer and its precursor lesions earlier as well as
providing 60-70% greater protection against invasive cervical lesions than cytology based
screening (Figure 1.5)90. In recognition of the higher sensitivity of HPV based screening tests,
several countries have recommended HPV based screening tests as either the primary
screening test or to be used alongside with cytology (cotesting)91. However, there is still some
debate about the interval between screening visits when primary HPV testing is used with
some countries recommending 3 years while others recommend 5 to 7 years92. As most HPV
infections are transient, the use of HPV testing as a primary screening test has a lower
specificity than cytology based screening tests, therefore, there is a need to develop
appropriate triage markers93.
Figure 1.5: Comparison of HPV based screening and cytology based screening90.
Experimental arm received HPV DNA based screening while control arm received cytologybased screening.
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Tertiary prevention
The prospect of complete cure for cervical cancer is high if diagnosed early94,95. Treatment
options for cervical cancer and its precursor lesions are based on the location, extent and
severity of the lesion (Figure 1.6). Patients with CIN I require no further treatment as lesions
are likely to regress spontaneously. CIN II or CIN III lesions are treated with either ablative
therapy (cryotherapy, cold coagulation or laser vaporisation) or excisional procedures (loop
electric excision procedure or cone biopsy). Treatment of invasive disease is dependent on
stage, which is based on clinical criteria (Table 1.1)94. Treatment options include surgery,
radiotherapy and chemotherapy, with various possible combination. Despite accounting for up
to 85% of global cervical cancer cases, most LMIC do not have the necessary infrastructure
for effective cancer control. Of 52 African countries included in a survey by the International
Atomic Energy Agency (IAEA), only 23 had facilities for radiotherapy96. An assessment of
optimum radiotherapy usage in the African continent revealed the biggest gap was in Nigeria,
where there were only 7 machines compared to an estimated need for 145 machines 96.
Strategies to improve cervical cancer control in LMIC require a concerted effort at primary,
secondary and tertiary prevention levels.
Figure 1.6: Management of patients with cervical cancer
Colposcopic biopsy

CIN II

CIN I

Observation and
careful follow up

Cryotherapy, laser
vaporization

CIN III

Microinvasive
lesion

Loop excision

Cone biopsy

Invasive disease

Microinvasive
disease
Stage 1a
Simple hysterectomy
or careful observation
after cone biopsy

Invasive lesion

Stage 1a or IIa
Radical hysterectomy with pelvic
node dissection or external beam
and intracavitary radiotherapy

Stage IIb, III or IVa
Pelvic radiotherapy
with concurrent
chemotherapy

Stage IVb
Chemotherapy
with or without Adapted from Camistra et al95.
radiotherapy
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Table 1.1: Staging of invasive disease of the cervix
Stage
I
IA

IA1
1A2
IB
IB1
IB2
II
IIA
IIA1
IIA2
IIB
III

IIIA
IIIB
IV
IVA
IVB

Description
The carcinoma is strictly confined to the cervix (extension to the uterine corpus should
be disregarded)
Invasive cancer identified only microscopically (all gross lesions even with superficial
invasion are stage Ib cancers). Invasion is limited to the measured stromal invasion
with a maximum depth of 5mm and no wider than 7mm
Measured invasion of stroma ≤ 3mm in depth and ≤ 7mm in width
Measured invasion of the stroma >3mm and < 5mm in depth and ≤ 7mm in width
Clinical lesions confined to the cervix, or preclinical lesions greater than stage 1A
Clinical lesions no greater than 4cm in size
Clinical lesions > 4cm in size
The carcinoma extends beyond the uterus, but has not extended onto the pelvic wall or
the lower third of the vagina
Involvement up to the upper 2/3 of the vagina. No obvious parametrial involvement
Clinically visible lesion ≤ 4cm
Clinically visible lesion > 4cm
Obvious parametrial involvement but not onto the pelvic sidewall
The carcinoma has extended onto the pelvic sidewall. On rectal examination, there is
no cancer free space between the tumor and pelvic sidewall. The tumor involves the
lower third of the vagina. All cases of hydronephrosis or non-functioning kidney
should be included unless they are known to be due to other causes
Involvement of the lower vagina but no extension onto the pelvic sidewall
Extension onto the pelvic sidewall, or hydronephrosis/non-functioning kidney
The carcinoma has extended beyond the true pelvis or has clinically involved the
mucosa of the bladder and/or rectum
Spread to adjacent pelvic organs
Spread to distant organs
Adapted from Bermudez et al94.

1.7 Problem statement and thesis aims
Persistent hrHPV infection is necessary but insufficient for cervical cancer pathogenesis 5.
Transient infections are very common. Infections with multiple HPV types are also common
and there is no clear consensus on their clustering patterns or their role in viral persistence and
cervical cancer pathogenesis. Host factors which influence persistence are not well
understood and warrant further study. There are limited data on the prevalence and incidence
of HPV types and HPV associated diseases such as anogenital warts in SSA. Cervical cancer
control has been effective in several countries where primary and secondary prevention
strategies have been implemented. However, several LMIC, including Nigeria have not been
able to implement successful strategies. While it is important to understand the factors, which
influence the HPV natural life cycle and progression, it is also important to identify barriers to
the successful implementation of cervical cancer screening programs in LMIC.
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My Ph.D. contributes to these gaps in knowledge by generating evidence on the role of host
(vaginal microbiota) and viral (clustering patterns in multiple HPV infections) factors that
influence HPV persistence; providing data on the epidemiology of anogenital warts in
Nigeria; and identifying barriers to effective cervical cancer prevention in Nigeria, a LMIC.
The new knowledge generated in this Ph.D. would be important in developing strategies to
reduce the cervical cancer burden in several LMIC. The specific aims of this thesis are:
Specific aim 1: Investigate the role of the vaginal microbiota in persistent hrHPV
infection
The vaginal microbiota is required to maintain vaginal health. Different patterns of vaginal
bacterial communities have been reported, and this vary by ethnicity97. Dysbiosis in the
vagina may be associated with prevalent HPV and different stages of cervical cancer and its
precursor lesions79. However, there is a dearth of information on the association between the
vaginal microbiota and persistent hrHPV, particularly among women of African descent. In
this thesis, I evaluate the determinants and patterns of the community composition of the
vaginal microbiota in Nigerian women and its association with persistent hrHPV infection.
Specific aim 2: Investigate the prevalence and clustering patterns of multiple HPV types
and its association with persistent HPV
The clustering pattern and role of multiple infections on the duration of HPV infection is not
clear5. In this thesis, I evaluate the clustering patterns of HPV types seen in multiple HPV
infection and how these are associated with HPV persistence.
Specific aim 3: Describe the distribution and determinants of anogenital warts and its
association with cervical HPV types among Nigerian women
Most countries in SSA are yet to introduce HPV vaccines in national vaccination programs 86.
The efficacy of these vaccines against cervical cancer and its precursor lesions may not be
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evident for many years. However, the efficacy of the quadrivalent and nonavalent vaccines,
may be associated with a reduction of the incidence of anogenital warts which have an
incubation time of 5-6 months after HPV exposure among women. Therefore, understanding
the epidemiology of anogenital warts prior to the introduction of HPV vaccines has important
public health implications. In this thesis, I describe the prevalence, incidence and
determinants of anogenital warts in Nigerian women.
Specific aim 4: Evaluate barriers to effective cervical cancer screening among Nigerian
women
The declining trend in incidence rate of cancer in several developed countries is frequently
attributed to effective population based screening programs 2. However, many LMIC struggle
with the implementation of successful screening programs and there is a very low uptake of
the opportunistic screening services that are available9. In this thesis, I use qualitative research
methods to investigate the barriers to cervical cancer screening uptake and explore strategies,
to improve screening uptake among Nigerian women.

1.8 Thesis outline
This thesis includes a combination of published articles and papers that have been recently
submitted to journals for publication. There are eight chapters in this thesis. Following the
introduction, the other seven chapters are described below:
Chapter 2 is a description of the study protocol and my role in the implementation of a
prospective cohort set up to investigate the viral and host determinants of persistent hrHPV
infection among Nigerian women which generated data for my Ph.D.
Chapter 3 is a report on attrition in my prospective cohort. I use a sequential explanatory
mixed-methods design to explore the determinants to attrition and proffered practical
retention strategies for use in conducting longitudinal research in LMIC.
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Chapter 4 is based on a published paper titled “Test-retest reliability of self-reported sexual
behaviour history in urbanized Nigerian women”. Sexual behaviour is strongly correlated
with other risk factors of persistent hrHPV and needs to be appropriately controlled my
analysis. In this chapter, I discuss the measures taken to ensure that the sexual behaviour data
collected in my study are reliable and I evaluate the test-retest reliability of self-reported
sexual behaviour of volunteers in my prospective cohort.
Chapter 5 addresses specific aim 1. I characterize the vaginal microbiota composition among
Nigerian women; investigate the determinants of vaginal microbiota composition and evaluate
its association with persistent hrHPV infection.
Chapter 6 addresses specific aim 2. I describe the prevalence of multiple HPV infections, its
association with persistent hrHPV infection and the clustering patterns observed.
Chapter 7 addresses specific aim 3 and describes the burden of anogenital warts. I report the
prevalence and incidence of anogenital warts among women in Nigeria, as well as
investigating the socio-behavioural determinants.
Chapter 8 is a synopsis and discussion chapter. First, I collate my findings in this thesis.
Secondly, I include a synopsis of two published papers: the burden of HPV in my study
population and HPV associated cancers from two population-based cancer registries in
Nigeria which supplement my findings in chapter 7. Thirdly, I include a synopsis of three
published papers which use qualitative methods to explore attitudinal barriers to cervical
cancer screening; acceptability of HPV based cervical cancer screening as part of routine
antenatal care; and the use of self-sampling methods as innovative strategies to improve
cervical cancer screening uptake in Nigeria. I discuss the strengths and limitations of my
thesis and highlight implications for policy and future research.
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CHAPTER 2:

STUDY PROTOCOL

In the next three chapters, I discuss the methodological aspects of my thesis. I begin in this
chapter with a description of the study design, study population and eligibility criteria. Then I
describe my role in the design, implementation and coordination of the study. Next, I describe
the study procedures, specimen/data collection and analysis. I end with the ethical
considerations of the project and the timelines for the study activities and my Ph.D.

2.1

Study design

The data for my Ph.D. were obtained from a prospective study investigating HPV infections
in HIV negative and HIV positive women in Nigeria, subsequently referred to as “The HPV
Study”. The HPV Study was designed to determine the prevalence, persistence and types of
HPV infection in HIV negative and HIV positive women in Nigeria; as well as to evaluate the
relative contributions of host and viral factors on the susceptibility to HPV infection and
persistence among HIV negative and HIV positive women in Nigeria. The need for a
prospective study design was driven by the requirement to identify women with persistent
HPV infection which can only be determined with adequate follow-up data and serial testing
of biological specimens. HIV negative and HIV positive women were purposively recruited in
this study in order to investigate the effect of HIV infection on the determinants of persistent
HPV infection in Nigerian women. Therefore, the prevalence of HIV in this study population
does not reflect the national prevalence of HIV in Nigeria and results of my analysis are
presented by HIV strata.

2.2

Study setting

The Institute of Human Virology Nigeria (IHVN), established in 2004 as an affiliate of the
University of Maryland, implements a United States Center for Disease Control and
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Prevention (CDC) sponsored President’s Emergency Plan for AIDS Relief (PEPFAR)
program to provide care and treatment for people living with HIV/AIDS in Nigeria. In 2017,
IHVN had provided HIV care for about 482,000 Nigerians living with HIV in 25 of the 26
states in Nigeria98. In collaboration with the Nigerian Federal Ministry of Health, IHVN hosts
the Nigerian National System of Cancer Registries. As part of its activities in cancer
prevention, IHVN also provides a low cost, one visit “See and Treat” cervical cancer
screening program in 7 of its facilities. The See and Treat program is a low technology
alternative to cytology based cervical cancer screening recommended for low resource
environments. It involves visual inspection of the cervix after application of acetic acid or
Lugol’s Iodine (VIA/VILI)99. Abnormal lesions that are detected during screening can be
treated at the same visit, therefore minimizing delays and the number of visits between
screening and treatment.
This study was conducted in two of the hospitals in Abuja, Nigeria where IHVN provides
HIV care and cervical cancer screening services: The National Hospital, Abuja (NHA) and
the University of Abuja Teaching Hospital (UATH). Abuja is a metropolitan city located in
the North Central region of Nigeria. It has a total population of 1.4 million people100. The
literacy level of women living in Abuja is high, with 80% of 15 – 49-year-old women
considered literate100. The median number of years spent in formal education is 11.2 years 100.
56% of women living in Abuja are employed, most of whom are in sales and services
(53%)100. Similar to national estimates, less than 3% of women living in Abuja have health
insurance coverage100.
Nigeria is a West African country and has an estimated population of 186 million people 101.
In 2016, the Gross Domestic Product of Nigeria (GDP) was $405 billion and total health
expenditure was 3.7% of the GDP101. Although there is a national health insurance scheme
designed to ensure health insurance coverage for the general population, private out of pocket
health expenditure accounted for 70% of total health expenditure in 2016101. The average life
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expectancy at birth for females is 54 years101. There are no population-based screening
programs and no national HPV vaccination programs 86.
There is a high burden of HIV in Nigeria, where national prevalence is estimated to be
2.9%102. With 2.9 million people living with HIV (PLHIV), Nigeria has the second highest
number of PLHIV in the world102. Women account for more than half (55%) of the population
of PLHIV in Nigeria102. Access to antiretroviral therapy is poor and only 24% of PLHIV in
Nigeria have suppressed HIV viral loads102.

2.3

Study population

Participants were recruited from HIV Care and Treatment clinics, outpatient clinics, the
cervical cancer screening clinics of the participating clinics and the general community.
Various community engagement strategies were used to create awareness for the study and
recruit participants. These strategies included interactions with key opinion leaders, women
advocacy groups, religious groups and the use of mass media.

2.4

Study coordination

I participated in every phase of this study from its design through to its implementation. Field
implementation started prior to the start of my Ph.D. but participant follow up and laboratory
testing of biological samples were completed in the second year of my Ph.D. (see timeline in
Section 2.17). I worked on obtaining the ethical approval for the study from the National
Health Research Ethics Committee of Nigeria and the University of Maryland Institutional
Review Board. Prior to study commencement, I organized and facilitated a two-day study
initiation training of staff involved in the field (Table 2.1). During the study initiation
training, field implementation staff were trained on participant recruitment/enrollment,
counselling skills, obtaining informed consent, strategies for participant retention in
longitudinal studies, data collection and handling of biological specimens. The
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nurses/midwives who were involved in the field implementation of this study had worked in
the cervical cancer screening program for at least two years, therefore they had some
experience in the conduct of pelvic examinations, cervical cancer screening and the
communication of study procedures to participants.
Table 2.1: Field implementation staff of the HPV study
Study Personnel

Functions

Number per site

Nurse

Participant enrollment; questionnaire

2

administration; physical and pelvic examination;
biological sample collection; cervical cancer
screening.
Physicians

Site supervision of nurses; quality assurance of

1

(Gynecologists)

cervical cancer screening protocol.

Laboratory scientist

Processing of biological specimens and banking of

2 – centrally located at the

samples; HPV detection and typing.

IHVN central office

Research assistant

Data entry into REDCap database.

1

Database manager

Database management; Participant scheduling and

1 – centrally located at the

tracking; routine data quality checks; error

IHVN central office

resolution.

2.5

Inclusion criteria

All females who were 18 years and over were eligible to participate if they had a prior history
of penetrative vaginal intercourse and were willing and able to provide informed consent.

2.6

Exclusion criteria

Women with a previous diagnosis of cervical cancer or its precursor lesions were excluded.
Women were also excluded if they were pregnant, unable to attend follow-up visits, or
previously had hysterectomies.

2.7

Study procedure

Potential participants received information about cervical cancer, its risk factors, need for
regular cervical cancer screening and screening methods available in a sensitization talk.
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Next, they were informed about the study objectives and study requirements. Women who
agreed to participate were given further details about study procedures, risks, benefits,
communication of research findings, participation voluntariness and ability to withdraw at any
time should they choose to.
For women who consented to participate, nurses administered structured questionnaires to
collect information on sociodemographic and lifestyle risk factors. This was followed by a
physical and gynecologic examination during which the vaginal pH was measured, and
biological specimens were collected. Following sample collection, all women were screened
for cervical cancer and its precursor lesions using the See and Treat screening protocol.
All participants were scheduled to return for follow-up visits every 6 months for the next two
years. I utilize data from the baseline and 6 months’ visit for my PhD. At the follow-up visits,
sexual and reproductive behaviour data were updated using interviewer administered
questionnaires, repeat gynecologic examination was performed and biological specimens
were collected.
Women who did not agree to participate in the study but were eligible for screening were
offered screening services in the See and Treat screening program. All HIV positive women
continued to receive the standard of care in the HIV Care and Treatment program and data on
latest CD4+ count was collected at each visit. Women who did not know their HIV status
were counselled, tested and when positive, linked to the HIV Care and Treatment program.

2.8

Retention strategies

The social cognitive theory was used as a conceptual framework to design the retention
strategies used in the study103. This theory postulates that behaviour is a function of aspects of
the environment and of the person, all of which are in constant interaction. Using this
framework, strategies that would foster a conducive research environment and enhance the
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self-efficacy of participants and their motivation to comply with the study protocol were
implemented. These strategies were evaluated and revised in an iterative process at monthly
review meetings which included all field implementation staff and me. The implementation of
more than one retention strategy has been reported to be associated with better participant
retention therefore several strategies were implemented concurrently104. Details of the
strategies used are provided in Table 2.2.
Table 2.2: Retention strategies implemented
Staff/Visit Characteristics
• Flexibility in scheduling to include early morning and late evening appointments
• Recruitment of culturally competent and sensitive staff with strong interpersonal skills
• Detailed study description to include the study requirements, follow-up demands and potential
benefits/harms of the study
• Training and retraining of study personnel to maintain appropriate attitudes in researcher- participant
interactions
• Maintaining appropriate respect for study participants
• Research staff recognition for sites that maintain high retention rates
Incentives
• Reimbursement of transportation costs
• Benefits of participation – free see and treat cervical cancer screening
• Benefits of participation – free physical and breast examination
• Breast Self-Awareness education
• Provision of informational brochures promoting healthy lifestyles
• Altruistic purposes: discussion of the need for complete data to achieve study aims
Participant contact
• Phone calls and text messages to schedule appointments and reminder calls two days before appointment
and morning of appointment
• Phone calls for missed appointments
• Use of scripts for phone calls
• Record of outcome of all phone calls in call logs
• Multiple calls at different times/days up to ten attempts.
• Multiple contact phone numbers for each participant
Participant bonding
• Use of study logos on questionnaires and all communication materials
• Continuity of contact via text messages and emails in between study visits
• Availability of a platform for communication between participants and study personnel in between study
visits for rapid resolution of queries
• If outcome of previous calls indicated the presence of welfare concerns, schedule follow-up calls to
enquire about welfare
Community engagement
• Attendance at town hall meetings
• Designing health promotion activities for the community e.g. health talks encouraging physical activity
• Presentation of research updates at religious gatherings and other social events
• Engagement with local community leadership
Tracking system
• Use of robust electronic scheduling and contact software
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2.9

Specimen collection

During the pelvic examination, vaginal pH was measured, mid-vaginal swabs for microbiome
analysis and exfoliated cervical cells for HPV determination were collected. Blood samples
were also collected but as these were not used for my Ph.D., further details are not provided in
this thesis.
Mid-vaginal swabs were obtained by inserting the swab stick approximately 3-4cm into the
vagina and rotating it 4-5 times in a counter clockwise direction for 10-30 seconds. The swab
stick was immediately place in a labelled specimen bottle, stored in a specimen transport box
maintained at 2-8C.
Exfoliated cervical cells were collected by inserting a cervical sampling brush (Cervex-Brush;
Rovers Medical Devices B.V., Oss, The Netherlands) into the cervical os at a depth of 1-1.5
mm until the larger outer bristles of the brush touched the ectocervix. The brush was then
rotated 3 full turns in a counter-clockwise direction. The brush head was subsequently
snapped off into a labelled specimen transport tube that contained PreservCyt solution
(ThinPrep; Hologic-Cytc Company, Marlborough, Massachusetts, United States).
All samples were collected prior to application of acetic acid for cervical cancer screening.
Samples collected at the participating sites were transported within 4 hours of collection to a
central research laboratory at IHVN where they were processed, aliquoted and stored at -80C
until further processing.

2.10 Laboratory methods
HPV DNA extraction was performed by laboratory scientists in the team. HPV DNA was
extracted from the exfoliated cervical cells, with QIAamp DNA Mini Kit (Qiagen Inc, Hilden,
Germany) using manufacturer recommended protocols based on a rapid lyse-bind-wash-elute
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principle. 20l of proteinase K was added to a mixture of 200l of buffer and 180l of
exfoliated cells in a prelabelled Eppendorf tube; which was then vortexed for 10 minutes for
cell lysis. Following cell lysis, the mixture was incubated at 56C for 1 hour with intermittent
shaking at 1000 rmp for 2 minutes. After incubation, 200l of 100% ethanol was added to the
mixture and the mixture was centrifuged to optimize binding of the DNA to the QIAamp
membrane. This mixture was subsequently transferred to a QIAamp mini spin column and
centrifuged at 800 rpm for 1 minute to allow for HPV DNA absorption onto a silica
membrane. The DNA bound to the silica membrane was then washed off in 2 centrifugation
steps using 500l of washing buffer at a centrifugation speed of 14,000rpm for 1 minute each
time. Purified DNA was subsequently eluted from the QIAamp Mini spin column by adding
80l of elution buffer, incubating at room temperature for 5 minutes and centrifuging at
800rpm for 1 minute. DNA concentration and purity were evaluated using NanoDrop2000
Spectrophotometer (Thermo Fisher scientific Inc. USA).
HPV detection and genotyping were done using the SPF10LiPA25 system. Biotin labelled
SPF10 primer sets was used to amplify 65bp fragments of the L1 region of HPV DNA isolates.
These amplicons were tested using DNA Enzyme Immunoassay (DEIA), a probe
hybridization assay containing a cocktail of conservative probes that allows the recognition of
at least 65 HPV genotypes. The amplimers of the DEIA HPV DNA positive samples were
subsequently analyzed by the reverse hybridization line probe assay, LiPA25, Version 1
(Laboratory Biomedical Products, Rijswijk, The Netherlands) which can identify 25 HPV
types: 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73,
70 and 74105. Samples that tested positive with the DEIA test but showed no results on the
LiPA strips were classified as HPV X.
Vaginal microbiota sequencing was performed by collaborators at the University of
Maryland Institute of Genome Sciences. Whole genomic bacterial DNA was extracted from
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swabs using the MoBio Powersoil kit according to manufacturer’s recommended protocol106.
A dual barcode system with fusion primers 338F and 806R was used to amplify the V3 – V4
hypervariable regions of the 16s rRNA gene according to the procedure described by
Caporaso et al107. Purified amplicons were sequenced on an Illumina Miseq instrument
(Illumina, San Diego, CA) using a 300bp paired end protocol at the Institute for Genome
Sciences, University of Maryland School of Medicine106.

2.11 Data collection and management
Under the supervision of Clement Adebamowo, I developed and pretested the enrollment and
follow up questionnaires used in the HPV Study. Nutrition data was also collected from all
participants in this study using a Food Frequency Questionnaire and 24-hour dietary recall.
While I coordinated some aspects of the dietary data collection in the HPV Study, I did not
participate in its development or field testing. As the nutrition data was not used in my Ph.D.,
I will not provide further details about this data collection tool or the data collected.
The baseline questionnaire had 120 questions organized in 12 domains: demographics,
indicators of household wealth; smoking; alcohol consumption; physical activity; sexual
health; obstetrics history; gynecologic history; vaginal health and practices; contraceptive
history; recent activities in the 24 hours preceding study visit and CD4+ count details from
last hospital visit (for HIV positive participants).
The indicators of household wealth were used to compute socioeconomic status as described
by Filmer et al108. The wealth indicators included house ownership, type of house, number of
people who live in the home, source of drinking water, source of cooking fuel, presence of a
separate room for cooking, type of toilet facility and ownership of household goods: car,
motorcycle, refrigerator, television, bicycle, fan. Principal component analysis (PCA) was
used to compute factor scores based on the responses to the wealth indicators. The first
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component in the principal component analysis explained the largest proportion of the total
variance, such that assets that varied the most across participants had a larger weight and
assets owned by all participants had a weight of zero. The weights for each of the asset of the
first component was used to generate scores which formed the bases for classifying
participants into three socioeconomic classes: the lowest 40% as low class, the middle 40% as
the middle class and the top 20% as the upper class.
The domains on smoking, alcohol consumption, sexual and reproductive health were adapted
from the PhenX toolkit version 5.6 (20 September, 2013); and the physical activity
questionnaire was modified from the Harvard School of Public Health’s Nurses’ Health Study
II physical activity questionnaire109,110. The vaginal health and practices domain included
questions on the sanitary materials used during menstruation; presence of vaginal symptoms
such as excessive vaginal discharge, itching and pain during intercourse or while urinating;
and vaginal douching practices.
At the 6-month follow up visit, a shorter structured questionnaire with four domains: physical
activity, sexual health, vaginal health and recent activities domains, was administered.
At each study visit, a clinical examination form was completed by the nurses/midwives. The
clinical examination form included three domains: anthropometrics; abdomino-pelvic
examination findings; and See and Treat cervical cancer screening observations.
The anthropometric measurements included weight, standing height, hip circumference and
waist circumference measured in accordance with the World Health Organization (WHO)
Multinational Monitoring of Trends in Cardiovascular Disease (MONICA) project 111.
Findings from the clinical examination of the lower abdomen, vulva/perineum, cervix and
adnexa were documented in the abdominal and pelvic examination domain of the clinical
examination form. During the bivalve speculum examination, vaginal pH was measured using
pH strips (pHydrion, Microessentials Laboratories, Brooklyn, New York), which measure
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pH over range of 2.8 – 7.4, in increments of 0.2. To measure the vaginal pH, the pH strips
were attached to a spatula, and dipped in the vaginal fluid at the posterior fornix, taking care
to avoid contact with vaginal tissue during entry or exit. Color changes of the pH strip were
immediately compared to the color charts provided by the manufacturers of the strips. All
research staff passed color perception tests prior to performing the pH tests. Biological
specimens (as described in Section 2.9) were collected after pH measurement.
After specimen collection, all women were screened for cervical cancer using the See and
Treat screening protocol. Digital images of the cervix were captured before and after
application of acetic acid for patient education and for quality control. Women with
precancerous cervical lesions that met eligibility criteria for treatment were treated with cold
coagulation. Treatment criteria include: the complete visualization of the cervical lesion;
lesions occupying less than 75% of the transformation zone; lesions that could be completely
covered by the tip of the cryoprobe and lesions that were not suspicious of cervical cancer. All
lesions that were not eligible for treatment were referred to the collaborating site gynecologist
for further evaluation and management. All treated women were followed up as with the See
and Treat screening protocol.
Data collection tools were pretested prior to their use in the study. Pretesting was conducted
among 20 women in the study target population, to estimate duration of questionnaire
administration; identify ambiguous questions and response options; and assess questionnaire
wording, formatting and question sequence. The questionnaires were revised based on
feedback from the respondents and the interviewers.
Given the sensitive nature of the some of the questionnaire items, particularly in the sexual
health domain, field implementation staff were trained to be culturally sensitive and attentive
to signs of emotional and psychological distress, and to conduct the interviews in a private
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setting. The measures implemented in questionnaire design and administration in order to
collect good quality sexual behaviour data are provided in (Table 2.3).
Table 2.3: Strategies to ensure good quality sexual behaviour data
Measure

Description

Questionnaire design
Use of validated
measures

•

Questionnaire items were adapted from the Sex and Reproduction domain of the
PhenX toolkit

Sequence of inquiry

•

Questions on more culturally acceptable behaviours such as vaginal sex preceded
questions on less socially approved behaviours such as anal sex.
Non-threatening questions on demographics and physical activity preceded questions
on sexual behaviour
The burden of denial was placed on participants for question of frequency of anal,
vaginal and oral sex. By asking participants, how many times they engaged in anal,
vaginal or oral sex, the research assistants communicated an expectation that such
behaviours occur and were not abnormal.

•
Careful formatting of
questionnaire items

•

Questionnaire administration
Use of techniques to
• Providing anchor dates for reporting periods - for example, for number of partners in
improve behaviour recall
the last one year, research assistants ask: Between today (18/03/2015) and March of
last year (18/03/2014) how many partners have you had
• Encouraging participants to use their diaries or calendars to recall other memorable
events during the reporting period and use this an anchor to recall other behaviours
• Use of timeline followback (TLFB) protocol* to collect information on frequency of
vaginal sex, anal sex and oral sex.
Establishment of
• Questionnaire items on sexual health were asked after the interviewer had assured
working trust between
participants of confidentiality.
research assistants and
• Sexual behaviour assessment was preceded by appropriate introduction and
participants
explanation for collecting the data
Posing questions in a
• Research assistants were trained not to appear embarrassed when posing questions
direct manner without
about sexual behaviour
hesitancy or apology
Preparedness to deal
with participants
response to
questionnaire items

•

Default assumptions that were made about participant response to the sexual
behaviour domains were lack of understanding of the questions; embarrassment at
discussing sexual matters; provocation of concerns for wellbeing by questionnaire
items
• To address these assumptions, research assistants were trained to use descriptions of
sexual behaviour to improve understanding of terms that were unclear; provide
educational materials; provide referrals to supporting services such as counselling,
HIV testing and care.
Sensitivity during
• Research assistants maintained a non-judgemental demeanour throughout the
questionnaire
questionnaire administration
administration
• Questionnaire administration were conducted in private settings, where privacy could
be assured
*TLFB protocol involved the use of presenting calendars to participants that included the start date and end date of the
reporting period with national holidays marked in. Participants indicate which dates were memorable to them during
this period. Next participants were prompted to use these anchor days to recall days that they were sexually active
based on patterns of sexual encounters (e.g. weekend encounters because partners are home, in a stable relationship at
the time, alcohol consumption during the period etc.)112
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2.12 Quality assurance
Data was entered into a REDCap database managed by a database manager 113. I conducted
routine data quality checks by running the inbuilt logical checks and quality assurance
modules in REDCap. All missing data, potential errors and outliers were identified and
communicated to the field implementation team for investigation. These errors were corrected
by contacting the patients to either provide missing information or verify responses.
Some drawbacks in the use of VIA/VILI for cervical cancer screening is its relative lower
specifity compared to cytology, inter-observer variability and the potential of overtreatment99.
In order to address these drawbacks, a digital cervicography component was included in the
See and Treat screening program. This involves the use of a digital camera to take pictures of
the transformation zone of the cervix before and after application of acetic acid. All images
were reviewed by the collaborating gynecologists and I at a quality assurance meeting held
monthly. These meetings also provided opportunities to retrain field implementation staff. In
cases of missed diagnosis of clinical relevance, the patients were recalled.

2.13 Sample size considerations
Sample size considerations for the HPV study was based on the aim of investigating the
prevalence of HPV in HIV negative and HIV positive women in Nigeria. The prevalence of
HPV in the general population of Nigerian women from previous studies was estimated to be
26%26. There were no estimates of HPV prevalence for HIV positive women. Using the
formula for two-sample comparison of proportions, the minimum sample size required to
detect an absolute difference of 10% (36 – 26%) in the prevalence of HPV among HIV
negative and HIV positive women with 80% power and type 1 error probability of 0.05 is
670. With a sample size of 1000, the HPV study was sufficiently powered to detect a
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difference in HPV prevalence of 8% or more, with a power of 0.80 and type 1 error
probability of 0.05.
This sample size was large enough to ensure that the analysis in my Ph.D. was sufficiently
powered. For example, in investigating the association between the vaginal microbiota and
persistent hrHPV, a recent study showed that the proportion of women with a high dysbiotic
state (CST IVB) was 43% among women with persistent hrHPV and 12% in women who
were HPV negative114. In order to detect a similar difference in proportions (31%) or more in
my study with a power of 0.90 and type 1 error probability of 0.05, I needed a sample size of
n=96 with 1:1 ratio of cases and controls. Figure 2.1 shows that with a sample size of 1000,
my study was sufficiently powered to investigate determinants of HPV infection that have a
difference in proportions of 0.10 or more at a power of 0.90.

Figure 2.1: Sample size and power considerations
Assuming prevalence of a risk factor is 0.12 in women who are persistently negative for HPV
infection, using a sample size allocation (N2/N1) of 1, setting type 1 error probability of 0.05,
the total sample size required to detect a prevalence of 0.20 – 0.40 in women who are
persistently
positive for HPV at varying levels of power (from 0.60 – 0.90) is shown in the
Exact - Proportions: Inequality. two independent groups (Fisher's exact test)
graph below
Tail(s) = Two. Proportion p2 = 0.12. Allocation ratio N2/N1 = 1. α err prob = 0.05
Proportion p1
1000
Total sample size

= 0.2
800

= 0.25

600

= 0.3

400

= 0.35

200

= 0.4

0
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

Power (1-β err prob)
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2.14 Data analysis
Data analyses methods are described in detail in the relevant chapters of this thesis.

2.15 Consent procedures
Ethical approvals for this study were obtained from the University of Maryland Institutional
Review Board and the Nigerian National Health Research Ethics Board. Informed consent
forms were available in English. The consent process involved a detailed explanation of the
study objectives, study procedures, potential risks and benefits of participating. All
participants were provided with options of withdrawing at any point they desired. All
participants signed informed consent prior to enrollment. Participants who could not read or
write, provided verbal consents and thumb printed the informed consent form to indicate their
understanding and willingness to participate, in the presence of a witness who was also
required to sign the consent document. Copies of the consent form and contact information of
the Principal Investigator (Clement Adebamowo) and Study Coordinator (myself) were given
to the participants. All participants were given unique identification numbers, which were also
used in data collection forms and specimen collection bottles. All information collected were
treated as confidential and de-identified datasets were used for analysis. Computers
containing study records were password protected and additional security was provided for
study documents and files.

2.16 Risks and benefits
Risks of participation included discomfort and potential psychological distress from questions
on socio-economic characteristics and sexual history. Collection of exfoliated cervical cells
may have caused mild discomfort, some vaginal spotting, and cramping pain. Side effects
from the See and Treat screening protocol included mild discharge from the vagina for a few
days.
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Potential benefits of participating in the study included the benefits accruing from the cervical
cancer screening aspect of the study, a clinical breast examination and breast-awareness
education. The knowledge derived from the study would also be beneficial to future
generations of women as it will help to develop optimal strategies for cervical cancer
prevention in Nigeria.

2.17 Timelines
Study initiation and participant enrollment were concluded before I commenced my Ph.D. in
January 2015. However, participant follow up and laboratory testing of biological specimens
continued well into the second year of my Ph.D. studies (Table 2.4)
Table 2.4: Timelines of HPV study activities and Ph.D.
Activity

2012

2013

2014

2015

2016

2017

2018

Study Initiation activities
Participant enrollment
Participant follow up
HPV determination
Vaginal microbiota characterization
Manuscript preparation
Ph.D. Duration

2.18 Description of study population enrolled
2,400 women were approached through community town hall meetings. Of these women,
1,020 women were enrolled. Recruitment was intentionally capped at 1,020 because of
sample size calculations. Details of the how the study population relates to the target
population are provided in Table 2.5.
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Table 2.5: Study population in relation to target population
Population
Description
Number
Target population
Women living in Nigeria in 2015
89,413,014101
Source Population
Women living in Abuja in 2015
673,000100
Accessible population
Women living within 46km of screening clinics in Abuja
438,783100
Population approached
Population approached through community town hall talks
2400
Enrollment target
Predetermined sample size based on power calculations
670
Population enrolled*
Number of women enrolled at baseline visit
1020
Retention
Number of women who attended 6 month follow up visit
725
*Protocol was designed to enrol 1000 women to ensure effective enrollment target was reached after
accounting for attrition

Baseline characteristics of women enrolled into the study are presented in Table 2.6.

Table 2.6: Baseline characteristics of women enrolled
Characteristics
Demographics
Mean age, years (SD)
Religion, N (%)
Christian
Muslim
Others
Marital status
Married
Single
Separated
Divorced
Widowed
Cohabiting
Others
Education, N (%)
≤ 6 years
>6 years
Socioeconomic status, N (%)
Low
Middle
High
Reproductive history
Mean age at menarche, years (SD)
Mean age at sexual debut, years (SD)
Mean lifetime number of sexual partners, n (SD)
Multiple sexual partners in preceding 12 months
Post-menopausal, N (%)
Ever pregnant, N (%)
Mean number of children, N (SD)
Contraceptive use, N (%)
Oral contraceptive
Hormonal injection
Intrauterine device
Tubal ligation
Diaphragm
Male condom
Female condom
General health

38 (8)
878 (86)
132 (13)
10 (1)
677 (66)
174 (17)
22 (2)
26 (3)
111 (11)
1 (0)
9 (1)
113 (11)
907 (89)
401 (40)
401 (40)
201 (20)
21 (31
20 (4)
3 (3)
82 (8)
146 (15)
933 (92)
2 (2)
98 (10)
81 (8)
81 (8)
5 (0)
3 (0)
307 (30)
46 (4)
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Characteristics
Presence of chronic illnesses,
Hypertension
Diabetes
HIV status
HIV negative
HIV positive
HIV unknown
Vaginal and cervical health
Ever douche
HPV status
Negative
Positive
Unknown
VIA positive at baseline screening
Treated with cold coagulation

150 (15)
14 (1)
543 (53)
432 (42)
45 (4)
642 (64)
618 (60)
385 (38)
17 (2)
46 (4)
30 (3)

For the 46 women who were VIA positive at baseline, HPV results at the baseline visit and
follow up visit are presented in Table 2.7 below. Sensitivity analysis, excluding these
women, were conducted for Chapters 5 and 6. Results from sensitivity analysis were not
substantially different (<10%) from analysis which included these women. Therefore, I
present results from the overall analysis in these chapters.

Table 2.7: HPV results of VIA positive women
Repeat HPV test at follow
up visit
Negative
Positive
Did not return
Total

Negative

Positive

10
1
6
17

3
17
8
28

Baseline HPV results
Unknown
0
1
0
1

Total
13
19
14
46

In the next five chapters, I present the findings generated from this cohort. Additional
methodological considerations that are relevant to results in the individual chapters are
presented in the text of the pertinent chapter. The effective sample size used in each chapter
varies slightly from the overall number of women enrolled due to some exclusions made in
the individual analysis. In Table 2.8, I provide a summary of the number of women included
in each chapter and reasons for exclusions made.
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Table 2.8: Number of participants included in individual chapters
Baseline: Possible N = 1020
Chapter 3
Chapter topic
Attrition
Number of
973
participants
included

Chapter 4
Reliability
725

Chapter 5
Microbiota
211

Chapter 6
Multiple HPV
894

Chapter 7
Anogenital warts
962

Number
Excluded

47

295

809

126

58

Reasons for
exclusion

No longer
eligible to
return for
follow up

Required
participants
who had sexual
behaviors
history at
baseline and
follow up

Nested case
control:
purposively
selected women
with persistent
hrHPV and
women who are
persistently
negative

Missing HIV;
Missing HPV
result or HPV
genotyping
result

Missing HPV
result; missing
HIV result

Chapter 3
Attrition
725

Chapter 4
Reliability
725

Chapter 5
Microbiota
211

Chapter 6
Multiple HPV
630

Chapter 7
Anogenital warts
630

Number
Excluded

0

0

514

95

95

Reasons for
exclusion

Not applicable

Not applicable

Nested case
control:
purposively
selected women
with persistent
hrHPV and
women who are
persistently
negative

Missing HIV;
Missing HPV
result or HPV
genotyping
result

Missing HIV;
Missing HPV
result or HPV
genotyping result

Follow up: Possible N = 725
Chapter topic
Number of
participants
included

54

CHAPTER 3:

ATTRITION

In this chapter, I present the integrated results of a sequential explanatory mixed methods
research design aimed at investigating attrition and the determinants of attrition in the HPV
study. Minimizing attrition in cohort studies is important in order to ensure that studies are
not only sufficiently powered to detect meaningful associations, but also to ensure that risk
estimates obtained from such studies are unbiased. Conducting prospective studies in LMIC
can be particularly challenging due to limited infrastructure. In Chapter 2, I described the
retention strategies implemented in this study. Here, I investigate the effect of the strategies
on attrition in this cohort and explored contextual factors that influenced attrition. I found
that age, HIV status, high cost of participation, therapeutic misconceptions, inaccurate
expectations, spousal disapproval, unpleasant side effects, challenges in maintaining contact
with participants and difficulties in locating the study clinic were important barriers to
continued participation in the HPV Study. My results in this chapter will be of practical use to
researchers, particularly in LMIC, in developing relevant strategies to minimize attrition in
longitudinal studies.
A manuscript based on results presented in this chapter has been published in the Journal of
Clinical Epidemiology titled “Age, HIV status and research context determined attrition in a
longitudinal cohort in Nigeria” (Dareng EO, Olaniyan Y, Adebamowo SN et al, 2018).

3.1 Introduction
Longitudinal studies are important for understanding relationships between risk factors and
health outcomes, and can be used to determine causal effects115. However, selective attrition
in longitudinal studies, where individuals who continue to participate are systematically
different from those who are lost to follow up, may pose significant threats to the internal and
external validity of results116-118. High levels of attrition can reduce the statistical power of a
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study to detect a difference among groups or treatments and may lead to biased effect
estimates, especially when the loss to follow up is non-random with respect to exposure and
outcome119,120. High levels of attrition may also lead to other practical concerns such as
prolongation of research studies to recruit more participants and increased costs. Therefore,
focused efforts at optimizing participants’ retention are important in the design and conduct of
studies to ensure that findings are valid, and the study remains adequately powered.
Minimizing attrition in longitudinal studies can be very challenging and requires considerable
effort and time during the design and implementation stages 121. It is even more challenging
for studies that require in-person visits to the study site. In a systematic review of studies that
evaluated different retention methods to reduce loss to follow up, Booker et al reported that
retention increased by an average of 18% when in person visit to study sites for follow-up was
replaced with postal questionnaires122. In LMIC, there are additional challenges to
participants’ retention in prospective studies. These include limited public health and research
infrastructure, poor follow-up culture, poverty, low levels of education and high mobility. In
these settings, attrition may vary from 5 – 30% in studies with tracking strategies, to 40-52%
in studies without tracking strategies123. Although there is no absolute standard for acceptable
attrition levels, bias becomes a concern if attrition exceeds 20% 124.
Recently, several articles have investigated the predictors of participant attrition in
longitudinal studies125-132. All of the studies that were conducted in LMIC focused on the
attrition of patients in HIV care programs125-127. The experiences in such situations may differ
from prospective research cohorts, particularly when research participants are free of disease
at baseline. As HIV care programs are relatively better funded than research studies in most
LMIC, many HIV programs have investigated and implemented various interventions, such as
home visits, peer support, task shifting, decentralization of services, and motivational
counselling, to minimize attrition133. Furthermore, a strong motivation for adherence in HIV
care programs that may not be present in several research settings, is the desire of HIV
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patients to reduce the high risk of morbidity and mortality associated with untreated HIV 134.
In contrast, most of the studies on participants attrition in high income countries (HIC) have
been focused on hard to reach populations such as ethnic minorities, children, and the
elderly128-130.
In this analysis, I use sequential mixed methods design to identify determinants of attrition in
the HPV Study cohort.

3.2 Methods
3.2.1 Study design
Details of the study design study been described in Chapter 2. Additional methods which are
specific to this chapter are described below.
I used a sequential explanatory mixed method design to evaluate the determinants of loss to
follow-up. In this method, I used a three-phase design illustrated in Figure 3.1. First,
quantitative data was collected and analyzed. Next, a qualitative phase was conducted, in
which some participants were selected for focus group discussion and interviews to further
explain and provide insights to the findings from the quantitative analysis.
Figure 3.1: Sequential explanatory method design

PHASE 1
• Quantitative data collection
o Baseline
questionnaire
• Quantitative data analysis
o Regression models

PHASE 2
• Qualitative data collection
o Focus group discussions
o Key informant interviews
• Qualitative data analysis
o Content analysis

PHASE 3
Integration of quantitative and qualitative results
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3.2.2 Study setting and selection of participants
Attrition was defined as attendance at the enrollment visit but failure to return for the
scheduled follow up visit 6-9 months later, among women who were eligible to return for
follow-up visits. Women who attended both the enrollment visit and the follow-up visits were
defined as “responders” while women who attended only the enrollment visit were defined as
“non-responders”.
Of the 1,020 women enrolled in the cohort, 47 (5%) became ineligible to continue in the study
(27 became pregnant, 4 had hysterectomies, and 16 relocated) leaving 973 women eligible to
return for follow-up visits.
Quantitative study
Of the remaining 973 women, 717 (74%) were responders while 256 (26%) were nonresponders. All 973 participants were included in the quantitative aspect of this study. Study
flow diagram is provided in Figure 3.2. Reasons for not returning for scheduled follow-up
visits were collected from all non-responders that could be reached. For non-responders that
could not be reached by their primary phone numbers, members of their social network
(spouses, relatives and friends) were contacted. At the enrollment visit, all participants
provided consent for study personnel to contact members of their social network for tracking
purposes.
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Figure 3.2: Participant flow chart

Enrolled (n= 1020)

Quantitative
Did not return (n= 256)

Returned (n=717)

No longer eligible (n= 47)

Withdrew (n=33)

Qualitative

KII (n=8)
Withdrew = 2
Unreachable* = 6

FGD (n=32)
Withdrew = 4
Unreachable* =14
No show = 13
Unknown=1

Unreachable
(n=111)

No-show (n=103)

Unknown (n=9)
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Qualitative study
To provide contextual information on the determinants of loss to follow-up, 4 focus group
discussions (FGD) and 8 key informant interviews (KII) were conducted in March 2016, 6
months after the end of the parent study. At the time of the qualitative phase, contact was reestablished with some women who could not be reached during the parent study’s duration.
I used simple random selection to identify 45 non-responders to participate in the FGDs. Of
the 45 women approached, 40 agreed to participate in the FGDs but only 32 women turned up
on the scheduled day and time. The remaining 8 women participated in KIIs. Details of
participant selection are provided in Figure 3.2. To prevent inadvertent HIV status disclosure,
the population was stratified by HIV status with two FGDs and four KIIs conducted in each
stratum.
Each FGD/KII was facilitated by a health research scientist, Elonna Obiefuna and a physician,
Michael Odutola (both at the Institute of Human Virology, Nigeria) who have both had
training in qualitative research methods and together have over seven years’ experience in
conducting and analyzing qualitative research. Each FGD session lasted between 30 and 40
minutes while each KII lasted for about 20 minutes. Each FGD/KII was conducted in English,
audio-recorded and transcribed verbatim. The facilitators took supplementary reflective field
notes which I reviewed within 48 hours. None of the participants had met any of the
facilitators prior to the FGDs/KIIs. The FGD/KII interview guide was piloted among 5
women who were not part of the cohort.
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3.2.3 Statistical analysis
Quantitative analysis
The outcome variable for this analysis was response status: whether participants were
responders or non-responders. I included 16 potential predictors grouped into 4 general
categories: sociodemographic (6 predictors), lifestyle (2 predictors), reproductive and sexual
health (6 predictors), and general health (2 predictors). The sociodemographic predictors were
age, marital status, education, socioeconomic status, length of time in current residence and
nature of dwelling (rural, semi urban or urban). To determine socioeconomic status (SES), I
calculated the wealth index using principal component analysis (PCA) of data on household
assets as described by Filmer and Pritchett108. Participants were categorized into low (lower
40%), middle (middle 40%) and high (top 20%) SES. Lifestyle predictors included smoking
and alcohol use. Reproductive and sexual health predictors included lifetime number of sexual
partners, sexual debut age, number of children, HIV status, HPV status at baseline and vaginal
douching practice. General health predictors included presence of chronic ailments and selfrated health.
I used logistic regression models to evaluate association between potential predictors and nonresponse. All variables that were associated with non-response in age adjusted analysis at a p
<0.20 were included in a multivariable model. All analyses were performed in STATA 15
(Stata Corporation, College Station, Texas, USA).
Qualitative analysis
I analyzed the qualitative data using a content analysis approach and a combination of
deductive and inductive methods to code transcripts and reflective field notes in an iterative
process. In order to mitigate potential bias in my interpretation of the data, I recruited the
assistance of Bimpe Eseyin as the second coder. At the time, she was affiliated with the
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Institute of Human Virology, Nigeria while working on a Master’s degree at the University of
Harvard School of Public Health. She was familiar with the HPV Study and had experience
conducting and analyzing qualitative research data. We met over telephone conference calls to
discuss the coding frame and codebook that I developed. She subsequently used my coding
frame to code all transcripts. At the end of her coding process, we had five telephone
conferences to go through each transcript and the codes that we had categorized each quote
into. Where there were disagreements over coding of quotes, we discussed this and reached a
consensus by either merging similar codes or discarding some or renaming codes to be more
inclusive.
At a data review meeting of the FGD/KII facilitators and coders, which I chaired, we
evaluated the coding frame for unidimensionality, mutual exclusiveness and exhaustiveness.
Recurrent themes were identified and classified into categories based on the ecological
model135. This model (Figure 3.3) consists of a series of nested layers that include participant
factors at its core, researcher related factors and environmental factors, in its periphery, with
interactions between the different layers. All analysis was conducted using ATLAS.ti version
7.5.10.
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Figure 3.3: Ecological model of determinants of attrition

Environment
related factors

Research
related factors

Participant
related factors

3.3 Results
3.3.1 Quantitative study results
Of the 973 women included in this study, 256 (26%) were non-responders (Figure 3.2). Of the
256 non-responders, 33 (13%) withdrew, 111 (43%) were unreachable, 103 (40%) missed
their scheduled appointments despite multiple attempts at rescheduling and 9 (4%) did not
provide any reasons. Participant characteristics of responders and non-responders are
presented in Table 3.1. Mean age (SD) of the 973 participants included in the quantitative
analysis was 38 (8) years. Most participants were married (67%) and had completed more
than six years of formal education (92%). Prevalence of smoking was very low (1%) and
slightly more than half (53%) of the study population were HIV negative. Median lifetime
number of sexual partners in this population was 3 (IQR: 1- 4). Most participants (78%) rated
their general health as good.
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Table 3.1: Baseline characteristics of participants by response status
Characteristics

Total
(N=973)
n (%)

Responder
(N=717)
n (%)

Sociodemographic factors
Age, years (mean, SD)
38 (8)
38(8)
Marital status
Married
645 (67)
472 (66)
Unmarried
320 (33)
239 (34)
Education
≤6 years
109 (11)
84 (12)
7 – 12 years
256 (27)
178 (25)
>12 years
600 (62)
449 (63)
Socioeconomic status
Low
382 (40)
276 (39)
Middle
385 (40)
288 (41)
High
189 (20)
141 (20)
Length of time in current
33.2 (32)
32.8 (33)
residence, months (mean,
SD)
Nature of dwelling
Urban
427 (44)
305 (43)
Semi urban
367 (38)
280 (39)
Rural
168 (18)
125 (18)
Lifestyle factors
Smoking
Never smoked
952 (99)
701 (99)
Ever smoked
13 (1)
10 (1)
Alcohol Consumption*
No
835 (87)
612 (86)
Yes
125 (13)
96 (14)
Reproductive and sexual health factors
Lifetime number of sexual
3 (1 - 4)
3 (1 – 4)
partners (median, IQR)
Sexual debut age (median,
20 (18 – 22)
20 (18 – 22)
IQR)
Number of children
1 (0 – 3)
1 (0 – 3)
(median, IQR)
HIV status
HIV negative
511 (53)
348 (49)
HIV positive
421 (44)
345 (48)
Any HPV status
HPV negative
588 (62)
427 (61)
HPV positive
367 (38)
274 (39)
Vaginal douching
No
347 (36)
251 (35)
Yes
619 (64)
461 (65)
General health
Presence of chronic
230 (24)
179 (25)
ailments
Self-rated health
Good health
752 (78)
559 (78)
Poor health
214 (22)
153 (22)
*Alcohol consumption within the three months preceding enrollment into the study

Non-responder
(N=256)
n (%)
36 (8)
173 (68)
81 (32)
25 (10)
78 (30)
151 (60)
106 (42)
97 (39)
48 (19)
34.0(27)

122 (48)
87 (35)
43 (17)

251 (99)
3 (1)
223 (88)
29 (12)
3 (1-4)
20 (18 -23)
1 (0 – 2)

195 (64)
76 (30)
161 (63)
93 (37)
96 (38)
158 (62)
51 (20)

193 (76)
61 (24)

64

Compared to women less than 30 years old, the odds ratio (OR) for the likelihood of dropping
out of the study for women aged 31 to 44 years was 0.46 (95% CI: 0.33 – 0.63, p <0.001)
while that for women over 44 years of age was 0.31 (95% CI 0.17 – 0.56, p <0.001) (Table
3.2). HIV positive women were less likely to drop out of the study than HIV negative women
(OR 0.45;95% CI 0.33 – 0.70, p <0.001). Other sociodemographic, lifestyle, reproductive,
sexual and general health factors were not associated with dropping out of the study.
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Table 3.2: Association between participant characteristics and loss to follow up
Characteristic
Age (years)
≤ 30
31 - 44
>44
HIV status
HIV negative
HIV positive
Nature of dwelling
Urban
Semi urban
Rural
Length of time in current residence
(months)
≤ 25
26– 60
>60
Number of children
None
1-4
≥5
Lifetime number of partners
1
2–4
≥5
Marital status
Married
Unmarried
Education
≤6 years
7 – 12 years
>12 years
Socioeconomic status
Low
Middle
High
Smoking
Never smoked
Ever smoked
Any HPV status
Negative
Positive
Chronic ailments
Absent
Present
Self-rated health
Good health
Poor health
pt: P value for trend

Univariate model
Odds Ratio (95% CI)
p

Multivariate Model
Odds Ratio
p
(95% CI)

pt = <0.001
1.00
0.53 (0.37 – 0.78)
0.38 (0.23 – 0.63)
1.00
0.47 (0.34 – 0.64)
1.00
0.78 (0.56 – 1.07)
0.86 (0.57 – 1.29)

1.00
1.07 (0.77 – 1.50)
1.38 (0.92 – 2.07)
1.00
0.94 (0.70 – 1.26)
0.55(0.27 – 1.12)
1.00
1.15 (0.81 – 1.62)
0.83 (0.54 – 1.28)
1.00
0.92 (0.68 – 1.26)
1.00
1.47 (0.88 – 2.48)
1.13 (0.70 – 1.83)

<0.001
<0.001

<0.001
pt = 0.27
0.12
0.47
pt = 0.13

0.69
0.12
pt = 0.10
0.69
0.10
pt = 0.23

1.00
0.46 (0.30 – 0.70)
0.31 (0.17 – 0.56)

<0.001
<0.001

1.00
0.45 (0.33 – 0.63)

<0.001

1.00
0.86 (0.61 – 1.21)
0.92 (0.58 – 1.44)

0.44
0.26

1.05 (0.74 – 1.50)
1.32 (0.86 – 2.04)

0.79
0.20

1.00
1.14 (0.81 – 1.61)
0.60 (0.25 – 1.45)

0.44
0.26

0.44
0.41

0.62
pt = 0.73
0.15
0.62
pt = 0.47

1.00
0.87 (0.64 – 1.21)
0.89 (0.60 – 1.32)

0.42
0.55

1.00
0.84 (0.23 – 3.07)

0.79

1.00
0.84 (0.63 – 1.11)

0.22

1.00
0.90 (0.67 – 1.21)

0.49

1.00
1.15 (0.82 – 1.62)

0.41
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3.3.2 Qualitative study results
The mean age (SD) was 38 (7) years for the FGD (32 participants) and 41 (6) years for the
KII (8 participants). Most participants in the FGD (78%) and KII (88%) had more than 6
years of formal education. Slightly less than half of participants in the FGD (47%) were HIV
positive while half of participants in the KII (50%) were HIV positive. Details of participant
characteristics for the FGDs and KIIs are provided in Table 3.3
Table 3.3: Characteristics of study population in FGDs and KIIs
Characteristic

Age, years (mean, SD)
Education
≤6 years
7 – 12 years
>12 years
Marital Status
Married
Unmarried
Socioeconomic Status
Low
Middle
High
HIV Status
Negative
Positive
Number of children (median, IQR)
Lifetime number of sexual partners
(median, IQR)

FGD
(N=32)
n (%)
38 (7)

KII
(N=8)
n (%)
41 (6)

7 (22)
7 (22)
18 (56)

1 (12)
4 (50)
3 (38)

22 (69)
10 (31)

5 (62)
3 (38)

13 (41)
16 (50)
3 (9)

3 (38)
2 (25)
3 (37)

17 (53)
15 (47)
2 (0-3)
2 (1-4)

4 (50)
4 (50)
2 (1-4)
3 (1-4)

Focus group discussions
High cost of participation
One of the commonly cited explanations for failure to return for a scheduled follow-up visit
was the prohibitive cost of transportation to the study clinic despite monetary incentives.
“… one of the things is transport issue, like I myself in particular, I may not
[cannot] afford it. Even the money wey you give me the first time [enrollment
visit], e no reach [not enough] my transport”
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Other demands for time, such as commitments at the workplace, marketplace and school were
cited for dropping out of the study.
“It’s just because I am too busy at my workplace”
Therapeutic misconception
Some participants equated participation in the study to their need for cervical cancer
screening, which was provided as an added benefit for participation in the research study.
Therefore, when they tested negative for cervical cancer and its precursor lesions at the
enrollment visit, their attitudes towards continued participation was less favourable.
“But like me, they did it [cervical cancer screening] the first time. They asked
me to come after 6 months. I say to myself, there is no need since I was negative
the first time”
Inaccurate expectations
A few participants had inaccurate expectations about the research study that did not reflect the
actual processes and outcomes described during the informed consent procedure. The
commonest of these was related to the dissemination of research findings obtained from blood
tests. While all participants received results for cervical cancer screening and were treated if
necessary, they were informed during the informed consent process that other research results
would not be immediately available.
“… And eh… there was another time they [study personnel] took our blood
samples they said they were taking it to the lab for test. So, I didn’t hear
anything in respect of that test since then ehn … that’s why I didn’t come back”
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Lack of understanding of risk of cervical cancer
Some participants had wrong notions about their personal risk of cervical cancer. They
believed that they were not at risk of cervical cancer because they had been previously
screened and have few sexual partners.
“I was told that I was supposed to come back again. After the first visit, I say
there is no need. I believe I am not a single woman that ah…We [participant and
sexual partner] are just faithful to each other so I didn’t see any reason for
coming back again”
Study clinic characteristics
Some participants believed that the urban location of the study clinic was a deterrent to study
completion for participants who need to travel from rural environments.
‘So, the people coming here from their lungu [villages] it might not be that easy
[for them to return for follow-up visits]”
Some other participants opined that the location of the study clinic was not very visible, and
they had problems locating the study clinic.
“… I would love a more stable accommodation for you people [ the research
study]. Because there is need for follow-up. You understand. That time, I came
[for follow-up visit], I looked for those people [study clinic staff] that were here
then [enrollment visit] … but I don’t really know the location of the place that I
want. Even when you tell them in National Hospital [ask for directions at the
hospital in which the study clinic is located], they find it difficult to locate this
particular building, this particular place. So, I think you need to improve on
your publicity [visibility].
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Key informant interviews
Unpleasant side effects
Some non-responders opined that the pain and discomfort experienced during the speculum
examination was an important determinant of attrition.
“I was afraid, I don’t want the pain [associated with the speculum examination
of the cervix] again”
“Looking at the pain, it wasn’t funny for me that day. So, I say… I don’t want to
believe that there is any problem…so let me just stay”
Spousal disapproval
An important normative influence on the decision to drop out of the study was spousal
disapproval.
“...na my husband wey no agree say make I come back again [return for followup visit]”
Difficulties in maintaining contact between study personnel and participants
Loss of contact between study personnel and research participants was an important barrier to
returning for scheduled follow-up visits even when participants were aware they were
required to return to the study clinic.
“Because that time when I do the first one [enrollment visit], them [study
personnel] say make I go. Them [study personnel] give me date when I go come
back do the second one [follow-up visit]. Na that time [scheduled appointment
period] the phone come lost, I no know the time wey I go come back. Toh…[after
I found the phone] you come call me [for the KII].
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3.4

Discussion

In this analysis, I used a multifaceted approach to investigate the determinants of attrition in a
longitudinal study that required in-person follow-up visits to study clinics. From quantitative
analysis, factors that increased the likelihood of attrition were younger age and HIV negative
status. From qualitative analysis, I identified some participant related characteristics (high
cost of participation, therapeutic misconceptions, inaccurate expectations, spousal
disapproval); research related characteristics (unpleasant side effects, and challenges in
maintaining contact between study personnel and participants); and environmental factors
(study clinic characteristics) that affected attrition.
The findings of lower attrition among older women is similar to results from previous studies.
In a prospective cohort study investigating sexual health among Australian women who have
sex with women, attrition was associated with being less than 30 years of age at enrollment136.
Similarly, in a nationally representative sample of women in a longitudinal study on women’s
health in Australia, older women were less likely to drop out of the study137. Younger persons
are more likely to migrate from study areas for a plethora of reasons, including family
formation, education and job opportunities.
Some previous studies have shown that initiation of antiretroviral therapy (ART) among HIV
positive women is associated with lower attrition rates in HIV care and treatment
programs138,139. In this study, most of the participants were on ART. It is possible that HIV
positive women who are on ART and otherwise healthy are less likely to drop out of research
studies, compared to HIV negative women, because the former may be better motivated to
attend scheduled clinic visits and exhibit positive health seeking behaviours.
I did not find any strong associations between other sociodemographic, lifestyle, reproductive,
general and sexual health factors with attrition. Previous studies have produced mixed results.
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Some studies show that attrition is higher among smokers, unmarried women, poorly
educated individuals, and people with poor self-rated health while other studies do not
observe these relationships136,137,140-142. As participation in longitudinal studies may be
influenced by study attributes, local social and cultural factors and an interaction between
various personal and contextual factors, the mixed results may reflect the varied study
population and research protocols. For example, it has been suggested that more years of
formal education, as a surrogate for English literacy, enables participants to have a better
understanding of research protocols. Consequently participants with more years of formal
education are less likely to drop out137. However, as the field implementation staff in the HPV
Study were culturally sensitive and able to communicate in local languages with participants
who had low levels of literacy, level of education was a poor surrogate for comprehension of
research protocols in this population masking any effects of education on attrition.
The findings of high cost of participation as an important factor in attrition in this study is
similar to findings from previous research143. In a prospective randomized vaccine trial among
healthy persons in Canada, it was observed that drawbacks to participation included time
requirements and financial cost of participation143. Even though monetary incentive was
provided as a retention strategy, some participants reported that it wasn’t enough to cover
their transportation cost. These findings highlight the need to incorporate retention strategies
that not only address the direct economic costs of participation but also the indirect costs of
the time and effort taken to participate. Retention strategies that place an emphasis on the
ethical principle of respect for persons may be better suited to addressing these indirect costs.
These strategies may take the form of non-monetary incentives such as sufficient explanation
during the informed consent process to ensure full disclosure and the right to selfdetermination; and providing participants with a sense of identification with the scientific
community by providing project logo branded souvenirs to participants.

72

Therapeutic misconceptions and inaccurate expectations were important determinants of
attrition in this study. Despite provision of information on follow-up requirements and
dissemination of research findings during the informed consent procedure, some participants
did not fully understand the need for them to return for follow-up. Most research on informed
consent has been focused on participants understanding of autonomy, voluntariness, risks,
benefits, and assessment of the readability of the informed consent document 144. However,
this analysis shows that comprehension of follow-up requirements and accurate expectations
is particularly important for minimizing attrition levels in longitudinal studies. These may be
addressed by more complex informed consent procedures that incorporate decision support,
assessment of participants’ understanding of follow-up requirements and expectations from
the research.
Attrition due to negative experiences with research implementation has been described in
previous studies145,146. In a qualitative study on improving retention in clinical trials of cancer
screening, prevention and treatment among minority women in the United States of America,
it was observed that side effects from trial procedures and high participation burden were
important barriers to continued participation in longitudinal studies 145. The degree to which
these factors affect studies would vary and be largely dependent of the nature of the research
study. Research studies that collect highly sensitive and invasive personal information such as
sexual behaviour, partner violence, substance abuse; or elicit painful memories may have
higher attrition levels compared to other studies due to unpleasant experiences during the data
collection. It is therefore important to consider retention strategies that are tailored to address
the peculiar contextual factors that are relevant to any given study to minimize attrition.
Inability to contact participants was the commonest reason for attrition in this analysis. This
finding is not unique to this cohort study. In a longitudinal study of mothers of children with
asthma, Zook et. al.142, found that outdated contact information was the commonest reason for
loss to follow-up accounting for 39% of all attrition. Although cell phones are commonly
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used, participants may lose their phones or change their phone numbers, may not answer if the
incoming phone number is not recognized, or may be reluctant to use their phones for
research study purposes if they have limited minutes. Errors in data entry may also result in
inaccurate contact information for study participants. In a study evaluating the intensity and
timing of contacts as part of a retention strategy, Senturia et.al., reported that retention was
positively correlated with number of phone contacts provided 147. This finding emphasizes the
need to collect as much locator information as possible and the need to test phone numbers
while participants are at the clinic to minimize data collection errors.
Accessibility to research study sites as a product of site location and characteristics of the
built environment has been identified as an important factor in participant retention in a
previous research study conducted among researchers and research participants in the United
States of America148. In that study, it was observed that sites that were easily accessible,
physically attractive, clean, welcoming, and with comfortable waiting rooms encouraged
continued research participation. It is therefore important to incorporate strategies that
improve the overall experience of participating in research studies by improving the physical
characteristics of research sites.
Some suggestions to address the determinants of attrition identified in this analysis are
provided in Table 3.4.
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Table 3.4: Suggestions based on study findings
Modifiable characteristics
Participant related
High cost of participation

Retention strategy
•
•
•

Misconceptions about follow-up
requirements and benefits of
participation

•
•
•

Research related
Side effects from study

•
•
•

Maintaining contact with
participants

•
•
•

Environmental factors
Study clinic characteristics

Non-modifiable characteristics
Young age

Principal investigators need to think through all risk and side effect
possibilities
Minimize risks to the fullest extent possible.
Provide an accurate and fair description of the risks/discomforts
and the anticipated benefits to the participants
Collect as much locator information as possible – multiple phone
numbers of participants and
Test phone numbers as they are collected to prevent data entry
errors
Use of mhealth technology to maintain contact with participants

•
•

Select study sites that are easily accessible
Ensure study clinics are physically attractive, clean, welcoming
and with comfortable waiting rooms

•

Oversample from this demographic to account for potential
attrition
Include strategies that allow participants to continue participation
even when they relocate. These include the use of online
questionnaires, self-collection and mailing of samples where
feasible

•

HIV status

Monetary incentives to cover transportation costs. Need for
flexibility as transportation costs may vary by participants
Non-monetary incentives that provide a sense of identification
with the project. For example, project logo branded souvenirs
Provision of child care options, particularly for studies that recruit
women of reproductive age
Include pictorial illustrations of follow-up requirements
Dedicate more time to explaining the follow-up requirements
during the informed consent procedure
Ensure that informed consent procedures incorporate decision
support, assessment of participants’ understanding of follow up
requirements and expectations from the research

•
•

As this may be an indicator of health seeking behaviour,
researchers should consider strategies to improve the overall health
seeking behaviour of participants
Recruit participants who are easy to follow and highly motivated
to participate. For example, nurses in hospitals; teachers in school
and government workers in secretariat complexes.

3.2.2 Strengths
I included a qualitative approach which enabled me to investigate research related and
environment related factors in addition to participant level factors that influenced attrition.
There is limited information about these contextual factors especially in developing countries
and these findings may be helpful in the implementation of future longitudinal studies.
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3.4.2 Limitations
This study was conducted among women in a prospective study on the host and viral factors
associated with persistent high-risk HPV. Therefore, these findings may have limited
generalizability to other populations. Despite this, I provide several retention strategies
developed based on the social cognitive theory that can be adapted to suit other study
populations.
In order to maximize retention, it is important to understand the factors which motivate
individuals to participate in longitudinal studies in the first instance. Therefore, it would have
been informative to explore the factors associated with participation so that these could be
promoted in future studies to maximize participation and retention.

3.5

Conclusion

These results contribute to the understanding of barriers to retention, especially for
longitudinal visits that require in-person follow-up visits in a developing country. I identify
both participant related barriers and other contextual barriers that need to be addressed to
optimize retention. I also provide some practical strategies that can be implemented to
mitigate attrition. These findings may be helpful to other researchers in the design and
conduct of longitudinal studies.
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CHAPTER 4:

RELIABILTY OF SEXUAL

BEHAVIOUR HISTORY
In this chapter, I describe the reliability of self-reported sexual behaviour history among my
study population. Measurement of sexual behaviour is critical to HPV epidemiology and can
be an important confounder in assessing the role of other risk factors in HPV acquisition,
persistence or progression to cervical cancer. The validity of the self-reported sexual history
has often been questioned. Despite this, investigators have continued to rely on self-reported
methods to asses sexual behaviour as ethical and logical considerations limit more direct
assessment. The aim of this chapter is to investigate whether the use of carefully formatted
sexual behaviour questionnaire items and well-planned interview conditions can collect
reliable self-reported sexual behaviour data in a LMIC. I found that with sufficient training
of interviewers and careful consideration of questionnaire design, it is possible for
investigators in LMIC countries to collect reliable sexual behaviour data. However, the
degree of reliability varies with the nature of the behaviour being measured. Therefore,
researchers need to take into consideration the goals of their investigation and identify the
most suitable and reliable sexual behavioural measurement to include in questionnaires.
A paper based on this chapter was published in July 2017 in Frontiers in Public Health titled
“Test-Retest Reliability of Self-Reported Sexual Behaviour History in Urbanized Nigerian
Women” (Dareng EO, Adebamowo SN, Eseyin OR et al. 2017)

4.1

Introduction

Earlier in this thesis, in Chapter 1, I discussed the behavioural risk factors of HPV infection
and how the evidence for some of these risk factors may be confounded by a high correlation
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with unmeasured sexual behaviour. Unfortunately, some of the large studies used to generate
this evidence did not collect adequate sexual behaviour history and could not account for its
correlation with various risk factors being investigated. Therefore, as described in Chapter 2,
research assistants in this project were specifically trained on measures to collect good quality
self-reported sexual behaviour data. In this chapter, I present results of the reliability of the
sexual behaviour history data collected in this cohort.
In most epidemiologic studies, the history of sexual practices and sexual hygiene are elicited
through self-reports but the validity of such data has been repeatedly questioned 149-151. In the
absence of precise biomarkers that can serve as gold standards to evaluate the accuracy of selfreports, several studies have been done to evaluate methods of testing the reliability. The most
popular method is the use of test-retest correlation of responses to questionnaires while another
method uses the presence of biomarkers of vaginal exposure to semen such as the presence of
sperm, prostate specific antigen (PSA), or Y chromosome in vaginal fluids152-156. These latter
methods are more relevant for evaluation of recent unprotected sexual intercourse in women
and may not be applicable in most epidemiological studies where long term exposure and
variety of exposures are of interest157. Other methods that have been used include correlation
of partner reports of sexual behaviour and the use of sexual diaries150,157. Partner’s reports of
sexual behaviour is not ideal because it may be influenced by the nature of the relationship
between partners and raises problems of confidentiality in reporting on the behaviour of
another. The use of sexual diaries in large, population based studies may not be practical
because of the burden on research participants which may lead to high attrition rates,
noncompliance, recall bias and participants’ reactivity150,157,158.
Studies that used test-retest correlations for measuring reliability of sexual history among
diverse populations in the United States have yielded intraclass correlation coefficients (ICC)
ranging from 0.3 to 0.9 for reports of lifetime number of sexual partners157,159-162. Most studies
in LMIC that have evaluated the reliability of self-reported sexual history have been restricted
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to either the young (15 – 24 years old) or to practitioners of high risk sexual behaviour163,164.
One possible reason for the high prevalence of these types of research in LMIC is that sexual
behaviour variables are commonly used as indicators for monitoring the HIV/AIDS epidemic
by the Joint United Nations Program on HIV/AIDS (UNAIDS)165. As self-report of sexual
behaviour may be subject to self-presentation and social desirability bias, which may differ by
age, sex and population characteristics that reflect acceptable norms and cultural attitudes
towards talking about sex in any given society, it is important to evaluate reliability in the
context of conducting epidemiological research in resource limited settings.

4.2

Methods

4.2.1 Study population
Details of the study population have been described in Chapter 2.

4.2.2 Main outcome measures
The 14-item questions in the sexual behaviour domain of the questionnaires used in the HPV
Study were used to create the main outcome measure for the analysis reported in this chapter.
Details of the items included in the questionnaire and the range of responses permitted are
provided in Table 4.1. This questionnaire was administered both at baseline and at the follow
up visit for the purposes of evaluating the reliability of responses. At the baseline visit,
participants were not warned that they would be asked to complete the same questionnaire at
the follow up visit to minimize efforts at memorizing responses.
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Table 4.1: Sexual behaviour history questionnaire items
Variables
Continuous variables
Age at sexual initiation
Lifetime number of partners

Age at oral sex debut
Lifetime number of oral sex
partners
Age at anal sex debut
Lifetime number of anal sex
partners
Categorical variables
Sexual orientation

Question format

Responses permitted

How old were you the first time you
had any type of sex?
How many partners have you had any
type of sex with in total, over the
years?
How old were you the first time you
had oral sex?
How many partners have you had oral
sex with in total, over the years?
How old were you the first time you
had anal sex?
How many partners have you had anal
sex with in total, over the years?

Open ended

What type of sexual relations do you
usually have?

With men only

Type of sex at sexual debut

What type of sex did you have the first
time you had sex?

Ever practiced oral sex

Have you ever had oral sex?

Type of oral sex usually
engaged in

Which type of oral sex do you usually
engage in?

Ever practiced anal sex

Have you ever had anal sex?

Frequency of vaginal sex

How frequently do you engage in
vaginal sex

Frequency of oral sex

Frequency of anal sex

How frequently do you engage in oral
sex

How frequently do you engage in anal
sex

Open ended

Open ended
Open ended
Open ended
Open ended

With women only
With men and women
I don’t want to talk about it
Oral
Anal
Vaginal
Any combination of the above
Yes
No
Fellatio (mouth to male genitals)
Cunnilingus (mouth to female genitals)
Anallingus (mouth to anus)
Any combination of the above
Yes
No
Daily
More than once in a week but not daily
Once, or twice or thrice a month
Once or twice in last 3 months
Once in last 6 months
Once a year
Daily
More than once in a week but not daily
Once, or twice or thrice a month
Once or twice in last 3 months
Once in last 6 months
Once a year
Daily
More than once in a week but not daily
Once, or twice or thrice a month
Once or twice in last 3 months
Once in last 6 months
Once a year

Six items were coded as continuous variables while eight items were coded as categorical. To
distinguish between actual behaviour change and test retest reliability, all participants were
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asked to report changes in sexual behaviour in the period between the first and second
questionnaires, and I adjusted my analysis to account for any reported changes.

4.2.3 Statistical analysis
For categorical variables, I estimated kappa coefficient (𝜅̂ ) to determine agreement beyond
what would be expected by chance. I estimated 95% confidence intervals (95% CI) for 𝜅̂ using
bootstrap methods with bias-corrected estimation as some of the variables such as type of sex
at sexual debut, and types and frequency of practice of different types of sex had more than 2
categories166-168. I compared the 𝜅̂ statistics for HIV negative and HIV positive women using
the z statistic169. I used the Landis and Koch benchmarks to interpret kappa values: <0.00 (poor),
0.00 – 0.20 (slight), 0.21 – 0.40 (fair), 0.41 – 0.60 (moderate), 0.61 – 0.80 (substantial), 0.81 –
1.00 (almost perfect)170.
For continuous variables, I calculated indices of absolute and relative test-retest reliability. For
absolute reliability, the degree to which repeated responses varies for individuals, I used within
person coefficients of variation (CVw); Bland and Altman’s limit of agreement (LOA); paired
t-tests; and differences in responses at study entry and retest. For relative reliability, the degree
to which individuals maintain their position in the group, I used intra-class correlation
coefficients (ICC) (two – way mixed effects model). I chose to use the two-way mixed effects
ICC model because the same set of research assistants administered the same questionnaires to
all participants at study entry and retest. Therefore, the research assistants and questionnaires
were considered to be fixed effects while the random effects were participants and possibly the
interactions between participants and the research assistants. I used the guidelines suggested
by Cicchetti to interpret the correlation coefficients, with values below 0.40 interpreted as poor;
values of 0.40 – 0.59 as fair; values of 0.60 – 0.74 as good and values of 0.75 – 1.00 as
excellent171.
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To investigate the association between potential correlates and test retest reliability, I used
two different types of regression models; log binomial regression models for categorical
variables and linear regression models for continuous variables.
I used principal component analysis (PCA) to create a summary measure of reliability for the
continuous variables. Using the eigenvalue cut-off of 1, the screeplot and interpretability of
factors, I retained one factor which explained a cumulative variance of 53%. I predicted scores
for test-retest reliability using the factor loadings for the retained factor, such that participants
with high scores may be considered to have higher levels of inconsistency in their responses
compared with participants with low scores. I used the summary measure as the outcome
variable in regression models.
For the categorical variables, I created a summary variable such that participants who had any
disagreement in the categorical variables at test and retest had a score of one and participants
who were consistent in their test-retest responses had a score of zero. Next, I used this summary
measure in log binomial models to evaluate the association between potential correlates and
reliability of responses provided for sexual behaviour questions collected as categorical
variables.
I evaluated age adjusted models of the outcome (summary measures described above) and the
potential predictors such as interval between test administration, marital status, level of
education, self-perception of general health and HIV status and others identified from the
literature. I identified predictors with p < 0.20 in the age adjusted models and included them in
multivariable regression models157,172.
I considered a p <0.05 as significant. Formal adjustments for multiplicity were not considered
appropriate as inferences for itemized questionnaire items were not based on significance of
individual endpoints. In regression models, where inferences were based on significance of the
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endpoint, I used summary variables as endpoints. All statistical analyses were conducted using
Stata version 15 (Stata Corp, College Station, Texas).

4.3 Results
4.3.1 Study characteristics
Of the 1,020 women enrolled in this cohort, I included 725 participants who had sexual
behaviour data at the baseline visit and the 6-month follow up visit in this analysis. 346 (48%)
were HIV positive, 354 (49%) were HIV negative and the HIV status of 25 (3%) participants
was unknown. The latter were excluded from regression models and comparisons of reliability
between HIV positive and HIV negative participants. Characteristics of study participants
included in this analysis are provided in Table 4.2. The mean (SD) age of participants was 39
(8) years and mean (SD) interval between questionnaire administrations was 9 (4) months
(Table 4.2). Most of the participants were married (67%) and had more than 6 years of formal
education (88%). The prevalence of oral and anal sex among the participants at study entry was
18% and 2% respectively.
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Table 4.2: Baseline characteristics of participants included in reliability analysis
Characteristic

Total*
(N=725)

Age (years)
Interval between visits (months)

39 (8)
9 (4)

HIV positive
(N=346)
Mean (SD)
38 (7)
9 (5)
n (%)

HIV negative
(N=354)

p

40 (8)
8 (3)

<0.001
<0.001

Current marital status
Married
480 (67)
183 (53)
284 (80)
Unmarried
238 (33)
162 (47)
69 (20)
Education
6 years or less
86 (12)
44 (13)
38 (11)
More than 6 years
632 (88)
301 (87)
315 (89)
Alcohol consumption in past 3 96 (14)
50 (15)
43 (12)
months
Presence of a chronic condition† 152 (21)
91 (26)
56 (16)
Ever practiced oral sex††
127 (18)
59 (17)
63 (18)
Type of oral sex practiced††
Fellatio
33 (5)
15 (4)
18 (5)
Cunnilingus
22 (3)
13 (4)
8 (2)
Analingus
2 (0)
2 (1)
0 (0)
Combination
65 (9)
27 (8)
34 (10)
Ever practiced anal sex††
15 (2)
7 (2)
8 (2)
Type of anal sex practiced††
Receptive
5 (1)
3 (1)
2 (1)
Insertive (sex toys)
2 (0)
0 (0)
2 (1)
Both
1 (0)
0 (0)
1 (0)
Sexual orientation††
Men only
716 (100)
352 (100)
344 (100)
Men and women
1 (0)
1 (0)
0 (0)
* Includes participants whose HIV status was unknown
† Chronic conditions listed were hypertension, diabetes, peptic ulcer disease, Hepatitis B
†† At study entry

<0.001

0.42
0.38
<0.001
0.66

0.43

0.83

0.61

1.00

4.3.2 Indices of absolute reliability
The mean of the difference (SD) in responses provided at study entry and at retest for all but
one of the continuous variable was close to 0 (age at sexual debut, 0.4 (3.1); lifetime number of
partners, 0.0 (2.3); age at oral sex debut, -0.1 (4.5); lifetime number of oral sex partners 0.1(1.3);
age at anal sex debut -1.0 (6.2) (Table 4.3). Except for age at oral and anal sex debut, the
responses provided at retest were generally lower than the responses provided at baseline as
shown by the positive direction of the mean of the difference between the responses (Table 4.).
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Table 4.3: Absolute and relative indices for test-retest reliability of sexual behaviour
Variable

General sex practice
Age at sexual debut (N=663)
HIV positive (N=315)
HIV negative (N=330)
Lifetime number of partners (N=682)
HIV positive (N=323)
HIV negative (N=339)
Oral sex practice
Age at oral sex debut (N=62)
HIV positive (N=23)
HIV negative (N=37)
Lifetime number of oral sex partners (N=57)
HIV positive (N=36)

Indices of absolute test retest reliability
Enrollment
Mean (SD)

Retest
Mean (SD)

p
(paired t)

Mean
difference
(SD)a

95% Limits
of
Agreementb

20.1 (3.8)
19.4 (3.6)
20.8 (3.9)
3.3 (2.6)
3.8 (2.8)
2.8 (2.2)

19.8 (3.6)
19.2 (3.4)
20.3 (3.6)
3.3 (3.0)
3.7 (3.6)
2.8 (2.2)

0.001
0.13
0.002
0.63
0.64
0.61

0.4 (3.1)
0.3 (3.0)
0.5 (3.1)
0.0 (2.3)
0.1 (2.9)
0.0 (1.6)

-5.6 – 6.4
-5.6 – 6.2
-5.6 – 6.7
-4.5- 4.6
-5.7 – 5.9
-3.0 – 3.1

26.3 (5.5)
25.9 (5.6)
26.7 (5.5)
1.8 (1.5)
2.0 (2.0)

25.8 (5.2)
26.0 (6.2)
25.6 (4.4)
1.8 (1.7)
2.0 (2.0)

0.93
0.67
0.74
0.03
1.00

-0.1 (4.5)
-0.3 (3.8)
0.3 (4.9)
0.1 (1.3)
0.0 (1.4)

-8.8 -8.7
-7.9 – 7.2
-9.3 – 9.8
-2.4 – 2.6
-2.7 – 2.7

pc

0.25

0.86

0.61

0.76

Index of relative test
retest reliability
CV w (95% CI)d

ICC (95% CI)

10.7 (10.6 – 10.7)
10.9 (10.8 – 10.9)
10.6 (10.6 – 10.7)
35.2 (35.1 – 35.3)
38.8 (38.6 – 39.0)
31.7 (30.0 – 33.4)

0.8 (0.8 – 0.8)
0.8 (0.7 – 0.8)
0.8 (0.8 – 0.8)
0.8 (0.8 – 0.8)
0.8 (0.7 – 0.8)
0.9 (0.8 – 0.9)

11.5 (11.5 – 11.6)
9.9 (9.7 – 10.0)
12.3 (12.1 – 12.5)
34.1 (33.9 – 34.4)
34.3 (33.5 – 35.1)

0.7 (0.5 – 0.8)
0.9 (0.7 – 1.0)
0.4 (0.1- 0.7)
0.9 (0.8 – 0.9)
0.9 (0.8 – 1.0)

HIV negative (N=21)
1.7 (1.0)
1.6 (1.5)
0.60
0.1 (1.3)
-2.4 – 2.6
33.6 (33.1 – 34.0)
0.8 (0.6 – 0.9)
Anal sex practice
Age at anal sex debut (N=5)
24.0 (8.2)
27.1 (10.4)
0.73
-1.0 (6.2)
-5.4 – 3.4
0.9 (0.2 – 1.0)
HIV positive (N=1)
25.0 (0.0)
23.0 (0.0)
2.0 (-)
0.76
HIV negative (N=4)
24.6 (10.6)
27.4 (10.5)
0.65
-1.8 (7.0)
-15.4 – 11.9
0.9 (-0.2 – 1.0)
Abbreviations: SD, standard deviation; CI, confidence interval; CV w, within-person coefficient of variation; ICC, intra-class correlation coefficient; ρ, Spearman rank’s
correlation coefficient
a
Mean difference between response at enrollment and response at follow up
b
Mean ±1.96 × SD
c
Student’s t test was used to compare mean difference for HIV positive and HIV negative participants.
d
The CVw was calculated using the root mean squared approach and confidence intervals obtained by bootstrap methods.
e
Fishers z transformation was used to compare correlation coefficients of HIV positive and HIV negative women 173

pe

0.51

<0.001

0.001
0.05

-

The 95% limits of agreement for the mean of the differences between responses at study entry
and retest are shown in the Bland Altman plots (Figure 4.1). The plots show that the higher the
number of sexual partners reported, the less reliable the responses were. Comparing HIV
negative women to HIV positive women in univariate analyses, there were no significant
differences for the sexual history measures collected as continuous variables: age at sexual
debut (p=0.25), lifetime number of partners (p=0.86), age at oral sex debut (p=0.61), lifetime
number of sexual partners (p=0.76) and age at anal sex debut (p=0.76).

Figure 4.1: Bland and Altman plots of responses at study entry and retest
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Intra-individual variabilities were lower for time-invariant measures (age at sexual debut CVw
= 10.7 and age at oral sex debut CVw = 11.5) compared with frequency measures (lifetime
number of partners CVw = 35.2, and lifetime number of oral sex partners CVw = 34.1) (Table
4.3).

4.3.3 Indices of relative reliability
As shown in Table 4., the ICC for age at sexual debut (0.8), total lifetime number of partners
(0.8), age at oral sex debut (0.7) and total lifetime number of oral sex partners (0.9) for the total
study population was excellent. HIV negative women had a slightly higher correlation
coefficient than HIV positive women for lifetime number of partners (0.9 vs 0.8, p < 0.001).
Conversely, HIV negative women had a lower correlation coefficient than HIV positive women
for age at oral sex debut (0.4 vs 0.9, p = 0.001).

4.3.4 Agreement for categorical variables
There was a high level of agreement between responses at study entry and responses at retest
for sexual orientation (98.8%), type of sex at sexual debut (97.8%), ever practiced oral sex
(85.4%), ever practiced anal sex (98.2%) (Table 4.4). However, agreement for frequency of
sexual activity was relatively lower ranging from 59.1% for frequency of vaginal sex to 63.9%
for frequency of oral sex. Despite the high levels of agreement, 𝜅̂ statistics were slight to
moderate. Generally, HIV negative individuals had higher 𝜅̂ statistics than HIV positive
individuals.
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Table 4.4: Test-retest reliability of self-reported sexual history using categorical variables
Variable
General sex practice
Sexual orientation (N=689)
HIV positive (N=330)
HIV negative (N=339)
Type of sex at sexual debut (N=669)
HIV positive (N= 317)
HIV negative (N=333)
Frequency of vaginal sex (N=640)
HIV positive (N=306)
HIV negative (N=315)
Oral sex practice
Ever practiced oral sex (N=693)
HIV positive (N=332)
HIV negative (N=341)
Type of oral sex usually engaged in (N=62)
HIV positive (N=24)
HIV negative (N=36)
Frequency of oral sex (N=36)
HIV positive (N=17)
HIV negative (N=19)
Anal sex practice
Ever practiced anal sex (N=688)
HIV positive (N=330)
HIV negative (N=338)

Agreement (%)
(95% CI)

̂ (95% CI)
𝜿

p

98.8 (97.7 – 99.5)
99.4 (97.7 – 100.0)
98.2 (96.1 - 99.3)

0.2 (0.0 – 0.6)
0.0 (0.0 – 0.0)
0.3 (0.0 – 0.7)

<0.001

97.8 (96.3 – 98.7)
97.5 (95.0 – 98.8)
98.5 (96.4 – 99.5)
59.1 (55.2 – 62.8)
55.2 (49.6 – 60.7)
62.2 (56.7 – 67.4)

0.1 (0.0 – 0.4)
0.0 (0.0 – 0.0)
0.3 (0.0 – 0.7)
0.3 (0.3 – 0.4)
0.3 (0.2 – 0.3)
0.3 (0.2 – 0.4)

85.4 (82.0 – 87.3)
83.5 (78.4 – 86.5)
87.3 (83.1 – 90.3)
54.8 (42.5 – 66.0)
50.0 (31.4 – 68.6)
55.6 (39.6 – 70.5)
63.9 (47.5 -77.6)
64.7 (41.2 – 82.8)
63.2 (40.9 – 81.0)

0.5 (0.4 – 0.6)
0.4 (0.2 – 0.5)
0.6 (0.5 – 0.7)
0.2 (0.0 – 0.4)
0.2 (0.1 – 0.5)
0.2 (0.1 – 0.5)
0.4 (0.2 – 0.6)
0.4 (0.1 – 0.8)
0.4 (0.1 – 0.8)

98.0 (96.6 - 98.8)
97.3 (94.8 – 98.6)
98.5 (96.5 – 99.5)

0.5 (0.2 – 0.7)
0.2 (0.0 – 0.6)
0.6 (0.2 – 0.9)

<0.001

0.17

0.01

0.43

0.48

<0.001

4.3.5 Predictors of reliability
In Model 1 for continuous variables, a one-month increase in test-retest interval resulted in an
average increase of 0.04 points in inconsistency of responses (95% CI= 0.01 – 0.06, p =0.003)
(Table 4.5) HIV infection was also statistically significantly associated with reliability, with
HIV positive individuals having an average increase of 0.22 points in inconsistency compared
to HIV negative individuals (95% CI= 0.07 – 0.38, p=0.005). In Model 2 for categorical
variables, I did not observe any significant relationships.
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Table 4.5: Regression models for reliability for continuous and categorical questions
Variables

Retest interval
HIV status
HIV negative

Model 1
Average change in
inconsistency
score
(95% CI)
0.04 (0.01 – 0.06)
reference

p

Model 2
RR (95% CI)

p

0.003

1.01 (0.99 – 1.02)

0.44

reference

HIV positive
0.22 (0.07 – 0.38)
0.005
1.17 (0.99 – 1.39)
0.07
Age
0.00 (0.00 – 0.01)
0.85
0.99 (0.9 – 1.00)
0.22
Current marital status
Married
reference
reference
Unmarried
0.04 (-0.12 – 0.21)
0.62
1.01 (0.86 – 1.21)
0.92
Perception of general
health
Excellent
reference
reference
Good
0.05 (-0.11 – 0.22)
0.54
0.95 (0.79 – 1.14)
0.56
Fair
0.10 (-0.12 – 0.34)
0.38
0.86 (0.67 – 1.10)
0.23
Poor
-0.16 (-0.59 – 0.27)
0.46
1.52 (0.96 – 2.42)
0.08
Level of Education, years
≤6
reference
reference
>6
0.17 (-0.03 – 0.38)
0.09
1.19 (0.90 – 1.59)
0.23
Abbreviations: CI = Confidence Interval; p = P value; RR = relative risk
Model 1 – Multivariable linear regression model for continuous variables; Model 2: Log binomial regression model
for categorical variables.

4.4

Discussion

In this analysis of test-retest reliability of self-reported sexual behaviour using interviewer
administered questionnaires, I found that self-report of sexual behaviours was reasonably
reliable overall. However, I observed varying levels of reliability based on the nature of sexual
behaviour reported. The reports on frequency of non-vaginal sexual practices were more
reliable than those of vaginal sexual practices. Differences in the patterns of reliabilities for
frequency of vaginal and non-vaginal sexual practices may reflect differences in the frequencies
of the behaviours. Among heterosexual women, vaginal sexual practices tend to occur more
frequently than non-vaginal sexual practices161. Reports of less frequent behaviour are generally
more stable, as people tend to use more efficient recall strategies174,175. Enumeration recall
strategies, where each event is recalled and counted separately are commonly used for
infrequent behaviours, especially when these behaviours are associated with particularly
distinctive time periods, events or people. However, for frequent behaviours, enumeration may
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be too difficult or time consuming, therefore estimation recall strategies where rate based
mental calculations are made without recalling individual events are commonly used 176-178.
I found that reports of time-invariant events (age at sexual debut, ever practiced oral sex, ever
practiced anal sex) were more reliable than frequency reports (number of partners, frequency
of sex). This finding may reflect the different psychological processes that underlie these two
types of reports. Time-invariant events may be associated with more vividness and personal
salience, especially when accompanied with strong emotions at the time of the encounter, for
example, age at sexual initiation or ever practiced anal sex 157. Conversely frequency reports
that asks about number of events may involve less vivid memories especially in people with
high levels of sexual networking. This is further complicated by the need for rate-based
inferences which require mental calculations that can be inconsistent 157,176.
For continuous measures, reliability was also significantly decreased with increasing interval
between questionnaire administration after controlling for age, HIV status, marital status,
perception of general health and level of education. One possible explanation for this finding is
the possibility that behaviours may change with increasing intervals between tests and therefore
responses provided at retest may reflect current behaviour at the time of test administration
rather than an indication of instability. Several research studies have evaluated the relationship
between recall periods and reliability. Results from some of these studies showed that shorter
recall periods were more reliable than longer recall periods 157,179. On the other hand, other
studies reported no association or increased reliability for longer recall periods for particular
behaviours such as lifetime number of sexual partners 162,176,180. These varying results likely
reflect underlying differences in the nature of behaviours evaluated, mode of assessment and
study population as can be observed from the results from my models that evaluate reliability
for variables collected as categorical where there were no associations between HIV status, testretest interval and reliability While these results provide the only estimates for women living
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in an urban community in Nigeria, similar findings have been reported in adolescent
populations in South Africa181. The optimal recall period for studies on sexual risk remains an
active area of research150.
Although the indices for absolute test retest reliability for lifetime number of partners showed
high levels of reliability, responses were less reliable as the self-reported number of partners
increased which is consistent with results from previous studies158,175,176,182. This may be
explained by a combination of several factors, such as different recall strategies and the
attitudinal propensity towards casual sex among people with multiple sexual partners compared
to people who claim to be abstainers or monogamists176. Participants who have been sexually
inactive or monogamous during the recall period may use enumeration strategies to report zero
or one respectively. Whereas participants who have had multiple sexual partners may use rate
based mental calculations which yield imprecise estimates. The cognitive processes involved
in the abstinent or monogamous participant are straightforward and probably result in higher
degrees of reliability than in women reporting multiple sexual partners. Additionally, studies
show that people with higher numbers of sexual partners display more favourable attitudes
towards casual sex, which tend to be less vivid with less psychological involvement than sex in
the context of sustained relationships176. As recall is associated with vividness of events, it is
understandable that discrepancies are higher with increasing number of partners 183.

4.4.1 Strengths
A notable strength of this analysis is that I evaluated reliability of individual sexual behaviours,
rather than assume that reliability of measures of one sexual behaviour confer reliability on
other measures of sexual behaviour. This has important implications for researchers in making
informed decisions about the collection of self-reported sexual history.
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In estimating sample size for epidemiologic studies, the importance of considering
measurement errors of important covariates has been described by several authors 184,185. One
simple approach is to adjust the sample size estimates based on desired level of statistical power
and level of precision in the presence of perfect measurements, by the square of the correlation
between the true value and the observed covariate value184. An alternative to sample size
adjustments is to incorporate expected levels of measurement error into the data analysis 186.
These approaches require that the magnitude of the measurement error for the covariates are
known. In the absence of correlation estimates for true and self-reported sexual behaviour
history, due to difficulties in determining the true values, the test-retest correlation estimates
reported here will provide some guidance for sample size adjustments to account for
measurement errors in the use of self-reported sexual behaviour history in epidemiologic
studies. Another strength of my analysis is that by examining a time-invariant sexual attribute
such as age at sexual debut, I was able to evaluate test-retest reliability without the confounding
effects of behaviour change that may occur during the test interval.
Motivation to participate in a research study and the topic of research study may be important
sources of response bias157. Participants in reproductive and sexual health research studies may
give more thoughtful responses to questions on sexual practices because of altruistic reasons in
aiding investigators to arrive at useful answers or they may perceive that their responses may
affect their clinical management, leading to better reliability than participants in other types of
studies, where sexual behaviour may not be perceived as being important. This study was
hospital-based and conducted among adult females in the context of cervical cancer screening,
therefore these participants may have given responses that could be generalized to similar
female populations who participate in research.
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4.4.2 Limitations
In this analysis, I used interviewer administered in-person interviews and this may have led
participants to provide more socially desirable responses. Interviewer influences were
minimized by using well trained interviewers and by arranging sensitive questions after less
intrusive ones so that the participants’ trust would be high by the time sensitive questions were
asked. There is some evidence to suggest that participants respond more objectively to selfadministered interviews than to interviewer-administered ones, particularly for behaviours that
may be considered embarrassing, stigmatizing or illegal187. This may be due to increased
privacy afforded by self-administered interviews and ability of participants to control the pace
of the interview. However other studies have found no difference in the use of either methods,
especially for sexual behaviour history that may include complex branch and skip patterns.
Audio assisted computer self-administered questionnaires may improve objectivity of selfadministered questionnaires but they require respondents to comprehend questions on their own
and provide relevant responses. Their infrastructural demands and literacy requirements may
also preclude their use in large scale epidemiological studies in LMIC.
Although the 𝜅̂ statistic is important in evaluating agreement beyond chance for categorical
variables, it is highly dependent on prevalence and marginal totals 188. Thus, low 𝜅̂ values will
be obtained despite high percent agreement when prevalence of traits is low, as observed with
prevalence of anal sex practice (2.2%), and also when marginal totals are highly asymmetric,
as was observed with sexual orientation, and type of sex practiced at sexual debut in this study
population.
Given the prevalence of oral and anal sex in this study population, the limited sample size may
have reduced the power in detecting small differences between responses provided at study
entry and retest for questionnaire items on oral and anal sex.
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4.5

Conclusion

This analysis provides valuable insight on the reliability of sexual behaviour history data for
studies conducted in developing countries and shows that the overall test-retest reliability of
sexual behavioural history among urbanized adult women in Nigeria is high. Relative indices
of reliability were generally high and within person variability was higher for frequency
measures compared to time-invariant measures. This implies that with well-trained interviewers
and carefully formatted questionnaire items, researchers can utilize self-reported sexual history
data in epidemiological studies in LMIC countries.
Having shown that the sexual behaviour history collected in this cohort is of good quality, I will
investigate host and viral characteristics which influence persistence in the subsequent two
chapters, while adjusting for any possible confounding effect of sexual behaviour.
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CHAPTER 5:

VAGINAL MICROBIOTA AND HPV

In my previous work, published in the journal of Epidemiology and Infection in 2016 titled
“Prevalent high-risk HPV infection and vaginal microbiota in Nigerian women” (Dareng
EO, Bing M, Famooto AO et al.), I reported that the vaginal microbiota was an important
modulator of the risk of prevalent hrHPV infection, particularly in HIV negative women. As
persistent hrHPV infection is a more proximal risk factor for cervical carcinogenesis, I
advance my previous work by evaluating the role of the vaginal microbiota in hrHPV
persistence in this thesis. I found that a Lactobacillus deficient microbiota was associated
with persistent hrHPV in HIV negative women. Further work in this area is required to
validate these findings. If validated in other studies, there are important implications for
policy and research as manipulation of the vaginal microbiota through probiotics for
example, may be an important cervical cancer prevention strategy.
A manuscript based on this chapter titled “The vaginal microbiota and persistent high-risk
HPV infection in HIV negative and HIV positive women” (Dareng EO, Bing M, Adebamowo
SN et al.) is currently being prepared for submission to the journal Scientific Reports.

5.1 Introduction
There is emerging evidence to suggest that the host vaginal microbiota plays a crucial role in
the pathogenesis of HPV infection79,80. The defence mechanisms against colonization by
pathogenic organisms in the vagina include the presence of lactic acid producing
Lactobacillus species, an acidic environment and antimicrobial peptides. Disruptions in these
defence mechanisms, as may exist with high diversity microbiota, may modulate risk of HPV
acquisition and persistence through alterations in the local host immune microenvironment
which disrupt the integrity of the vaginal mucosa and cervical epithelium. High diversity
vaginal communities are associated with host proinflammatory responses which may directly
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damage the epithelial barrier facilitating HPV entry to basal keratinocytes, as well as
interacting with cellular pathways that lead to persistent, productive viral infections 75,81-83.
Most 16S RNA sequencing studies that have examined the relationship between the vaginal
microbiota and the natural history of hrHPV infection have been focused on prevalent hrHPV
with very few studies on persistent hrHPV 75,79,106,114,189-191. Collectively, these studies have
observed that women with prevalent hrHPV have decreased relative abundance of
Lactobacillus species and increased vaginal microbial diversity compared to women who are
negative for hrHPV. In the one study that examined the association between the vaginal
microbiota and persistent hrHPV, vaginal microbiota characterization was done at the
baseline visit while persistent hrHPV was determined one year after 114. As the vaginal
microbiota is dynamic, cross sectional measures of the vaginal microbiota may be inadequate
to fully characterize the relationship between persistent hrHPV and the vaginal microbiota 192.
Therefore, longitudinal studies with repeated vaginal microbiota assessments are warranted.
In this analysis, I examine the relationship between the vaginal microbiota and persistent
hrHPV infection in this cohort of HIV negative and HIV positive Nigerian women.

5.2 Methods
5.2.1 Study population
Of the 1,020 women enrolled in the HPV study, 241 women were selected for this analysis
(Figure 5.1). 23 HIV negative women with persistent any HPV infection at the follow up visit
were matched in a 2:1 ratio with 46 HIV negative women who were persistently negative for
HPV. 86 HIV positive women who were persistently positive for any HPV at the follow up
visit, were matched in a 1:1 ratio with 86 HIV positive women who were persistently negative
for any HPV infection. Of these 241 women selected, 30 were missing vaginal swab
specimens, resulting in 211 participants. Matching criteria was age and date of enrollment into
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the study. My initial plans were to perform a 2:1 matching criteria for both HIV negative
women and HIV positive women, however the number of HIV positive women who were
persistently negative for HPV at the follow up was not sufficient for a 2:1 match (Figure 5.1),
therefore I performed a 1:1 match for this group.

5.2.2 Sample collection and processing
Mid vaginal swabs were collected from participants as described in Chapter 2.
Whole genomic bacterial DNA was extracted from the swabs using the MoBio Powersoil kit
by collaborators at the Institute of Genomic Sciences, University of Maryland.
Bacterial 16S rRNA Gene Sequencing and Analysis
A dual barcode system with fusion primers 338F and 806R was used to amplify the V3 – V4
hypervariable regions of the 16s rRNA gene as previously described107. Purified amplicons
were sequenced on an Illumina Miseq instrument (Illumina, San Diego, CA) using a 300bp
paired end protocol at the Institute for Genome Sciences, University of Maryland School of
Medicine. Read ends were trimmed if the average Phred quality score of four consecutive
bases was below 15 and only retained if their length was at least 75% of their original length
after trimming. QIIME (v1.8.0) was used to perform quality control of the sequence reads;
and Fast Length Adjustment of Short reads (FLASH) was used to assemble paired reads, with
an overlap of ~90 bp on average193,194. De-multiplexing by binning sequences with the same
barcode was performed in QIIME (v1.8.0). Chimera detection was done using de novo and
referenced-based methods in UCHIME (v5.1) with the Greengenes database of 16S rRNA
gene sequences (August 2013) as a reference195,196.
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Figure 5.1: Participant selection

A: Baseline

Total =1020

Excluded= 126
Missing Any HPV data=17
Missing HPV genotype = 73
Missing HIV status = 36
Total =894
HIV- =493
HIV+= 401

HPV Positive=300
HIV- =114
HIV+=186

HPV negative = 594
HIV- =379
HIV+=215

Multiple HPV=109
HIV- =23
HIV+=86

2 HPV=55
HIV- =14
HIV+=41

3 HPV=37
HIV- =7
HIV+=30

Single HPV=191
HIV- =91
HIV+=100

4 HPV=9
HIV- =0
HIV+=9

B: Follow up

5 HPV=5
HIV- =2
HIV+=3

6 HPV=3
HIV- =0
HIV+=3

Total =692

Excluded= 62
Missing Any HPV data=62
Total =630
HIV- =309
HIV+= 321

HPV positive=265
HIV- =76
HIV+=189

HPV Negative = 364
HIV-=233
HIV+=131

Newly Infected =94
HIV- =50
HIV+=44

1 HPV=104
HIV- =33
HIV+=71

Persistently negative=270
HIV- =183
HIV+=87

3 HPV=14
HIV- =1
HIV+=13

2 HPV=24
HIV- =2
HIV+=22
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Cleared infections=112
HIV- =39
HIV+=73

Persistently positive=153
HIV- =23
HIV+=86

4 HPV=8
HIV- =0
HIV+=8

5 HPV=3
HIV- =1
HIV+=2

Taxonomy Assignments and OTU based analysis
I used QIIME de-novo operational taxonomic units (OTU) picking protocols to cluster the
quality filtered and pre-processed 16S rRNA gene amplicon sequences into OTU clusters
based on sequence similarities within the reads. A representative sequence from each of the
OTU clusters was subsequently compared to the Ribosomal Database Project (RDP) for
taxonomic assignment. My analysis pipeline is presented in Figure 5.2 below.
Figure 5.2: Data analysis pipeline
16S rRNA Sequencing

Quality Filteration

Taxonomic Assignments

OTU Table
Alpha diversity
•ANOVA

Beta diversity
•Multidimensional
plot

Phylotype
biomarker
•LEfSe

Data reduction
•Regression
Models

To evaluate species richness and evenness among samples as a measure of microbial
diversity, I used QIIME to calculate the Shannon index, which is an alpha diversity index to
measure within sample microbial diversity, and the phyloseq R package to calculate the
Jensen Shannnon Distance, which is a beta diversity index to compare samples. I used Linear
Discriminant Analysis (LDA) effect size (LEfSe) algorithm to identify bacterial taxa that
were differentially present in women with persistent hrHPV infections197. Hierarchical
clustering analysis based on Jensen Shannon distances using ward linkage was used to cluster
samples into Community State Types (CSTs) using the vegan package in R as a data
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dimension reduction technique. The CSTs generated from the hierarchical clustering analysis
were used in regression models. In addition to CST based models, I conducted analysis based
on the relative abundance of Lactobacillus (at the genus level) and L. crispatus (at the specie
level) because these genus and specie have traditionally been considered markers of a healthy
vaginal microbiome.

5.2.3 Statistical analysis
Covariates
I included the potential confounders menopausal state, time since last menstrual period,
douching practice, total number of sexual partners in past year, body mass index (BMI),
vaginal pH, sexual activity within 24 hours of sampling, use of condoms and hormonal
contraceptive use in my analysis. Vaginal pH was assessed as an ordinal variable with three
categories: <4.5, 4.5 – 5.5 and >5.5. These covariates, were assessed at the baseline visit and
updated at the follow up visit. They were included in the models as time varying exposures.
The vaginal microbiota was modelled as a time varying exposure.
I compared characteristics of participants at baseline by HIV status using Fisher’s exact tests
for categorical variables and t-tests for continuous variables. I used generalized estimating
equation (GEE) logistic regression models with robust variance estimation and the cluster
option, which accounts for repeated measures, to evaluate the association between potential
correlates and the vaginal microbiota; and the association between the vaginal microbiota and
persistent hrHPV infection. I considered covariates that were significant at p <0.20 in age
adjusted models for inclusion in multivariable models. These analyses were conducted using
Stata/SE 15 (StataCorp, College Station, Texas). I used R (version 3.4.0, Core Team, Vienna,
Australia) to generate Markov chain models by inferring transition probabilities from my data
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in order to investigate vaginal community dynamics over the two-time periods: the baseline
visit and the follow up visit.

5.3

Results

5.3.1 Study population
Of the 211 participants included in this study, 67% (142/211) were HIV positive and 33%
(69/211) were HIV negative (Table 5.1). Table 5.2 shows the baseline characteristics of the
study population stratified by HIV status. Mean (SD) age of participants was 38 (8) years.
Most participants (88%, 186/211) had more than six years of formal education. More than
half (58%, 122/211) of the women were married and most (84%, 175/211) were
premenopausal. The median interval (IQR) between baseline and follow-up visits was 6 (6 –
8) months.
At the follow-up visit, some 34% (71/211) were persistently positive for hrHPV. The most
common persistent hrHPV types in this study population were HPV 52 (10%, 22/211) and
HPV 35 (8%, 17/211) (Table 5.2)
Of the 422 visits made by these 211 participants, 350 (155 baseline and 198 follow up) 16S
rRNA sequence data were available for downstream analysis. A total of 12,967,629 high
quality reads were obtained. The mean (SD) number of reads per sample was 36,021 (14 375),
with a mean (SD) read length of 427 (6) base pairs.
Table 5.1: Comparison groups for microbiota analysis
HPV status
HIV status
HIV negative
HIV positive
Persistent HPV
23
71
Persistently negative 46
71
Total
69
142
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Total
94
117
211

Table 5.2: Characteristics of participants included in the microbiota analysis
Characteristic

Age, years
Age at sexual debut, years
Lifetime number of sexual partners
Number of partners in preceding year

All Participants
(N=211)
38 (8)
20 (3)
4 (4)
1(1)

HIV negative
(N=69)
Mean, SD
38 (9)
21 (4)
3 (2)
1 (0)

HIV positive
(N=142)
38 (8)
19 (3)
4 (4)
1 (1)

n (%)
Socioeconomic status
Low
Middle
High
Education, years
≤6
7 – 12
>12
Marital status
Unmarried
Married
Menopause
No
Yes
Time since last menstrual period, days
≤ 15
>15
Douche regularly
No
Yes
Douche material*
Water
Contraceptive use
None
Condoms
Oral Contraceptive
Hormonal injections
Body Mass Index, kg/m2
Normal weight, 18.5 – 24.9
Overweight, 25.0 – 29.9
Obese, ≥ 30.0
Vaginal pH
<4.5
4.5 – 5.5
>5.5
Sexual activity within 24 hours of
sampling
Vaginal sex
Oral sex
Digital penetration
Prevalent any HPV
No
Yes

95 (45)
82 (39)
34 (16)

22 (32)
27 (39)
20 (29)

73 (51)
55 (39)
14 (10)

25 (12)
58 (28)
128 (60)

8 (12)
10 (15)
51 (73)

17 (12)
48 (34)
77 (54)

89 (42)
122 (58)

20 (29)
49 (71)

69 (49)
73 (51)

175 (84)
34 (16)

55 (81)
13 (19)

120 (85)
21 (15)

78 (50)
79 (50)

23 (47)
26 (53)

55 (51)
53 (49)

83 (40)
126 (60)

32 (46)
37 (54)

51 (36)
89 (64)

96 (76)

25 (68)

71 (80)

86 (41)
95 (45)
22 (10)
16 (8)

39 (57)
18 (26)
7 (10)
5 (7)

47 (33)
77 (54)
15 (11)
11 (8)

65 (33)
83 (41)
53 (26)

14 (21)
27 (11)
25 (38)

51 (38)
56 (42)
28 (20)

11 (5)
14 (7)
186 (88)

5 (7)
2 (3)
62 (90)

6 (4)
12 (8)
124 (88)

22 (10)
3 (1)
25 (12)

11 (16)
2 (3)
14 (20)

11 (8)
1 (1)
11 (8)

117 (55)
94 (45)

46 (67)
23 (33)

71 (50)
71 (50)

*Proportion of women who douche with water among women who regularly douche
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Table 5.3: Distribution of persistent hrHPV types in participants included in microbiota
analysis
Persistent
hrHPV type

Total
(N=211)
n (%)

16
18
31
33
35
39
45
51
52
56
58
59

4 (1.9)
4 (1.9)
8 (3.8)
4 (1.9)
17 (8.1)
2 (0.9)
3 (1.4)
5 (2.4)
22 (10.4)
2 (0.9)
4 (1.9)
1 (0.5)

5.3.2 Vaginal microbiome composition in the study population
Hierarchical clustering analysis based on species composition and relative abundance
identified five major clusters that showed similarities to previously described vaginal
microbiome CSTs192. Three of these CSTs were dominated by a single Lactobacillus species:
L.crispatus in CST I, L.gasseri in CST II and L.iners in CST III (Figure 5.3). CST IV-A had
modest proportions of Lactobacillus species, most commonly L.crispatus as well as low
proportions of pathobionts such as Enterococcus and Streptococcus. CST IV-B was
characterized by greater taxonomic diversity with low proportions of Lactobacillus,
pathobionts such as Escherichia, Enterococcus and Streptococcus as well as bacterial
vaginosis associated taxa such as Gardnerella, Atopobium, Megasphaera, Sneathia and
Prevotella. Alpha diversity was significantly lower in CST I compared to CST II (p <0.001),
CST IV-A (p<0.001) and CST IV-B (p<0.001). There was no significant difference in alpha
diversity between CST I and CST III (p=0.06). (Figure 5.4)
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Figure 5.3: Heatmap of the 40 most abundant bacterial taxa in 211 Nigerian women
Hierarchical clustering identified five major clusters. Three of these clusters were dominated
by one Lactobacillus species: L.crispatus (CST I), L.gasseri (CST II) and L.iners (CST III).
CST IV-A and CST IV-B were more diverse with CST IV-A having modest proportions of
L.crispatus
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Figure 5.4: Shannon diversity as a measure of alpha diversity comparing all CSTs
Compared to CST I, alpha diversity is significantly higher in CST II, CST IV-A and CST IV-B.

Lactobacillus species were present in all CSTs (Figure 5.5) The median (IQR) relative
abundance of Lactobacillus species was 97% (90 - 98%) in CST I; 75% (50 - 93%) in CST II;
95% (87 – 98%) in CST III; 77% (57 – 95%) in CST IV-A and 27% (11 – 42%) in CST IV-B.
In HIV negative women, the frequency distribution of CST IV (CST IV-A and CST IV-B
combined) was 57% at the baseline visit and 40% at the follow up visit (Table 5.). These
differences were not statistically significant (difference in proportions = 0.17; 95% CI = -0.02
– 0.35; p = 0.09). In HIV positive women, the frequency distribution of CST IV was 73% at
the baseline visit and 65% at the follow up visit. These differences were not statistically
significant (difference in proportions = 0.08, 95% CI = -0.03 – 0.20, p = 0.17). Of the
Lactobacillus spp dominant CSTs, CST III was the most common at both baseline (19%) and
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follow up (37%) visits in HIV negative women and at the baseline visit (13%) but not the
follow up visit (6%) in HIV positive women (Table 5.3)
Table 5.4: CST characterization in the study population by HIV and HPV status
Total
(N=53)
n (%)
6 (11)
7 (13)
10 (19)
4 (8)
26 (49)

CST I
CST II
CST III
CST IV-A
CST IV-B

HIV negative women
Baseline
HPV - HPV ++
(N=35)
(N=18)
n (%)
n (%)
2 (6)
4 (22)
5 (14)
2 (11)
7 (20)
3 (17)
4 (11)
0 (0)
17 (49)
9 (50)

Follow up
HPV - (N=38)
n (%)
7 (18)
1 (3)
15 (40)
2 (5)
13 (34)

Total
(N=57)
n (%)
11 (19)
2 (4)
21 (37)
2 (3)
21 (37)

HPV++
(N=19)
n (%)
4 (21)
1 (5)
6 (32)
0 (0)
8 (42)

HIV positive women
Baseline
Follow up
Total
HPV - HPV ++
Total
HPV - HPV++
(N=102) (N=48)
(N=54)
(N=141) (N=71)
(N=70)
n (%)
n (%)
n (%)
n (%)
n (%)
n (%)
CST I
11 (11)
4 (8)
7 (13)
20 (14)
10 (14)
10 (14)
CST II
3 (3)
1 (2)
2 (2)
21 (15)
7 (10)
14 (20)
CST III
13 (13)
7 (15)
6 (11)
8 (6)
4 (6)
4 (6)
CST IV-A
37 (36)
19 (40)
18 (33)
42 (30)
25 (35)
17 (24)
CST IV-B
38 (37)
17 (35)
21 (39)
50 (35)
25 (35)
25 (36)
N: All participants with available data; HPV--: Negative for HPV at baseline and follow up visit;
HPV++: Persistently positive for HPV at baseline and follow up visits.
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Figure 5.5: Relative abundance of Lactobacillus species by CST
Lactobacillus species was present in all communities. CST IV-A had modest proportions of
L.crispatus as well as other Lactobacillus species, most commonly L.rhamnosus. CST IV-B
was the most diverse community with higher proportions of non-Lactobacillus species.

CST I
L.crispatus
L.casei

CST III
L.iners
L.amnionii

CST II

CST IV-A

CST IV-B

L.gasseri

L.rhamnosus

L.helveticus

L.fermentum

L.mucosae

L.coleohominis

L.vaginalis

L.salivarius
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L.jensenii
non Lactobacillus spp.

Markov chain transition probabilities suggested that there was substantial variability in interCST transitions over the two-time points (baseline and follow-up visits) (Figure 5.6). The
highest transition probabilities in the study population were to CST IV-B. Self-transition
probabilities for all CSTs was low: 0.19 for CST I, 0.11 for CST II, 0.05 for CST III, 0.28 for
CST IV-A and 0.38 for CST IV-B, indicating that all CSTs were unstable over the period.
Notably CST IV-B had the highest self-transition probability. There were no transitions
between CST III and CST II.
In HIV negative women, transition probabilities from other CSTs to CST IV-B were 0.40
(CST I), 0.67 (CST II), 0.57 (CST III), and 0.33 (CST IV-A). There were no transitions from
Lactobacillus dominant CST (CST I, CST II, CST III) to CST IV-A. CST II was the least
connected CST. Transitions from CST IV-B was most commonly to CST III (transition
probability = 0.55). In HIV positive women, transition probabilities from other CSTs to CST
IV-B were 0.18 (CST I), 0.33 (CST II), 0.38 (CST III) and 0.33 (CST IV-A). There were no
transitions from CST II to CST IV-A.
Figure 5.6: Markov chain transition probabilities by HIV status
Arrow weights are proportional to the maximum likelihood estimate of the transition
probability between CSTs at the baseline and follow up visits. Node sizes scale with the
number of women in each CST. Numeric transition probabilities are shown on arrows for
transition probabilities >0.30.
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5.3.3 Association between demographic, lifestyle and clinical
characteristics and the vaginal microbiome
I evaluated potential demographic and behavioural correlates for a Lactobacillus spp
dominant microbiota and a Lactobacillus crispatus dominant microbiota (Table 5.4). In
univariate analyses, HIV positive status compared to HIV negative status, was significantly
associated with a reduced odds of a Lactobacillus spp dominant (OR: 0.53, 95% CI: 0.34 –
0.84, p = 0.007) or a L.crispatus dominant (OR: 0.33, 95% CI: 0.15 – 0.72, p = 0.006)
microbiota. Further adjustments for age in multivariable models did not significantly change
this relationship.
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Table 5.5: Association between potential risk factors and vaginal microbiota
Characteristic

Lactobacilli dominant microbiota*

OR (95% CI)
Age, years
1.00 (0.97 – 1.03)
Socioeconomic status
Low
1.00
Middle
0.92 (0.57 – 1.48)
High
0.95 (0.52 – 1.74)
Education, years
≤6
1.00
7 – 12
1.42 (0.68 – 2.95)
>12
1.76 (0.89 – 3.46)
Menopausal
No
1.00
Yes
1.28 (0.65 – 2.53)
Time since last menstrual
period, days
≤15
1.00
>15
1.08 (0.64 – 1.83)
Douche regularly
No
1.00
Yes
1.23 (0.78 – 1.96)
Body Mass Index, kg/m2
Normal weight,
1.00
18.5 – 24.9
Overweight, 25.0 –
1.21 (0.73 – 2.00)
29.9
Obese, ≥ 30.0
0.93 (0.51 – 1.67)
Vaginal pH
<4.5
1.00
4.5 – 5.5
0.70 (0.21 – 2.34)
>5.5
0.84 (0.27 – 2.62)
HIV status
Negative
1.00
Positive
0.53 (0.34 – 0.84)
Sex within 24 hours
No
1.00
Yes
1.08 (0.61 – 1.91)
Total sex partners in
0.98 (0.92 – 1.04)
lifetime
Total sex partners in 1
1.04 (0.71 – 1.53)
year
Condom Use
No
1.00
Yes
0.78 (0.51 – 1.20)
Oral contraceptive use
No
1.00
Yes
0.92 (0.44 – 1.92)
*Relative abundance of Lactobacilli species > 70%
**Relative abundance of L. crispatus > 70%
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p
0.92

L. crispatus dominant
microbiota**
OR (95% CI)
p
1.01 (0.97 – 1.06)
0.56

0.73
0.88

1.00
1.03 (0.42 – 2.50)
1.29 (0.43 – 3.81)

0.95
0.65

0.35
0.10

0.57 (0.09 – 3.64)
1.91 (0.42 – 8.71)

0.55
0.41

0.47

1.00
1.89 (0.68 – 5.23)

0.22

0.78

1.00
1.29 (0.43 – 3.87)

0.65

0.37

1.00
0.90 (0.36 – 2.21)

0.81

1.00
0.45

1.57 (0.54 – 4.59)

0.41

0.80

2.15 (0.70 – 6.64)

0.18

1.00
1.34 (0.28 – 3.75)

0.58

0.007

1.00
0.33 (0.15 – 0.72)

0.006

0.80
0.45

1.00
0.69 (0.20 – 2.40)
0.97 (0.89 – 1.07)

0.56
0.61

0.83

0.71 (0.34 – 1.51)

0.38

0.26

1.00
0.65 (0.29 – 1.48)

0.31

0.82

1.00
0.33 (0.04 – 2.55)

0.29

0.56
0.77

5.3.4 Association between persistent high-risk HPV infection and vaginal
microbiome
Given the association between HIV and the microbiota, I investigated the potential of HIV
status as an effect modifier. There was some evidence for the presence of effect modification
by HIV status (p = 0.02), therefore I present effect estimates by HIV strata.
Among HIV negative women, the odds of persistent high-risk HPV infection were
significantly lower in women who had a Lactobacilli spp. dominant microbiota (OR: 0.35,
95% CI: 0.14 – 0.89, p = 0.03) in age adjusted models. Similarly, women with L.crisptatus
dominant microbiota had lower odds of persistent high-risk HPV infection compared with
women who had L.crisptaus deficient microbiota (OR:0.22, 95% CI: 0.03 – 1.43, p = 0.11),
although this was not statistically significant. In HIV positive women, there were no
significant associations between persistent hrHPV infection and the vaginal microbiota (Table
5.5).
Table 5.6: Association between persistent high-risk HPV infection and vaginal microbiota
Persistent high-risk HPV

Model 1*
Lactobacilli dominant
microbiota
<70%
≥70%
Model 2*
L.crispatus dominant
microbiota
<70%
≥70%

HIV negative
OR (95% CI)
p

OR (95% CI)

1.00
0.35 (0.14 – 0.89)

0.03

1.00
1.25 (0.73 – 2.14)

0.41

1.00
0.22 (0.03 – 1.43)

0.11

1.00
1.20 (0.82 – 1.76)

0.34

0.38
0.21
0.13

1.00
0.95 (0.50 – 1.82)
1.03 (0.39 – 2.70)
1.00 (0.40 – 2.55)
1.30 (0.40 – 2.54)

0.88
0.95
0.99
0.47

Model 3*
Community State
Assignment
CST IV-B
1.00
CST IV-A
CST III
0.67 (0.28 – 1.61)
CST II
0.28 (0.04 – 2.02)
CST I
0.29 (0.06 – 1.46)
*Each model is adjusted for age
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HIV positive
p

LEfSe modelling was used to identify specific bacterial taxa that were differentially more
abundant in HIV negative women with and without persistent hrHPV. I limited my
comparison to HIV negative women because of findings from the GEE regression models
which suggested that there was no significant difference in the vaginal microbiota of HIV
positive women with and without persistent hrHPV infection. HIV negative women with
persistent hrHPV infection were found to have a significant over representation of
Leptotrichia spp compared to HIV negative women without persistent hrHPV infection
(Figure 5.7).
Figure 5.7: Phylotype biomarkers of persistent hrHPV infection.
The phylotype biomarkers are identified as being significantly abundant at alpha value <0.05.
The analysis was run with the LEfSe program. The Linear Discriminant Analysis (LDA) score
is indicated at the bottom. The greater the LDA score, the more significant the phylotype
biomarker is.

5.4

Discussion

In this longitudinal study of the vaginal microbiota and persistent hrHPV infection among
HIV negative and HIV positive women, I found that a high relative abundance of
Lactobacillus spp. was associated with reduced risk of persistent hrHPV in HIV negative
women but not in HIV positive women.
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While recent longitudinal studies with repeated vaginal microbiota assessments that use next
generation sequencing techniques have shown an association between higher vaginal
microbial diversity and prevalent hrHPV or persistent any HPV, this analysis is the first to
show this for persistent hrHPV190,198. Several other cross-sectional studies have showed that
decreased relative abundance of Lactobacillus spp is associated with precancerous cervical
lesions and cervical cancer199-201. Collectively, these results provide evidence to suggest that
the vaginal microbiome plays an important role in cervical cancer, although they do not prove
causality. It is plausible that the vaginal microbiome modulates risk of HPV acquisition and
progression to cervical cancer. However, it is also possible that the presence of HPV interacts
with the host immune system through complex mechanisms that positively selects for specific
microbial communities. Therefore, more longitudinal and mechanistic studies that include
functional assays such as metabolomics and proteomics are required to fully understand the
role of the vaginal microbiome in the natural history of hrHPV infections.
I observed that high diversity bacterial communities (CST IV-A and CST IV-B) were the
most common bacterial communities in my study population, and L.iners dominated
community, CST III, was the most common Lactobacillus dominated CST. In comparison to
previous studies, the frequency of high diversity microbial communities among HIV negative
women in this study (57% at baseline and 40% at follow up) are consistent with estimates of
63% in South African women, 40% in black US women, 39% in African Caribbean women in
Canada, 39% in African Surinamese women and 34% in Ghanaian women living in the
Netherlands81,97,202. These estimates of high diversity microbial communities in women of
African ancestry are comparatively higher than estimates for women of European
ancestry97,202,203. Some studies have suggested that these observed differences in population
microbial variation may partly be driven by genetic polymorphisms in immune regulatory
genes that have evolved under differential selection pressures as a result of local adaptation to
environmental influences204-206. Heritability of vaginal bacterial taxa was estimated to range
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between 15% and 49%, with Prevotella being the most heritable taxa in a recent Korean study
providing more evidence for the role of host genetics in determining vaginal microbiota
composition207. It is also possible that these population variations are due to differences in the
prevalence of asymptomatic STIs which are more prevalent among black women compared to
white women208. In a small study comparing the vaginal microbiota of black and white
women in the US, Beamer et. al. observed that after exclusion of women with asymptomatic
STIs, there were no significant differences by race209. Larger studies are warranted to fully
investigate the contribution of host genetics to vaginal microbial composition.
Consistent with previous studies on the temporal dynamics of the vaginal microbiota, I found
that transitions from CST IV-B were most commonly to the L.iners dominated CST III and
the high diversity microbiota (CST IV-B) showed fewer transitions to other CSTs192. These
results are qualitatively similar to a longitudinal study among 80 African women which
showed that high diversity associated bacteria such as Prevotella bivia and Gadnerella
vaginalis were consistently present in 91% and 58% of healthy women with a Nugent score of
0 – 3 respectively, while L. crispatus was consistently present in in only 47%210. These
findings may reflect a lack of optimal protection against the growth of strict anaerobes by L.
iners or the ability of L.iners to thrive in a range of metabolic stress related conditions that
other Lactobacilli species cannot survive in211. Future studies on the functional metabolomics
profile associated with L.iners may help to understand the role of this specie in the
maintenance and potential restoration of a healthy vaginal microbiota.
I found that HIV positive women were less likely to have a high relative abundance of
Lactobacillus spp or Lactobacillus crispatus compared to HIV negative women. Microbial
diversity has been reported to be an important risk factor for HIV acquisition and viral
shedding191,212,213. Recent reports, in which HIV susceptible CD4+ cells are increased in the
genital tract in women with high diversity microbial communities provide further mechanistic
evidence for this link75,81. However, it is also possible that the lower relative abundance of
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Lactobacilli spp among HIV positive women in this study is due to immunosuppression
resulting in the colonization of genital tract by pathogenic bacteria.
Similar to previous studies, I did not find any significant association between vaginal
douching and the vaginal microbiota191,202,210,214. The influence of vaginal hygienic practices
such as vaginal douching on the vaginal microbiota may be influenced by factors such as the
type of materials used for douching and timing in the menstrual cycle 215,216. In a meta-analysis
of intra-vaginal practices and bacterial vaginosis, which included 13 prospective studies in
Sub Saharan Africa, vaginal douching with soap, but not other materials, was associated with
bacterial vaginosis216. In this study population, majority of women who reported douching
indicated they used water alone to douche. This may provide some explanation for my
findings.
Reports of sexual behaviours and the vaginal microbiota are inconsistent and scarce. A trend
that seems to emerge from previous studies is that a higher number of sexual partners within
three months of sampling, is associated with decreased relative abundance of Lactobacillus
species, while total number of partners in lifetime or preceding year is not associated with the
vaginal microbiota. Consistent with these reports, I did not find an association between
lifetime number of sexual partners, number of partners in past year and the vaginal
microbiota. The number of partners in a recent period may be a corollary for exposure to new
partners. Exposure to new partners has been previously identified as a risk factor for bacterial
vaginosis as individuals encounter new strains or species of microbial organisms from their
partners. In contrast to previous findings that showed reduced Lactobacillus spp in women
with recent sexual activity, I did not find an association between recent vaginal sex and the
microbiota192,210. My ability to detect this relationship may have been limited by the small
number of women who reported recent sexual activity in this study, and my inability to
account for residual confounding that may result from condom use. Exposure to semen may
alter the vaginal microbiota through alterations in the vaginal pH and metabolite
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concentrations which subsequently influence the ability of various Lactobacillus species to
thrive217.
While this analysis is the single largest longitudinal study to date among HIV negative and
HIV positive women in Africa, to contribute data that suggest an association between
persistent hrHPV and the vaginal microbiota, there are some limitations. I included
microbiome data from only two time points, with a median interval of 6 months. The human
vaginal microbiota composition can be highly variable over short periods of time and is
highly influenced by the menstrual cycle among other factors, therefore further longitudinal
studies that repeatedly assess the vaginal microbiota at shorter time intervals over prolonged
periods are required to validate these findings. I did not account for the immunologic state of
the HIV positive women included in this study, as their CD4+ counts at the time of sampling
were not available. This may have affected my findings for HIV positive women. I did not
have data on the Nugent scoring of participants and therefore could not adjust my analyses for
this variable as potential confounders. However, the prevalence of high diversity communities
in this study population is similar to findings from a study among South African women that
excluded women with asymptomatic STIs and high Nugent scores.

5.5

Conclusion

In summary, I examined the relationship between the vaginal microbiota and persistent highrisk HPV infection and found that HIV negative women with a high relative abundance of
Lactobacillus spp in the vaginal microbiota were less likely to have persistent hrHPV
compared to HIV negative women with lower relative abundance of Lactobacillus spp. I also
showed that there was an inverse relationship between the relative abundance of Lactobacillus
spp and HIV infection. However, these results need to be interpreted with caution as a result
of my sample size and marginal p values. Further work is required to understand the
functional profile of the vaginal microbial communities and how this interacts with host
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factors to modulate risk of hrHPV persistence in the pathogenesis of cervical cancer. If future
studies support a causal relationship between the vaginal microbiota and persistent hrHPV,
the use of interventions such as probiotics to manipulate the vaginal microbiota may have
important clinical implications as a prevention strategy for cervical cancer.
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CHAPTER 6:

MULTIPLE HPV INFECTIONS

In this chapter, I investigate the role of viral characteristics on risk of HPV persistence. I
begin the chapter by examining the factors associated with multiple prevalent and persistent
HPV infections. Then I evaluate whether specific HPV type combinations are more likely to
occur in multiple infections than in single infections. Next, I examine the risk of viral
persistence in women with multiple HPV infections compared with women who had single
HPV infections. I conclude the chapter by investigating clustering patterns of HPV types to
determine if there were any significant pairing patterns. I found that increasing number of
sexual partners and HIV infection were associated with increased risk of prevalent multiple
HPV infection; the presence of multiple HPV infection did not increase risk of viral
persistence among women with HPV infection and 19 pairings of HPV types were significant,
although these were all positive associations. The absence of significant negative associations
in HPV pairing patterns provide reassurance against the possibility of type replacement in
the HPV post vaccination era.

6.1 Introduction
Coinfections with multiple HPV types are common and a wide range of prevalence estimates
have been reported depending on the population studied. In a cross-sectional study of 309,000
women in the United States of America, 19% of HPV positive women were reported to have
multiple HPV infections218. In another study of over 3,000 women in the United Kingdom,
43% of HPV positive women had multiple HPV infections 219. In approximately 8,400
women participating in a population based cohort in Costa Rica, 33% of HPV positive women
had multiple infections220. In a pooled of 15 studies which included approximately 14,500
women, the prevalence of multiple HPV infections among HPV positive women was 32%221.
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The clinical implications of multiple HPV infections in cervical cancer pathogenesis is
unclear. In some studies, the presence of multiple HPV infections is associated with viral
persistence and increased risk of cervical precancerous lesions222-224. However, in a large
prospective study, there was no increased risk of persistence associated with infection with
multiple HPV types225. Therefore, it remains unclear what role multiple HPV infections have
in cervical cancer pathogenesis.
There continues to be an ongoing discussion as to whether HPV clustering patterns, in women
with multiple HPV infections, are random or as a result of interactions between HPV
types218,226,227. This is particularly relevant for the evaluation of prophylactic HPV vaccines.
Theoretically, the removal of types covered by the HPV vaccines may indirectly lead to the
increased prevalence of other HPV types.
In this analysis, I examine the risk factors for multiple HPV infections, effect of multiple
HPV infections on risk of HPV persistence and clustering patterns of HPV types in multiple
HPV infections in the HPV Study cohort.

6.2

Methods

6.2.1 Study population
Details of the study population have been described in Chapter 2.

6.2.2 HPV DNA detection
Details of HPV detection have been described in Chapter 2.

6.2.3 Statistical analysis
Exclusions: Of the 1,020 women enrolled, I excluded 126 women for missing data (Figure
6.1) leaving 894 women with relevant prevalence data. Of these 894 women, 692 returned for
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followed up. Of the women who returned for follow up, I excluded 62 for missing HPV data
leaving 630 women with follow up data for this analysis.
I compared the baseline characteristics of participants included in these analyses by HPV
status, using analysis of variance (ANOVA) for continuous variables and Fisher’s exact test
for categorical variables.
I fitted generalized estimating equation (GEE) logistic regression models to evaluate factors
associated with multiple HPV infection in comparison with single HPV infections; risk of
HPV persistence comparing women with multiple HPV infections and women with single
HPV infections. Factors associated with multiple HPV infections in age adjusted models at p
<0.20 were included in the multivariable models.
To evaluate whether the number of HPV types present in a woman represented independent
infections, I compared observed frequency of number of infections per woman with the null
frequency expected by chance. Under independence, expected frequencies for the number of
HPV types in a woman would arise from a Poisson distribution (i.e. having 1 HPV type would
neither increase nor decrease the probability of another infection). I obtained expected
frequencies for number of coinfecting HPV types from GEE Poisson regression models. I
calculated observed to expected ratios before and after adjustment for age in the overall study
population and by HIV strata. To quantify deviations of independence and over dispersion, I
compared the Poisson models with negative binomial distribution of the count data.
I performed two-way associations to investigate whether any two genotypes were more or less
likely to occur together in multiple infections. Each HPV type was modelled as an outcome
and compared with each of the 25 HPV types in separate models adjusted for age resulting in
300 pair combinations for each HIV strata using GEE logistic regression models. Woman
level clustering of HPV types was accounted for with woman specific intercepts in the logistic
regression models.
119

In addition to HPV type specific analysis, I grouped the 25 HPV types detected into clades
based on phylogenetic relatedness and performed clade based analysis. Grouping into clades
is based on the similarities in the L1 capsid sequence of the HPV and is associated with
humoral immune response to HPV infection5.
All analyses were conducted in Stata version 15 (StataCorp LP, College Station, Texas). For
pairwise comparisons, I used the Bonferroni corrected threshold of <0.001. For all other
analysis, I used the threshold of 0.05.
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6.3

Results

Mean (SD) age of participants at baseline was 38 (8) years, varying from 36 (8) years for
women with multiple HPV infection to 38 (8) for women with single or no HPV infection
(Table 6.1). Most participants had more than 6 years of formal education (89%) and were
married (68%).
Table 6.1: Baseline characteristics of study population included in multiple HPV analysis

Sociodemographic characteristics
Age, years (Mean, SD)
Socioeconomic status (n, %)
Low
Middle
High
Education (n, %)
≤ 6 years
>6 years
Marital status (n, %)
Unmarried
Married
Lifestyle characteristics
Age at sexual debut, years (Mean,
SD)
Lifetime number of partners (Mean,
SD)
Number of partners in preceding
year (Mean, SD)
Ever douche (n, %)
Ever been pregnant (n, %)
Number of full term pregnancies
Use of barrier contraception*(n, %)
Use of hormonal contraception (n,
%)

Total
(N=894)

Multiple HPV
(N=109)

Single HPV
(N=191)

No
HPV
(N=594)

p

38 (8)

36 (8)

38 (8)

38 (8)

0.02
0.001

340 (38)
359 (41)
184 (21)

57 (52)
39 (36)
13 (12)

74 (40)
83 (45)
29 (15)

209 (36)
237 (40)
142 (24)

97 (11)
795 (89)

11 (10)
98 (90)

25 (13)
165 (87)

61 (10)
532 (90)

286 (31)
606 (68)

48 (44)
61 (56)

55 (29)
135 (71)

183 (31)
410 (69)

20 (4)

20 (3)

20 (4)

20 (4)

0.14

3 (3)

4 (3)

3 (2)

3 (3)

0.04

1 (0)

1 (1)

1 (0)

1 (0)

0.02

562 (63)
825 (92)
2 (2)
309 (34)
171 (19)

66 (61)
103 (94)
2 (2)
51 (47)
20 (18)

132 (69)
175 (92)
2 (2)
71 (37)
41 (21)

364 (61)
547 (92)
2 (2)
187 (31)
110 (18)

0.14
0.69
0.67
0.006
0.65

52 (52)
26 (26)
22 (22)

57 (32)
64 (36)
55 (31)

163 (29)
213 (37)
191 (34)

6 (5)
14 (13)
89 (82)

11 (6)
15 (8)
165 (86)

50 (8)
34 (6)
510 (86)

23 (21)
86 (79)

91 (48)
100 (52)

379 (64)
215 (36)

0.52

0.02

Clinical characteristics
Body Mass Index, kg/m2 (n, %)
Normal weight, 18.5 – 24.9
272 (32)
Overweight, 25.0 – 29.9
303 (36)
Obese, ≥ 30.0
268 (32)
Vaginal pH (n, %)
<4.5
67 (7)
4.5 – 5.5
63 (7)
>5.5
764 (86)
HIV status
Negative
493 (55)
Positive
401 (45)
*Defined as the use of male or female condoms and diaphragms
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0.001

0.08

<0.001

Presence of any HPV infection of the cervix was detected in 23% (114/493) of HIV negative
participants and 46% (186/401) of HIV positive participants (Table 6.2). 18% (91/493) of
HIV negative women had single HPV infections compared to 25% (100/401) of HIV positive
women. Among HIV negative women (N=493), multiple prevalent HPV infections were
detected in 20% (23/114) of HPV positive women. Among HIV positive women (N=401),
46% (86/186) of HPV positive women had multiple prevalent HPV infections.
Table 6.2: HPV results of study participants by HIV status
Prevalent infections

All prevalent infections
Any HPV
Low risk
High risk
Single prevalent infection
Any HPV
Low risk
High risk
Multiple prevalent HPV
Any HPV
Low risk
High risk
Persistent infections
All persistent HPV infections
Any HPV
Low risk
High risk
Single persistent HPV
Any HPV
Low risk
High risk
Multiple persistent HPV
Any HPV
Low risk
High risk

All
N=894
n (%)

HIV negative
N=493
n (%)

HIV positive
N=401
n (%)

P value

300 (34)
181 (20)
181 (20)

114 (23)
72 (15)
57 (12)

186 (46)
109 (27)
124 (31)

<0.001
<0.001
<0.001

191 (21)
145 (16)
119 (13)

91 (18)
63 (13)
47 (10)

100 (25)
82 (20)
72 (18)

0.01
0.001
<0.001

109 (12)
36 (4)
62 (7)

23 (5)
9 (2)
10 (2)

86 (21)
27 (7)
52 (13)

<0.001
<0.001
<0.001

All
N=630

HIV negative
N=309

HIV positive
N=321

107 (17)
50 (8)
63 (10)

31 (10)
19 (6)
12 (4)

76 (24)
31 (10)
51 (16)

<0.001
0.10
<0.001

92 (15)
48 (8)
53 (8.4)

30 (10)
19 (6)
11 (3.6)

62 (19)
29 (9)
42 (13)

0.001
0.18
<0.001

15 (2)
2 (0)
10 (2)

1 (0)
0 (0)
1 (0)

14 (4)
2 (1)
9 (3)

<0.001
0.49
0.02
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At baseline, the commonest low risk HPV types detected among HIV negative women were
unspecified HPV types (6%, 31/493); HPV 53 (2%, 10/493) and HPV 68/73 (2%, 10/493),
while the commonest high risk HPV types detected were HPV 52 (3%, 16/493) and HPV 18
(2%, 9/493) (Table 6.3). In contrast, among HIV positive women, the commonest low risk
HPV detected at baseline were unspecified HPV types (6%, 23/401), HPV 66 (6%, 23/401),
and HPV 44 (4%, 18/401); while the commonest high risk types detected were HPV 52 (9%,
32/401) and HPV 35 (7%, 30/401).
Table 6.3: Distribution of HPV types by HIV status
HPV type*
Total
N=894

Prevalent
HPV
HIV
negative
N=493

Clade A1
HPV 42
3 (0)
0 (0)
Clade A5
HPV 51
17 (2)
2 (0)
Clade A6
HPV 53
21 (2)
10 (2)
HPV 56
17 (2)
7 (1)
HPV 66
28 (3)
5 (1)
Clade A7
HPV 18
31 (3)
9 (2)
HPV 39
10 (1)
5 (1)
HPV 45
14 (2)
5 (1)
HPV 59
10 (1)
0 (0)
HPV 68/73
16 (2)
10 (2)
HPV 70
16 (2)
4 (1)
Clade A8
HPV 40
4 (0)
1 (0)
HPV 43
6 (1)
2 (0)
Clade A9
HPV 16
17 (2)
4 (1)
HPV 31
23 (3)
4 (1)
HPV 33
22 (3)
5 (1)
HPV 35
37 (4)
7 (1)
HPV 52
54 (6)
16 (3)
HPV 58
15 (2)
4 (1)
Clade A10
HPV 6
10 (1)
4 (1)
HPV 11
15 (2)
6 (1)
HPV 44
22 (3)
4 (1)
HPV 74
11 (1)
2 (0)
Clade A13
HPV 54
17 (2)
3 (1)
HPV unspecified
54 (6)
31 (6)
*High risk HPV types are indicated in bold

Persistent
HPV
HIV
negative
N=309

HIV
positive
N=321

P
value

HIV
positive
N=401

P value

Total
N=630

0 (0)

0.08

1 (0)

0 (0)

1 (0)

1.00

15 (4)

<0.01

5 (1)

0 (0)

5 (2)

0.06

11 (3)
10 (2)
23 (6)

0.50
0.32
<0.01

4 (1)
2 (0)
9 (1)

2 (1)
0 (0)
1 (0)

2 (1)
2 (1)
8 (3)

1.00
0.49
0.03

22 (5)
5 (1)
9 (2)
10 (2)
6 (1)
12 (3)

<0.01
0.75
0.17
<0.01
0.62
0.01

4 (1)
2 (0)
3 (1)
1 (0)
5 (1)
6 (1)

0 (0)
0 (0)
1 (0)
0 (0)
5 (2)
1 (0)

4 (1)
2 (1)
2 (1)
1 (0)
0 (0)
5 (2)

0.12
0.49
1.00
1.00
0.02
0.21

3 (1)
4 (1)

0.32
0.41

0 (0)
2 (0)

0 (0)
0 (0)

0 (0)
2 (1)

0.49

13 (3)
19 (5)
17 (4)
30 (7)
38 (9)
11 (3)

0.01
<0.01
<0.01
<0.01
<0.01
0.03

4 (1)
8 (1)
4 ((1)
17 (3)
22 (4)
4 (1)

0 (0)
1 (0)
1 (0)
3 (1)
5 (2)
2 (1)

4 (1.3)
7 (2)
3 (1)
14 (4)
17 (5)
2 (1)

0.12
0.06
0.62
0.01
0.01
1.00

6 (1)
9 (2)
18 (4)
9 (2)

0.35
0.29
<0.01
0.01

1 (0)
1 (0)
7 (1)
1 (0)

0 (0)
0 (0)
0 (0)
0 (0)

1 (0)
1 (0)
7 (2.2)
1 (0)

1.00
1.00
0.01
1.00

14 (3)
23 (6)

<0.01
0.88

3 (1)
11 (2)

2 (1)
7 (2)

1 (0)
4 (1)

0.61
0.37
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In multivariable logistic regression models, women with multiple prevalent HPV infections
were more likely to have a higher number of lifetime sexual partners (OR: 1.17, 95% CI: 1.04
– 1.31, p = 0.01), and be HIV positive (OR: 2.58, 95% CI: 1.35 – 4.91, p = 0.004) compared
with women infected with single HPV types. Women with persistent multiple HPV infections
were also more likely to be HIV positive (OR: 3.36, 95% CI: 1.72 – 6.54, p < 0.001) and less
likely to be married (OR: 0.33, 95% CI: 0.16 – 0.70, p = 0.004) (Table 6.2).
Table 6.4: Factors associated with multiple HPV infections in prevalent and persistent HPV
infections comparing women with multiple HPV infections versus women with single HPV
infections
Characteristic

Age, years
Socioeconomic status
Low

Prevalent multiple HPV
infection
OR
p
1.00 (0.97 – 1.05)
0.72

Persistent multiple HPV infections
OR
1.01 (0.97 -1.06)

1.00

1.00

p
0.55

Middle

0.66 (0.36 – 1.21)

0.19

1.25 (0.63 – 2.47)

0.52

High

1.23 (0.50 – 3.06)

0.65

0.79 (0.30 – 2.03)

0.62

1.00
0.61 (0.33 – 1.12)
1.17 (1.04 – 1.31)
0.83 (0.52 – 1.32)

0.11
0.01
0.43

1.00
0.33 (0.16 – 0.70)
0.97 (0.87 – 1.09)
1.19 (0.67 – 2.11)

0.004
0.64
0.56

1.00
0.87 (0.46 – 1.64)

0.66

1.00
0.70 (0.35 – 1.38)

0.30

1.00
0.47 (0.24 – 0.92)
0.46 (0.22 -0.97)

0.03
0.04

1.00
0.92 (0.44 – 1.94)
0.67 (0.30 – 1.49)

0.83
0.32

1.00
1.45 (0.34 – 6.09)
0.69 (0.20 – 2.32)

0.62
0.55

1.00
1.43 (0.24 – 8.41)
1.05 (0.24 – 4.54)

0.69
0.95

1.00
2.58 (1.35 – 4.91)

0.004

1.00
3.36 (1.72 – 6.54)

<0.001

Marital status
Unmarried
Married
Lifetime number of sexual partners
Number of partners in past one year
Barrier contraceptives
None
Yes
Body mass index, kg/m2
Normal weight, 18.5 – 24.9
Overweight, 25.0 – 29.9
Obese, ≥ 30.0
Vaginal pH
<4.5
4.5 – 5.5
>5.5
HIV status
Negative
Positive

In multivariable logistic regression models adjusted for HIV and age, HPV 11, 18, 31, 33, 35,
44, 51, 52, 53, 56, 59, 66, 68/73 and 70 were significantly associated with increased risk for
multiple HPV infection compared to being in a single infection (Table 6.3). Considering HPV
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clades, almost all members of clade A9, apart from HPV 16, were significantly associated
with increased odds of being in multiple infections (Table 6.3).

Table 6.5: Distribution of HPV types in single and multiple HPV infections in 300 women
with prevalent HPV infection
HPV type*

Prevalent HPV infection
Total
(N=300)

Single
(N=191);
n (%)

Multiple
(n=109);
n (%)

OR (95% CI)

p

3 (1)

0 (0)

3 (3)

5.30 (0.55 – Undefined)

0.15

17 (6)
60 (20)
21 (7)
17 (6)
28 (9)
89 (30)
31 (10)
10 (3)

3 (2)
22 (12)
6 (3)
6 (3)
10 (5)
34(18)
11 (6)
4 (2)

14 (13)
38 (35)
15 (14)
11 (10)
18 (17)
55 (50)
20 (18)
6 (5)

6.89 (1.79 – 39.3)
4.49 (2.31 – 8.98)
6.64 (2.17 – 23.3)
4.00 (1.23 – 14.5)
2.93 (1.19 – 7.59)
4.82 (2.69 -8.78)
3.72 (1.56 – 9.37)
3.73 (0.79 – 20.2)

0.002
<0.0001
<0.001
0.02
0.02
<0.001
0.002
0.11

HPV 45
14 (5)
6 (3)
HPV 59
10 (3)
2 (1)
HPV
16 (6)
6 (3)
68/73
HPV 70
16 (6)
5 (3)
Clade A8
10 (3)
1 (1)
HPV 40
4 (1)
0 (0)
HPV 43
6 (2)
1 (3)
Clade A9
133 (44)
54 (31)
HPV 16
17 (6)
8 (4)
HPV 31
23 (8)
7 (8)
HPV 33
22 (7)
5 (3)
HPV 35
37 (12)
10 (5)
HPV 52
54 (18)
19 (10)
HPV 58
15 (5)
5 (3)
Clade A10
53 (18)
15 (8)
HPV 6
10 (3)
4 (2)
HPV 11
15 (5)
4 (2)
HPV 44
22 (7)
5 (3)
HPV 74
11 (4)
2 (1)
Clade A13
HPV 54
17 (6)
8 (4)
*High risk HPV types are indicated in bold

8 (7)
8 (7)
10 (9)

2.42 (0.67 – 9.23)
4.98 (0.95 – 49.6)
4.80 (1.36 – 18.8)

0.21
0.06
0.02

11 (10)
9 (8)
4 (4)
5 (5)
79 (72)
9 (8)
16 (15)
17 (16)
27 (25)
35 (32)
10 (9)
38 (109)
6 (5)
11 (10)
17 (16)
9 (8)

4.05 (1.20 – 16.0)
17.2 (2.16 – 802)
8.59 (0.96 – Undefined)
9.66 (0.97 – 491)
5.83 (3.33 – 10.4)
1.73 (0.55 – 5.55)
3.89 (1.40 – 11.9)
6.78 (2.21 – 25.3)
5.28 (2.28 – 13.2)
4.04 (2.04 – 8.24)
3.37 (0.97 – 13.6)
6.26 (3.04 – 13.5)
2.82 (0.60 – 15.0)
6.02 (1.62 – 28.2)
6.02 (1.99 – 22.1)
6.97 (1.33 – 70.3)

0.02
0.002
0.06
0.05
<0.001
0.42
0.006
0.0002
<0.0001
<0.0001
0.06
<0.001
0.23
0.005
0.001
0.02

9 (8)

1.70 (0.55 – 5.42)

0.43

Clade A1
HPV 42
Clade A5
HPV 51
Clade A6
HPV 53
HPV 56
HPV 66
Clade A7
HPV 18
HPV 39

Women who had prevalent multiple HPV infections were more likely to have viral persistence
compared to women with single HPV infections (Table 6.4). However, the results were not
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statistically significant. Analysis by oncogenic potential and viral clades did not change the
results remarkably, with the only exception being in clade A7. For clade A7, women with
multiple HPV infections were less likely to have viral persistence, although the results
remained statistically insignificant.
Table 6.6: Risk of HPV persistence comparing women with multiple HPV types to women
with single HPV infections at study entry
Variable*
Any HPV type
Single infection
Multiple infection
Oncogenic
Single
Multiple
HPV Clades
A5 (51) ‡
Single
Multiple
A6 (53, 56, 66)
Single
Multiple
A7 (18, 39, 45, 59, 68, 70)
Single
Multiple
A9 (16, 31, 33, 35, 52, 58)
Single
Multiple
A10 (6, 11, 44, 74)
Single
Multiple
*HrHPV types are indicated in bold

Non-persistent

Persistent

OR* (95% CI)

p

68 (72)
26 (28)

92 (60)
61 (40)

1.00
1.35 (0.72 – 2.55)

0.40

27 (55)
22 (45)

44 (46)
52 (54)

1.00
1.18 (0.53 – 2.62)

0.79

1 (25)
3 (75)

2 (22)
7 (78)

1.00
1.15 (0.01 – 31.7)

1.00

9 (53)
8 (47)

9 (31)
20 (69)

1.00
1.85 (0.43 – 7.99)

0.52

11 (39)
17 (61)

18 (40)
27 (60)

1.00
0.85 (0.26 – 2.62)

0.95

14 (44)
18 (56)

30 (41)
44 (59)

1.00
1.14 (0.45 – 2.85)

0.92

7 (39)
11 (61)

6 (25)
18 (75)

1.00
1.45 (0.30 – 6.92)

0.83

In the overall study population, the distribution of observed frequency of HPV infections
significantly deviated from Poisson expectations (Table 6.). The number of zero infections
observed was significantly higher than expected frequency (Observed/Expected ratio: 1.15;
95% CI: 1.06 – 1.25, p <0.001). Compared to expected frequencies, observed frequency of
infections with 1 (Observed/Expected ratio: 0.67; 95% CI: 0.58 – 0.77, p =0.01) or 2
(Observed/Expected ratio: 0.71; 95% CI: 0.53 – 0.92, p <0.001) HPV types was significantly
lower than expected; while the observed infection with 3 (Observed/Expected ratio: 2,64;
95% CI: 1.86 – 3.64, p <0.001) or ≥ 4 (Observed/Expected ratio: 7.50; 95% CI: 4.20 – 12.4, p
<0.001) HPV types was significantly higher than expected. Further adjustments for lifetime
number of sexual partners and age did not significantly alter the results.
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In HIV negative women, the only significant deviation from Poisson expectations was for
multiple infections involving 3 HPV types which was observed more frequently than expected
(Table 6.5). In HIV positive women, the observed number of 0, 3 and ≥4 HPV infections were
observed more commonly than expected under a Poisson distribution while the observed
number of 1 and 2 HPV infections were observed less commonly than expected.
Table 6.7: Comparison of observed numbers of multiple HPV infections with Poisson
expected frequencies in 894 women at study entry
Number
of
infections

Unadjusted model
O*

E**

O/E Ratio
(95% CI)

Adjusted Model‡
p

Total population
0
594
516
1.15 (1.06 – 1.25)
<0.001
1
191
284
0.67 (0.58 – 0.77)
<0.001
2
55
78
0.71 (0.53 – 0.92)
0.01
3
37
14
2.64 (1.86 – 3.64)
<0.001
≥4
15
2
7.50 (4.20 – 12.4)
<0.001
HIV negative
0
379
364
1.04 (0.94 – 1.15)
0.43
1
91
111
0.82 (0.66 – 1.01)
0.06
2
14
17
0.82 (0.45 – 1.38)
0.47
3
7
2
3.5 (1.41 – 7.21)
<0.001
≥4
2
0
Undefined
HIV positive
0
215
171
1.26 (1.09 – 1.44)
<0.001
1
100
146
0.68 (0.56 – 0.83)
<0.001
2
41
62
0.66 (0.47 – 0.90)
0.01
3
30
18
1.67 (1.12 – 2.38)
0.004
≥4
15
4
3.75 (2.10 – 6.18)
<0.001
‡ Adjusted for age and lifetime number of sexual partners
*Observed number of infections
**Expected number of infections

E**

O/E Ratio
(95% CI)

p

519
279
78
15
3

1.14 (1.05 – 1.24)
0.68 (0.60 – 0.79)
0.71 (0.53 – 0.92)
2.47 (1.74 – 3.40)
5.00 (2.80 – 8.25)

<0.001
<0.001
0.01
<0.001
<0.001

365
109
17
2
0

1.04 (0.94 – 1.15)
0.83 (0.67 – 1.03)
0.82 (0.45 – 1.38)
3.5 (1.41 – 7.21)
Undefined

0.46
0.08
0.47
<0.001

172
144
62
18
5

1.25 (1.09 – 1.43)
0.69 (0.57 – 0.84)
0.66 (0.47 – 0.90)
1.67 (1.12 – 2.38)
3 .00 (1.68 – 4.95)

0.001
<0.001
0.01
0.004
<0.001

Figure 6.2 shows the p values for test of hypothesis of all 2-way HPV type comparisons
stratified by HIV strata. P values were obtained from multivariate regression models adjusted
for age and lifetime number of sexual partners, with woman level random effects which
account for correlation of multiple HPV types present in a woman. At the Bonferroni
corrected critical value of 0.001, seven combinations were significant among HIV positive
women (42/33, 42/54, 44/43, 44/74, 52/59, 52/70 and 53/66) and 12 combinations were
significantly associated (6/66, 11/39, 11/43, 18/31, 18/74, 31/33, 31/53, 39/45, 39/68 or 73,
44/54, 45/68 and 51/66) in HIV negative women. Of the pairwise comparisons, only four
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combinations included two high risk HPV types (18/31, 31/33, 39/45, 52/59). All associations
were positive correlations.
Considering clustering results by clade levels, clade A7 had the highest number of within
clade associations (39/45, 39/68 or 73, 45/68 or 73) while clade A10 had the highest number
of inter-clade associations (6/66, 11/39, 11/43, 18/74, 44/54, 44/43).
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P values for pairwise HPV type association stratified by HIV status

Figure 6.1: P values for pairwise HPV type association stratified by HIV status
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6.4

Discussion

In this cohort of Nigerian women, prevalent multiple HPV infection was associated with
increasing number of lifetime sexual partners and HIV infection, while persistent multiple
HPV infection was associated with being unmarried and HIV infected. There was no evidence
of an increased risk of viral persistence comparing women with multiple HPV infections and
women with single HPV infections.
In this analysis, I found that among HPV positive women, prevalence of multiple HPV
infections was 20% in HIV negative women and 46% in HIV positive. These prevalence
estimates are within the range of estimates reported from other studies. The prevalence of
multiple HPV infections among women who were HPV positive in a US study that included
testing of 8,182 samples was 17%; 37% in the Ludwig-McGill cohort of 2,075 women in
Brazil and 43% in the Costa Rica Vaccine trial which included 5,871 sexually active
women218,228,229. However, these studies do not report HIV prevalence in their study
population. In HIV positive women, prevalence of multiple HPV infection among women
with prevalent HPV infection was 39%, 42%, 54%, 55%, 57%, 64% from studies in Italy,
Burkina Faso, Kenya, South Africa, United States and Ghana respectively230-236. The high
prevalence of multiple HPV types among HPV infected women reflects the increased risk of
acquisition of another HPV type among women who have a preexisting infection due to
shared transmission routes237.
Of the behavioural and sociodemographic potential correlates of multiple HPV infections that
I evaluated, increasing number of lifetime partners and being HIV infected were associated
with increased odds of prevalent multiple HPV infection, while being unmarried and HIV
infected with associated with persistent multiple HPV infections. The finding of increased
risk of multiple HPV (both prevalent and persistent) infection in HIV infected women is
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consistent with previous reports and may be attributed to the difficulties in the resolution and
clearance of HPV infection in HIV infected women due to deficiencies in cell mediated
immune response232. This is supported by findings in a longitudinal cohort conducted among
women living with HIV in South Africa and Burkina Faso, where low baseline CD4+ count,
and shorter duration of ART were associated with prevalent high risk HPV infection and HR
HPV persistence238
The increased risk of multiple prevalent HPV infections in women with more lifetime sexual
partners may be explained by increased exposure to different HPV types with increasing
number of lifetime sexual partners. However, number of lifetime partners was not associated
with persistent multiple HPV infections. This difference in risk factors for multiple prevalent
and persistent HPV infections may highlight the importance of sexual behaviour in HPV
acquisition, whereas measures of the efficiency of the immune system to control newly
acquired HPV are more important determinants of persistence.
Married women were less likely to have multiple persistent HPV infections than unmarried
women, even after adjusting for the potential effect of confounding by number of partners.
This result is consistent with the findings by Nielsen et al and van der Marel et al in a
population of European women239,240. One possible explanation for this finding may be that
married women are more likely to be in stable relationships and have longer intervals between
exposure to new HPV types providing sufficient time for HPV clearance. Whereas, unmarried
women have more casual relationships, with shorter intervals between HPV exposure. In most
HPV cohort study designs, as with my study, it is difficult to determine whether persistent
HPV infections are truly persistent or new HPV infections that occurred in between study
visits.
In contrast with some previous studies which found that younger age was associated with
multiple HPV infections, I did not find a significant association between age and multiple
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HPV infections219,241. The sample sizes in these studies were larger than my sample size,
however they did not account for sexual activity which may have confounded their results.
Consistent with my findings, Nielsen et al and Oliveira et al found that after accounting for
sexual activity, age was not an important predictor of multiple HPV infections 239,242.
HPV persistence was more likely in women with multiple HPV infections compared to
women with single HPV infections, although this association was not significant. Analysis by
oncogenic potential and phylogenetic clade die not alter inferences about the risk of
persistence in women with multiple HPV infection compared to women with single HPV
infections. Plummer et. al. found that the risk of viral persistence was not increased in the
presence of multiple HPV infections compared to single HPV infections after a mean follow
up time of 6 months243. Similarly, other studies with longer duration of follow have reported a
lack of association between viral persistence and multiple HPV infections 50,237. In contrast to
these findings, Trottier et al found that the presence of multiple HPV types was associated
with an increased duration of high risk HPV infections compared to single HPV infections 224.
In addition to follow up time, differences in definition of multiple HPV infection may have
influenced findings from these studies. Taken together, my findings and previous findings
support the notion that the presence of other HPV types in multiple HPV infections does not
affect the natural history of individual HPV types present and is consistent with recent
findings attributing a single HPV type to a single cervical lesion through all stages of cervical
cancer pathogenesis from infection to invasive cervical lesions 240.
The frequency distribution of observed number of HPV infections in the study population did
not follow a Poisson distribution, with multiple HPV types involving three or more HPV
types occurring more often than expected indicating that multiple infections occurred more
frequently than expected by chance. The shared transmission route and common risk factors
for HPV infections, may provide an explanation for the deviations from Poisson distribution.
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Previous studies in other populations that have used different methods have also observed
clustering of HPV infections beyond what was expected by chance220,221,232,244.
Evaluating HPV type clustering can be methodologically challenging. The lack of
independence of HPV infections may lead to biased estimates if common risk factors for HPV
transmission are not accounted for. Even in models where confounding factors such as age
and number of sexual partners were accounted for, there is still a possibility of residual
confounding and diagnostic artifacts. In a pooled analysis conducted by IARC using
hierarchical regression models with women level random effects, six pairs of HPV type
combinations were found to be significantly associated (HPV 33/35, 33/58. 33/39, 18/45 and
31/35) 221. In Costa Rica, Chaturvedi et al observed six significant pairwise combinations
(HPV 11/53, 31/33, 34/42, 45/68 or 73, 44/68 or 73, 18/33) while Vaccarella et al identified
two significant pairwise combinations (HPV 62/81 and 51/71). Two of the pairs (31/33 and
45/68 or 73) that were significantly associated in the Costa Rican trial are consistently
identified in my analysis. On a clade level, Spinillo et al identified significant interaction
between A7 and A10227. This is consistent with my findings of a significant association for
HPV 11/39 and HPV 18/74 which are A7-A10 pairings. Of the 19 pairwise combinations that
were significant in my study, 6 (6/66, 31/53, 45/68 or 73, 52/59, 52/70, and 53/66) were
consistently identified by Dickson et al in a population of US women218. In contrast to these
findings that have found pairwise clusters, some other studies have found no significant
pairwise associations226,231,232,245.
The presence of significant associations between HPV types must be interpreted with caution.
It is possible that the associations described are driven by diagnostic artifacts. Most
epidemiological studies use HPV detection protocols that utilize broad spectrum primers for
PCR based assays to detect and amplify a fragment of the L1 gene. However, there may be
competition for reagents in the presence of multiple HPV infections leading to an
underestimation of the prevalence of multiple HPV types and the types involved in the
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coinfection. The impact of this is likely to be a systematic detection bias that will vary by
HPV detection protocols and attributes of the study population246. HPV types detected in high
risk populations with a higher likelihood of multiple HPV infections will differ from
populations where multiple HPV infections are less common246. Secondly, the possibility of a
type 1 error cannot be completely ruled out because of the number of pairwise comparisons
made as well as the possibility of residual confounding from other unmeasured behavioural
characteristics. More importantly, beyond the presence of pairwise interactions is the nature
of the interactions. According to competitive exclusion principles, two competitive species
cannot stably coexist in the same ecological niche247. Therefore, species in competition would
tend to show negative associations not positive associations as was identified in my analysis
and other analysis. While a few studies have found evidence of negative associations, these
have not been consistently replicated220,221.

6.5

Conclusion

The risk of HPV persistence was not significantly increased in the presence of multiple HPV
infections compared to single HPV infections. I identified some pairwise clustering patterns
that were more likely to occur than expected by chance, none of which were negative
associations. These results provide some reassurance against the possibility of HPV type
replacements among HIV negative and HIV positive Nigerian women, should HPV
vaccination programs be implemented. However, surveillance and monitoring of vaccinated
populations is essential for monitoring community level effect of vaccination.
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CHAPTER 7:

ANOGENITAL WARTS

In this chapter I report the distribution of anogenital warts among participants in the HPV
study. While anogenital warts are benign manifestations of exposure to HPV infections, they
serve as a useful surveillance tool for the prevalence of HPV in the population and can be
used as a monitoring tool for the effectiveness of HPV vaccination programs. I found that
there was a high prevalence and incidence of anogenital warts in this population. HIV
infection and increasing number of sexual partners were important risk factors for prevalent
and incident anogenital warts respectively.
A manuscript based on this chapter titled “Prevalence and Incidence of Genital Warts and
Cervical HPV infections Among Nigerian Women” is currently under review in BMC
Infectious Diseases (Dareng EO, Adebamowo SN, Famooto A et al.)

7.1 Introduction
Anogenital warts are common manifestations of genital HPV infections20. They are
commonly associated with HPV 6 and HPV 11248. However, many other HPV types have also
been isolated, including HPV 2, 40, 42, 43 and 5412,249. Although there is rising prevalence
and incidence of anogenital warts in the general population in Europe and the United States,
countries such as Australia and England with high HPV vaccination coverage have reported a
decline in the burden of anogenital warts among young women19,20,250-252. In contrast, little is
known about anogenital warts in Sub-Saharan Africa (SSA)21. Most studies on anogenital
warts in SSA have been conducted in high risk populations such as people attending sexually
transmitted diseases’ (STD) clinics or commercial sex workers 21. Other studies were
conducted among women receiving antenatal care21.
Anogenital warts can present with four morphologic features – condylomata acuminata,
smooth or flat papular lesions, or keratotic warts. Apart from their appearance, they are often
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symptomless except in some cases of vulvar warts which may cause dyspareunia and
discomfort; penile warts and pruritus; vaginal warts and vaginal discharge, bleeding,
obstruction of the birth canal, and neonatal infection which may lead to juvenile onset
recurrent papillomatosis; perianal and intra-anal warts that cause pain, bleeding on defecation
and pruritus253. Anogenital warts can have profound effects on patients’ quality of life254.
They may regress spontaneously or remain quiescent for extended periods. They can be
refractory to treatment with high recurrence rates leading to substantial health care costs 255. In
2004, the estimated economic burden of anogenital warts exceeded $220 million in the US,
and $64 million in Spain256,257. Data on economic costs are not available for SSA countries.
Studies show that vaccination with the quadrivalent and nonavalent HPV vaccine, which
offers protection against HPV 6 and 11, can reduce the incidence of anogenital warts258. This
has renewed interest in estimating and monitoring the population disease burden as an early
indicator of the impact of HPV vaccination programs.
In this analysis, I describe the prevalence, incidence, associated risk factors and cervical HPV
types associated with anogenital warts in Nigerian women.

7.2

Methods

7.2.1 Study population
Details of the study population have been described in Chapter 2.

7.2.2 HPV DNA detection
Details of the HPV detection methods are provided in Chapter 2.
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7.2.3 Anogenital warts identification
Nurses identified the presence of anogenital warts by visual inspection. The ICD-10-CM
Diagnosis Code A63.0 was used to define anogenital warts and it included lesions on the
labia, vagina, cervix, outer pubic and anal areas. Prevalent cases were identified at enrollment.
Incident cases were identified at follow-up in women without any visible anogenital warts at
enrollment and no prior history of self-reported anogenital warts.

7.2.4 Statistical analysis
I compared the baseline distribution of characteristics between HIV positive and HIV
negative women using t-tests for continuous variables and exact tests for categorical variables.
I used exact logistic regression models to investigate potential risk factors associated with
prevalent and incident anogenital warts. Potential risk factors evaluated included
sociodemographic (age, education, socioeconomic status, marital status); sexual and vaginal
practices (HIV status, condom use, sexual debut age, lifetime number of partners, number of
partners in past year, douching practice) and body mass index. All risk factors with p < 0.20
in age adjusted models were included in multivariable models. I used HIV and age adjusted
Poisson regression models, with each HPV type modelled as a binary variable, to evaluate the
association between each HPV type and prevalent anogenital warts.
To minimize bias in incidence estimates, I employed multiple imputation methods to impute
the missing information on person time at risk using STATA mi impute regress module.259
All analysis of incident anogenital warts was based on the imputed data were conducted using
Stata version 15 (StataCorp LP, College Station, Texas).
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7.3

Results

Of the 1,020 women enrolled, 58 were excluded due to missing HIV and HPV data (41
missing HIV results, 13 missing baseline HPV results, four missing both HIV and HPV)
results leaving 962 women available for prevalent anogenital warts analyses. Most
participants (72%, 692/962) completed follow-up visits. Of these 692 women, I excluded 62
participants whose HPV results were missing at follow-up leaving 630 women for anogenital
wart incidence analysis. Among these 630 women, I imputed person time at risk for 7%
(22/630) of participants who were missing follow-up visit date. Sensitivity analysis,
comparing results from models with and without imputed data did not show any significant
differences. I present results from models with the imputed data in order to reduce loss of
information that would arise from listwise deletion of cases.

7.3.1 Characteristics of study population
Almost half of the women (44%, 427/962) were HIV positive (Table 7.1). Mean age (SD) at
enrollment was 38 (8) years and at sexual debut was 20 (4) years. Most participants obtained
more than six years of formal education (89%, 858/962) and were married (67%, 647/962).
Prevalence of smoking (1%, 13/962) and use of oral contraceptives (10%, 93/962) were low.
Only a third (33%, 303/962) of the women were neither overweight nor obese. Mean (SD)
follow-up time was 9 (4) months.
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Table 7.1: Baseline characteristics of participants included in this analysis
Total
(N=962)

HIV negative
(N = 535)

HIV positive
(N=427)

p

Sociodemographic characteristics
Age, years (Mean, SD)
37.9 (7.72)
38.4 (7.90)
37.2 (7.42) 0.02
Nature of residence (n, %)
<0.001
Urban
431 (45.0)
283 (53.1)
148 (34.9)
Semirural
367 (38.4)
180 (33.8)
187 (44.1)
Rural
159 (16.6)
70 (13.1)
89 (30.0)
Socioeconomic status (n, %)
<0.001
Low
375 (39.0)
152 (28.4)
223 (52.2)
Middle
384 (39.9)
226 (42.2)
158 (37.0)
High
203 (21.1)
157 (29.4)
46 (10.8)
Education (n, %)
<0.001
≤ 6 years
104 (10.8)
45 (8.40)
59 (13.8)
7 - 12 years
602 (62.7)
294 (55.1)
308 (72.3)
> 12 years
254 (26.5)
195 (36.5)
59 (13.9)
Marital status (n, %)
<0.001
Married
647 (67.3)
421 (78.7)
226 (52.9)
Not married
315 (32.7)
114 (21.3)
201 (47.1)
Lifestyle characteristics
Age at sexual debut, years (Mean, SD)
20.1 (4.04)
20.8 (4.24)
19.2 (3.59) <0.001
Lifetime number of partners (Mean, SD)
3.43 (3.34)
2.85 (2.35)
4.16 (4.16) <0.001
Number of partners in preceding year (Mean, SD)
1.00 (0.47)
1.00 (0.34)
1.00 (0.60) 0.86
Ever smokeda (N, %)
13 (1.35)
4 (0.75)
9 (2.11) 0.09
Alcohol Consumptionb (n, %)
129 (13.5)
70 (13.2)
59 (13.9) 0.78
Ever douche (N, %)
606 (63.1)
319 (59.6)
287 (67.4) 0.02
Regularly douche in last 3 months (n, %)
544 (56.5)
284 (53.1)
260 (60.9) 0.32
Condom use (N, %)
290 (30.2)
102 (19.1)
188 (44.0) <0.001
Oral contraceptive use (n, %)
93 (9.67)
38 (8.90)
55 (10.3) 0.51
Clinical characteristics
Body Mass Index, kg/m2 (n, %)
<0.001
Normal weight, 18.5 – 24.9
303 (33.4)
136 (26.6)
167 (42.0)
Overweight, 25.0 – 29.9
324 (35.6)
184 (35.9)
140 (35.3)
Obese, ≥ 30.0
282 (31.0)
192 (37.5)
90 (22.7)
Vaginal pH (n, %)
0.21
<4.5
73 (7.59)
47 (8.79)
26 (6.09)
4.5 – 5.5
68 (7.07)
34 (6.36)
34 (7.96)
>5.5
821 (85.3)
454 (84.9)
367 (85.9)
Diagnosis of vaginal infection in last 3 months c
23 (2.39)
17 (3.18)
6 (1.41) 0.09
(n,%)
Currently on antiretroviral therapy (n, %)
395 (92.5)
a Ever smoked up to 100 cigarrette sticks in lifetime
b Consumption of at least one unit of alcohol every three months
c Infections include bacterial vaginosis, Candidiasis, Trichomonas, Herpes, Chlamydia, Pelvic inflammatory disease,
gonorrhoea, syphilis and anogenital warts

There was no significant difference among the HIV negative and HIV positive women with
respect to the number of partners in past year, smoking history, alcohol consumption, vaginal
pH, and previous history of vaginal infections. More HIV positive women resided in rural
environments, had low socioeconomic status, and more likely to be widowed compared to
HIV negative women. The distribution of low-risk and high-risk HPV types in this population
has been previously described and included in the appendix (Paper 1)48.
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7.3.2 Factors associated with prevalent and incident anogenital warts
In univariate analysis, age, socioeconomic status, HIV status, condom use and BMI were
associated with prevalent anogenital warts, while number of sex partners in the past year was
associated with incident anogenital warts (Table 7.2). In multivariable models adjusted for
age, HIV infection was associated with a higher risk of prevalent anogenital warts (OR: 7.14,
95% CI: 2.41 – 28.7. p<0.0001) while higher number of sex partners in the past year was
associated with an increased risk of incident anogenital warts (OR: 2.86, 95% CI: 1.04 – 6.47.
p=0.04).
Table 7.2: Association between participant characteristics and anogenital warts
Variable

Prevalent anogenital warts
n
Odds Ratio
(%)
(95% CI)
0.94 (0.88 – 0.99)

0.01

104
602
254

5 (5)
15 (3)
7 (3)

Reference (1.00)
0.51 (0.17 - 1.82)
0.56 (0.15 – 2.30)

0.32
0.50

74
390
164

0 (0)
3 (1)
1 (1)

Reference (1.00)
0.73 (0.08 – Inf)
0.45 (0.01 – Inf)

1.00
1.00

375
384
203

15 (4)
11 (3)
1 (0)

Reference (1.00)
0.71 (0.30 – 1.68)
0.12 (0.00 – 0.78)

0.51
0.02

247
258
125

3 (1)
1 (0)
0 (0)

Reference (1.00)
0.32 (0.01 – 3.98)
0.51 (0.00 – 4.78)

0.59
0.58

647
315

15 (2)
12 (4)

Reference (1.00)
1.67 (0.70 – 3.87)

0.27

416
214

2 (0)
2 (1)

Reference (1.00)
1.95 (0.14 – 27.1)

0.84

355
606

8 (2)
19 (3)

Reference (1.00)
1.40 (0.58 – 3.74)

0.56

222
407

1 (0)
3 (1)

Reference (1.00)
1.64 (0.13 – 86.5)

1.00

535
427

4 (1)
23(5)

Reference (1.00)
7.54 (2.54 – 30.2)

309
321

1 (0)
3 (1)

Reference (1.00)
2.90 (0.23 – 153)

0.65

672
290

13 (2)
14 (5)

Reference (1.00)
2. 57 (1.10 – 6.02)
0.97 (0.88 – 1.07)

0.03
0.56

1.05 (0.96 – 1.13)

Total
N=962
Age
Education, years
≤ 6 years
7 - 12
> 12
Socio-economic status
Low
Middle
High
Marital status
Married
Not married
Douche
No
Yes
HIV status
No
Yes
Condom use
No
Yes
Age at sexual
initiation
Total lifetime sex
partners
Total sex partners in
past year
Body Mass Index,
kg/m2
Normal weight
Overweight
Obese, ≥ 30

303
324
282

12 (4)
6 (2)
7 (2)

p

<0.
001

Total
N=630

0.28

0.70
0.39

0.23

1.04 (0.77 – 1.20)

0.52

1.18 (0.49 – 2.37)

0.75

3.16 (1.20 – 6.99)

0.02

Reference (1.00)
0.46 (0.14 – 1.34)
0.62 (0.20 – 1.73)

0.18
0.44

Reference (1.00)
0.90 (0.01 – 70.9)
1.07 (0.01 – 84.1)

1.00
1.00

195
217
183

2 (0)
2 (1)

p

Reference (1.00)
2.32 (0.17 – 32.3)
0.87 (0.64 – 1.15)
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440
190

Incident anogenital warts
n
Odds Ratio
(%)
(95% CI)
0.92 (0.80 – 1.06)

1 (1)
1 (0)
1 (1)

Prevalence of anogenital warts was low below 20 years but rose rapidly to peak at 20 – 29
years followed by a decline till about 40 years when there was a second but smaller peak
(Figure 7.1).

Figure 7.1: Prevalence of anogenital warts by age groups.

In a multivariable model adjusted for HIV and age, HPV 11 was the only HPV type
significantly associated with prevalent anogenital warts (OR: 8.21, 95% CI: 2.47 – 27.3.
p=0.001) (Figure 7.2). HPV 6 was not significantly associated with prevalent anogenital warts
(OR: 2.21, 95% CI: 0.33 – 14.8. p=0.42). Due to the reported association between HPV 6 and
anogenital warts, I included both HPV 6 and HPV 11 in a multivariable model adjusted for
age and HIV. The results remained largely unchanged for both HPV 11 and HPV 6.
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Figure 7.2: Association between HPV types and anogenital warts

7.3.3 Anogenital warts in HIV negative women
Of the 962 women enrolled, 535 were HIV negative. Among these HIV negative women, the
prevalence of anogenital warts at enrollment was 0.7% (4/535). Two of these women (50%,
2/4) were positive for any HPV. The HPV types detected were HPV11 (25%, 1/4) and HPV18
(25%, 1/4) (Table 7.3). Some 57.8% (309/535) of these women returned for follow-up and
had complete data for incident anogenital warts analysis. Only one of them developed
incident anogenital warts during the follow-up period. The total person time at risk for
anogenital warts for HIV negative women was 194 person years, resulting in an incidence rate
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of 515 cases (95% CI: 13 - 2,872) per 100,000 person years. Cervical HPV was not detected
in this woman, either at enrollment or during follow-up eight months later.
Table 7.3: Cervical HPV type distribution in 27 women with prevalent anogenital warts at
enrollment
Cervical HPV type

Prevalent anogenital warts
Total (N =27) *
Number infected (%)

HIV- (N=4)
Number infected (%)

HIV + (N=23)
Number infected
(%)

Low risk HPV
HPV 6
1 (4)
0 (0)
1 (4)
HPV 11
4 (15)
1 (25)
3 (13)
HPV 43
1(4)
0 (0)
1 (4)
HPV 44
2 (7)
0 (0)
2 (9)
HPV 53
1 (4)
0 (0)
1 (4)
HPV 66
3 (11)
0 (0)
3 (13)
HPV 70
1 (4)
0 (0)
1 (4)
HPV 74
1 (4)
0 (0)
1 (4)
HPV U
1 (4)
0 (0)
1 (4)
High risk HPV
HPV 16
1 (4)
0 (0)
1 (4)
HPV 18
4 (15)
1 (25)
3 (13)
HPV 31
1 (4)
0 (0)
1 (4)
HPV 33
1 (4)
0 (0)
1 (4)
HPV 35
2 (7)
0 (0)
2 (9)
HPV 45
1 (4)
0 (0)
1 (4)
HPV 51
3 (11)
0 (0)
3 (13)
HPV 52
3 (11)
0 (0)
3 (13)
HPV 56
2 (7)
0 (0)
2 (9)
HPV 58
3 (11)
0 (0)
3 (13)
Any HPV infection
23 (85)
2 (50)
21 (91)
Single HPV infection
15 (56)
2 (50)
13 (57)
Multiple HPV infection
2 types
3 (11)
0 (0)
3 (13)
3 types
1 (4)
0 (0)
1 (4)
4 types
3 (11)
0 (0)
3 (13)
5 types
1 (4)
0 (0)
1 (4)
*Numbers add up to > 27 because some women (8/27) had multiple infections ranging from two to five
HPV types

7.3.4 Anogenital warts in HIV positive women
Of the 962 women enrolled, 427 were HIV positive. Prevalence of anogenital warts among
these HIV positive women at enrollment was 5.4% (23/427). Among those with prevalent
anogenital warts, 57% (13/23) had single HPV infections, 35% (8/23) had multiple HPV
infections ranging from two to five types and 8% (2/23) did not have any HPV infections
(Table 7.3). The most prevalent low-risk HPV types detected in these HIV positive women
with anogenital warts were HPV11 (13%, 3/23) and HPV66 (13%, 3/23). While, the most

143

prevalent high-risk types were HPV18 (13%, 3/23), HPV51(13%, 3/23), HPV52 (13%, 3/23)
and HPV58 (13%, 3/23) (Table 7.).
Some 75% (321/427) of HIV positive women returned for follow-up. There were three
incident cases of anogenital warts in these women during 219 person years of follow-up,
resulting in an incidence rate of 1,370 cases (95% CI: 283 – 4,033) per 100,000 person years.
The HPV types detected at follow-up in these three women were HPV 35 and HPV 52 in one
woman, and none in the other two women. At enrollment, all three women had multiple HPV
types. There were three HPV types in two of the women (HPV 11, HPV 54, HPV 68 in one
woman and HPV 35, HPV 52, HPV 54 in the second woman) and four HPV types (HPV 44,
HPV 53, HPV 58, HPV 66) in one of the women.

7.4

Discussion

I identified HIV infection as a risk factor for prevalent anogenital warts and higher number of
sex partners in the past year as a risk factor for incident anogenital warts in this population.
Cervical HPV 11, but not HPV 6 infection was associated with prevalent anogenital warts.
Previous studies have shown that HIV positive women are more likely to be infected with
HPV, have multiple HPV infections, and have slower clearance compared with HIV negative
women260,261. Clearance of HPV infection is mediated by a cell-mediated immune response,
and the cellular response against anogenital warts includes an antigen specific CD4+ Th1
response262. Therefore, the increased risk of anogenital warts in HIV positive women is likely
due to the reduced ability of the immune system to control HPV infections, as well the shared
risk factors for transmission of HIV and HPV infections.
Given the ubiquity of HPV infections, the number of sexual partners in the past year is a
corollary of exposure to new HPV infections from new sexual partners. Women with a higher
number of sexual partners in the preceding year are more likely to have been exposed to new
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HPV infections from new sexual partners than women who report fewer number of sexual
partners263. Anogenital warts have a short incubation period, with about 65% of people
exposed to partners with anogenital warts, developing lesions within 1 – 8 months264.
Therefore, the three-fold increased risk of incident anogenital warts with each additional new
partner in the preceding year observed in this analysis likely reflects the clinical
manifestations of newly acquired HPV infections.
Prevalence of HPV 6 was 4% (1/27) in women with anogenital warts compared to the overall
prevalence of 1% (10/962) in the study population, while prevalence of HPV 11 was 15%
(4/27) in women with anogenital warts compared to the overall prevalence of 2% (15/962) in
the study population48. In age adjusted models, HPV 11, but not HPV 6, was significantly
associated with prevalent anogenital warts. These prevalence estimates of cervical HPV 6
infection among women with prevalent anogenital warts in this study are lower than cervical
HPV 6 prevalence estimates from other studies in Germany (67%), United States (17%),and
England(33%)249,265,266. These differences may reflect the relative contributions of non-HPV
6/11 infections to the burden of anogenital warts, and differences in the age distribution of the
study populations. Due to the recurring nature of anogenital wart infections and the transient
nature of most cervical HPV infections, inferences based on HPV detection at time of
anogenital wart diagnosis need to be interpreted with caution. Intermittent detection of
persistent HPV infection may be due to episodic fluctuation in viral load levels including
below the detection limit of many HPV DNA assays 267. HPV infections may also go through
a phase of latency in the basal cells of the cervical epithelium during which period the virus
may be undetectable12.
There is limited comparable data for anogenital wart prevalence estimates in SSA. The
prevalence of anogenital warts among HIV negative women in this study is lower than that
found in HIV negative, pregnant women in Malawi where prevalence ranged from 1.7% 2.2%21. Similarly, prevalence of anogenital warts in HIV positive women in this study was
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lower than that obtained in HIV positive pregnant women in Tanzania (7.2%), Malawi (8.9%)
and Zambia (9.5%)21. In a recent study by Chikandiwa et al, prevalence of anogenital warts
among women infected with HIV in Burkina Faso was reported to be 7.5%, which is slightly
higher than prevalence estimates for HIV infected women in my study268. Geographic
variations in HPV prevalence may explain the lower prevalence of anogenital warts in this
cohort compared to estimates from Eastern Africa. In a meta-analysis assessing the burden of
HPV infection in women with normal cytological findings, standardized by country specific
population sizes, HPV prevalence was higher in Eastern Africa (33.6%) compared to Western
Africa, which includes Nigeria (19.6%)3. Similarly, the incidence and prevalence of other
HPV associated diseases such as cervical cancer is higher in Eastern Africa compared to
Western Africa3. These regional differences in HPV prevalence and HPV associated diseases
are likely to be multifactorial resulting from an interplay of the cultural environment, sexual
behaviour, HPV viral characteristics and host susceptibility.
I observed a peak prevalence of anogenital warts in women aged 20 – 29 years followed by a
decline till about 40 – 49 years old where there was a second but smaller peak. This result is
consistent with the epidemiology of several other STIs including HPV infections, where the
highest peaks are observed in young people soon after sexual debut, with a secondary peak in
middle age in some populations25. Possible explanations for the bimodal pattern include the
reactivation of latent HPV infections in later life due to waning of immunity, acquisition of
new HPV infections due to new sexual partners and possibly cohort effects 29.
The incidence rates of 515 in HIV negative and 1,370 per 100,000 person years in HIV
positive women in this study are higher than that from European and North American
studies19. In a systematic review of population based incidence rates using data from medical
chart reviews and retrospective administrative databases in European and North American
populations, Patel et al. reported annual incidence rates of anogenital warts per 100,000
women ranging from 76 in Germany to 430 in Italy19. Incident anogenital warts based on
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clinical detection of anogenital warts from pelvic examinations tend to be higher than that
obtained from medical chart reviews or administrative databases because patients may be
unwilling or unable to present to health care facilities 19. Additionally, medical records and
administrative databases may be incomplete, and the quality of information provided by
different health care workers may vary significantly in quality.
Few studies of the incidence of anogenital warts have been conducted in SSA and they have
been in high risk populations such as HIV negative commercial sex workers in Burkina Faso
where the incidence was 1,100 per 100,000 person years, and in women younger than 40
years, attending an STD clinic in Nigeria with incidence of 2,700 per 100,000 person
years21,269. Recent studies from Burkina Faso and South Africa estimate incidence of
anogenital warts to be 2,400 and 2,330 per 100, 000 person years respectively268. The
difference in study populations may account for the observed differences between results
from this study and the other studies.
To my knowledge, this is the first longitudinal study to describe the prevalence and incidence
of anogenital warts among HIV negative and HIV positive women who are neither pregnant
nor considered to be at increased risk for other STDs in West Africa. Due to the recurring
nature of anogenital warts, newly detected cases of anogenital warts may truly be incident
cases or may be recurrent episodes. In this analysis, I collected self-reported history of
previous anogenital warts and excluded these cases from incidence analyses. However, it is
possible that there may be some residual confounding as a result of inaccuracies in the selfreported history.
HPV detection was based on cells obtained from the cervix which may not be representative
of the causative HPV types in the anogenital warts. Previous studies have reported varying
degrees of type specific concordance between cervical HPV and HPV isolated from
anogenital warts249,266. In these studies, agreements for HPV 6 detected in genital swabs and
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cervical swabs among young women with anogenital warts ranged from 16% in a US study,
to 71% in a German study249,266. Therefore, it is likely that the prevalence estimates of HPV
types in this study underestimates the true prevalence of the different HPV types in anogenital
warts. Despite this limitation, these results provided some information on the HPV type
distribution among Nigerian women with anogenital warts. Further studies, that directly
sample anogenital warts are needed to better understand anogenital warts epidemiology in
SSA.
Another limitation of this analysis was the sample size and small number of incident
anogenital warts despite the relatively large follow-up person time. Therefore, the effect
estimates for incident anogenital warts may be unstable. In this study design, HIV negative
and HIV positive women were purposively enrolled. Therefore, the prevalence of HIV in this
study population does not represent the HIV prevalence in the Nigerian female population.
Hence, I provide prevalence and incidence estimates separately for HIV negative and HIV
positive populations.

7.5

Conclusion

This analysis provides important information on the epidemiology of anogenital warts among
women in Nigeria. The results provide important parameters for monitoring and modelling
effectiveness of the public health impact of future HPV vaccination programs in Nigeria.

148

CHAPTER 8:
8.1

DISCUSSION AND CONCLUSION

Context

In Chapter 1, I began by discussing the global burden of HPV infections and HPV related
diseases and highlighted the need for more data from LMIC (Section 1.3, Section 1.4). I
reviewed some determinants of persistent HPV infection and established that there are several
host and viral modulators of risk of HPV persistence that are not well understood (Section
1.5); and I discussed cervical cancer prevention strategies and highlighted challenges with
their implementation in LMIC (Section 1.6). In this final chapter, I present a synopsis of my
findings in this thesis and additional work provided in the Appendix, that address the gaps in
the understanding of the epidemiology of persistent HPV infections and cervical cancer
prevention strategies in LMIC as highlighted above.
In Sections 8.2.4 of this chapter, I include data on the burden of HPV infections and HPV
associated cancers which was obtained from work done in collaboration with colleagues at the
University of Maryland School of Medicine, Baltimore, United States of America and the
Institute of Human Virology, Nigeria. For the data on the burden of HPV infections, I
contributed to the study implementation, data collection and data interpretation. The
published paper for this work, in which I am a co-author is included as Paper 1 in the
appendix. The data on incidence of HPV associated cancers in Nigeria was obtained from two
population based cancer registries in Nigeria. In the published paper resulting from this work
attached as Paper 2 in the appendix, I contributed equally to all aspects of the paper and share
the first authorship position.
In Section 8.2.5 of this chapter, I summarize findings from three published papers, attached as
Papers 3, 4, and 5 in the appendix. In these papers, I conducted the qualitative and
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quantitative data analysis and shared the first authorship position with two other authors in the
author list. Paper 3 explores the barriers to the uptake of cervical cancer screening among
women from the two major religions in Nigeria: Islam and Christianity. Paper 4 and Paper 5
address the acceptability of the use of innovative strategies: self-sampling for HPV based
cervical cancer screening and incorporation of HPV DNA based cervical cancer screening
into antenatal care, to improve cervical cancer screening uptake among Nigerian women.

8.2 Summary of research findings in this thesis and additional work done
8.2.1 Conducting prospective cohort research in a LMIC: Chapters 3 and 4
8.2.1.1

Introduction

Conducting longitudinal studies in LMIC is challenging, particularly because of the poor
follow-up culture of participants, even in clinical care123,125. In order to address three of the
specific aims (specific aims1, 2, and 3 described in Section 1.7) of my Ph.D., I needed to
implement and maintain a longitudinal cohort. To ensure the validity of results from the
cohort, I worked with other members of the team to implement a variety of retention
strategies to minimize attrition and ensure that sexual behaviour history which is an important
risk factor for all analysis in my study was reliably collected.
8.2.1.2

Findings

In Chapter 3, I found that attrition in my cohort was 26%. This was an impressive
achievement considering the relatively high participatory burden of the HPV study. Each
clinic visit required a pelvic examination, collection of biological samples and administration
of a 120-item questionnaire with intrusive questions on sexual health in a highly reticent
culture where talking about sexual health is not the norm. Participants were required to spend
between 2 to 3 hours completing study protocols. From quantitative analyses, younger women
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and HIV negative women were more likely to drop out of the study than older women and
HIV positive women. Results from qualitative analyses highlighted participant related
characteristics (high cost of participation, misconceptions and spousal disapproval); research
related characteristics (side effects of study procedures, challenges in maintaining contact
with participants); and environmental factors (study clinic characteristics) as important factors
that affected attrition in my study. Some of these factors are modifiable and amenable to
change. Based on my findings, I provided practical recommendations for other researchers
interested in conducting prospective cohort studies in LMIC.
The aetiological pathway for cervical cancer begins with sexual activity as a distal variable,
then includes HPV as an intermediate endpoint and ends with cervical cancer. Therefore, to
effectively identify risk factors, it is important to carefully address the potential of
confounding by sexual activity which is strongly correlated with many potential risk factors
for cervical cancer. For example, insufficient control of confounding due to misclassification
of sexual activity led the International Agency for Research on Cancer (IARC) to defer
judgement on the carcinogenic effect of tobacco smoking in cervical cancer pathogenesis in
its first monograph in 198631. Addressing this concern in my Ph.D. (Chapter 4), I investigated
the reliability of sexual behaviour history in the HPV Study cohort. I found that self-reported
sexual behaviour was generally reliable with overall ICC ranging from 0.7 to 0.9. Time
invariant activity such as age at sexual debut were more reliable than frequency reports such
as how many times in a week one engages in a particular sexual activity.
8.2.1.3

Implications for policy and research

My findings highlight the feasibility of establishing longitudinal cohorts in LMIC and also
provide several practical strategies that can be implemented to maximise retention. My results
also show that the use of interviewer administered questionnaires to collect sexual behaviour
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history in resource limited settings is feasible, when questions are carefully formatted and
interviewers are well trained.

8.2.2 Host factors and HPV persistence: Chapter 5
8.2.2.1

Introduction

The link between health, disease and the human microbiota is a fast moving and contentious
area of research. In majority of human body sites, highly diverse communities are generally
considered a signature of health205. However, in the female genital tract, health is more
commonly associated with low microbial diversity and dominance by one of a few species of
Lactobacillus106.
8.2.2.2

Findings

In a previous study on the vaginal microbiota and prevalent hrHPV, I found that among
women with prevalent hrHPV, the vaginal microbiota was significantly more diverse with a
decreased abundance of Lactobacillus species compared to women who were HPV
negative106. However, in that study the vaginal microbiota, which is known to vary over time,
was measured at a single time point and prevalent hrHPV, a more distal risk factor in the
causal pathway between hrHPV infection and cervical cancer carcinogenesis was used as the
endpoint. In Chapter 5, I expanded upon this work by investigating the relationship between
the vaginal microbiota measured at two time points and persistent hrHPV. Consistent with my
previous findings with prevalent hrHPV, I found that among HIV negative women, women
with persistent hrHPV were more likely to have a low relative abundance of Lactobacillus
species and Leptotrichia species was differentially more abundant in women with persistent
hrHPV. My results from hierarchical clustering analysis based on species composition and
relative abundance showed that the most common bacterial community in my study
population is the highly diverse CST-IV community. Markov chain transition probabilities
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suggested that there was substantial variability in inter-CST transitions with the highest
transition probabilities to CST IV. Taken together with the available evidence from several
cross-sectional studies, my findings provide further evidence of the association between a
Lactobacillus depleted vaginal microbiota and intermediate endpoints in cervical cancer
pathogenesis.
8.2.2.3

Implications for policy and research

If a causal link between the vaginal microbiota and HPV acquisition/persistence is confirmed,
the implications for public health can be huge, particularly in developing countries where
HPV vaccination programs are not widely available and in developed countries with poor
vaccine coverage. Lactobacillus containing probiotics may be used as therapeutic or
preventative agents in manipulating the vaginal microbiota to provide a less conducive
environment for HPV infection and persistence. In two proof of principle randomized
controlled studies, the use of oral or vaginal probiotics was associated with increased
clearance of HPV and its associated lesions. Verhoeven et.al found that the clearance of low
grade preinvasive cervical lesions was two times higher among oral probiotic users compared
to controls, but there were no significant associations with clearance of HPV infections270.
Palma et al investigated the use of intravaginal probiotics and found that HPV clearance was
two times higher in long term (6 months) probiotic users compared to short term (3 months)
probiotic users271. These findings highlight the need for further studies to examine the
preventative or therapeutic effects of specific bacterial strains and how mode of delivery,
dosage and formulations may influence the vaginal microbiota composition and restoration of
vaginal health.
The mechanism by which the vaginal microbiota influences the risk of HPV persistence is not
well understood. The vaginal microbiota may interact with the host cell innate immunity to
alter the immune and metabolic milieu which could interfere with the ability of the host to
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mount sufficient response to prevent or clear new HPV infections 81. Integration of
metagenomic, proteomic and metabolomic studies are required to fully understand functional
role of various bacterial communities and how these interact with host cells to modulate risk
of HPV infections.
One mechanism by which some pathogenic bacteria are able to modulate risk of disease is the
production of amyloidal proteins which form a major component of the extracellular biofilm
matrix272. These amyloidal proteins in the biofilms may trigger host inflammatory immune
responses that may compromise epithelial junction integrity. Furthermore, the presence of
bacterial vaginosis associated bacteria in dense biofilms but not in free flowing planktonic
form has been associated with bacterial vaginosis, a polymicrobial state with low relative
abundance of Lactobacillus species similar in compostion to CST IV 273. My findings in
Chapter 5 and other culture independent studies support the growing evidence that significant
proportion of healthy women have a low relative abundance of Lactobacillus and a vaginal
microbial community consistent with CST IV 97. It is plausible that the risk of HPV infection
and persistence among women with CST IV may be influenced by the ability of members of
the community to either exist as planktonic members or aggregate into biofilms. Emerging
technologies in experimental models such as three dimensional vaginal and cervical epithelial
cell models that retain in vivo structural and functional functions will facilitate investigation
into the functional role of microbiota in biofilms and the planktonic microbiota 274.

8.2.3 Viral factors that influence HPV persistence: Chapter 6
8.2.3.1

Introduction

The existence of HPV types not covered by current HPV vaccines raises the question of type
replacement in populations that are vaccinated. The presence of competition by existing HPV
types may provide epidemiological insights into this theoretical possibility. Understanding the
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role of multiple HPV infections in viral persistence is important to fully understand the
natural history of HPV infections as a causal factor in cervical cancer pathogenesis.
8.2.3.2

Findings

Women who had a higher number of sexual partners and HIV infected women were more
likely to have multiple prevalent HPV infections than single HPV infections. For persistent
HPV infections, HIV infection and being unmarried significantly increased the odds of having
multiple infections compared to single infections. Among women with HPV infections, viral
persistence was not associated with the presence of multiple HPV infections. Some HPV
clustering patterns were observed; however, all of these were positive correlations.
8.2.3.3

Implications for policy and research

For type replacement to occur, different HPV types must be in competition for the same
ecological niche. This would be supported by the finding of negative associations in
epidemiological studies. In the presence of negative associations in pairwise comparisons, one
could infer that the absence of one HPV type may lead to the increase prevalence of the other
HPV in the pair. The absence of this type of association provides reassurance that type
replacement is unlikely to occur in vaccinated populations. Nonetheless, there is a need for
long term follow up surveillance data from vaccinated populations to adequately address the
issue of type replacement.

8.2.4 Burden of HPV infections and HPV related disease in Nigeria:
Chapters 7 and 8
8.2.4.1

Introduction

An important challenge in the prevention and control of HPV infection and HPV related
diseases in LMIC is the absence of data on disease burden. In addressing specific aim 4 of my
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thesis, I provided data on the prevalence and incidence of anogenital warts among Nigerian
women (Chapter 8). In this section I also include data on the burden of HPV infections and
HPV associated cancers from other work done in collaboration with others as acknowledged
in Section 8.1.
8.2.4.2

Findings

Burden of HPV infections (Paper 1)
Among HIV negative women, the prevalence of any HPV infection of the cervix was 21%
(114/535). Among these women, prevalence of lrHPV and hrHPV was 14% and 11%
respectively. The commonest prevalent lrHPV types were unspecified HPV types (6%), HPV
53 (2%) and HPV 68/73 (2%) while the commonest prevalent hrHPV types were HPV 52
(3%) and HPV18 (2%). Persistence of any HPV, hrHPV and lrHPV infection occurred in 10%
(31/309), 6% (19/535) and 4% (12/309) of HIV negative women, respectively. The
commonest persistent lrHPV types were unspecified HPV types (2%), and HPV 68/73 (2%)
while the commonest persistent hrHPV types were HPV 52 (2%) and HPV 35 (1%).
Among HIV positive women, any prevalent HPV infection of the cervix was detected in 44%
(186/427) of HIV positive women. The prevalence of lrHPV and hrHPV among HIV positive
women was 26% and 29% respectively. The commonest prevalent lrHPV were unspecified
HPV types (5%), HPV 66 (5%), and HPV 44 (4%) while the commonest prevalent hrHPV
were HPV52 (6%) and HPV 35 (4%). Persistence of any HPV infection, lrHPV and hrHPV
among HIV positive women was 24% (76/321), 10% (31/321) and 16% (51/321) respectively.
The commonest persistent lrHPV in HIV positive women were HPV 66 (2%) and HPV 44
(2%) while the commonest persistent hrHPV were HPV 52 (6%) and HPV 35 (4%).
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Burden of anogenital warts (Chapter 7)
Prevalence of anogenital warts at enrollment was 1% (4/535) among HIV negative women
and 5% (23/427) among HIV positive women. Incidence of anogenital warts was 515 cases
per 100,000 women among HIV negative women and 1,370 cases per 100,000 women among
HIV positive women.
Burden of HPV associated Cancers (Paper 2)
Between 2012 and 2014, there were approximately 2,700 new cancer cases identified in
Nigerian women in two population based cancer registries. Of these cancer cases, 450 (17%)
were HPV associated cancers. Of the 450 HPV associated cancers, cervical cancer accounted
for 87% while vulva, vaginal, anal and oropharyngeal cancers accounted for 5%, 2%, 4%, and
2% respectively. From these population based cancer registries, ASR was 28.3 per 100,000
for cervical cancer.
8.2.4.3

Implications for policy and research

These findings on the burden of HPV and HPV related diseases among Nigerian women has
important implications for policy and practice in Nigeria. Three prophylactic HPV vaccines
have been licensed for use to prevent HPV infections: the bivalent vaccine (which offers
protection against HPV 16 and 18); the quadrivalent vaccine (which protects against HPV 6,
11, 16 and 18) and the nonavalent vaccine (which offers protection against HPV 6, 11, 16, 18,
31, 33, 45, 52 and 58). Similar to many LMIC, there are no population based HPV
vaccination programs in Nigeria. The findings of HPV burden reported in this thesis and
additional work that I have done, taken together with estimates of a higher relative
contribution of non-16/18 HPV types in invasive cervical cancer among African women
support a recommendation for the use of nonavalent HPV vaccines as opposed to the bivalent
and quadrivalent vaccines in future HPV vaccination programs in this region 52.
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Effective cervical cancer control programs require continuous monitoring and quantification
of disease burden. In some countries where HPV vaccines have been introduced into the
immunization program and vaccine coverage has been high, a decrease in prevalent HPV
infections and anogenital warts has been observed251. Therefore, the estimates of HPV
infection and anogenital warts provided in this thesis will provide an important baseline
parameter for the evaluation of vaccination interventions.
A proportion of HPV infections in this population could not be identified and were classified
as unspecified HPV types. In its classification of HPV types as high risk or not, IARC
recognizes that several HPV types that are phylogenetically related to alpha 9 (which includes
HPV 16) and alpha 7 (which includes HPV 18) may cause cancer 5. However, there is not
enough data to determine their carcinogenicity. Future improvements in analytical assays for
HPV detection that can identify these unspecified HPV genotypes, especially in the presence
of multiple HPV infections, would be important in resolving their role in cervical cancer
pathogenesis. Future studies with large sample sizes are needed to highlight the relative
contributions of non-16/18 HPV types in cervical cancer carcinogenesis among African
women. Current global estimates for HPV type distribution in invasive cervical cancer cases
and high grade precancerous lesions are derived from meta-analysis with a high proportion of
data from North and South America, Eastern Asia and Europe275.
High quality cancer incidence data from population based cancer registries is a crucial
element of any cancer control program. Despite an increasing awareness of the need for
national cancer registries in many LMIC, many LMIC are yet to implement cancer registries
as part of their control programs276. Cancer registration in Nigeria in the past five decades has
been plagued with periods of quiescence with a lack of reliable data and only recently, have
efforts being made to coordinate and centralize cancer registries in Nigeria 277. Amidst
competing health budget needs to provide treatment for infectious diseases such as malaria,
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HIV and tuberculosis, there is a need for political and financial commitment to the
establishment and maintenance of cancer registries as an integral part of cancer control
programs.

8.2.5 Addressing barriers to cervical cancer control
8.2.5.1

Introduction

In several LMIC, secondary prevention of cervical cancer through cytology based screening
programs has not been initiated or sustained in any meaningful way. The technical
requirements for good quality laboratories and well-trained technicians as well as the logistics
of repeat clinic visits for evaluation and treatment in a health care system with several
competing demands precludes the effective implementation of population wide cytology
based screening programs in many LMIC. HPV testing and VIA/VILI programs are
acceptable alternatives to cytology based screening in resource constrained settings 99.
However, estimates from cost effectiveness models suggest that HPV testing is a more costeffective alternative than VIA278. Consequently, current screening guidelines from the
American Society of Clinical Oncology (ASCO) and the WHO recommend the use of HPV
testing as the primary screening modality where feasible, at least once per lifetime in women
aged 30 – 49 years old278. Despite these recommendations, good quality-controlled population
coverage of the target population is required for any screening program to yield an effect in
reducing the burden of cervical cancer in LMIC.
In work done in collaboration with other colleagues at the Institute of Human Virology
Nigeria, I identify some barriers to achieving high population coverage of cervical cancer
screening programs (Paper 3) and investigate innovative strategies to increase screening
uptake and coverage of HPV based screening programs (Papers 4 and 5).
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8.2.5.2

Findings

Among Nigerian women commonly cited reasons for poor uptake of cervical cancer screening
services, even in well-funded screen and treat programs, are lack of awareness, modesty
concerns, high prevalence of misconceptions about causes, symptoms and treatment options.
In addition to these reasons, low level of trust in the Nigerian health care system, concerns
about stigmatization due to religious affiliations and fear of disclosure of positive screening
results, were important barriers to accessing cervical cancer screening services among
Nigerian women. Beliefs that cervical cancer is a sexually transmitted disease and its
association with multiple sexual partners was prevalent among the population studied and
may contribute to the reluctance of women to be screened for cervical cancer as they would
not want to be considered sexually promiscuous. There were also important barriers that were
related to religious affiliations. Muslim women in the study population emphasized modesty
concerns, spousal dependency and perceived religious discrimination at health care centres as
important barriers to cervical cancer screening whereas Christian women did not.
The use of self-collection of vaginal samples for HPV based screening programs may increase
participation and screening coverage by addressing barriers related to modesty, discrimination
at health centres and need for multiple clinic visits. However, among Nigerian women, the
acceptance of self-collection of vaginal samples for HPV based screening was low and related
to sociocultural and religious beliefs. Congruent with the findings of modesty concerns and
perceived discrimination at health care centers among Muslim women, Muslim women had
more favourable dispositions towards the use of self-collected specimens for cervical cancer
screening than Christian women. Participants from the South Western part of Nigeria were
also more likely to prefer self-collected samples than physician collected samples. As
participants in the South Western region of the country have higher levels of formal education
than other regions of the country, this finding may be related to higher levels of exposure to
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formal education and Western influence on norms and values in the South Western region of
Nigeria compared to the Northern region.
Current ASCO cervical cancer screening guidelines for resource limited countries recommend
deferring screening during pregnancy until at least 6 weeks postpartum due to theoretical
concerns that HPV prevalence may increase during pregnancy as a result of immune changes,
which can subsequently subside after pregnancy. However, as pregnancy may represent the
only time that women in LMIC access medical care, deferring screening during pregnancy
may represent a missed opportunity. Findings from my work on the acceptability of HPV
based cervical cancer screening as part of routine antenatal care in Nigerian women suggest
that both pregnant women and health care providers had a favourable attitude towards the
incorporation of HPV based screening as part of routine antenatal care. Furthermore,
incorporating the tests as mandatory components of the antenatal care package and ensuring
the tests are affordable are likely to enhance the willingness of pregnant women to be
screened.
8.2.5.3

Implications for policy and research

My work on the barriers to cervical cancer screening among Nigeria women showed that
religious and cultural factors could have important impact on health seeking behaviours
among Nigerian women. In addition to barriers that were common to all participants in my
study population, there were some barriers that were unique to women from particular
religious groups. These findings have important policy implications for cervical cancer
control in Nigeria. Interventions to increase cervical cancer screening awareness and uptake
in multicultural and multi-religious communities need to take into consideration the various
cultural and religious beliefs in the community. My work also highlights the need for careful
consideration in crafting the educational messaging for HPV infection and cervical cancer
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control so that women understand that every sexually active woman is at risk of the HPV, a
very common sexually transmitted infection.
Findings from my work on the poor acceptability of self-collected samples for cervical cancer
screening emphasize the need to incorporate an educational component into future
interventions to increase cervical cancer screening coverage even with highly innovative
strategies such as the use of self-collected specimens. In other low resource environments
such as Ghana and Uganda, where women had the opportunity to self-collect vaginal samples,
acceptability was very high, in contrast to my findings 279,280. This provides further support of
my recommendations of the inclusion of an educational component to strategies that seek to
utilize innovative approaches to increase cervical cancer screening uptake in low resource
environments.
The introduction of HPV based cervical screening into routine antenatal care may present
exciting opportunities to increase cervical cancer screening uptake in several LMIC.
However, there are still several technical and logistic challenges that need to be addressed.
Future work on the triage of hrHPV positive women, timing of treatment of detected lesions,
clinical validation and calibration of HPV test kits for use in pregnancy are required to reduce
the risk of overtreatment due to higher HPV prevalence during pregnancy.

8.3

Strengths and Limitations

The strengths and limitations of specific methods used for each of the chapters have been
discussed within each relevant chapter. This section discusses the broad strengths and
limitations of the entire thesis.
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8.3.1 Strengths
Design and Implementation of the research study
One of the main strengths of my Ph.D. is that I was involved in all the phases of the design
and conduct of the prospective study that generated the primary data for my thesis. My role in
this project provided a wonderful opportunity for me to acquire practical skills in the conduct
and organization of a clinical research project, monitor data collection, manage data and
disseminate results. Through experiential learning, I acquired skills in the components of
good clinical research practice, management of organizational, logistical and attitudinal issues
that need to be addressed in creating and leading an effective research group. The biological
specimens and data that have been generated in this prospective cohort are available for future
use for researchers interested in investigating the host and viral determinants of HPV
infection among women in SSA. The human resource capacity and infrastructure that I was
involved in building as part of my work in setting up this cohort can be leveraged upon to
further advance clinical research in Nigeria.
Distribution, Determinants and Control of HPV Infection and Related Diseases in Nigerian
Women – a systematic epidemiological approach
An important strength of my Ph.D. is that I addressed three phases of the epidemiology of
HPV among Nigerian women, within a scope that is feasible for a Ph.D. Most accepted
definitions of epidemiology include the principles of the distribution and determinants of
health-related states or events (including diseases) and the control of diseases and other health
problems. In my thesis, I report on the distribution of HPV infection and related diseases
among Nigerian women (Chapters 7,8); the host and viral determinants of persistent HPV
infection (Chapter 5, 6); barriers to cervical cancer control and innovative strategies to
increase cervical cancer screening coverage among Nigerian women (Chapter 8). My thesis
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provides a holistic approach to understanding the epidemiology of HPV infection and related
diseases in a LMIC.

8.3.2 Limitations
Generalizability
My study was conducted in the Federal Capital Territory, Abuja, Nigeria (Figure 8.1), which
is the capital city of Nigeria located in the North Central region of the country. Immigration
from other parts of the country into Abuja is high especially for economic reasons and career
advancement. The North East and North West zones are less densely populated and more
rural than other regions of the country100.
Figure 8.1: Geopolitical zones in Nigeria and the Federal Capital Territory
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Consequently, Abuja has one of the highest levels of education in the country and is home to
a variety of people from the different ethnolinguistic and religious groups in Nigeria100. Over
70% of all women aged 15 – 49 years in Abuja have completed at least six years of formal
education. This is reflected in my study population where 89% of participants have more than
six years of formal education. Other sociodemographic characteristics of women in Abuja,
and women in my study population are similar to those of women living in the North Central,
South East, South South and South West zones of the country, but not to women in living in
the North West and North East zones of the country (Table 8.). There is a higher proportion of
women in polygynous marriages, and a lower median age at first marriage among women in
the North East and North West zones of the country compared to other zones (Table 8.) Other
reproductive and gynaecological health indices are also markedly different by geographical
location. The proportion of women who are empowered to make decisions about their own
health care in the North East and North West zones are 26% and 16% respectively. This is in
sharp contrast to women in the South South, South West and South East regions of the
country where the proportions are 66%, 72% and 63% respectively. The major drivers for the
observed differences in these characteristics is the low level of education and the widespread
practice of the Islamic religion in the North East and North West zones compared to other
zones of the country100.
In consideration of the above geographical differences, the findings reported in this thesis,
particularly the prevalence and distribution of multiple HPV infections and anogenital warts
may be more generalizable to women in the North Central, South South, South East, and
South West zones of the country. It is plausible that specific sociocultural practices, such as
the practice of polygyny, use of intravaginal herbs and other vaginal health practices that are
more prevalent in the North West and North East zones of the country, may influence the risk
of HPV infection and the distribution of HPV and HPV related diseases 281,282. Therefore,
future work that utilizes national surveys to specifically sample the entire Nigerian population
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via stratified random sampling across multiple geopolitical zones are required to accurately
estimate the burden of HPV infections among Nigerian women. Despite this limitation, in the
absence of more general data for Nigerian women, the findings from my thesis may be used
to guide decisions in public health in Nigeria. Comparably, findings from the Framingham
Heart Study have contributed immensely to cardiovascular epidemiology worldwide, yet
Framingham is a small Italian-American community selected for its proximity to the Harvard
Medical School, Boston, Massachusetts, with limited generalizability to the rest of the United
States Population at the time the cohort was set up283. Furthermore, in my work in
investigating the barriers to cervical cancer screening uptake discussed in Section 8.2.5,
Muslim women, the predominant religion practised in the North West and North East zones
of the county, were purposively sampled. Findings from these studies provide some insight
into the religious differences in the barriers to cervical cancer screening uptake and will be
useful in designing culturally acceptable interventions for women all over Nigeria.
Table 8.1: Characteristics of Nigerian women by geopolitical zones.
Characteristic
Sociodemographic
Proportion of population in the lower wealth
quintile (%) *
Proportion of women with less than 6 years of
formal education (%) *
Proportion of women with no access to mass
media at least once per week (%)*§
Currently employed in 2013 (%)*
Marriage and Sexual Activity
Proportion of married women in polygynous
marriages (%)*
Median age at first marriage among women
(years)****
Proportion of women with sexual debut age
less than 15 years (%)*
Reproductive and Gynaecological Health
Fertility rate (number of children)*
Median birth interval (months)*
Median age at first birth (years)****
Proportion of teenage girls who have begun
child bearing (%) ***
Proportion of married women who use
condoms (%)*
Proportion of young women who know a
condom source (%)**
Proportion of women receiving antenatal care
from a skilled health provider (%) *‡

Abuja

North
Central

North
East

North
West

South
South

South
West

South
East

11

11

40

35

1

2

5

37

61

78

79

35

37

41

30

45

74

63

40

24

42

56

69

46

57

66

74

64

18

30

41

44

14

25

13

23

19

16

15

22

22

23

5

10

23

29

11

7

7

5
32
24
9

5
32
21
19

6
30
19
32

7
32
18
36

5
32
22
12

4
35
23
8

5
28
24
8

3.2

2.1

0.2

0.1

2.5

7.5

4.1

62

51

28

20

73

72

66

89

67

49

41

73

90

91
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Characteristic

Abuja

North
Central
1.6

North
East
0.6

North
West
0.8

South
South
1.6

South
West
1.2

South
East
1.1

Proportion of young women who had multiple NA
sexual partners in the preceding 12 months
(%)**
Proportion of young women who had sexual
16
22
44
54
22
12
23
intercourse with a man at least 10 years older
(%) ***
Women’s Empowerment
Proportion of married women who make
56
42
26
16
66
72
63
decisions about their health care (%) *
*15 – 49 years
**15 – 24 years
***15 – 19 years
****25 – 49 years
§ Access to mass media is defined as at least one of the following: reads a newspaper once a week; watches
television at least once a week; and listens to radio at least once a week
‡ Skilled health provider includes doctor, nurse, midwife, auxiliary nurse/midwife
Data obtained from the Nigeria Demographic and Health Survey 2013100

Limitations in qualitative methods
While I was able to incorporate both qualitative and quantitative methods in my work for this
thesis, there are some inherent limitations in the use of qualitative methods for the results
presented in Chapter 3 and Section 8.2.5. Given my position as a medical doctor, a Ph.D.
student at the University of Cambridge and a Research Fellow at the Institute of Human
Virology, Nigeria social desirability bias may have influenced some of the responses in the
focus group discussions that I facilitated. In order to minimize this as much as possible, I
designated other research coordinators qualified in the conduct of qualitative research, at the
Institute of Human Virology, Nigeria to facilitate the focus group discussions and interviews.
As an insider and a scholar, I brought my preconceived perspectives and belief system into
the project. Prior to starting the qualitative studies, I believed that the major barrier to cervical
cancer screening uptake would be a lack of awareness of cervical cancer screening and
Muslims would be more likely to proffer modesty concerns as an important barrier. Cognizant
of my epistemological stance, I was particularly careful in my interpretation of the qualitative
data. In order to minimize bias from my preconceptions and belief systems, the coding frames
and results from all transcripts were reviewed at a data review meeting, in which other
167

colleagues from the Institute of Human Virology, Nigeria participated. The fact that I was
able to identify important themes other than my preconceptions demonstrates my ability to
minimize potential bias from my preconceptions.
Definition of persistence
In my thesis, I have defined HPV persistence as the presence of HPV virus in exfoliated
cervical cells within a 6-month time interval. However, it is possible that participants who are
classified as having persistent HPV infection may clear their infections with more follow up
data. Therefore, there is some degree of misclassification of exposure status which would be
relevant to results presented in Chapter 5 and Chapter 6. The effect of this misclassification is
likely to be an attenuation of effect sizes towards the null, therefore my effect estimates in
these two chapters need to be interpreted with caution. In this thesis, I was unable to use a
longer duration, for example 12 months, to define persistence because samples collected at
the 12th month visit had not been tested due to funding limitations.
Absence of reliable data on immune state of participants
In this thesis, I did not include some key HIV related information, such as duration of HIV
infection, duration of antiretroviral therapy, regimen type, viral load or CD4 counts in my
analysis. This was a result of the high degree of missingness and unreliability in these
variables. These variables were self-reported by participants and majority of participants did
not remember the details of their regimens or the last time they had their CD4+ counts or viral
load assessed. I made attempts to retrieve these from participants’ medical records but was
unable to retrieve reliable data as a lot of their medical records were poorly maintained. The
interactions between ART use and the pathogenesis of HPV are complex. The use of ART
increases life expectancy of HIV infected women, therefore increasing the exposure time to
HPV with the accumulation of genetic changes that may increase the chances of progression
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to invasive cervical lesions. On the other hand, the use of ART may also lead to immune
reconstitution which promote HPV clearance. Immune reconstitution is dependent on high
levels of medication adherence, and appropriate regimens leading to viral suppression as well
as health status when ART is commenced. The importance of adjusting for these markers of
effective treatment in my analysis is highlighted by the results from a recent meta-analysis of
31 studies which showed that after adjustment for CD4 count and treatment duration, women
on ART had a lower prevalence of high-risk HPV and a reduction in incidence of invasive
cervical cancer76. This is in contrast to previous findings by Cobucci et al, who found a
paradoxical increase in the incidence of invasive cervical cancer after the advent of ART 284.
Therefore, the effect estimates presented in my thesis, particularly in chapters 5, 6 and 8 need
to be interpreted with caution.
Absence of other benefits of participating
In my study, I did not include laboratory testing of other STIs, such as Neisseria gonorrhea,
Chlamydia trachomatis, Trichomonas vaginalis, Candida albicans, Herpes simplex and
syphilis for all participants. The inclusion of these tests and treatment of women who are
found to be positive for any of the STIs would have increased the benefits of participating in
my study with possibly increased retention rates. Compared to the retention rate of 71%
(725/1020) in my study, a similar longitudinal study of HPV infection among HIV infected
women in Burkina Faso and South Africa that included laboratory testing of other STIs
reported a retention rate of 89% (1077/1238) over 18 months238.

8.4

Future directions

I have discussed important policy and research implications of the findings in my thesis in
Sections 8.2 above. As I move into the next phase of my academic career, I am interested in
investigating the research areas highlighted in Box 1. These research focus areas are a natural
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progression from my findings and build on the limitations of the work described in this thesis.
Based on my experience with my Ph.D. project, I am cautiously aware that addressing these
areas of research will require the commitment of substantial resources in order to establish the
studies and collect the required data. However, I have been involved in the establishment of a
multicentre 10,000-woman cohort in Nigeria – the African Collaborative Center for
Microbiome and Genomics Research (ACCME), as part of a larger group, the H3Africa
(Human, Hereditary and Health in Africa) consortium285,286. The H3Africa consortium is
aimed at fostering genomics research in Africa and anticipates the recruitment of between
50,000 and 75,000 participants. So far, the ACCME cohort has completed recruitment and has
up to two years follow up data for research participants. Necessary biological samples
required for some of my proposed research ideas have been collected and are in various stages
of processing. It is my hope that my continued affiliation with the Institute of Human
Virology, Nigeria will afford me the opportunity to use these resources for my future
research.
Recent findings from longitudinal studies have shown that among HIV infected women, the
CD4+ count at which ART is initiated, duration of ART treatment and CD4+ nadir are
important predictors of HPV acquisition, persistence and progression to cervical
neoplasia76,238. In Nigeria, recommendations for commencing ART treatment have changed
tremendously over the past decades. Initially, ART initiation was recommended for
individuals with a CD4+ count < 200cells/mm3. Over the years, this criterion has been
modified to treatment when CD4+ <350cells/mm3, then treatment when CD4+
<500cells/mm3 and now the current recommendations is universal treatment regardless of
CD4+ count. These recommendations have a direct impact on the incidence of cervical cancer
among women living with HIV. The impact of these guidelines on the incidence of cervical
cancer is not yet fully understood and needs to be further investigated in future longitudinal
studies of HIV infected women. It is likely that women who commenced ART treatment at
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lower CD4+ will be at increased risk of cervical cancer as the immune reconstitution achieved
would be insufficient for HPV clearance. Therefore, these women may need more frequent
screening than HIV infected women who commence ART treatment at the universal CD4+
criterion.

Box 1: Future research interests
•

Conduct integrative omics analysis (proteomic, metabolomic, metagenomic) to fully understand
the functional role of the vaginal microbiome in modulating risk of HPV persistence and cervical
cancer carcinogenesis.

•

Utilize longitudinal studies of the vaginal microbiome with frequent sampling over a period of
several months to understand the temporal interplay between the vaginal microbiome and HPV
infection

•

Conduct genetic and epigenetic studies to investigate host factors that influence risk of HPV
persistence and progression to cervical cancer in large well characterized cohorts

•

Investigate the contribution of non HPV16/18 infection to cervical cancer pathogenesis in SSA are
required in large population based cohorts

•

Implement large population based studies in Nigeria that include nationally representative
participants to characterize the burden of HPV and HPV related diseases in Nigeria

•

Conduct implementation science research to translate innovative strategies of cervical cancer
screening into public health practice

8.5 Conclusions
In this thesis, I set out to investigate the epidemiology of HPV persistence among Nigerian
women. I implemented a prospective cohort study to investigate the determinants of persistent
hrHPV and investigated the barriers to cervical cancer control among Nigerian women. I
found that it was feasible to implement a successful prospective cohort study with minimal
levels of attrition and collect reliable sexual behaviour history despite high research
participatory burden. I found that the vaginal microbiota composition was associated with the
risk of persistent hrHPV infection particularly among HIV negative women. High relative
abundance of Lactobacillus spp was associated with reduced risk of persistent hrHPV
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infection. Leptotrichia species was an important biomarker for persistent hrHPV, as it was
differentially more abundant in women with persistent hrHPV. I found that there was a high
burden of anogenital warts and other HPV associated diseases among Nigerian women in this
country’s pre-vaccination era. Finally, I investigated barriers to cervical cancer control in
Nigeria and evaluated the acceptability of innovative strategies to increase cervical cancer
screening uptake in Nigeria. I found that important barriers to cervical cancer screening varied
by religious affiliations and that incorporation of HPV DNA based screening modalities were
acceptable to Nigerian women. However, there was low acceptability of self-sampling
strategies, though this varied by religious affiliations. Overall, this thesis provides important
data for public health interventions in Nigeria for cervical cancer control as well as
highlighting areas where further research is needed.
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Background: The prevalence, persistence, and multiplicity of human papillomavirus
(HPV) infection appears different comparing HIV-positive to HIV-negative women. In this
study, we examined prevalent, persistent, and multiple low- and high-risk cervical HPV
infections in HIV-negative and HIV-positive women.
Methods: We studied 1,020 women involved in a study of HPV infection using SPF25/
LiPA10. Two study visits were scheduled, at enrollment and 6 months afterward. At each
study visit, research nurses used a cervical brush to collect samples of exfoliated cervical
cells from the cervical os, from all the study participants. Exact logistic regression models
were used to estimate associations between HIV and HPV infections.
Results: The mean (SD) age of the study participants was 38 (8) years, 56% were
HIV-negative and 44% were HIV-positive. Among HIV-negative women at baseline,
single low-risk HPV (lrHPV) infections occurred in 12%; multiple lrHPV in 2%; single
high-risk human papillomavirus (hrHPV) infections in 9%, and multiple hrHPV infections in 2%. Single lrHPV infections were persistent in 6%, but there was no persistent
multiple lrHPV infections. Single hrHPV infections were persistent in 4% while multiple
hrHPV infections were persistent in 0.3%. Among HIV-positive women at baseline,
single lrHPV infections occurred in 19%, multiple lrHPV in 6%, single hrHPV infections
in 17%, and multiple hrHPV infections occurred in 12%. Single lrHPV infections were
persistent in 9%, multiple lrHPV infections in 0.6%, single hrHPV infections in 13%,
while multiple hrHPV were persistent in 3%. Prevalent, persistent, and multiple infections were more common in HIV-positive women, compared to HIV-negative women.
In multivariate models adjusted for age, marital status, socioeconomic status, age
at sexual initiation, and douching, the odds ratios comparing HIV-positive to HIVnegative women, were 2.09 (95% CI 1.47–2.97, p < 0.001) for prevalent lrHPV, 1.26
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(95% CI 0.66–2.40, p 0.47) for persistent lrHPV infections, 3.38 (95% CI 2.34–4.87,
p < 0.001) for prevalent hrHPV, and 4.49 (95% CI 2.26–8.91, p < 0.001) for persistent
hrHPV infections.
Conclusion: HIV infection was associated with higher prevalence of lrHPV, hrHPV,
and persistence hrHPV infections, but not persistent lrHPV infections.
Keywords: human papillomavirus, HIV, Nigeria, cervical cancer, prevalence, persistence and multiple infections

INTRODUCTION

choice of cervical cancer prevention in people living with HIV/
AIDS (PLWA).
In this study, we examined the prevalence, persistence, and
multiplicity of infections of the uterine cervix by lrHPV and
hrHPV types among HIV-negative and HIV-positive women in
Nigeria.

Persistent high-risk human papillomavirus (hrHPV) infection
of the uterine cervix is a necessary cause of cervical cancer.
hrHPV infection is highly prevalent with some 80% of women
being infected at some point in their lives (1). These infections
typically start in early adulthood, shortly after sexual initiation,
but their prevalence falls rapidly and the infection persists in
only approximately 10% of women older than 30 years of age.
Cervical cancer occurs in a small proportion (12%) of women
who have persistent hrHPV infections. Most research on hrHPV
infections in Sub-Saharan Africa (SSA) to date have focused on
reporting prevalent infections whose association with cervical
carcinogenesis is weak, rather than persistent infections. This
is due to challenges with participants’ follow-up and lack of
sustained systematic human papillomavirus (HPV) DNA tests’based screening programs.
Previous studies suggest that there is greater heterogeneity of
HPV types in populations with high prevalence of HPV infections, thereby reducing the relative prevalence of HPV types 16
and 18 (2). The most commonly reported hrHPV types in SSA
are HPV types 35, 52, and 58 (3–8). There is a dearth of data on
the risk of prevalent and persistent, single, and multiple infections with hrHPV among HIV-negative and -positive women,
especially from West Africa.
Low-risk HPV (lrHPV) infections are similarly ubiquitous
and are associated with common, flat plane, anogenital warts,
and oral lesions (9). These diseases cause significant morbidity, are difficult to treat, and have high health systems’ costs;
nevertheless, there are very few studies of lrHPV in SSA (10,
11). Furthermore, little is known about the prevalence and
persistence of combined lrHPV and hrHPV infections in SSA or
whether interactions between lrHPV and hrHPV infections are
associated with persistence of either infections. More research
on prevalence, persistence, and multiplicity of HPV infections
of the uterine cervix in SSA women is urgently required in order
to ascertain the role of different HPV types in cervical cancer in
this population.
HIV infection is associated with increased risk of cervical
cancer. Several studies have shown that HIV-positive women
are more likely to have prevalent and multiple HPV infections,
compared to HIV-negative women (3, 4, 8, 12). Some studies
show that the type distribution of HPV in HIV-positive women
is different from that in HIV-negative women (13, 14) but not
all studies support this finding (4). More studies examining the
distribution of HPV infections of the uterine cervix by HIV
status are warranted. The results of such studies would contribute to understanding HIV-associated cervical cancer and
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MATERIALS AND METHODS
Study Population

We studied 1,020 women who were enrolled in a study of HPV
infection and cervical cancer at National Hospital, Abuja and
University of Abuja Teaching Hospital, Nigeria, between 2012
and 2014. All study participants were 18 years or older, had
history of prior vaginal sex, were not pregnant, and had an
intact uterus at enrollment. Interviewers used questionnaires
to collect data on sociodemographic characteristics, sexual and
reproductive history, and HIV status, which were confirmed
from medical records. During the baseline visit and the followup visit, which was scheduled to occur 6 months after enrollment, research nurses used a cervical brush to collect samples of
exfoliated cervical cells from the cervical os, from all the study
participants.

HPV Detection by SPF10/LiPA25

We extracted DNA from cervical exfoliated cells as previously
described (15). Samples were tested for the presence of HPV
DNA by hybridization of SPF10 amplimers to a mixture of
general HPV probes recognizing a broad range of high-risk,
low-risk, and possible hrHPV genotypes in a microtiter plate
format, as described previously (16). All samples determined
to be HPV DNA positive by SPF10 DNA enzyme immunoassay were genotyped using the LiPA25 version 1. The LiPA25
assay provides type-specific information for 25 different HPV
genotypes simultaneously and identifies infection by one or
more of 13 hrHPV genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, and 68 (17, 18). However, the test does not differentiate between HPV 68 and 73, so we defined this HPV genotype,
HPV68/73, as low-risk. The test can identify lrHPV types 6, 11,
34, 40, 42, 43, 44, 53, 54, 66, 70, and 74. The test also identifies
unspecified HPV genotypes, HPV U, which we defined as low
risk. We defined HPV infection as prevalent if at least one HPV
genotype was detected by the SPF10/LiPA25 test in a sample
provided at the baseline visit; and persistent if at least one
HPV genotype was detected by the SPF10/LiPA25 test in each
of the samples provided at consecutive baseline and followup visits.
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Ethics

Statistical Analysis

The study was conducted according to the Nigerian National
Code for Health Research Ethics. Ethical approval to conduct
this study was obtained from the Institute of Human Virology
Nigeria research ethics committee. Written informed consent
was obtained from all participants before enrollment in the study,
in accordance with the Declaration of Helsinki.

In order to compute socioeconomic status (SES) in a low
resource environment where income data is sparse, we generated wealth index data as previously described (19). In summary, we used principal components analysis with varimax
rotation to compute factor scores based on the sum of the
ownership of household items weighted by their factor loading.
We sorted the data on the first principal component, which had
the highest eigenvalue and divided all respondents into three
categories based on its value. Participants in the lowest 40%
were categorized as low SES, the middle 40% were categorized
as middle SES, and the top 20% were categorized as high SES.
The validity and reproducibility of wealth index has been
examined in previous studies and it correlates well with other
measures of wealth in environments without reliable expenditure data (19).
We used t-tests to assess differences in the distribution of
continuous variables between groups and χ2 and Fisher’s exact
tests for categorical variables. We used exact logistic regression
models to evaluate factors associated with HPV infection and
between HIV and HPV infections in the study population
(20, 21). We conducted age-adjusted analyses of demographic
and behavioral characteristics of the participants and their
associations with HPV infections. We selected those variables
that were associated at p < 0.20 for inclusion in multivariate
models. All the p-values reported were two-sided. All analyses
were performed using SAS 9.3 for UNIX statistical software (SAS
Institute, Cary, NC, USA).

RESULTS
Of the 1,020 participants enrolled at baseline, we excluded 58
participants due to missing results (41 missing HIV results,
13 missing baseline HPV results, and 4 missing both HIV and
baseline HPV results) leaving 962 women in the study. Some
72% (692/962) of these women completed follow-up visits. Of
these, we excluded 62 participants whose HPV results were
missing at follow-up leaving 630 women who had complete
data for analysis for persistent HPV infections. The median
time interval between the baseline and follow-up visits was
9 months. The participants’ flow through the study is depicted
in Figure 1.

HIV-Negative Women

Most of the women (56%, 535/962) were HIV-negative at baseline.
The mean (SD) age of the HIV-negative women was 38 (8) years
while their mean (SD) body mass index (BMI) (kilogram per
square meter) was 29.0 (8.5). The characteristics of the study
participants at baseline are shown in Table 1.

FIGURE 1 | Participant flow chart.
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TABLE 1 | Baseline characteristics of the study population.
Characteristics

Total

HIV-negative

HIV-positive

n = 962

n = 535

n = 427

TABLE 2 | Prevalence of human papillomavirus (HPV) infections in the study
population, n (%).
Prevalent infections

All

HIV-negative

HIV-positive

n = 962

n = 535

n = 427

114 (21.3)
72 (13.5)
57 (10.6)

186 (43.5)
109 (25.5)
124 (29.0)

<0.001
<0.001
<0.001

91 (17.0)
63 (11.9)
47 (8.8)

100 (23.4)
82 (19.2)
72 (16.9)

0.01
0.001
<0.001

23 (4.3)
9 (1.7)
10 (1.9)

86 (20.1)
27 (6.3)
52 (12.2)

<0.001
<0.001
<0.001

All

HIV-negative

HIV-positive

n = 630

n = 309

n = 321

All persistent HPV infections
Any HPV
107 (16.9)
Low risk
50 (7.9)
High risk
63 (10.0)

31 (10.0)
19 (6.2)
12 (3.9)

76 (23.7)
31 (9.7)
51 (15.9)

<0.001
0.10
<0.001

30 (9.7)
19 (6.2)
11 (3.6)

62 (19.3)
29 (9.0)
42 (13.1)

0.001
0.18
<0.001

1 (0.3)
0 (0.0)
1 (0.3)

14 (4.4)
2 (0.6)
9 (2.8)

<0.001
0.49
0.02

Mean (SD)
Age, years
Body mass index (BMI), kg/m2
Age at sexual initiation, years
Total sex partners

38 (±8)
28.1 (11.9)
20 (±4)
3 (±3)

38 (8)
29.0 (8.5)
21 (4)
3 (2)

All prevalent HPV infections
Any HPV
300 (31.2)
Low risk
181 (18.8)
High risk
181 (18.8)

37 (7)
26.9 (15.2)
19 (3)
4 (4)

Single prevalent HPV
Any HPV
Low risk
High risk

n (%)
Age, years
18–29
30–39
40–49
≥ 50
BMI, kg/m2
Normal weight, 18.5–24.9
Overweight, 25.0–29.9
Obese, ≥ 30.0
Marital status
Married
Not married
Education
≤ 6 years
Secondary
Tertiary
Socioeconomic status
Low
Middle
High
Age at sexual initiation, years
<18
18–20
21–23
>24
Total sex partners
1
2–3
4–5
>5
Contraceptive use
Yes
No
Vaginal pH
<4.5
4.5–5.5
>5.5
Menopausal status
Premenopausal
Postmenopausal
Douching
Yes
No

191 (19.6)
145 (15.1)
119 (12.4)

127 (13)
447 (47)
317 (33)
71 (7)

72 (13)
222 (42)
196 (37)
45 (8)

55 (13)
225 (53)
121 (28)
26 (6)

303 (33)
324 (36)
282 (31)

136 (27)
184 (36)
192 (37)

167 (42)
240 (35)
90 (23)

647 (67)
315 (33)

421 (79)
114 (21)

226 (53)
201 (47)

104 (11)
602 (63)
254 (26)

45 (8)
294 (55)
195 (37)

59 (14)
308 (72)
59 (14)

Single persistent HPV
Any HPV
Low risk
High risk

375 (39)
384 (40)
203 (21)

152 (28)
226 (43)
157 (29)

223 (52)
158 (37)
46 (11)

216 (23)
377 (40)
180 (19)
174 (18)

95 (18)
196 (47)
113 (21)
127 (24)

121 (29)
181 (44)
67 (16)
47 (11)

Multiple persistent HPV
Any HPV
15 (2.4)
Low risk
2 (0.3)
High risk
10 (1.6)

249 (26)
393 (41)
197 (21)
119 (12)

179 (33)
217 (41)
91 (17)
47 (9)

70 (16)
176 (41)
106 (16)
72 (17)

405 (42)
557 (58)

266 (50)
269 (50)

139 (32)
288 (68)

73 (8)
68 (7)
821 (85)

47 (9)
34 (6)
454 (85)

26 (6)
34 (8)
367 (86)

813 (85)
140 (15)

443 (84)
86 (16)

370 (87)
54 (13)

606 (63)
355 (37)

319 (60)
216 (40)

287 (67)
139 (33)

Multiple prevalent HPV
Any HPV
109 (11.3)
Low risk
36 (3.7)
High risk
62 (6.4)
Persistent infections

Single lrHPV infections were present in 12% (63/535) and
multiple lrHPV infections were present in 2% (9/535) of the
women at baseline, while single hrHPV infections were present
in 9% (47/535) of the women and multiple hrHPV infections
were present in 2% (10/535) of the women at baseline. Single
lrHPV infections were persistent in 6% (19/309), but we did not
observe persistent infections with multiple lrHPV types. Single
hrHPV infections were persistent in 4% (11/309) of the women
and multiple hrHPV infections were persistent in 0.3% (1/309)
of the women.
The commonest prevalent lrHPV types detected in these HIVnegative women were unspecified HPV types (31/535, 5.8%),
HPV53 (10/535, 1.9%), and HPV68/73 (10/535, 1.9%) while the
commonest persistent lrHPV types were unspecified HPV types
(7/309, 2.3%) and HPV 68/73 (5/309, 1.6%). The commonest
prevalent hrHPV types were HPV52 (16/535, 3.0%) and HPV18
(9/535, 1.7%). HPV16 was detected in only 0.8% (4/535) of these
women at baseline (Table 3), while the commonest persistent
hrHPV types were HPV52 (5/309, 1.6%) and HPV 35 (3/309,
1.0%). We did not find any persistent infections with HPV16 or
HPV18 (Table 4).

Presence of any type of HPV infection of the cervix was
detected in 22% (114/535) of these HIV-negative women at
baseline, while 10% (31/309) had persistence of any type of HPV
infections of the uterine cervix. The infection involved a single
HPV type at baseline in 17% (91/535) of these women and there
was persistence of any type of HPV infection in 10% (30/309).
Multiple infections by any type of HPV were present in 4.3%
(23/535) at baseline but only 0.3% (1/309) had persistent multiple
HPV infections (Table 2).
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92 (14.6)
48 (7.6)
53 (8.4)

p-Value

HIV-Positive Women

Some 44% (427/962) of the women were HIV-positive at baseline. The mean (SD) age of the HIV-positive women was 37
(7) years while their mean (SD) BMI (kilogram per square meter)
was 26.9 (5.2).
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TABLE 3 | Prevalence and persistence of type-specific low-risk human papillomavirus (HPV) in the total study population and by HIV status, n (%).
HPV type

HPV 6
HPV 11
HPV 34
HPV 40
HPV 42
HPV 43
HPV 44
HPV 53
HPV 54
HPV 66
HPV 70
HPV 74
HPV 68/73
Unspecified (U)

Prevalent HPV
Total

HIV-negative

HIV-positive

n = 962

n = 535

n = 427

10 (1.0)
15 (1.6)
1 (0.1)
4 (0.4)
3 (0.3)
6 (0.6)
22 (2.3)
21 (2.2)
17 (1.8)
28 (2.9)
16 (1.7)
11 (1.1)
16 (1.8)
54 (5.6)

4 (0.8)
6 (1.1)
0 (0.0)
1 (0.2)
0 (0.0)
2 (0.4)
4 (0.8)
10 (1.9)
3 (0.6)
5 (0.9)
4 (0.8)
2 (0.4)
10 (2.2)
31 (5.8)

6 (1.4)
9 (2.1)
1 (0.2)
3 (0.7)
3 (0.7)
4 (0.9)
18 (4.2)
11 (2.6)
14 (3.3)
23 (5.4)
12 (2.8)
9 (2.1)
6 (1.4)
23 (5.4)

Persistent HPV
p-Value

0.35
0.29
0.44
0.32
0.08
0.41
<0.01
0.50
<0.01
<0.01
0.01
0.01
0.62
0.88

Total

HIV-negative

HIV-positive

n = 630

n = 309

n = 321

1 (0.2)
2 (0.3)
0 (0.0)
0 (0.0)
1 (0.2)
2 (0.3)
7 (1.1)
4 (0.6)
3 (0.5)
9 (1.4)
6 (0.9)
1 (0.2)
5 (0.8)
11 (1.7)

0 (0.0)
1 (0.3)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (0.6)
2 (0.6)
1 (0.3)
1 (0.3)
0 (0.0)
5 (1.6)
7 (2.3)

1 (0.3)
1 (0.3)
0 (0.0)
0 (0.0)
1 (0.3)
2 (0.6)
7 (2.2)
2 (0.6)
1 (0.3)
8 (2.5)
5 (1.6)
1 (0.3)
0 (0.0)
4 (1.3)

p-Value

1.00
1.00
–
–
1.00
0.49
0.01
1.00
0.61
0.03
0.21
1.00
0.02
0.37

TABLE 4 | Prevalence and persistence of type-specific high-risk human papillomavirus (HPV) in the total study population and by HIV status, n (%).
HPV type

HPV 16
HPV 18
HPV 31
HPV 33
HPV 35
HPV 39
HPV 45
HPV 51
HPV 52
HPV 56
HPV 58
HPV 59

Prevalent HPV

Persistent HPV

Total

HIV-negative

HIV-positive

n = 962

n = 535

n = 427

17 (1.8)
31 (3.2)
23 (2.4)
22 (2.4)
37 (3.9)
10 (1.0)
14 (1.5)
17 (1.8)
54 (5.6)
17 (1.8)
15 (1.6)
10 (1.0)

4 (0.8)
9 (1.7)
4 (0.8)
5 (0.9)
7 (1.3)
5 (0.9)
5 (0.9)
2 (0.4)
16 (3.0)
7 (1.3)
4 (0.8)
0 (0.0)

13 (3.0)
22 (5.1)
19 (4.5)
17 (3.9)
30 (7.0)
5 (1.2)
9 (2.1)
15 (3.5)
38 (8.9)
10 (2.3)
11 (2.6)
10 (2.3)

p-Value

0.01
<0.01
<0.01
<0.01
<0.01
0.75
0.17
<0.01
<0.01
0.32
0.03
<0.01

Any type of HPV infection of the cervix was detected in 44%
(186/427) of these women at baseline, while 24% (76/321) had
persistence of any type of HPV infections of the uterine cervix.
The infection involved a single HPV type at baseline in 23%
(100/427) of these women and there was persistence in 19%
(62/321). Multiple infections by any type of HPV occurred in
20% (86/427) at baseline and this persisted in 4.4% (14/321) at
follow-up (Table 2).
Single lrHPV infections were present in 19% (82/427) and
multiple lrHPV infections were present in 6% (27/427) of the
women at baseline, while single hrHPV infections were present in
17% (72/427) of the women and multiple hrHPV infections were
present in 12% (52/427) of the women at baseline. Single lrHPV
infections were persistent in 9% (29/321) and multiple lrHPV
infections were persistent in 0.6% (2/321) of the women. Single
hrHPV infections were persistent in 13% (42/321) of the women
and multiple hrHPV infections were persistent in 3% (9/321) of
the women.
The commonest prevalent lrHPV types detected in these
women were unspecified HPV types (23/427, 5.4%), HPV66
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Total

HIV-negative

HIV-positive

n = 630

n = 309

n = 321

4 (0.6)
4 (0.6)
8 (1.3)
4 (0.6)
17 (2.7)
2 (0.3)
3 (0.5)
5 (0.8)
22 (3.5)
2 (0.3)
4 (0.6)
1 (0.2)

0 (0.0)
0 (0.0)
1 (0.3)
1 (0.3)
3 (1.0)
0 (0.0)
1 (0.3)
0 (0.0)
5 (1.6)
0 (0.0)
2 (0.7)
0 (0.0)

4 (1.3)
4 (1.3)
7 (2.2)
3 (0.9)
14 (4.4)
2 (0.6)
2 (0.6)
5 (1.6)
17 (5.3)
2 (0.6)
2 (0.6)
1 (0.3)

p-Value

0.12
0.12
0.06
0.62
0.01
0.49
1.00
0.06
0.01
0.49
1.00
1.00

(23/427, 5.4%), and HPV44 (18/427, 4.2%) while the commonest persistent lrHPV types detected were HPV66 (8/321, 2.5%)
and HPV44 (7/321, 2.2%). The commonest prevalent hrHPV
types found were HPV52 (38/427, 8.9%) and HPV35 (30/427,
7.0%) while the commonest persistent hrHPV types were
HPV52 (17/321, 5.5%) and HPV35 (14/321, 4.4%). HPV16
was detected in only 3% (13/427), while HPV18 was detected in
5% (22/427) of these women at baseline (Table 3). HPV16 and
HPV18 were persistent in 1.3% of the HIV-positive women
(Table 4).

Impact of HIV Infection

HIV-positive women had higher prevalence, persistence, and
presence of multiple HPV infections overall, compared to
HIV-negative women (Figure 2). The prevalence of each hrHPV
type found in HIV-positive women was also higher than that in
HIV-negative women (Figure 3).
In univariate analyses, HIV status and SES were associated
with prevalent HPV (Table 5), while HIV status and douching
were associated with persistent HPV (Table 6).

5

July 2017 | Volume 5 | Article 178

Adebamowo et al.

Persistent Low-Risk, High-Risk Cervical HPV

FIGURE 2 | Prevalence of single and multiple HPV infectious by HIV status. HPV, human papillomavirus; HRHPV, high-risk HPV; LRHPV, low-risk HPV; P, persistent.
One HIV-positive woman with six any genotypes was excluded from this figure.

FIGURE 3 | Type-specific prevalence of human papillomavirus (HPV) infections by HIV status. Error bars are 95% confidence intervals of prevalence estimates.
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TABLE 5 | Association between sociodemographic characteristics and potential risk factors for prevalent low-risk and high-risk human papillomavirus (HPV) infections.
Variable

Total n

Prevalent low-risk HPV
n (%)

Odds ratio (95% CI)

Prevalent high-risk HPV
p-Value

n (%)

Odds ratio (95% CI)

p-Value

Age, years
<30
30 to <45
≥ 45

127
659
176

29 (23)
119 (18)
33 (19)

1.28 (0.73–2.24)
0.95 (0.62–1.46)
Ref (1.00)

0.38
0.83

27 (21)
124 (19)
30 (17)

1.31 (0.73–2.34)
1.12 (0.72–1.74)
Ref (1.00)

0.35
0.59

Body mass index, kg/m2
Normal weight
Overweight
Obese, ≥ 30

303
324
282

67 (22)
49 (15)
48 (17)

1.38 (0.91–2.09)
0.86 (0.56–1.34)
Ref (1.00)

0.12
0.52

69 (23)
59 (18)
41 (15)

1.73 (1.13–2.65)
1.30 (0.84–2.02)
Ref (1.00)

0.01
0.22

Marital status
Married
Not married

647
315

114 (18)
67 (21)

0.79 (0.56–1.10)
Ref (1.00)

0.17

115 (18)
66 (21)

0.81 (0.58–1.14)
Ref (1.00)

0.23

Education, years completed
≤ 6 years
7–12
>12

104
602
254

17 (16)
125 (21)
38 (15)

1.11 (0.59–2.07)
1.48 (1.00–2.21)
Ref (1.00)

0.74
0.04

26 (25)
109 (18)
46 (18)

1.50 (0.87–2.60)
1.00 (0.68–1.46)
Ref (1.00)

0.14
1.00

Socioeconomic status
Low
Middle
High

375
384
203

82 (22)
72 (19)
27 (13)

1.82 (1.13–2.92)
1.50 (0.93–2.42)
Ref (1.00)

0.01
0.09

87 (23)
67 (17)
27 (13)

1.96 (1.23–3.15)
1.37 (0.85–2.23)
Ref (1.00)

<0.01
0.19

Age at sexual initiation, years
≤ 19
19–22
>22

441
287
219

88 (20)
46 (16)
42 (19)

1.05 (0.69–1.58)
0.80 (0.50–1.27)
Ref (1.00)

0.81
0.35

86 (21)
59 (21)
34 (16)

1.31 (0.85–2.03)
1.40 (0.88–2.24)
Ref (1.00)

0.21
0.14

Total lifetime sex partners
1
2–4
≥5

249
496
213

45 (18)
97 (20)
37 (17)

1.04 (0.65–1.69)
1.15 (0.76–1.75)
Ref (1.00)

0.84
0.49

34 (14)
104 (21)
42 (20)

0.64 (0.39–1.05)
1.08 (0.72–1.61)
Ref (1.00)

0.08
0.70

Douche
Yes
No

606
355

116 (19)
65 (18)

1.05 (0.75–1.47)
Ref (1.00)

0.75

119 (20)
62 (17)

1.15 (0.82–1.62)
Ref (1.00)

0.40

Vaginal pH
<4.5
4.5 to <5.5
≥ 5.5

73
68
821

10 (14)
18 (26)
153 (19)

0.69 (0.34–1.38)
1.57 (0.89–2.77)
Ref (1.00)

0.29
0.11

9 (12)
19 (28)
153 (19)

0.61 (0.29–1.26)
1.69 (0.96–2.95)
Ref (1.00)

0.18
0.06

HIV status
Yes
No

427
535

109 (26)
72 (13)

2.20 (1.58–3.06)
Ref (1.00)

<0.01

124 (29)
57 (11)

3.43 (2.43–4.86)
Ref (1.00)

<0.01

In age-adjusted analyses comparing HIV-positive and HIVnegative women, the odds ratios (95% CI; p-value) were 2.16
(1.55–3.01; <0.001) for prevalent lrHPV; 1.77 (1.23–2.53; 0.001)
for prevalent single lrHPV type infection; 3.75 (1.74–8.09;
< 0.001) for prevalent multiple lrHPV types; 1.53 (0.84–2.78; 0.16)
for low-risk group-specific persistence, and 1.41 (0.77–2.60; 0.25)
for persistence of specific lrHPV infections. These associations
were relatively unchanged in the multivariate models (Table 7).
The associations with HPV 44, 54, 66, 70, and 74 at baseline were
significantly stronger in HIV-positive compared to HIV-negative
women (Figure 4).
For hrHPV infections, the age-adjusted odds ratios (95%
CI; p-value) comparing HIV-positive women to HIV-negative
women were 3.38 (2.39–4.77; <0.001) for prevalent hrHPV; 2.07
(1.40–3.08; <0.001) for prevalent single hrHPV infection; 7.15
(3.58–14.27; <0.001) for prevalent multiple hrHPV infection;
4.57 (2.38–8.79; <0.001) for high-risk group-specific persistence;
and 4.09 (2.05–8.13; <0.001) for persistence of single hrHPV
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infections. These associations were relatively unchanged in
multivariate models (Table 7). The effect estimates for HPV 16,
18, 31, 33, 35, 51, 52, and 58 infections at baseline were significantly higher in HIV-positive compared to HIV-negative women
(Figure 4).

DISCUSSION
Our study describes the patterns of prevalent and persistent lrHPV
and hrHPV infections among HIV-negative and HIV-positive
women in Nigeria, West Africa. HIV-positive women were more
likely to have prevalent, persistent, multiple, group-specific,
and type-specific lrHPV and hrHPV infections, compared to
HIV-negative women.
Little is known about the epidemiology of HPV infections in
Africa. Most studies of cervical HPV infections in SSA have been
qualitative studies of prevalent hrHPV genotypes because of their
well-described association with cervical cancer. However, given
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TABLE 6 | Association between sociodemographic characteristics and potential risk factors for persistent low-risk and high-risk human papillomavirus (HPV) infections.
Variable

Total n

Persistent low-risk HPV

Persistent high-risk HPV

n (%)

Odds ratio (95% CI)

p-Value

n (%)

Odds ratio (95% CI)

p-Value

Age, years
<30
30 to <45
≥ 45

68
435
127

6 (9)
39 (9)
5 (4)

2.36 (0.69–8.04)
2.40 (0.92–6.23)
Ref (1.00)

0.16
0.07

5 (7)
47 (11)
11 (9)

0.83 (0.27–2.51)
1.27 (0.64–2.54)
Ref (1.00)

0.75
0.48

Body mass index, kg/m2
Normal weight
Overweight
Obese, ≥ 30

195
217
183

21 (11)
12 (5)
11 (6)

1.88 (0.88–4.03)
0.91 (0.39–2.12)
Ref (1.00)

0.10
0.83

24 (12)
23 (11)
12 (7)

2.00 (0.96–4.13)
1.68 (0.81–3.49)
Ref (1.00)

0.06
0.15

Marital status
Married
Not married

416
214

27 (6)
23 (11)

0.57 (0.32–1.03)
Ref (1.00)

0.06

37 (9)
26 (12)

0.70 (0.41–1.20)
Ref (1.00)

0.19

Education, years completed
≤ 6 years
7–12
>12

74
390
164

2 (3)
32 (8)
16 (10)

0.26 (0.05–1.14)
0.83 (0.44–1.55)
Ref (1.00)

0.07
0.55

9 (12)
38 (10)
16 (10)

1.28 (0.53–3.04)
0.99 (0.54–1.84)
Ref (1.00)

0.57
0.99

Socioeconomic status
Low
Middle
High

247
258
125

20 (8)
25 (10)
5 (4)

2.11 (0.77–5.77)
2.57 (0.96–6.89)
Ref (1.00)

0.14
0.05

31 (13)
24 (9)
8 (6)

2.09 (0.93–4.71)
1.50 (0.65–3.44)
Ref (1.00)

0.07
0.33

Age at sexual initiation, years
≤ 19
19–22
>22

295
187
136

30 (10)
13 (7)
6 (4)

2.45 (0.99–6.04)
1.61 (0.59–4.37)
Ref (1.00)

0.05
0.34

33 (11)
21 (11)
9 (7)

1.77 (0.82–3.82)
1.78 (0.79–4.03)
Ref (1.00)

0.14
0.16

Total lifetime sex partners
1
2–4
≥5

157
316
153

13 (8)
27 (9)
10 (7)

1.29 (0.54–3.03)
1.33 (0.62–2.83)
Ref (1.00)

0.55
0.45

8 (5)
36 (11)
19 (12)

0.37 (0.16–0.89)
0.90 (0.50–1.64)
Ref (1.00)

0.02
0.74

Douche
Yes
No

407
222

39 (10)
11 (5)

2.03 (1.01–4.05)
Ref (1.00)

0.04

46 (11)
17 (8)

1.53 (0.85–2.75)
Ref (1.00)

0.14

Vaginal pH
<4.5
4.5 to <5.5
≥ 5.5

40
42
548

2 (5)
3 (7)
45 (8)

0.58 (0.13–2.51)
0.86 (0.25–2.89)
Ref (1.00)

0.47
0.80

1 (3)
9 (21)
53 (10)

0.23 (0.03–1.77)
2.54 (1.15–5.61)
Ref (1.00)

0.16
0.02

HIV status
Yes
No

321
309

31 (10)
19 (6)

1.63 (0.90–2.95)
Ref (1.00)

0.10

51 (16)
12 (4)

4.67 (2.44–8.95)
Ref (1.00)

<0.01

that the degree of carcinogenicity of some of the HPV types has
not been well elucidated and current studies highlight the marked
heterogeneity of HPV infections in this population (8, 22), it
is necessary to explore associations between type and groupspecific, prevalent and persistent HPV infections, and cervical
carcinogenesis in Africa.
Low-risk HPV infections are associated with genital and
non-genital warts. Genital warts cause significant physical and
psychological morbidities (10, 11). They lack specific treatments, are highly recurrent after treatment, and are associated
with significant health-care systems’ costs. The prevalence of
lrHPV infections among HIV-negative women in our study is
similar to the 18% reported among US women (23) but higher
than the prevalence of 4% in South Korean women (24). The
prevalence of lrHPV in HIV-positive women in our study (26%)
was lower than the 55% reported among HIV-positive women
in Rwanda (3).
The commonest lrHPV types in our study were unspecified
HPV genotypes, HPV 68/73, and HPV 53 in HIV-negative
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women while unspecified HPV genotypes, HPV 66 and 44 were
the commonest types in HIV-positive women. We did not find
any significant associations with group or type specific persistent
lrHPV. In a study of peri-urban, black South African women, the
commonest lrHPV types were HPV 62 (16%) and 84 (14%) (25).
HPV 34 and 44 were found in only HIV-positive women in
this study probably because their prevalence is low in our study
population. Interestingly, we found that lrHPV genotypes 44
and 54, which are associated with external anogenital warts
(9, 26), and lrHPV genotypes 66 and 70 (9), which are associated
with anogenital precancers and cancers, had significantly higher
prevalence in HIV-positive women, compared to HIV-negative
women. This lends support to the reports of higher prevalence of
anogenital warts and cancers, described in previous studies (27–29).
In contrast to our previous study (8), in this enlarged study
population, the commonest prevalent hrHPV types among
HIV-negative women were HPV 52, HPV 18, and HPV 35 while
HPV 52 and 35 were the commonest persistent infections. Other
studies found HPV 52 to be the most prevalent hrHPV in SSA (5,
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TABLE 7 | Risk (odds ratios and 95% confidence interval) of human papillomavirus (HPV) infections by HIV status.
Age-adjusted model

n HIV−/HIV+

Multivariate model

HIV-negative

HIV-positive

p-Value

HIV-negative

HIV-positive

p-Value

All prevalent HPV infections
Any HPV
Low risk
High risk

114/186
72/109
57/124

1.00
1.00
1.00

2.81 (2.12–3.73)
2.16 (1.55–3.01)
3.38 (2.39–4.77)

<0.001
<0.001
<0.001

1.00
1.00
1.00

2.84 (2.10–3.84)
2.09 (1.47–2.97)
3.38 (2.34–4.87)

<0.001
<0.001
<0.001

Single prevalent HPV
Any HPV
Low risk
High risk

91/100
63/82
47/72

1.00
1.00
1.00

1.49 (1.08–2.05)
1.77 (1.23–2.53)
2.07 (1.40–3.08)

0.013
0.001
<0.001

1.00
1.00
1.00

1.57 (1.11–2.20)
1.75 (1.20–2.56)
2.12 (1.39–3.21)

0.009
0.003
<0.001

Multiple prevalent HPV
Any HPV
Low risk
High risk

23/86
9/27
10/52

1.00
1.00
1.00

5.47 (3.38–8.85)
3.75 (1.74–8.09)
7.15 (3.58–14.3)

<0.001
<0.001
<0.001

1.00
1.00
1.00

5.12 (3.11–8.44)
3.42 (1.54–7.56)
6.93 (3.39–14.2)

<0.001
0.002
<0.001

All persistent HPV infectionsa
Any HPV
Low risk
High risk

31/76
19/31
12/51

1.00
1.00
1.00

2.68 (1.70–4.22)
1.53 (0.84–2.78)
4.57 (2.38–8.79)

<0.001
0.16
<0.001

1.00
1.00
1.00

2.36 (1.45–3.82)
1.26 (0.66–2.40)
4.49 (2.26–8.91)

<0.001
0.47
<0.001

Single persistent HPVa
Any HPV
Low risk
High risk

30/62
19/29
11/42

1.00
1.00
1.00

2.18 (1.36–3.49)
1.41 (0.77–2.60)
4.09 (2.05–8.13)

0.001
0.25
<0.001

1.00
1.00
1.00

1.88 (1.14–3.12)
1.17 (0.61–2.25)
4.13 (2.00–8.55)

0.01
0.62
<0.001

Table shows ORs and 95% CI based on logistic regression models; n = number of women.
Multivariate models were adjusted for age, marital status, and socioeconomic status.
a
Multivariate models were adjusted for age, marital status, socioeconomic status, age at sexual initiation, and douching.

FIGURE 4 | Risk of type-specific prevalent human papillomavirus (HPV) infections among HIV-positive women, compared to HIV-negative women. All models were
adjusted. OR, odds ratio; LCL, lower confidenceninterval limit; UCL, upper confidence interval limit.

12, 13). HPV 52, 16, and 18 were the most common hrHPV types
observed among HIV-negative Ugandan and Kenyan women
(6, 7). Among HIV-positive women, the commonest prevalent
hrHPV types were HPV 52, 35, and 18, while the commonest
persistent hrHPV types were HPV 52, 35, and 31. HPV 52 was
also the most prevalent hrHPV genotype observed in a study of
HIV-positive Rwandan women (3).
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Given the high incidence of cervical cancer in the study population (30), we expected to find more persistent infections among
HIV negative and HIV positive woman. Instead, we did not find
any HIV-negative woman with persistent HPV 16 or 18 infections while persistent HPV 16 or HPV 18 infections constituted
6.3% of all persistent infections among HIV-positive women.
Non-16/18 HPV types may contribute more to cervical cancer
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development among women in SSA. Many of the cases of persistent hrHPV infections that we observed were with HPV 68/73.
Given that HPV 68 is high-risk HPV while HPV 73 is not, studies
using technologies that allow differentiation between these two
infections should be conducted to examine the association of
each HPV type with cervical cancer among women in SSA.
Our findings that the prevalence and persistence of single,
multiple, lrHPV and hrHPV infections was higher among
HIV-positive compared to HIV-negative women are similar to
other reports from SSA (31, 32) The increased prevalence and
persistence of HPV infection in immunosuppressed individuals suggests that cell-mediated immune response may play an
important role in the resolution and control of HPV infection
(33). Although some studies have suggested that the association between HIV infection and increased prevalence of HPV
infection and disease is related to the immunosuppression seen
in HIV infection, there is also some evidence that mechanisms
other than immunosuppression, such as direct molecular interactions between HIV and HPV viral genes, may influence the
natural history of HPV (34–37). HIV infection may also increase
susceptibility to HPV infections and persistence of infection
through alterations of the cytokine response to HPV infection in
the cervical mucus (38).
The Advisory Committee on Immunization Practices
recommended the 9-valent HPV vaccine (Gardasil 9, Merck
and Co., Inc.) as one of three HPV vaccines that can be used
for routine vaccination (39). This vaccine protects against HPV
6, 11, 16, 18, 31, 33, 45, 52, and 58, many of which have been
observed to be prevalent and persistent in women with single
or multiple infections in this study population. Currently, no
study has been published on use of the 9-valent HPV vaccine
among HIV-positive or negative African women and there are
limited data on the response of Africans, regardless of HIV
status, to HPV vaccination. The broader coverage provided by
the 9-valent vaccine may be sufficient in African populations,
regardless of HIV status, and there may be sufficient crossreactivity to ensure protection of HPV types not included in
the vaccine. Additional vaccine development and production of
vaccines that focus on the commonest HPV types may be helpful
in the African population. Further studies on HPV vaccines,
immunologic response of Africans to HPV vaccination, and the
roles of non-16/18 hrHPV in cervical carcinogenesis in SSA are
warranted.

Our study has several limitations including lack of inclusion
of clinical correlates of HIV infection such as duration of HIV
infection, use of anti-retroviral therapy, and viral load or CD4
count in the analyses though these factors may be associated with
HPV persistence. However, we excluded HIV-positive women
who were severely ill from our study.
In conclusion, we found a higher proportion of prevalent and
persistent infections with single and multiple lrHPV and hrHPV
genotypes in HIV-positive women, compared to HIV-negative
women. We also found that non-16/18 hrHPV genotypes were
more common in women with persistent infections regardless
of HIV status. Our results support the recommendation of the
9-valent HPV vaccine for routine vaccination, especially in SSA
populations where non-16/18 hrHPV types are prevalent and
likely to cause persistent infections.
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Introduction: HPV attributable cancers are the second most common infection-related cancers
worldwide, with much higher burden in less developed regions. There are currently no countryspeciﬁc estimates of the burden of these cancers in Nigeria just like many other low and middle income
countries.
Methods: In this study, we quantiﬁed the proportion of the cancer burden in Nigeria that is attributable to
HPV infection from 2012 to 2014 using HPV prevalence estimated from previous studies and data from
two population based cancer registries (PBCR) in Nigeria. We considered cancer sites for which there is
strong evidence of an association with HPV infection based on the International Agency for Research on
Cancer (IARC) classiﬁcation. We obtained age and sex-speciﬁc estimates of incident cancers and using the
World Standard Population, we derived age standardized incidence (ASR) rates for each cancer type by
categories of sex, and estimated the population attributable fractions (PAF).
Results: The two PBCR reported 4336 new cancer cases from 2012 to 2014. Of these, 1627 (37.5%) were in
males and 2709 (62.5%) in females. Some 11% (488/4336) of these cancers were HPV associated; 2% (38/
1627) in men and 17% (450/2709) in women. Of the HPV associated cancers, 7.8% occurred in men and
92.2% in women. The ASRs for HPV associated cancers was 33.5 per 100,000; 2.3 and 31.2 per 100,000 in
men and women respectively. The proportion of all cancers attributable to HPV infection ranged from
10.2 to 10.4% (442–453 of 4336) while the proportion of HPV associated cancers attributable to HPV
infection ranged from 90.6% to 92.8% (442–453 of the 488 cases). In men, 55.3% to 68.4% of HPV
associated cancers were attributable to HPV infection compared to 93.6% to 94.8% in women. The
combined ASR for HPV attributable cancers ranged from 31.0 to 31.7 per 100,000. This was 1.4 to 1.7 per
100,000 in men and 29.6 to 30.0 per 100,000 in women. In women, cervical cancer (n = 392, ASR 28.3 per
100,000) was the commonest HPV attributable cancer, while anal cancer (n = 21, ASR 1.2 per 100,000) was
the commonest in men.
Conclusions: HPV attributable cancers constitute a substantial cancer burden in Nigerian women, much
less so in men. A signiﬁcant proportion of cancers in Nigerian women would be prevented if strategies
such as HPV DNA based screening and HPV vaccination are implemented.
ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Approximately 2 million (16%) of all new cancer cases that
develop globally every year are attributable to infections but the
proportion differs signiﬁcantly between developed and developing
countries. In developed countries, infections-attributable cancers
account for 3.3% while they account for 32.7% of annual incident
cancer cases in developing countries [1]. Close to 5% of global
incident cancers are attributable to Human Papillomavirus (HPV)
infections and the proportions differ comparing developed (2.1%)
to developing countries (14.2%) [2,3]. The human papilloma virus is
the second largest contributor to infections associated cancers
worldwide after Helicobacter Pylori, with a much higher burden
inless developed regions [2]. The International Agency for Research
on Cancer [4] (IARC) and a wide range of other public health
organizations [5–7] consider that there is strong evidence for a causal
relationship between HPV infection and cancers of the cervix, vulva,
vagina, penis, anus, oral cavity, oropharynx and tonsils [8].
The population attributable fraction (PAF) which is the
proportional reduction in disease incidence and mortality that
would occur in a speciﬁc population if exposure to a risk factor is
prevented, for HPV and cancer varies widely [9,2]. In 2008, the
highest PAFs for HPV infection and cancer were for India (15.5%)
and Sub-Saharan Africa (14.2%) while the lowest PAFs were for
North America (1.6%) and Australia/New Zealand (1.2%) [2]. In the
reference paper on global estimates of cancer disease burden, the
PAF for Sub-Saharan Africa was computed using global HPV
prevalence estimates and cancer registry data from GLOBOCAN
2012 to which only one population-based cancer registry (PBCR) in
Nigeria contributed [10]. Currently, there are no country-speciﬁc
estimates for the burden of HPV associated cancers in Nigeria.
In this study we quantify the proportion of the cancer burden in
Nigeria that is attributable to HPV infection for the period 2012 to
2014 using HPV prevalence estimates derived from meta-analyses
[11–15] and data from Nigerian PBCR. Knowledge of the proportion
of the cancers that can be prevented by reducing the prevalence of
HPV infections provides a critical baseline for evaluating the
effectiveness of interventions and contribute to analyses of the
added value of such interventions [16]. HPV vaccinations, for
example, will substantially reduce the burden of HPV associated
diseases [17]. However many low and middle income countries,
including Nigeria, are yet to implement HPV vaccination and HPV
DNA test based screening programs [18].
2. Methods
2.1. Data sources
We retrieved data on cancer incidence from two out of six PBCR
in Nigeria, the Abuja and Enugu cancer registries for the period

2012 to 2014 because only these 2 registries submitted data to the
Nigerian National System of Cancer Registries (NSCR) during the
period under consideration [19]. We obtained age and sex-speciﬁc
estimates of new cancer cases reported for the time period under
review.
The Abuja Cancer Registry (ABCR) at the National Hospital
Abuja started as a hospital-based cancer registry (HBCR) in
2005 but with support from NSCR became a PBCR in 2009. The
registry covers a deﬁned population of 1,406,239 people. The
method of case ascertainment in the Abuja cancer registry has
been described elsewhere [20]. The Enugu Cancer Registry (ECR) in
the Oncology Department of the University of Nigeria Teaching
Hospital Ituku Ozalla, Enugu, Nigeria began in 1988 as a HBCR but
was developed into a PBCR by the NSCR in 2012. The registry covers
a population of 1,103,153. These 2 registries cover a combined
population of 2,509,392. Both registries use ICD-O-3 for coding and
classiﬁcation of cancers. While the ECR uses CanReg5 software for
data entry, processing and storage, ABCR uses CanReg4.
The data were checked and cleaned prior to analysis by two of
the authors (EJA and MO). Quality control checks were performed
using IARC’s CanReg5 software to ensure uniformity, correctness of
coding and completeness of information, including removal of
duplicates. Information on cancer sites for which there is strong
evidence of an association with HPV infection was based on the
IARC Monograph 100b [8], a comprehensive review of published
information on infectious agents that may be carcinogenic to
humans [3]. The cancer sites (ICD-O code) considered in this study
were; Cervix (C.53), Vulva (C.51), Vagina (C.52), Anus (C. 21), Penis
(C.60) and Oropahrynx (C.01, C.09, C10). Incidence cases by year,
sex and 5-year age group for the above cancers, were extracted
from the cleaned cancer registries’ databases.
2.2. Statistical analyses
We calculated age standardized incidence rates by cancer type
and sex using the direct method based on the WHO World
Standard Population. We obtained PAF estimates from previous
studies published in the literature (Table 1). We did not use
methods that require population prevalence estimates of HPV and
relative risks given the absence of large population based surveys
of cancer-speciﬁc HPV infection sites in Nigeria and few
epidemiologic studies with relative risk estimates for the different
cancers. Instead, we searched PubMed and found 34 studies of HPV
prevalence from Africa with sample sizes greater than 50. Our
search strategy included the following terms: Human papillomavirus OR HPV and cancer* OR tumour* OR tumor* OR malignan* OR
neoplas* OR carcinoma* OR adenocarcinoma* OR precancer* OR
pre-cancer* OR dysplas* and (genital infection) OR cervix OR
vagina OR vulva OR anus OR oropharynx OR penis and SSA OR
SubSaharan Africa OR Sub Saharan Africa OR West Africa OR East

Table 1
Previous HPV Prevalence studies in African populations.
Cancer Site

ICD-O Code Regionala prevalence of HPV in cancers Studies in African populations
(African populations)
(Sample size) [Source]

Cervix

C.53

83%–99%

Vulva
Vagina
Anus
Oropharynx

C.51
C.52
C.21
C.01,
C.09C.10
C.60

100%
–
62%
19%

Nigeria (192), Ghana (167), South Africa (300)[58] 100 [11]
Nigeria (75) [59]
Botswana (35) [60]
40 [12]
None
40–70 [21,12]
Nigeria, Mali, Senegal (13) [13]
88–90 [21,13]
Ghana (78) [24]
12–46 [15,21]

65%–68%

Uganda (17) [23], Kenya (22) [22]

Penis
a

Regional estimates are presented for countries in West Africa where available, or other African countries.

PAF estimates used in this study% [Source]

48 [14]
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Africa OR North Africa OR Central Africa OR South Africa and
prevalence.
We used a PAF of 100% for cervical cancer, given that it is almost
universally accepted that HPV is necessary for the development of
the disease and that all cervical cancer cases can be attributed to
HPV infection [11]. For vulvar cancer, we identiﬁed only one study
in Africa; a study from Botswana which suggested an HPV
prevalence of 100% among 35 cases of vulvar cancer. As a result
of the small sample size and in the absence of other studies from
Sub- Saharan Africa, we used a PAF of 40% for vulvar cancer based
on meta-analyses [12]. We did not ﬁnd any individual studies of
HPV prevalence in anal cancer in Africa so we used a PAF range of
88% to 90% for anal cancer from two studies; a large intercontinental study than included cases from West Africa and a global
study by Parkin et al. [13,21] We identiﬁed two studies from
Uganda and Kenya that evaluated prevalence of HPV in penile
cancer however, we used a PAF range of 40 to 48% from a metaanalysis, because of the limited sample sizes of 17 and 22 in the
African studies [22,23,14]. We used a PAF range of 12 to 46% for
oropharyngeal cancers [15,24]. The PAF estimates and their sources
are provided in Table 1.
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3.2. Cervical cancer
Some 392 cases of cervical cancer were reported by the two
PBCR during this period. Cervical cancer was the most common
HPV associated cancer overall and in women in this population
(Fig. 1), with ASR of 28.3 per 100,000. Given a PAF of 100% for
cervical cancer, all 392 cases reported by the registries are
attributable to HPV infection (Table 3) so the ASR for HPV
attributable cervical cancer in this population is 28.3 per 100,000
3.3. Oropharyngeal cancers
There were 23 cases of oropharyngeal cancer reported in both
sexes by the registries. Of these, 15 (65.2%) occurred in men and 8
(34.7%) in women. The ASR for HPV associated oropharyngeal
cancer was 0.8 per 100,000 in men and 0.5 per 100,000 in women.
We used a PAF range of 12% to 46% [21,15] and estimated that 3 to
11 of the 23 cases of oropharyngeal cancer were attributable to
HPV infection (Table 3). The ASR for HPV attributable oropharyngeal cancers ranged from 0.1 to 0.4 per 100,000 in men and 0 to
0.3 per 100,000 in women (Table 3).

2.3. Sensitivity analyses

3.4. Anal cancer

We obtained incidence estimates for cervical cancer from
GLOBOCAN 2012 and used these to conduct sensitivity analyses in
our study by comparing the ASR of HPV associated cervical cancer
reported in GLOBOCAN 2012 with the ﬁndings from our analyses.

Some 38 cases of anal cancer were reported with 21 (55.3%)
cases in men and 17 (44.7%) cases in females. The ASR for HPV
associated anal cancer was 2.1 per 100,000. Using a PAF of 88% to
90% for anal cancer, we estimated that 33 of the 38 cases of anal
cancer in both sexes were attributable to HPV infection (Table 3).
The ASR for HPV attributable anal cancer in this population was
1.8 per 100,000. In men, anal cancer was the most common HPV
attributable cancer with ASR of 1.2 per 100,000. In women, anal
cancer was the third most common HPV attributable cancer after
cervical and vulval cancers with an ASR of 0.6 per 100,000.

3. Results
3.1. Overview
A total of 4336 cases of cancer were reported by the ABCR and
ECR registries from 2012 to 2014 (Table 2). Among these, 1627
(37.5%) were in males and 2709 (62.5%) in females. Of the total
cancers in both sexes, 488 (11%) were HPV associated and most of
these occurred in women (92.2%, 450/488) compared to men (7.8%,
38/488). (Table 2) HPV associated cancers constituted 2% (38/1627)
of all cancers in men and 17% (450/2709) of all cancers in women.
(Fig. 1) The combined ASR for HPV associated cancers was 33.5 per
100,000 and it was 2.3 and 31.2 per 100,000 in men and women
respectively. The proportion of the total cancers attributable to
HPV infection ranged from 10.2 to 10.4% (442 to 453 of 4336) while
the HPV associated cancers that were attributable to HPV infection
ranged from 90.6 to 92.8% (442 to 453 of 488). In men, 55.3 to 68.4%
(21 to 26 of 38) HPV associated cancers were attributable to HPV
infection while in women 93.6% to 94.9% (421 to 427 of 450) HPV
associated cancers were attributable to HPV infection (Table 3).
The ASR for HPV attributable infections ranged from 31.0 to
31.7 per 100,000 and this was 1.4 to 1.7 per 100,000 in men and
29.6 to 30.0 per 100,000 in women (Table 3).

3.5. Vulvo-vaginal cancers
The registries reported 33 cases of vulvo-vaginal cancer from
2012 to 2014. Of these, 25 were vulva cancers and the ASR for HPV
associated vulval cancer in this population was 1.3 per 100,000. We
used a PAF of 40% from meta-analysis studies to compute
attributable risk [12]. Therefore 10 of the 25 cases of vulva cancer
were attributable to HPV infection. The ASR for HPV attributable
vulval cancers was 0.5 per 100,000.
Only 8 cases of vaginal cancer were reported during the time
period under review and of these, 6 cases were attributable to HPV
infection based on PAF estimates of 70% from a meta-analysis by De
Vuyst et al. [12]. The ASR for HPV associated vaginal cancers was
0.4 per 100,000 and the ASR for HPV attributable vaginal cancers
ranged from 0.2 to 0.3 per 100,000.
3.6. Penile cancers
There were only two cases of penile cancer reported by the
cancer registries giving an ASR for HPV associated penile cancer of

Table 2
Total number of cancer cases and number of HPV associated cancers in 2012–2014 by cancer registry site.
Sex

Female
Male

All cancers (2012–2014)

2709 (100)
1627 (100)
4336 (100)

Total HPV associated cancers

450 (16.6)
38 (2.3)
488 (11.3)

Number and percentages of HPV associated cancers
Cervix (%)

Vulva (%)

Vagina (%)

Anus (%)

Oropharynx (%)

Penis
(%)

392 (14.5)
–
392 (9)

25 (1)
–
25 (0.6)

8 (0.3)
–
8 (0.2)

17 (0.6)
21 (1.3)
38 (0.9)

8 (0.3)
15 (0.9)
23 (0.5)

–
2 (0.1)
2 (0.04)
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Fig. 1. Total cancers and total HPV associated cancers reported by gender, in two regions in Nigeria from 2012–2014.

0.1 per 100,000 and HPV attributable penile cancer of 0.05 per
100,000.

similar to our ﬁndings of 28.3 per 100,000 for the ASR for HPV
associated and HPV attributable cervical cancer in Nigeria.

3.7. Sensitivity analyses

4. Discussion

We compared our ﬁndings to the GLOBOCAN 2012 database of
IARC. The ASR for HPV associated and HPV attributable cervical
cancer reported in GLOBOCAN was 29 per 100,000. This result is

Our study showed that Nigerian women had a higher burden of
HPV attributable cancers compared to men, due to high incidence
of cervical cancer. We found that 10.2 to 10.4% of all cancers and

Table 3
Age standardised incidence rates of HPV associated cancers and cancers attributable to HPV in two regions in Nigeria, 2012–2014.
ICD-O Code

Total no of
cancers

ASR per 100,000 HPV
Associated
cancers

Total no of
cancers
attributable to
HPV

Population attributable Fraction
(PAF) %

ASR per 100,000 HPV
Attributable
cancers

C.53
C.51
C.52
C.21
C.01, C.09C.10

392
25
8
17
8

28.3
1.3
0.4
0.7
0.5

100
40
40–70
88–90
12–46

392
10
3–6
15
1–4

28.3
0.5
0.2–0.3
0.6
0–0.3

Total Female
Male
Penis
C.60
Anus
C.21
Oropharynx C.01, C.09C.10
Total male
Total both sexes

450
2
21
15

31.2
0.1
1.4
0.8

–
40–48
88–90
12–46

421–427
1
18
2–7

29.6–30.0
0.05
1.2
0.1–0.4

38
488

2.3
33.5

21–26
442–453

1.4–1.7
31–31.7

Sex

Cancer Site

Female Cervix
Vulva
Vagina
Anus
Oropharynx
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90.6 to 92.8% of HPV associated cancers were attributable to HPV
infection. The proportion of HPV attributable cancers in Nigeria is
similar to ﬁndings from other developing countries [25] but much
higher than in developed countries [26] mainly due to the higher
burden of cervical cancer in Nigeria.
Cervical cancer was the most common HPV attributable cancer
in our study. Similar incidence rates to our ﬁndings have been
reported in West-Africa (29.3 per 100,000) and Central Africa
(28 per 100,000) but the incidence rates in South Africa (38.2 per
100,000) and Eastern Africa (42.7 per 100,000) were much higher
[27]. This is in contrast with developed regions such as Europe
were much lower incidence rates (11.9 per 100,000) have been
reported [27]. This difference with the developed world may be as
a result of differences in the prevalence of risk factors for cervical
cancer such as early age at ﬁrst intercourse [28], total number of
lifetime sexual partners, sexual practices [29], and early age at ﬁrst
pregnancy [28]. The widespread availability of population based
screening programs for cervical cancer in developed countries has
also contributed to reduced incidence while HIV infection in Africa
is contributing to increased incidence [30,31].
Analysis of worldwide trends showed that the incidence of
oropharyngeal cancers signiﬁcantly increased between 1983 and
2002 in several countries around the world [32] Given that
countries with reduced or stable incidence of lung cancer had
increased incidence of oropharyngeal cancer, Chaturverdi et al.
[32]. surmised that the increase in oropharyngeal cancer incidence
in developed countries was due to factors other than smoking,
notably HPV infection. HPV16 was shown to account for the vast
majority (95%) of HPV-positive oropharyngeal squamous cell
carcinomas [33].
Our results showed than the incidence of HPV attributable
oropharyngeal cancers is low in Nigerian men and women at
this time. There is no data on time trends of oropharyngeal
cancers, for most developing countries. A recent study of head
and neck cancers from Nigeria analyzed blocks from 123 patients
and did not ﬁnd any to be positive for HPVHPV associated [34].
Oropharyngeal cancers were the second most common HPV
attributable cancers in men after anal cancers, but were the
least common HPV attributable cancers in women. The low
prevalence of HPV attributable oropharyngeal cancers in
Nigerian adults may be related to low prevalence of sexual
behaviors that may be contributing to rising incidence of
oropharyngeal cancer in other populations [35,36]. The gender
difference that we observed in incident oropharyngeal cancers
in our study may be due to lower prevalence of use of tobacco
products and alcohol among women compared to men in the
Nigeria. Other risk factors for oropharyngeal cancer are
HIVinfection [37], poor oral hygiene [38], diet [39,40] and
occupational [41] exposures.
For the past three decades, the global incidence of anal cancer
has been rising by about 2% per year among both men and women
[42]. The increasing incidence of anal cancer may reﬂect changes in
sexual behavior in the second half of the twentieth century that
increases the risk of exposure to HPV in the anal canal [43]. In
contrast to reports from other parts of the world where the
incidence of anal cancers is higher in women, we found almost
similar incidence in both sexes [44–47]. The ASR of anal cancer in
our study was 1.4 and 0.7 per 100,000 in men and women
respectively. Similarly low incidence rates have been reported in
Uganda 0.2 per 100,000 in men and women and <0.1 per
100,000 in men and women in Zimbabwe [25]. Risk factors for anal
cancers include chronic irritation in the form of ﬁssures or ﬁstulas,
smoking and immunosuppression [43].
Vulvar and vaginal cancers are rare malignancies of the female
genital tract. Worldwide, about 2% and 1.5% of the cancers
attributable to HPV in 2008 were cancers of the vulva and vagina,
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respectively [12]. Although there are no previous studies in Nigeria
reporting the incidence of vulva cancer, the incidence of vulva
cancer in our study was similar to the results from previous studies
conducted in Uganda and Zimbabwe [25]. The incidence of vaginal
cancer was also very similar to ﬁndings from other African
countries of 0.4 and 0.7 per 100,000 in Uganda and Zimbabwe
respectively [25]. The risk factors for vulvo-vaginal cancers are
multiple lifetime sexual partners, age at ﬁrst intercourse,
immunosuppression, cigarette smoking, chronic pessary use,
surgical menopause, or prior hysterectomy [48,49]; however these
factors have not been examined in relation to vulvo-vaginal
cancers among Nigerian women, to the best of our knowledge. A
study conducted in Nigeria about 25 years ago showed that vulvar
carcinoma was more common among women of low socioeconomic status [50].
A review of 31 studies on HPV and penile cancer revealed that
about 50% of the cancers were associated with HPV 16 and 18 [51].
Although penile HPV prevalence is high, persistence is less likely
[52], thus HPV is not a necessary cause of penile cancer. Penile
cancer virtually occurs in only uncircumcised men. In Israel, where
most males are circumcised during the neonatal period, the rate of
penile cancer is as low as 1 case per one million person-years [53],
whereas in Brazil where most men are uncircumcised, the rates are
higher and penile cancer accounts for 2–5% of male cancers [54].
The low ASR of penile cancer estimated in this study may be due to
high prevalence of neonatal circumcision in Nigeria. Our ﬁndings
of low incidence of penile cancer are similar to reports from other
Sub-Saharan African countries [25].
The prevalence of HIV infection in sub-Saharan Africa has been
linked to several HPV attributable cancers. Several studies in
Nigeria have found an association between cervical cancer and
HIV [47,55]. A registry linkage study in Nigeria reported a twofold
higher risk of cervical cancer in people living with HIV/AIDS [31].
A recent systematic review and meta-analysis revealed an excess
risk of anal cancer among men who have sex with men (MSM),
particularly among those who were HIV positive [56]. Other HPV
attributable cancers such as oropharyngeal cancers have also
been linked with HIV infection [37]. More effective HIV/AIDS
control interventions in developing countries may reduce the
incidence of HPV attributable cancers particularly cervical cancer
[27].
Our study has several important limitations. Studies of the
prevalence of HPV infection in Africa are few, often have small
sample sizes and lacked methodological rigor. Therefore, the
prevalence measured may not be entirely representative of the
population. In this study, we mostly used prevalence estimates
derived from meta-analyses and provided a range of values for the
attributable fractions in a bid to obtain more representative results.
Secondly, this data was from only two of the six PBCR in Nigeria
that had data for the period under study and this may limit the
generalizability of our results. Furthermore, we cannot rule out the
possibility of problems with completeness and representativeness
of the cancer registration data based on the two catchment
populations. However our sensitivity analyses showed that the ASR
of cervical cancer in our study of 28.3 per 100,000 is very similar to
the national estimate for Nigeria (29 per 100,000) as reported in
GLOBOCAN 2012 [57].
5. Conclusion
This is the ﬁrst study to provide information on the incidence of
HPV associated and HPV attributable cancers in Nigeria. The
estimate of HPV attributable cancers in our study is substantial and
approximately 90% of these cancers would be prevented if HPV
infection in this population is prevented through screening and
prophylactic vaccination. Our ﬁndings would inform public health
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policy on the potential impact of HPV prevention and for
examining future trends in HPV attributable cancers in Nigeria.
Author contributions
EJA, EOD, SNA, MO and EAO all contributed equally to this
manuscript; by contributing to the concept and design, data
acquisition, analysis and interpretation, drafting and revising the
manuscript and approving the ﬁnal version for submission. FI, TO,
EE, RA contributed to the acquisition and analysis of data,
providing revisions to the manuscript and approving the ﬁnal
version of the manuscript. FB took part in the analysis and
interpretation of data, revising the manuscript critically for
intellectual content and approving the ﬁnal version to be
submitted. CAA obtained funding, conceived the study and study
design, provided critical revisions for intellectual content and
guided all aspects of the paper.
All authors read and approved the ﬁnal manuscript.
Acknowledgements
We acknowledge the work in data collection and data entry
carried out by the cancer registrars at the Abuja and Enugu
population-based cancer registries. This work was supported by
IHV-UM Capacity Development for Research into AIDS-Associated
Malignancies (CADRE, NIH/NCI D43CA153792) and the African
Collaborative Center for Microbiome and Genomics Research
(ACCME, NIH/NHGRI U54HG006947).
The content is solely the responsibility of the authors and does
not necessarily represent the ofﬁcial views of the National Cancer
Institute, or the National Institutes of Health.
References
[1] M. Plummer, C. de Martel, J. Vignat, J. Ferlay, F. Bray, S. Franceschi, Global
burden of cancers attributable to infections in 2012: a synthetic analysis,
Lancet Glob. Health 4 (9) (2016) e609–e616, doi:http://dx.doi.org/10.1016/
S2214-109X(16)30143-7.
[2] C. de Martel, J. Ferlay, S. Franceschi, J. Vignat, F. Bray, D. Forman, M. Plummer,
Global burden of cancers attributable to infections in 2008: a review and
synthetic analysis, Lancet Oncol. 13 (6) (2012) 607–615, doi:http://dx.doi.org/
10.1016/S1470-2045(12)70137-7.
[3] D. Forman, C. de Martel, C.J. Lacey, I. Soerjomataram, J. Lortet-Tieulent, L. Bruni,
J. Vignat, J. Ferlay, F. Bray, M. Plummer, S. Franceschi, Global burden of human
papillomavirus and related diseases, Vaccine 30 (Suppl. 5) (2012) F12–23, doi:
http://dx.doi.org/10.1016/j.vaccine.2012.07.055.
[4] IARC, Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume
100. A Review of Carcinogen—Part B: Biological Agents, International Agency
for Research on Cancer, Lyon, 2011.
[5] Centers for Disease Control and Prevention. Human Papillomavirus (HPV)Associated Cancers. June 23, 2014. Accessed at www.cdc.gov/cancer/hpv/
statistics/cases.htm on Sept 26, 2016.
[6] National Cancer Institute. HPV and Cancer. February 19, 2015. Accessed at
www.cancer.gov/cancertopics/factsheet/Risk/HPV on Sept 26, 2016.
[7] A. Jemal, E.P. Simard, C. Dorell, A.M. Noone, L.E. Markowitz, B. Kohler, C.
Eheman, M. Saraiya, P. Bandi, D. Saslow, K.A. Cronin, M. Watson, M. Schiffman,
S.J. Henley, M.J. Schymura, R.N. Anderson, D. Yankey, B.K. Edwards, Annual
Report to the Nation on the Status of Cancer, 1975–2009, featuring the burden
and trends in human papillomavirus(HPV)-associated cancers and HPV
vaccination coverage levels, J. Natl. Cancer Inst. 105 (3) (2013) 175–201, doi:
http://dx.doi.org/10.1093/jnci/djs491.
[8] V. Bouvard, R. Baan, K. Straif, Y. Grosse, B. Secretan, F. El Ghissassi, L.
Benbrahim-Tallaa, N. Guha, C. Freeman, L. Galichet, V. Cogliano, Group
WHOIAfRoCMW, A review of human carcinogens—part B: biological agents,
Lancet Oncol. 10 (4) (2009) 321–322.
[9] WHO Metrics: Population Attributable Fraction (PAF). http://www.who.int/
healthinfo/global_burden_disease/metrics_paf/en/. Accessed 17/07/2015.
[10] J. Ferlay, H.R. Shin, F. Bray, D. Forman, C. Mathers, D.M. Parkin, Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008, Int. J. Cancer 127 (12)
(2010) 2893–2917, doi:http://dx.doi.org/10.1002/ijc.25516.
[11] J.M. Walboomers, M.V. Jacobs, M.M. Manos, F.X. Bosch, J.A. Kummer, K.V. Shah,
P.J. Snijders, J. Peto, C.J. Meijer, N. Munoz, Human papillomavirus is a necessary
cause of invasive cervical cancer worldwide, J. Pathol. 189 (1) (1999) 12–19,
doi:http://dx.doi.org/10.1002/(SICI)1096-9896(199909)189:1<12:AIDPATH431>3.0.CO;2-F.

[12] H. De Vuyst, G.M. Clifford, M.C. Nascimento, M.M. Madeleine, S. Franceschi,
Prevalence and type distribution of human papillomavirus in carcinoma and
intraepithelial neoplasia of the vulva, vagina and anus: a meta-analysis, Int. J.
Cancer 124 (7) (2009) 1626–1636, doi:http://dx.doi.org/10.1002/ijc.24116.
[13] L. Alemany, M. Saunier, I. Alvarado-Cabrero, B. Quiros, J. Salmeron, H.R. Shin, E.
C. Pirog, N. Guimera, G. Hernandez-Suarez, A. Felix, O. Clavero, B. Lloveras, E.
Kasamatsu, M.T. Goodman, B.Y. Hernandez, J. Laco, L. Tinoco, D.T. Geraets, C.F.
Lynch, V. Mandys, M. Poljak, R. Jach, J. Verge, C. Clavel, C. Ndiaye, J.
Klaustermeier, A. Cubilla, X. Castellsague, I.G. Bravo, M. Pawlita, W.G. Quint, N.
Munoz, F.X. Bosch, S. de Sanjose, H.V.S. Group, Human papillomavirus DNA
prevalence and type distribution in anal carcinomas worldwide, Int. J. Cancer
136 (1) (2015) 98–107, doi:http://dx.doi.org/10.1002/ijc.28963.
[14] D.M. Backes, R.J. Kurman, J.M. Pimenta, J.S. Smith, Systematic review of human
papillomavirus prevalence in invasive penile cancer, Cancer Causes Control 20
(4) (2009) 449–457, doi:http://dx.doi.org/10.1007/s10552-008-9276-9.
[15] C. Ndiaye, M. Mena, L. Alemany, M. Arbyn, X. Castellsague, L. Laporte, F.X.
Bosch, S. de Sanjose, H. Trottier, HPV DNA E6/E7 mRNA, and p16INK4a
detection in head and neck cancers: a systematic review and meta-analysis,
Lancet Oncol. 15 (12) (2014) 1319–1331, doi:http://dx.doi.org/10.1016/S14702045(14)70471-1.
[16] G. Hoste, K. Vossaert, W.A. Poppe, The clinical role of HPV testing in primary
and secondary cervical cancer screening, Obstet. Gynecol. Int. 2013 (2013)
610373, doi:http://dx.doi.org/10.1155/2013/610373.
[17] E.A. Burger, K. Lee, M. Saraiya, T.D. Thompson, H.W. Chesson, L.E. Markowitz, J.J.
Kim, Racial and ethnic disparities in human papillomavirus-associated cancer
burden with ﬁrst-generation and second-generation human papillomavirus
vaccines, Cancer (2016), doi:http://dx.doi.org/10.1002/cncr.30007.
[18] Bruni L, B.-R.L., Albero G, Aldea M, Serrano B, Valencia S, Brotons M, Mena M,
Cosano and M.J. R, Bosch FX, de Sanjosé S, Castellsagué X. ICO Information
Centre on HPV and Cancer (HPV Information Centre). Human Papillomavirus
and Related Diseases in Nigeria. Summary Report 2015-03-20. Available from:
http://hpvcentre.net/statistics/reports/NGA.pdf.
[19] E.E. Jedy-Agba, E.A. Oga, M. Odutola, Y.M. Abdullahi, A. Popoola, P. Achara, E.
Afolayan, A.A. Banjo, I.O. Ekanem, O. Erinomo, E. Ezeome, F. Igbinoba, C.
Obiorah, O. Ogunbiyi, A. Omonisi, C. Osime, C. Ukah, P. Osinubi, R. Hassan, W.
Blattner, P. Dakum, C.A. Adebamowo, Developing national cancer registration
in developing countries—case study of the nigerian national system of cancer
registries, Front. Public Health 3 (2015) 186, doi:http://dx.doi.org/10.3389/
fpubh.2015.00186.
[20] E. Jedy-Agba, M.P. Curado, O. Ogunbiyi, E. Oga, T. Fabowale, F. Igbinoba, G.
Osubor, T. Otu, H. Kumai, A. Koechlin, P. Osinubi, P. Dakum, W. Blattner, C.A.
Adebamowo, Cancer incidence in Nigeria: a report from population-based
cancer registries, Cancer Epidemiol. 36 (5) (2012) e271–e278, doi:http://dx.
doi.org/10.1016/j.canep.2012.04.007.
[21] D.M. Parkin, The global health burden of infection-associated cancers in the
year 2002, Int. J. Cancer 118 (12) (2006) 3030–3044, doi:http://dx.doi.org/
10.1002/ijc.21731.
[22] M. Senba, N. Buziba, N. Mori, A. Wada, S. Irie, K. Toriyama, Detection of Human
papillomavirus and cellular regulators p16INK4a, p53, and NF-kappaB in
penile cancer cases in Kenya, Acta Virol. 53 (1) (2009) 43–48.
[23] M.L. Tornesello, M.L. Duraturo, V. Guida, S. Losito, G. Botti, S. Pilotti, B. Stefanon,
G. De Palo, L. Buonaguro, F.M. Buonaguro, Analysis of TP53 codon
72 polymorphism in HPV-positive and HPV-negative penile carcinoma, Cancer
Lett. 269 (1) (2008) 159–164, doi:http://dx.doi.org/10.1016/j.
canlet.2008.04.027.
[24] G. Kaba, B. Dzudzor, R.K. Gyasi, R.H. Asmah, C.A. Brown, W. Kudzi, E.K. Wiredu,
Human papillomavirus genotypes in a subset of head and neck squamous cell
carcinoma, W. Afr. J. Med. 33 (2) (2014) 121–124.
[25] H. De Vuyst, L. Alemany, C. Lacey, C.J. Chibwesha, V. Sahasrabuddhe, C. Banura,
L. Denny, G.P. Parham, The burden of human papillomavirus infections and
related diseases in sub-saharan Africa, Vaccine 31 (Suppl. 5) (2013) F32–F46,
doi:http://dx.doi.org/10.1016/j.vaccine.2012.07.092.
[26] D.R. Lowy, J.T. Schiller, Reducing HPV-associated cancer globally, Cancer Prev.
Res. (Phil.) 5 (1) (2012) 18–23, doi:http://dx.doi.org/10.1158/1940-6207.CAPR11-0542.
[27] K.S. Louie, S. de Sanjose, P. Mayaud, Epidemiology and prevention of human
papillomavirus and cervical cancer in sub-Saharan Africa: a comprehensive
review, Trop. Med. Int. Health 14 (10) (2009) 1287–1302, doi:http://dx.doi.org/
10.1111/j.1365-3156.2009.02372.x.
[28] J.D. Makuza, S. Nsanzimana, M.A. Muhimpundu, L.E. Pace, J. Ntaganira, D.J.
Riedel, Prevalence and risk factors for cervical cancer and pre-cancerous
lesions in Rwanda, Pan. Afr. Med. J. 22 (2015) 26, doi:http://dx.doi.org/
10.11604/pamj.2015.22.26.7116.
[29] S.M. Mbulaiteye, K. Bhatia, C. Adebamowo, A.J. Sasco, HIV and cancer in Africa:
mutual collaboration between HIV and cancer programs may provide timely
research and public health data, Infect. Agents Cancer 6 (1) (2011) 16, doi:
http://dx.doi.org/10.1186/1750-9378-6-16.
[30] A. Jacquet, M. Odutola, D.K. Ekouevi, A. Tanon, E. Oga, G.B. Kariyiare, J. Akakpo,
M. Charurat, M.D. Zannou, S.P. Eholie, A.J. Sasco, E. Bissagnene, A.C.
Adebamowo, F. Dabis, The IeDEA west africa collaboration HIV and cancer in
referral hospitals from four west african countries, the IeDEA west africa
collaboration, 20th International AIDS Conference, Melbourne, Australia, July
20–25, International AIDS Society, 2014.
[31] S.N. Akarolo-Anthony, L.D. Maso, F. Igbinoba, S.M. Mbulaiteye, C.A.
Adebamowo, Cancer burden among HIV-positive persons in Nigeria:

E.E. Jedy-Agba et al. / Cancer Epidemiology 45 (2016) 91–97

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]

preliminary ﬁndings from the Nigerian AIDS-cancer match study, Infect.
Agents Cancer 9 (1) (2014) 1, doi:http://dx.doi.org/10.1186/1750-9378-9-1.
A.K. Chaturvedi, W.F. Anderson, J. Lortet-Tieulent, M.P. Curado, J. Ferlay, S.
Franceschi, P.S. Rosenberg, F. Bray, M.L. Gillison, Worldwide trends in incidence
rates for oral cavity and oropharyngeal cancers, J. Clin. Oncol. 31 (36) (2013)
4550–4559, doi:http://dx.doi.org/10.1200/JCO.2013.50.3870.
H. Mirghani, F. Amen, F. Moreau, J. Lacau St Guily, Do high-risk human
papillomaviruses cause oral cavity squamous cell carcinoma? Oral. Oncol. 51
(3) (2015) 229–236, doi:http://dx.doi.org/10.1016/j.oraloncology.2014.11.011.
E.A. Oga, L.M. Schumaker, B.S. Alabi, D. Obaseki, A. Umana, I.A. Bassey, G.
Ebughe, O. Oluwole, T. Akeredolu, S.N. Adebamowo, P. Dakum, K. Cullen, C.A.
Adebamowo, Paucity of HPV-related head and neck cancers (HNC) in Nigeria,
PLoS One 11 (4) (2016) e0152828, doi:http://dx.doi.org/10.1371/journal.
pone.0152828.
J.A. Chancellor, S.J. Ioannides, J.M. Elwood, Oral and oropharyngeal cancer and
the role of sexual behaviour: a systematic review, Commun. Dent. Oral.
Epidemiol. (2016), doi:http://dx.doi.org/10.1111/cdoe.12255.
K.R. Dahlstrom, D. Bell, D. Hanby, G. Li, L.E. Wang, Q. Wei, M.D. Williams, E.M.
Sturgis, Socioeconomic characteristics of patients with oropharyngeal
carcinoma according to tumor HPV status, patient smoking status, and sexual
behavior, Oral. Oncol. 51 (9) (2015) 832–838, doi:http://dx.doi.org/10.1016/j.
oraloncology.2015.06.005.
A.E. Grulich, M.T. van Leeuwen, M.O. Falster, C.M. Vajdic, Incidence of cancers
in people with HIV/AIDS compared with immunosuppressed transplant
recipients: a meta-analysis, Lancet 370 (9581) (2007) 59–67, doi:http://dx.doi.
org/10.1016/S0140-6736(07)61050-2.
W. Ahrens, H. Pohlabeln, R. Foraita, M. Nelis, P. Lagiou, A. Lagiou, C. Bouchardy,
A. Slamova, M. Schejbalova, F. Merletti, L. Richiardi, K. Kjaerheim, A. Agudo, X.
Castellsague, T.V. Macfarlane, G.J. Macfarlane, Y.C. Lee, R. Talamini, L. Barzan, C.
Canova, L. Simonato, P. Thomson, P.A. McKinney, A.D. McMahon, A. Znaor, C.M.
Healy, B.E. McCartan, A. Metspalu, M. Marron, M. Hashibe, D.I. Conway, P.
Brennan, Oral health, dental care and mouthwash associated with upper
aerodigestive tract cancer risk in Europe: the ARCAGE study, Oral. Oncol. 50 (6)
(2014) 616–625, doi:http://dx.doi.org/10.1016/j.oraloncology.2014.03.001.
F. Bravi, C. Bosetti, M. Filomeno, F. Levi, W. Garavello, S. Galimberti, E. Negri, C.
La Vecchia, Foods, nutrients and the risk of oral and pharyngeal cancer, Br. J.
Cancer 109 (11) (2013) 2904–2910, doi:http://dx.doi.org/10.1038/bjc.2013.667.
W. Garavello, E. Lucenteforte, C. Bosetti, C. La Vecchia, The role of foods and
nutrients on oral and pharyngeal cancer risk, Minerva Stomatol. 58 (1–2)
(2009) 25–34.
H. Riechelmann, Occupational exposure and cancer of the oral cavity and
pharynx, Laryngorhinootologie 81 (8) (2002) 573–579, doi:http://dx.doi.org/
10.1055/s-2002-33365.
L.G. Johnson, M.M. Madeleine, L.M. Newcomer, S.M. Schwartz, J.R. Daling, Anal
cancer incidence and survival: the surveillance, epidemiology, and end results
experience, 1973–2000, Cancer 101 (2) (2004) 281–288, doi:http://dx.doi.org/
10.1002/cncr.20364.
A.B. Moscicki, M. Schiffman, A. Burchell, G. Albero, A.R. Giuliano, M.T.
Goodman, S.K. Kjaer, J. Palefsky, Updating the natural history of human
papillomavirus and anogenital cancers, Vaccine 30 (Suppl. (5)) (2012) F24–33,
doi:http://dx.doi.org/10.1016/j.vaccine.2012.05.089.
X.H. Ntombela, B. Sartorius, T.E. Madiba, P. Govender, The clinicopathologic
spectrum of anal cancer in KwaZulu-Natal Province, South Africa: analysis of a
provincial database South Africa, Cancer Epidemiol. 39 (4) (2015) 528–533,
doi:http://dx.doi.org/10.1016/j.canep.2015.05.005.
M.A. Clark, A. Hartley, J.I. Geh, Cancer of the anal canal, Lancet Oncol. 5 (3)
(2004) 149–157, doi:http://dx.doi.org/10.1016/S1470-2045(04)01410-X.
J.V. Klas, D.A. Rothenberger, W.D. Wong, R.D. Madoff, Malignant tumors of the
anal canal: the spectrum of disease, treatment, and outcomes, Cancer 85 (8)
(1999) 1686–1693.

97

[47] A. Jaquet, M. Odutola, D.K. Ekouevi, A. Tanon, E. Oga, J. Akakpo, M. Charurat, M.
D. Zannou, S.P. Eholie, A.J. Sasco, E. Bissagnene, C. Adebamowo, F. Dabis, Ie
DEAWAc, Cancer and HIV infection in referral hospitals from four West African
countries, Cancer Epidemiol. 39 (6) (2015) 1060–1065, doi:http://dx.doi.org/
10.1016/j.canep.2015.09.002.
[48] J.R. Daling, M.M. Madeleine, S.M. Schwartz, K.A. Shera, J.J. Carter, B. McKnight,
P.L. Porter, D.A. Galloway, J.K. McDougall, H. Tamimi, A population-based study
of squamous cell vaginal cancer: HPV and cofactors, Gynecol. Oncol. 84 (2)
(2002) 263–270, doi:http://dx.doi.org/10.1006/gyno.2001.6502.
[49] X. Wu, G. Matanoski, V.W. Chen, M. Saraiya, S.S. Coughlin, J.B. King, X.G. Tao,
Descriptive epidemiology of vaginal cancer incidence and survival by race,
ethnicity, and age in the United States, Cancer 113 (10 Suppl) (2008) 2873–
2882, doi:http://dx.doi.org/10.1002/cncr.23757.
[50] N.D. Briggs, K.C. Katchy, Pattern of primary gynecological malignancies as seen
in a tertiary hospital situated in the Rivers State of Nigeria, Int. J. Gynaecol.
Obstet. 31 (2) (1990) 157–161.
[51] C. Miralles-Guri, L. Bruni, A.L. Cubilla, X. Castellsague, F.X. Bosch, S. de Sanjose,
Human papillomavirus prevalence and type distribution in penile carcinoma, J.
Clin. Pathol. 62 (10) (2009) 870–878, doi:http://dx.doi.org/10.1136/
jcp.2008.063149.
[52] Bosch FX, Broker TR, Forman D, Moscicki AB, Gillison ML, Doorbar J, Stern PL,
Stanley M, Arbyn M, Poljak M, Cuzick J, Castle PE, Schiller JT, Markowitz LE,
Fisher WA, Canfell K, Denny LA, Franco EL, Steben M, Kane MA, Schiffman M,
Meijer CJ, Sankaranarayanan R, Castellsague X, Kim JJ, Brotons M, Alemany L,
Albero G, Diaz M, de Sanjose S, authors of ICOMCCoHPVI, Related Diseases
Vaccine Volume S. (2013). Comprehensive control of human papillomavirus
infections and related diseases. Vaccine 31 Suppl 7:H1-31. 10.1016/j.
vaccine.2013.10.003.
[53] Parkin D.M. WSL, Ferlay J., Teppo L. and Thomas D.B (2002) Cancer Incidence in
Five Continents Vol. VIII.
[54] Favorito LA, Nardi AC, Ronalsa M, Zequi SC, Sampaio FJ, Glina S (2008).
Epidemiologic study on penile cancer in Brazil. Int Braz J Urol 34 (5):587-591;
discussion 591–583.
[55] C.C. Dim, H.U. Ezegwui, A.C. Ikeme, U.I. Nwagha, C.C. Onyedum, Prevalence of
cervical squamous intraepithelial lesions among HIV-positive women in
Enugu, South-eastern Nigeria, J. Obstet. Gynaecol. 31 (8) (2011) 759–762, doi:
http://dx.doi.org/10.3109/01443615.2011.598967.
[56] D.A. Machalek, M. Poynten, F. Jin, C.K. Fairley, A. Farnsworth, S.M. Garland, R.J.
Hillman, K. Petoumenos, J. Roberts, S.N. Tabrizi, D.J. Templeton, A.E. Grulich,
Anal human papillomavirus infection and associated neoplastic lesions in men
who have sex with men: a systematic review and meta-analysis, Lancet Oncol.
13 (5) (2012) 487–500, doi:http://dx.doi.org/10.1016/S1470-2045(12)70080-3.
[57] GLOBOCAN 2012. Nigeria http://globocan.iarc.fr/Pages/fact_sheets_population.
aspx [accessed 23rd March, 2016].
[58] L. Denny, I. Adewole, R. Anorlu, G. Dreyer, M. Moodley, T. Smith, L. Snyman, E.
Wiredu, A. Molijn, W. Quint, G. Ramakrishnan, J. Schmidt, Human
papillomavirus prevalence and type distribution in invasive cervical cancer in
sub-Saharan Africa, Int. J. Cancer 134 (6) (2014) 1389–1398, doi:http://dx.doi.
org/10.1002/ijc.28425.
[59] C. Okolo, S. Franceschi, I. Adewole, J.O. Thomas, M. Follen, P.J. Snijders, C.J.
Meijer, G.M. Clifford, Human papillomavirus infection in women with and
without cervical cancer in Ibadan, Nigeria, Infect Agents Cancer 5 (1) (2010) 24,
doi:http://dx.doi.org/10.1186/1750-9378-5-24.
[60] M. Tesfalul, K. Simbiri, C.M. Wheat, D. Motsepe, H. Goldbach, K. Armstrong, K.
Hudson, M.K. Kayembe, E. Robertson, C. Kovarik, Oncogenic viral prevalence in
invasive vulvar cancer specimens from human immunodeﬁciency viruspositive and negative women in Botswana, Int. J. Gynecol. Cancer 24 (4)
(2014) 758–765, doi:http://dx.doi.org/10.1097/IGC.0000000000000111.

Open Access

Research

Fatima Isa Modibbo,1, * Eileen Dareng,2,3, * Patience Bamisaye,4, *
Elima Jedy-Agba,2,5, * Ayodele Adewole,6 Lawal Oyeneyin,6 Olayinka Olaniyan,2,7
Clement Adebamowo8,9

To cite: Isa Modibbo F,
Dareng E, Bamisaye P, et al.
Qualitative study of barriers
to cervical cancer screening
among Nigerian women. BMJ
Open 2016;6:e008533.
doi:10.1136/bmjopen-2015008533
▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2015-008533).

*FIM, ED, PB and EJ-A
contributed equally.
Received 16 May 2015
Revised 24 September 2015
Accepted 14 October 2015

ABSTRACT
Objectives: To explore the barriers to cervical cancer
screening, focusing on religious and cultural factors, in
order to inform group-specific interventions that may
improve uptake of cervical cancer screening
programmes.
Design: We conducted four focus group discussions
among Muslim and Christian women in Nigeria.
Setting: Discussions were conducted in two hospitals,
one in the South West and the other in the North
Central region of Nigeria.
Participants: 27 Christian and 22 Muslim women
over the age of 18, with no diagnosis of cancer.
Results: Most participants in the focus group
discussions had heard about cervical cancer except
Muslim women in the South Western region who had
never heard about cervical cancer. Participants believed
that wizardry, multiple sexual partners and inserting
herbs into the vagina cause cervical cancer. Only one
participant knew about the human papillomavirus.
Among the Christian women, the majority of
respondents had heard about cervical cancer screening
and believed that it could be used to prevent cervical
cancer. Participants mentioned religious and cultural
obligations of modesty, gender of healthcare providers,
fear of disclosure of results, fear of nosocomial
infections, lack of awareness, discrimination at
hospitals, and need for spousal approval as barriers to
uptake of screening. These barriers varied by religion
across the geographical regions.
Conclusions: Barriers to cervical cancer screening
vary by religious affiliations. Interventions to increase
cervical cancer awareness and screening uptake in
multicultural and multireligious communities need to
take into consideration the varying cultural and
religious beliefs in order to design and implement
effective cervical cancer screening intervention
programmes.

For numbered affiliations see
end of article.
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Dr Fatima Isa Modibbo;
zahra.modibbo@gmail.com

INTRODUCTION
Cervical cancer is the fourth most common
cancer in women, with an estimated 528 000
new cases occurring globally in 2012.1 In

Strengths and limitations of this study
▪ We identified several group-specific barriers to
successful cervical cancer screening among
Nigerian women and showed that religious and
cultural factors have significant impact on healthseeking behaviours that should not be
underestimated.
▪ Our findings have the potential to influence the
implementation and uptake of cervical cancer
screening in multicultural societies.
▪ Participants in our study were relatively well educated compared with the general population and
may have provided responses that are not
generalisable.
▪ We would need to further evaluate our findings
from this qualitative study in a larger populationbased survey.

Nigeria, it is the second most common
female cancer, with an age-standardised incidence rate of 34.5 per 100 000 and incidence/mortality ratio of 0.6.1–3 The global
burden of cervical cancer is unevenly distributed throughout the world, with developing
countries accounting for over 80% of all new
cases.4
The incidence of cervical cancer in developed countries has fallen signiﬁcantly in
recent decades due to the implementation of
population-wide, cytology-based screening
programmes.4 Similar programmes have
either not been successful or are generally
lacking in Sub-Saharan Africa and other lowand middle-income countries (LMICs). To
overcome these difﬁculties, screening
methods such as visual inspection techniques
based on low-cost technologies have been
developed and implemented in several
LMICs with varying degrees of success.5–7
More
recently,
several
high
and
middle-income countries have introduced
screening based on human papillomavirus
(HPV) DNA testing.8 9
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METHODS
Study design and setting
We used focus group discussions (FGDs) so that we
could elicit new information, free from researchers’ preconceived expectations in order to learn about group
and cultural norms and behaviours associated with cervical cancer prevention among Nigerian women.13 This
approach facilitates the ﬂexible expression of ideas and
experiences that might be left underdeveloped in a
structured interview format, and its iterative data collection and research question format enables thorough
exploration of participants’ perspectives, which quantitative methods do not allow. We conducted FGDs at two
hospitals in Nigeria, where the Institute of Human
Virology Nigeria (IHVN) works with site staff to provide
cervical cancer screening services. These hospitals are
the National Hospital, Abuja, Federal Capital Territory
(FCT) located in North Central Nigeria and the Mother
and Child Hospital, Ondo State located in the South
Western region of the country (ﬁgure 1).
Selection of participants and study sample
Participants were recruited through purposive sampling.
Participants were eligible if they were (1) women resident in the North Central or South Western regions of
the country, (2) age 18 or older, (3) not currently suffering from cervical cancer and (4) self-identiﬁed as
Muslims or Christians. We did not exclude women who
had family or close acquaintances with a present or past
diagnosis of cervical cancer. We conducted in-person
visits to churches, markets and the general outpatient
clinics of participating hospitals to identify potential participants. Potential participants were screened by a brief
in-person interview to assess eligibility, and eligible participants were provided venue and time details for the
FGD. Six of 55 women (11%) who were approached to
participate in the FGDs declined. All of these women
cited time constraints as their reason for declining.
2

Focus group discussions
We conducted four FGDs between August and October
2014, two at each of the hospitals where the study was
implemented. In order to encourage free exchange of
ideas, focus groups were conducted according to the
faiths of the participants, one for Muslims and the other
for Christians and we achieved a heterogeneous (by age
and socioeconomic status) group with at least 10 participants in each FGD. All participants provided written
informed consent.
The focus groups were conducted by FIM (a physician), EJ-A (a physician-epidemiologist) and PB (a
nurse), all of whom, along with CA ( physician-epidemiologist), have more than 4 years of experience in the
design and conduct of qualitative research. FIM and
EJ-A have had postgraduate training in qualitative
research methodology at the West African Bioethics
Training Program (PI—CA). EJ-A and CA have published papers using qualitative research methodology. All
these researchers, except CA are women. AA, LO and
OO are male gynaecologists who provide cervical cancer
screening at the research sites and participated in the
implementation of the research. None of the researchers had any relationship with the study participants
before the start of the study.
All four FGDs were carried out in English language
using pidgin or local terms when necessary and lasted
approximately 60–90 min without interference or the
presence of other people. At each FGD, using an FGD
guide that we developed on the basis of previous literature and using predetermined domains relevant to the
objectives of the study, one of the two researchers (FIM
or EJ-A), assisted by PB, moderated the discussions. We
pilot-tested the FGD guide among 15 women in Abuja
identiﬁed through purposive sampling, before the start
of the study. We informed participants that the reason
for carrying out the research study was to determine barriers that might exist to cervical cancer screening, especially related to religious and cultural factors, in an
attempt to ascertain ways of improving participation
rates in cervical cancer screening programmes. We then
addressed all questions they had, after which we took
informed consent. We audiorecorded each FGD, and
two independent members of the research team transcribed the recordings. Handwritten notes were also
taken during the interviews and were used to supplement the audio recordings. The sample size was determined based on data saturation.13
Data analysis
The transcribed data were analysed based on the
content analysis technique using a combination of
deductive and inductive processes with Atlas.ti V.7.5.2
software for qualitative analysis. Transcripts were not
returned to the participants for any comments or corrections. Two of the authors, ED and EJ-A, created a
priori codes based on our research objective, as a
general framework, while allowing for emergent
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There are several barriers to the uptake of cervical
cancer screening in LMICs; however, few studies have
evaluated these barriers, particularly those related to cultural and religious differences in complex societies such
as Nigeria. These barriers include low levels of knowledge of cervical cancer, limited awareness of prevention
and early detection methods, fear of stigma associated
with cancer diagnosis, concerns about spousal disapproval of screening, and concerns about violations of
religious and cultural obligations of modesty during
screening procedures.4 10 11
It is imperative that these barriers are reduced or eradicated and appropriate mechanisms are instituted to
enhance the use of screening services.11 12 In this study
we explored the knowledge, attitude and beliefs of
Nigerian women about cervical cancer prevention and
focused on religious and cultural factors that may inﬂuence cervical cancer screening behaviour.
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concepts from the discussions. For each code, a description of the code was written in the code manager to
provide contextual information. Coding was an iterative
process, with the ﬁrst level of coding generating initial
codes which were evaluated by ED and EJ-A for a
second and third level of coding. Related codes were
grouped together using preﬁxes related to the study
objective (using shared characteristics), and codes were
colour coded using the shared preﬁx titles for each speciﬁc objective. We grouped codes into families according to shared themes. ED and EJ-A created semantic
networks
representing
hierarchical
relationships
between concepts after a review of the codes. We analysed each code to identify emerging opinions and
themes for the research objective. We kept detailed
reﬂective and thematic memos during the process of
coding to provide contextual information that developed during the coding process. All the authors
reviewed the codes at a data analysis review meeting
and subsequently modiﬁed and agreed on a set of

codes. We used the query tools and Boolean operators
to interrogate the codes and obtain the results that we
present in this paper. We used the consolidated criteria
for reporting qualitative research (COREQ-32) in
describing the results.14
Quality assurance
We used the Word Cruncher and Word Cloud tools in
Atlas.ti for content analysis to improve the quality of
codes by identifying themes that may not have been previously coded. These tools determine the relative frequency of occurrence of all words in all four FGD
transcripts. We did not identify any missed themes using
this process.
Ethical considerations
Ethics approval was obtained from the National Health
Research Ethics Committee of Nigeria (NHREC/01/01/
2007--01/08/2014).
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Figure 1 Map of Nigeria showing location of study sites; National Hospital Abuja in North Central Nigeria and Mother and Child
Hospital, Ondo State, in South Western Nigeria.
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Awareness and knowledge about cervical cancer
Awareness of cervical cancer
Most participants had heard about cervical cancer
(table 2). The most common means of hearing about it
was through the mass media and at health talks from
healthcare workers in hospitals. Interestingly, one participant recalled hearing about it during a talk given in a
commuter bus. However, none of the Muslim participants in the FGD conducted in South Western Nigeria
had ever heard about cervical cancer.

Among participants who had heard about cervical
cancer, most did not understand the part of the body
affected by it or where the cervix is located. A few participants identiﬁed cancer of the cervix by describing the
cervix as the mouth of the womb or the birth canal.
Several participants believed it was the same condition
as cancer of the breast, while a few others believed it was
cancer of the uterus. Some other discussants thought
that it was cancer of the hips. During the FGDs, we
found that, when some participants volunteered the
names ‘cancer of the mouth of the womb’ or ‘cancer of
the birth canal’, several other participants in the FGDs,
who had heard of cervical cancer but did not know what
part of the body was affected, were able to identify the
location of the cervix.
Causes of cervical cancer
Discussants had some misconceptions about the cause
of cervical cancer (table 2). These varied by religion
and geographical location. Among the Christian women
in the Abuja FGDs, one of the most common misconceptions was that cervical cancer could result from
wizardry.

Table 1 Sociodemographic description of participants
Site
North Central (Abuja)
South West (Ondo)
Age, years (mean±SD)
Level of education
Some primary school
Completed primary school
Some secondary school
Completed secondary school
Some University/post-secondary
Completed university/post-secondary
Some postgraduate
Completed postgraduate
Marital status
Single
Married
Widowed
Separated
Occupation
Civil servant
Professional
Skilled manual
Student
Unemployed
Frequency of attendance at religious meetings
Daily
Weekly
Monthly
Never
Ever screened for cervical cancer

All participantsN=49

ChristianN=27

MuslimN=22

24 (49.0)
25 (51.0)
33±9.9

14 (51.9)
13 (48.1)
36±9.4

10 (45.5)
12 (54.5)
30±9.6

1
2
5
15
7
7
1
11

(2.0)
(4.1)
(10.2)
(30.6)
(14.3)
(14.3)
(2.0)
(22.5)

0
2
3
9
3
5
1
4

(0.0)
(7.4)
(11.1)
(33.3)
(11.1)
(18.6)
(3.7)
(14.8)

1
0
2
6
4
2
0
7

(4.5)
(0.0)
(9.1)
(27.3)
(18.2)
(9.1)
(0.0)
(31.8)

14
31
3
1

(28.6)
(63.3)
(6.1)
(2.0)

7
17
2
1

(25.9)
(63.0)
(7.4)
(3.7)

7
14
1
0

(31.8)
(63.6)
(4.6)
(0.0)

11
9
9
6
14

(22.4)
(18.4)
(18.4)
(12.2)
(28.6)

9
2
3
1
12

(33.3)
(7.4)
(11.1)
(3.7)
(44.5)

2
7
6
5
2

(9.1)
(31.8)
(27.3)
(22.7)
(9.1)

12
34
2
1
19

(24.5)
(69.4)
(4.1)
(2.0)
(38.8)

5
22
0
0
16

(18.5)
(81.5)
(0.0)
(0.0)
(59.3)

7
12
2
1
3

(31.8)
(54.5)
(9.1)
(4.6)
(13.6)

Except where indicated, all values are n (%).
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RESULTS
Participant description
A total of 49 women (25 from the South West and
24 from the North Central regions) participated in
this study. The mean (SD) age of participants was 33
(9.9) years. Most of the participants (83.7%) had
completed at least 12 years of formal education. The
majority (63.3%) were married, and 59.0% were
employed. About one-third of the participants (38.8%)
had been screened for cervical cancer in the past.
Table 1 provides details of the characteristics of the
participants.
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Table 2 Comparison of key findings on knowledge, attitudes and beliefs of participants
Christian women
North Central (Abuja FGD)

South Western (Ondo FGD)

Awareness of
cervical cancer

All of the women in this group had
heard about cervical cancer

Most of the women in this group
had heard about cervical cancer

Causes of
cervical cancer

Poor knowledge of the cause of
cervical cancer; one of the
participants in this group had the
misconception that cervical cancer
could result from wizardry

Symptoms of
cervical cancer
Awareness of
human
papillomavirus
Treatment
options for
cervical cancer

Poor knowledge of the symptoms of
cervical cancer
Only one participant in this group
had ever heard of the human
papillomavirus
Christian FGD participants in Abuja
did not think that there was any
effective traditional treatment for
cervical cancer. They were of the
opinion that it could be treated if
diagnosed early by screening (see
and treat), chemotherapy, surgery
and ‘spirituality’
Participants in this group were more
aware of cervical cancer screening
and more willing to engage with the
healthcare system. More than half of
the participants in this group had
been screened. Participants were
not particular about being screened
by a female or male healthcare
provider

Poor knowledge of the cause of
cervical cancer.
Participants in this group expressed
beliefs about the use of charms
and cervical cancer being inflicted
on women by men
Poor knowledge of the symptoms of
cervical cancer
No previous knowledge of the
human papillomavirus

Cervical cancer
screening

Most of the participants in the Abuja
Muslim women FGD had heard
about cervical cancer
Displayed poor knowledge of the
cause of cervical cancer. Less
belief in the use of charms than the
Christian women

South Western (Ondo FGD)
None of the women in this group
had ever heard of cervical cancer
Displayed poor knowledge of the
cause of cervical cancer

Poor knowledge of the symptoms of
cervical cancer
No knowledge of the human
papillomavirus

No previous knowledge of the
symptoms of cervical cancer
No previous knowledge of the
human papillomavirus

In the Christian women FGD in
Ondo, participants noted that
cervical cancer could be treated if
diagnosed early. They did not
believe that traditional medicine
could be used to treat cervical
cancer

Most Muslim FGD participants in
Abuja believed that cervical cancer
can be treated and few participants
claimed awareness of traditional
treatment modalities for it

Participants in the Ondo Muslim
women FGD had poor knowledge
of treatment options for cervical
cancer

Participants in this group had heard
about cervical cancer screening
and were more likely to accept
screening. Participants were also
indifferent to being screened by
either a male or female healthcare
provider

Participants among the Abuja
Muslim women had heard about
cervical cancer screening, though
none had been screened. Reasons
for reluctance to be screened
included the need for spousal
support and permission before
screening, need for a female doctor
or female chaperone to be present
during screening procedure

None of the participants in this
group was aware of cervical cancer
screening

Most of the women in this group
believed that cervical cancer is
becoming more common in Nigeria
and they could be at risk of cervical
cancer

Most of the Abuja Muslim women
believed that cervical cancer is
becoming a significant problem in
Nigeria. They expressed belief that
they could be at risk of cervical
cancer

None of the participants in this
group previously believed that
cervical cancer is becoming a
significant problem or that they
could get cervical cancer
Continued
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Attitudes and beliefs
Perception of
Most expressed the belief that
personal risk
cervical cancer is becoming a
significant problem in Nigeria and
that anyone could be at risk of
cervical cancer

Muslim women
North Central (Abuja FGD)

BMJ Open: first published as 10.1136/bmjopen-2015-008533 on 11 January 2016. Downloaded from http://bmjopen.bmj.com/ on 29 April 2018 by guest. Protected by copyright.

Expressed preference for sampling
by a female healthcare provider
rather than self-sampling. One
participant in this group was of the
opinion that healthcare providers
are more capable of taking the
samples correctly

Participants in this group identified
a strong preference for a female
healthcare provider before they
would accept being screened

Among the Muslim women in the Abuja FGD, various
vaginal health practices were thought to cause cervical
cancer (table 2). These practices include the use of
toilet paper or cloth as sanitary pads during menstrual
periods and the insertion of herbs into the vagina.
…I think you know women have a lot of…like herbs that
they insert into their vagina. So me I felt…you know
sometimes you see tablets, sometimes it’s these local
herbs or something. The ﬁrst time I learnt about it, from
I think a friend was telling me. That like in Niger (a State
in Northern Nigeria), you know they are used to buying
these women herbs. That most of women there have cervical cancer. Abuja Muslim FGD Participant

The Abuja Muslim women
highlighted the need for husband’s
permission, modesty concerns, lack
of awareness, cultural
discrimination and discomfort as
barriers to cervical cancer
screening
Expressed preference for sampling
by a female healthcare provider
rather than self-sampling

Most respondents believed that having multiple sexual
partners would increase the risk of having cervical
cancer.
she was talking about sexual intercourse, having a multitude of partners even though in one partner but it is not
safe for you because he may have other girl friends,
Which he can contract from them too. Abuja Muslim
FGD participant

Expressed preference for sample
collection in the hospital by a
healthcare provider
Acceptability of
self- sampling

In addition to the causes mentioned above, one of the
Abuja Christian FGD participants also mentioned that it
could be hereditary.
Symptoms of cervical cancer
Although most participants in the FGDs did not demonstrate a good understanding of the part of the body
affected by cervical cancer, they were able to mention
some of the symptoms of cervical cancer. From all FGDs,
except the Ondo Muslim FGD, abnormal vaginal bleeding was recognised as a symptom of cervical cancer by the
majority of the participants (table 2). Some respondents
further characterised this to be bleeding during sexual
intercourse, prolonged menstrual periods or abnormal
menstrual cycles. Other symptoms that were mentioned
included abnormal growth from the vagina, offensive
vaginal discharge, abdominal pain and back pain.

FGD, focus group discussion.

Participants in this group identified
lack of awareness as a major
barrier to cervical cancer screening

No barriers to cervical cancer
screening were reported in this
group. While some opined that they
would prefer a female provider,
many were happy to be screened by
a male provider if a female
chaperone was present
Expressed preference for sample
collection in the hospital by a
healthcare provider rather than
self-sampling
Barriers to
cervical cancer
screening

Muslim women
North Central (Abuja FGD)
South Western (Ondo FGD)
Christian women
North Central (Abuja FGD)
Table 2 Continued
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I heard that…On that talk show somebody say is…They
use to send it, maybe it is a kind of charm, if a woman
offend a man, the man now charm her that she will not
have sex again. Then that place will now start to decay.
That was what they said. Abuja Christian FGD participant

I think they said irregular menses, or at times, heavy ﬂow
of menstrual blood. That is one. I think that is what I
heard. Ondo Christian FGD participant
Offensive discharge, bleeding during sexual intercourse.
Abuja Christian FGD participant.

Cervical cancer screening
There was limited knowledge of the use of screening as
a means of preventing cervical cancer (table 2). This differed by religion but not by geographic location. Among
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South Western (Ondo FGD)
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I think if you go early enough and you do your screening
you will know when if you have it at all you will know
early, and from there you start the treatment. Which is
easier than you knowing it when it’s late. Abuja Christian
FGD participant

While many of the Muslim women in Ondo had not
heard of cervical cancer screening, Muslim women in
Abuja had heard about screening for cervical cancer;
however, they had limited knowledge of its use for prevention. Some of the Muslim FGD participants in Ondo
said that the only screening they had heard of was for
breast cancer.
Among the participants who knew about cervical
cancer screening, the majority believed that it is only
required for premenopausal women who are sexually
active and that the screening interval should be yearly.
Cervical cancer treatment options
Regardless of location, the Christian women identiﬁed
treatment options for cervical cancer to include early
detection, screening, chemotherapy, ‘spirituality,’ ‘exercise.’ One participant noted that preventive hysterectomy was also an option saying
Another way is that if a woman have delivered the children she wanted, I think the womb can be removed.
Abuja Christian FGD participant

Participants in Abuja did not feel that there was any
effective traditional treatment for cervical cancer,
although one participant noted that traditional treatment was available for breast cancer but not for cervical
cancer saying

Yes it can be treated if it has not damaged the womb. If it
is still around the cervix and it has not gone very far, it
can be treated. Ondo Christian FGD participant

These participants did not believe that traditional
medicine could be used to treat cervical cancer.
Barriers to cervical cancer screening
All participants, except the Muslim women in Ondo,
opined that cervical cancer was becoming a signiﬁcant
problem in Nigeria, as they hear about the disease more
commonly now than in the past. One respondent
described rural–urban disparities in the awareness of
cervical cancer saying
This awareness of cervical cancer is limited to the city…
Ondo Christian FGD participant

All participants, except those in the Muslim FGD in
Ondo, believed that they could develop cervical cancer
as long as they were engaged in sexual relationships and
with increasing age. One participant said
it is all about having sex and many multiple sexual partners. Abuja Christian FGD participant

Although most participants believed that they have
some personal risk of developing cervical cancer, several
expressed unwillingness to be screened. Some of the
barriers to screening that respondents described
included modesty concerns, gender of healthcare providers, fear of status disclosure, fear of contracting other
illnesses in the hospitals, discomfort during the screening process, lack of awareness of screening programmes,
denial of disease condition, discrimination, and requiring husband’s permission before screening. These barriers varied by religion across the geographical regions.
All FGD participants identiﬁed cultural norms of
modesty as a barrier to seeking cervical cancer screening;
however, the participants in the Muslim FGDs were more
emphatic about this barrier, citing an additional religious
basis for their concern. A participant put it this way

I have seen on breast cancer but not heard of cervical
cancer. Abuja Christian FGD participant

Most Muslim FGD participants in Abuja believed that
cervical cancer can be treated, and a few participants
claimed awareness of traditional treatment modalities
for it. Participants who were aware of traditional treatment modalities for cervical cancer provided further
insight by noting that, when women had symptoms suggestive of cervical cancer, they started traditional treatment before visiting a healthcare facility. In these
instances, such participants noted that they could not
tell much about the efﬁcacy of the traditional treatment,
as they were not certain if what was being treated was
indeed cervical cancer. In the Christian FGD in Ondo,
participants noted that cervical cancer could be treated
if diagnosed early.

Islamically it is not good to expose yourself outside,
except to your husband. Ondo Muslim FGD participant

A participant noted that there can be exceptions to
this norm in cases of illness and explained how Islam
teaches the practice of preventive measures.
Even in our religion, our mentor in Islam, Muhammadu
Rasurulillahi has even told us—When you are in community and you can perceive a kind of a sickness that is
being spread among the people or even in the forest that
you should leave that place and go to area where you will
not contact it. Ondo Muslim FGD participant

The participants in the Muslim FGD in both geographical regions expressed a strong preference for a
female healthcare provider.
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the Christian women, the majority of respondents had
heard about cervical cancer screening and believed that
it could be used to prevent cervical cancer. Respondents
who did not believe that screening could be used for
prevention of cervical cancer felt that it could only be
used for early detection of cervical cancer.

Open Access

Some participants further explained that they had
failed to go through screening in the past when they realised the service was to be provided by a male healthcare
provider. Participants in the FGD for Muslim women in
Ondo claimed that Muslim women face some discrimination at healthcare facilities because their mode of dressing readily identiﬁes their faith.

Because the reason is that when you give us the thing to
screen at home we won’t have something to open it
(private part) very well. And we may not do it properly.
Ondo Muslim FGD participant.

The way they are treating us in the hospital, as if we are
not part of the community. Even the female doctors in
the hospital, before they even attend to you, they will
already be abusing you from head to toe as if you don’t
know anything, as if you are not part of the community.
If you want us to go for screening in the hospital, these
women that are coming, at least they should be kind to
them and be patient with them. Ondo Muslim FGD
participant

Among all the Christian FGD participants, while there
was a preference for female healthcare providers, they
did not mind being attended to by a male healthcare
provider. All participants opined that they would be
more comfortable if there was a female chaperone
present in the examination room.
Some respondents expressed concerns about conﬁdentiality of results.
Some women will not want any other person to know
their status. You know if you have infection, that tendency
of thinking that so they know I am carrying this thing….
Ondo Christian FGD participant

Participants expressed a lack of conﬁdence in the
healthcare system and opined that they could be
infected with other diseases either from the screening
equipment or from other sources or procedures within
the healthcare facility.
I may be thinking maybe, I will contact another disease.
Like this Ebola we have been hearing this time around
now. Most of the doctor that have been treating the
patients, they are the ones catching the disease. If I go
for screening now, maybe something may have happen, I
don’t know. That is the part of the reason that have been
scaring us from going. Ondo Muslim FGD participant

Most participants said that they required their husband’s permission before being screened. This view was
more prevalent among the Muslim respondents. Some
felt they needed to let their husbands know before
attending screening clinics because of ﬁnancial reasons,
stating that the husband would need to provide the
funds. One participant noted that it would be important
to inform her husband because this would make
8

disclosure and discussion of abnormal results, if found
during screening, easier. Other reasons proffered for
requiring their husband’s permission were religious obligation and trust in their spouse’s opinion.
Most participants were not aware that there were
screening options that allow the participant to take the
cervical samples by themselves. However, when they considered this option, the majority expressed a preference
for a healthcare provider to take the samples in a healthcare facility as opposed to self-sampling. The main
reason for this preference was the belief that they would
be unable to take adequate samples of good quality even
with instructions.

Practices
The majority of the FGD participants (61.2%) had never
been screened for cervical cancer. Participants attributed
this low level of screening uptake to modesty concerns,
lack of awareness of screening, lack of husband’s permission to be screened, fear of a positive result, and belief
that it is better to be ignorant of the disease than to go
in search of it. However, several participants who had
not been screened for cervical cancer were willing to be
screened if a free screening test was provided. They also
offered suggestions on how cervical cancer screening
could reach a wider range of women by the use of
mobile screening clinics, dissemination of information
in churches and mosques, and use of text messages via
mobile phones.

DISCUSSION
Our study shows that awareness of cervical cancer was
not uniform among different groups of women in our
population. When compared with the Christian FGD
participants, the Muslim women were less likely to be
aware of cervical cancer especially in the Ondo South
Western FGD, where none of the participants were
aware of cervical cancer. This ﬁnding may be because
there have been more public health campaigns in
churches and at Christian gatherings. It may also be a
reﬂection of the scope of social and ancillary programmes that accompany the practices of Christianity
compared with Islam in our study communities. We also
found a higher prevalence of reluctance to engage with
the healthcare system among Muslim participants. There
is a need to provide educational campaigns that are speciﬁcally designed to reach Muslim women, as recommended by others.15 The most effective way of
conducting such campaigns may require speciﬁc engagement with Muslim women’s organisations and close
liaison with Muslim religious and opinion leaders
because Muslim women may not attend mosques as
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Normally….Muslim women do not like to open themselves to the other… man. I prefer female doctors to
attend to the Muslim woman. To me, I prefer to go
female hospital, because they will see our private parts. I
don’t really, really like it at all at all. Ondo Muslim FGD
participant.

Open Access
that they are not at risk of cervical cancer and fail to
appreciate that the most important risk factor is an
active sexual life.
Beliefs that cervical cancer may be caused by charms
deployed by men who are unhappy with their female
sexual partners were more prevalent among Christians
in this study. These beliefs may reﬂect the growth of
evangelical Christianity with its emphasis on the spiritual
nature of illnesses in recent decades in Nigeria.22 They
may also play to deep anxieties about sex and gender
roles in these communities.23 Beliefs that cervical cancer
is a sexually transmitted disease or may be associated
with having multiple sexual partners were also prevalent
among study participants. These beliefs may contribute
to reluctance of women to participate in screening programmes because they would not want to be considered
sexually promiscuous, harbouring a sexually transmitted
disease, or having unhappy male sexual partners. The
public health message about HPV infection and cervical
cancer needs to be carefully crafted so that women learn
that every sexually active woman is at risk from this very
common viral infection and that there are no effective
religious/spiritual remedies.
There was a prevailing notion among several participants that cervical cancer screening is only used for
detection of cancer that is already present and the
cancer may have a poor outcome even if treated. This
limited knowledge of cervical cancer treatment, and its
options, coupled with fear of receiving a diagnosis of
cervical cancer during screening was a strong deterrent
to accessing cervical cancer screening services. Other
studies have found that the lack of awareness of cervical
cancer and its causes, symptoms and treatment among
women in Sub-Saharan Africa decreases their cervical
cancer screening participation rates and increases their
risk of developing cancer.24 25 Educational programmes
in support of cervical cancer screening programmes
need to emphasise the value of the methods for primary
prevention.
Although the majority of participants in the FGDs
recognised their personal risk of cervical cancer, several
expressed an unwillingness to be screened because of
cultural and religious norms of modesty. This was
expressed in several forms such as the lack of desire to
disrobe for the pelvic examination necessary for cervical
cancer screening in the clinic and concerns at being
attended to by male healthcare providers. These concerns were more pronounced among the Muslim participants, and they related it to the teachings of their faith.
Our ﬁnding on the preference for a female doctor
among the Muslim women in our sample is similar to
reports from a predominantly Muslim population in
Kuwait where 78% of respondents expressed their preference for examination by a female doctor.26 The
Islamic culture and religion has a speciﬁc tradition and
lifestyle that shapes women’s actions, behaviours, health
practices, beliefs, expectations, gender roles, and selfcare.27 These practices may inﬂuence a woman’s
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frequently as men. The differences in cervical cancer
awareness between the Muslim FGD participants based
on geographic regions were apparent and this may be
due to differences in sociocultural dynamics regardless
of religious beliefs between the two groups.
Most of the women in our study were aware of cervical
cancer, but only a third had ever been screened and
only one participant had ever heard of the association
between HPV and cervical cancer. This is similar to ﬁndings from other low-resource settings, which found that
the knowledge of women about cervical cancer is ‘elementary’ at best and that there was a high prevalence of
ignorance about causes, symptoms and treatment
options for cervical cancer.16 Other studies in Nigeria
have found only moderate levels of awareness of cervical
cancer even among female healthcare and professional
workers.17 18 The lack of knowledge about cervical
cancer may be related to the hidden anatomical location
of the cervix in contrast with the breast, which is located
on the surface and is familiar to most of our
participants.
Some of the women in our study knew cancer of the
cervix as ‘cancer of the mouth of the womb’ or ‘cancer
of the birth canal’. To be successful, public health messages to promote cervical cancer screening should build
on names and terminologies that are already in use in
the community. Our study participants stated that their
main sources of information on cervical cancer were the
mass media and hospital health talks. This is similar to
the ﬁndings from other studies carried out in Nigeria
and Ethiopia.18 19 Given the low level of knowledge
about methods of cervical cancer prevention in this
study, additional modalities for dissemination of health
information including use of text messages and campaigns in public spaces including mass transport vehicles
should be actively explored.
Several participants recognised the role of a sexually
transmitted infection in cervical cancer, but only one
participant mentioned an association with HPV. With
increasing use of HPV DNA testing as primary modality
for cervical cancer screening in high- and
middle-income countries and the role of HPV vaccination in prevention of cervical cancer, there is a need to
improve awareness of the association of HPV with cervical cancer in order to enhance the uptake of these
modern prevention and screening interventions in this
population.8 9 20 There was a higher prevalence of
beliefs about an association between practices such as
the insertion of herbs into the vagina and cervical
cancer among Muslim women and this may be related
to prevailing vaginal and sexual health practices within
those communities. While previously under-reported in
Nigeria, such practices may alter the vaginal microenvironment and facilitate the acquisition and persistence of
HPV infection.21 Further studies are needed to obtain a
good understanding of the materials that are used in
such practices and the reasons for their use. Women
who do not engage in these practices may falsely believe
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the hospital environment. While there have been several
studies of disclosure of status and its impact in the
context of HIV/AIDS,33 there have been fewer studies of
fear of disclosure as a barrier to cancer screening programmes in Africa where the disease remains highly stigmatised.33 34 Patients in LMICs often harbour anxieties
about the quality of services and the environment of
hospitals. But this concern may have been heightened
in our study participants because we conducted this
study around the peak of public awareness of Ebola virus
disease, where a high proportion of healthcare workers
were affected by the disease.
We explored the attitude of our FGD participants to
potential use of self-sampling for cervical cancer screening in Nigeria in this study. Participants expressed concerns about being able to take adequate samples and
would rather have the samples taken by a trained provider in a healthcare facility. Similar concerns have been
found in other studies and highlight the need to ensure
that women are adequately trained before introduction
of self-sampling techniques for cervical cancer
screening.35 36
Limitations of our study include the possibility that
the FGD environment may have caused some participants to give answers they perceive to be more ‘socially
acceptable’, while more reticent participants may have
shied away from participation. There may also have been
some selection bias in recruiting participants for the
FGDs. Participants in our study were relatively well educated and they may have provided responses that are not
generalisable to the general population. Another limitation to our study is the sample size; although we conducted two FGDs in each geographical region, we
acknowledge that our ﬁndings of distinct experiences
and perceptions among Muslim women in Ondo
require further exploration. It is our plan to explore this
further in a population-based survey.
CONCLUSIONS
Our study adds valuable information to the knowledge,
attitudes and practices of cervical cancer screening in
Nigeria. We identiﬁed several barriers to successful cervical cancer screening among Nigerian women, some of
which varied by religion. We showed that religious and
cultural factors could have signiﬁcant impact on healthseeking behaviours that should not be underestimated,
and that there were signiﬁcant differences in attitudes to
cervical cancer screening among the two major religious
groups in Nigeria. Our next steps are to further evaluate
our ﬁndings from this qualitative study in a larger population survey.
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decision not to have a physical examination or other
healthcare interventions if the health provider is a male
regardless of the severity of the health conditions.28 All
participants agreed that, if it was absolutely necessary for
them to be attended to by a male healthcare provider,
then it would be helpful to have a female chaperone
present.
Most participants indicated that they would need
spousal ﬁnancial and emotional support before attending screening services. In Africa, men have an important
role to play in improving uptake of screening programmes and health interventions, so health education
programmes for women’s health need to engage
spouses in order to increase their chances of
success.29 30 This spousal support is particularly important among Muslim women partly because of higher
prevalence of spousal dependency because women are
allowed only limited roles outside the home and
because of injunctions of the Islamic faith. Some studies
have found that women would not go for screening
because they lacked their husband’s support to access
such services.31 A study in Tanzania found that, when
husbands approved of screening, the likelihood of participating in screening increased signiﬁcantly.10 Many of
our study participants identiﬁed ﬁnancial limitations as
another factor that may affect their willingness to attend
cervical cancer screening services. Several participants
said that they would agree to participate in a screening
programme if the screening test provided was free. The
ﬁnancial cost of screening was also one of the reasons
for requiring spousal permission because the participants said they would need money from their spouses. A
screening programme is therefore more likely to be successful if it is provided at no or low cost to participants.
An unexpected ﬁnding in our study was the perception of discrimination at healthcare facilities by Ondo
FGD Muslim women who suggested that this prevents
them from seeking care. This is an important ﬁnding
especially since these same women were unaware of cervical cancer. Participants opined that their mode of
dressing, which involves the wearing of a veil and long
loose black gowns (the hijab), triggers a discriminatory
response from healthcare providers. The Muslim women
mentioned that they already feel that they are being discriminated against when they attend services such as the
antenatal clinic. This therefore discourages them from
returning to hospitals for other, particularly non-critical,
services. Healthcare providers need to remain ethical
and treat all patients equally. Perceived racial, ethnic,
religious or cultural discrimination may alter health
behaviour including cancer screening, leading to groupspeciﬁc cancer health disparities.32 Health workers must
be trained to avoid perceived or actual bias against any
of the constituent communities they serve.
Participants in our study also showed evidence of low
levels of trust in the healthcare system. There was
concern about disclosure of status based on the screening result and fear of contracting other diseases while in
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Abstract
Introduction
Whereas systematic screening programs have reduced the incidence of cervical cancer in
developed countries, the incidence remains high in developing countries. Among several
barriers to uptake of cervical cancer screening, the roles of religious and cultural factors
such as modesty have been poorly studied. Knowledge about these factors is important
because of the potential to overcome them using strategies such as self-collection of cervico-vaginal samples. In this study we evaluate the influence of spirituality and modesty on
the acceptance of self-sampling for cervical cancer screening.

Methodology
We enrolled 600 participants in Nigeria between August and October 2014 and collected
information on spirituality and modesty using two scales. We used principal component
analysis to extract scores for spirituality and modesty and logistic regression models to evaluate the association between spirituality, modesty and preference for self-sampling. All
analyses were performed using STATA 12 (Stata Corporation, College Station, Texas,
USA).

Results
Some 581 (97%) women had complete data for analysis. Most (69%) were married, 50%
were Christian and 44% were from the south western part of Nigeria. Overall, 19% (110/
581) of the women preferred self-sampling to being sampled by a health care provider.
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Adjusting for age and socioeconomic status, spirituality, religious affiliation and geographic
location were significantly associated with preference for self-sampling, while modesty was
not significantly associated. The multivariable OR (95% CI, p-value) for association with
self-sampling were 0.88 (0.78–0.99, 0.03) for spirituality, 1.69 (1.09–2.64, 0.02) for religious
affiliation and 0.96 (0.86–1.08, 0.51) for modesty.

Conclusion
Our results show the importance of taking cultural and religious beliefs and practices into
consideration in planning health interventions like cervical cancer screening. To succeed,
public health interventions and the education to promote it must be related to the target population and its preferences.

Introduction
In contrast to many developed countries, the burden of cervical cancer has remained high in
most developing countries [1–3]. Of the 528 000 new cervical cancer cases that occurred globally in 2012, 85% of these were in Sub Saharan Africa [2]. This is largely due to the absence of
large scale population based screening programs [4]. In these countries, cervical cancer screening efforts are largely opportunistic and sporadic, resulting in low uptake and lack of public
health benefit [4].
Several methods of cervical cancer screening have been utilized since the introduction of
Pap smear in 1928 [5]. More recently, HPV DNA testing is increasingly used with several
countries implementing it as a primary screening method, as a result of a greater protection
against invasive cancer, when compared to cytology [6–8]. This is largely because HPV DNA
based testing is more objective and more reproducible compared to other cervical cancer
screening modalities [9–11]. Considering that the infrastructural requirements for HPV DNA
based testing is less stringent than required for cytology based screening, with fewer clinic visits
required, this may be a feasible alternative in resource limited environments [9].
In order to substantially reduce the burden of cervical cancer in Sub Saharan Africa, there is
a need to implement sustainable and accessible population based screening programs and
address the barriers to cervical cancer screening uptake. Several studies have explored some of
these barriers. These have focused on socioeconomic barriers (cost of screening, stigma associated with a positive result, embarrassment, lack of trust in the health care systems, spousal disapproval); health systems barriers (accessibility, multiple visits, discomfort, complications
from screening procedure, sex of health care providers) and lack of awareness. Few have examined the role of religious and cultural factors [4, 12–16]
There are several challenges in evaluating the effects of religiosity and health outcomes. One
of these is the difficulty in defining the concept of religiosity and understanding it as a measurable trait that influences health care behaviour [17–19]. Till date, most studies on health outcome and religiosity in Sub Saharan Africa have typically used one general measure, such as
attendance at religious gatherings or active religious participation or observance, without recognizing the multidimensional nature of this attribute [20]. Furthermore the use of a singular
measure such as attendance at religious gatherings may be heavily confounded. For example,
increase in religious participation may serve as a coping mechanism in dealing with illness and
conversely illnesses that result in reduced mobility may reduce religious participation [21].
Despite the difficulties in measurement, studies show that religions help shape the way
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individuals interpret and seek help for their illnesses [22]. It is therefore important to evaluate
the influence of religiosity in interventions to improve health care utilization.
Self-collected cervical samples for HPV DNA based tests for cervical cancer screening may
reduce some of the barriers to uptake including those related to religious and cultural norms of
modesty, fear of pelvic examinations, concerns about the sex of the health care provider, sanitary environment of the health care centers and requirements for multiple clinic visits [23].
Although several studies have indicated that the use of self-sampling methods for HPV DNA
detection is feasible in African countries, few studies have evaluated its acceptability and even
fewer have explored the potential barriers to its use, particularly the influence of spirituality
and modesty in communities with high levels of self-reported spirituality [11, 20, 24–27]. In
this study we evaluated the influence of self-reported spirituality and modesty on the uptake of
cervical cancer screening, in particular how these affect acceptance of self-collected samples, in
order to inform the design of targeted interventions that would increase cervical cancer screening uptake in these communities.

Methods
Study Population
Between August and October 2014, we recruited 600 women in Ondo and Abuja in the south
western and north central regions of Nigeria respectively. Women were eligible to participate if
they were over 18 years with no obvious physical ailments. We spoke to eligible women at markets, mosques, churches, schools, banks, and on the streets and invited them to participate. The
authors EOD, EJA, PB and FIM led the recruitment team and were assisted by TU, CO, SI, EO,
FA, OO and OA (acknowledged in the paper). All recruiters were females, familiar with local cultures and norms and dressed in culturally appropriate attire during recruitment. Participants had
the options of a self-administered questionnaire or an interviewer administered questionnaire.
We obtained written informed consent from all women before they were enrolled in the study.
We collected demographic information including age, education, religion, ethnicity and
occupation. In order to evaluate socioeconomic status we asked about household ownership of
consumer goods (car, motorcycle, refrigerator, television, bicycle and fan), characteristics of
the household dwelling (type of toilet facility, separate room for cooking, source of fuel for
cooking, source of drinking water and type of residence) and house ownership. We also collected information on knowledge of cancer and of cancer screening, and attitudes towards
screening for any cancer in general, and specifically for cervical cancer. Preference for self-sampling was collected as a categorical variable with four possible responses (prefer to self-sample
at home, prefer health care provider irrespective of gender in a hospital, prefer female health
care worker in a hospital, and prefer male healthcare worker in a hospital) For this analysis
responses were dichotomized into two—prefer to self-sample at home and prefer a health care
provider in the hospital.

Measurement of spirituality
To measure spirituality, we used a 7 item mini-scale derived from the Brief Multidimensional
Measure of Religiousness/Spirituality (B-MMRS) (Table 1) [18]. We asked participants to rate
the items on a 5 point Likert scale ranging from strongly disagree to strongly agree.

Measurement of modesty
To assess modesty, we developed an 8-item mini scale (Table 1) from definitions of modesty by
Gregg et al, which was based on surveying what people generally understand by the term
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Table 1. Mini scales for the measurement of spirituality and modesty, Nigeria, 2014.
Spirituality mini-scale a

Modesty mini-scale f

I feel God’s presence every day and I am
comforted by his presence b

I admit my faults and I apologize when my mistakes are
pointed out to me

I ﬁnd strength and comfort in my religion most
of the time b

I have a high opinion of myself and conﬁdence in my
ability to handle most situations that arise

I believe that God watches over me at all times

I believe that I should dress conservatively at all times

c

I feel a deep sense of responsibility in reducing
pain and suffering in the world c

My religion dictates that I dress conservatively at all
times

The events in my life happen according to
God’s predestined plan for me d

When working in a team, I am happy to take the lead
most times

How frequently do you engage in prayers to
God e

I do not like drawing attention to myself

How frequently do you attend religious
gatherings e

When addressing conﬂicts with others, I prefer to be
tactful and inoffensive
I like to receive praise for my work

a
b

derived from the Brief Multidimensional Measure of Religiousness/Spirituality (B-MMRS)
From the Daily Spiritual Experiences domain

c

From the Values/Beliefs domain

d

From the Meaning domain
From the Religious Practices Domain. Responses to these questions were in 5 categories of Never, Once

e

in 3 months, Once a month, Twice a Month and At least once a Month
f

derived from deﬁnitions of modesty by Gregg et al

doi:10.1371/journal.pone.0141679.t001

modesty [28]. Participants were asked to respond to the statements in the mini-scales on a 5
point Likert scale ranging from strongly disagree to strongly agree.

Statistical analysis
We examined knowledge of cervical cancer using 3 variables: ever heard of cancer, ever heard
of cervical cancer and knowledge of at least one symptom of cervical cancer. We analyzed continuous and categorical variables using the Wilcoxon rank sum test and Pearson’s chi squared
test or Fischer’s exact test respectively.
Spirituality analysis. In order to identify the variable, spirituality, we analysed data from
the 7 item mini-scale using Principal Component Analysis (PCA) [29]. We evaluated sampling
adequacy and suitability of our data for PCA by computing the Kaiser-Meyer-Olkin (KMO)
values, conducting the Bartlett’s test of sphericity, and examination of the correlation matrix of
our variables [30–32]. The items “frequency of prayers and attendance at religious gatherings
were poorly correlated with other variables in the 7 item spirituality mini scale (highest correlation was 0.16). Furthermore, the KMO values for “frequency of prayers” and “attendance at
religious gatherings” were 0.53 and 0.50 respectively, which are both considered “miserable”
for KMO scores [32]. Therefore these items were excluded. Sensitivity analysis showed that the
inclusion of the poorly correlated variables: frequency of prayers and attendance at religious
gatherings in the spirituality score did not significantly alter the results with a p-value of 0.04
for the goodness of fit test. After exclusion, all KMO values for the individual items were 0.80
and the overall KMO measure was 0.83. The Bartlett’s test of sphericity showed a patterned
relationship between the items (χ2 (6) = 1513.35, p< 0.001). We used the multiple criteria of
an eigenvalue cut-off of 1, cumulative variance explained, scree plot and interpretability of
extracted components to determine the number of components to retain [33–35]. We
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identified one component that explained the cumulative variance of 70%. We predicted scores
using the component loadings for the retained component and each participant received a
score for the variable spirituality. Each score was a linear combination of the component loadings of the items used to measure spirituality. The variable, spirituality should be interpreted as
a continuum and participants may exist at any point in this continuum.
Modesty analysis. We performed PCA on the 8 items collected on the modesty mini scale.
Individual KMO values ranged from 0.77 to 0.87 and overall KMO measure was 0.83. Barlett’s
test of sphericity showed a patterned relationship between the items χ2 (21) = 1566.07.49, p<
0.001). Using an eigenvalue cut off of 1 and examining the scree plot, we extracted one component that explained 52% of the total variance.
Socioeconomic Status Analysis. To estimate socioeconomic status, we calculated the
wealth index using PCA of data on household assets as described by Filmer and Pritchett [36].
Categorical variables were converted to dummy variables with binary responses and principal
component analysis was performed on 21 variables. The first component in the principal factor
analysis explains the largest proportion of the total variance, so that assets that vary the most
across participants had a larger weight and assets owned by all participants had a weight of
zero. The weights for each asset for this first component was used to generate wealth scores.
Based on these scores, participants were classified into 3 socioeconomic classes: the lowest 40%
as low class, the middle 40% as the middle class and the top 20% as upper class.
Logistic Regression Models. We used logistic regression models to study the associations
between spirituality and modesty, and preference for self-sampling. We ran 2 separate models:
one in which the predictor of interest was spirituality and in the other, the predictor of interest
was modesty. Variables that were associated with preference for self-sampling in age-adjusted
analyses with a p-value of 0.10 were included in the multivariable logistic regression models.
Next we evaluated overall model fit by checking for linearity, collinearity and performing Hosmer-Lemeshow goodness of fit tests. All analyses were conducted in STATA 12 (Stata Corporation, College Station, Texas, USA).

Ethical Consideration
The study was conducted according to the Nigerian National Code for Health Research Ethics
and the Declaration of Helsinki. Ethical approval to conduct this study was obtained from
National Health Research Ethics Committee of Nigeria (NHREC/01/01/2007–01/08/2014) and
all participants provided written informed consent using consent forms and procedures
approved by the National Health Research Ethics Committee of Nigeria.

Results
Some 630 women were approached to participate and 30 (5%) declined citing time constraints.
We did not directly observe any differences in characteristics such as dress, language or behaviour among women who declined to participate. Of the 600 women who participated, 19
women had missing spirituality and modesty mini-scales’ data resulting in 581 participants for
whom complete data was available and are included in this analysis. Table 2 describes the
demographics, social characteristics and cervical cancer knowledge of participants. Most participants were married (70%), employed (76%) and had some form of formal education (94%).
Participants’ religious affiliations were roughly evenly split between Muslims (50%) and Christians (50%). Most participants (89%) had heard about cancer, however relatively fewer participants were aware of cervical cancer (43%) or its symptoms (33%). Overall 19% (110/581) of
participants preferred self-sampling to sampling by a health care provider.
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Table 2. Demographic, social characteristics and cervical cancer knowledge of participants by sampling preference, Nigeria, 2014.
Characteristic

Sampling Preference
Total N = 581

Health care provider N = 471

Self-sampling N = 110

29 (12)

30 (5)

28 (10)

Unemployed

137 (23.6)

110 (23.4)

27 (24.6)

Professional

78 (13.4)

66 (14.0)

12 (10.9)

Managerial

69 (11.9)

52 (11.0)

17 (15.5)

Non manual skilled

78 (13.4)

69 (14.7)

9 (8.2)

Manual skilled

190 (32.7)

148 (31.4)

42 (38.2)

Semi-skilled/Unskilled

29 (5.0)

26 (5.5)

3 (2.7)

Age (years) Median (IQR)b
Occupation N (%)

pa
0.01
0.19

Religion N (%)

0.03

Christian

292 (50.3)

247 (52.4)

45 (40.9)

Muslim

289 (49.7)

224 (47.6)

65 (59.1)

South west

254 (43.7)

184 (39.1)

70 (63.6)

North central

327 (56.3)

286 (60.9)

40 (36.4)

Married

405 (69.7)

321 (68.2)

84 (76.4)

Not Married c

176 ((30.3)

150 (31.8)

26 (23.6)

No formal

37 (6.4)

31 (6.6)

6 (5.4)

Primary (6 years)

95 (16.3)

71 (15.1)

24 (21.8)

Secondary (12 years)

191 (32.9)

149 (31.6)

42 (38.2)

Tertiary (16 years)

163 (28.1)

141 (29.9)

22 (20.0)

Post graduate ( 17 years)

95 (16.3)

79 (16.8)

16 (14.6)

Ever heard of cancer N (%)

516 (88.8)

427 (90.7)

89 (80.9)

0.01

Ever heard of cervical cancer N (%)

249 (42.9)

206 (43.7)

43 (39.1)

0.38

<0.001

Geographical location N (%)

Marital status N (%)

0.09

Highest educational level N (%)

0.12

Awareness of one or more cervical cancer symptoms N (%)

189 (32.5)

161 (34.2)

28 (2.5)

0.08

Ever screened for cervical cancer N (%)

71 (12.2)

57 (12.1)

14 (12.7)

0.86

Low

232 (39.9)

174 (36.9)

58 (52.7)

Middle

232 (39.9)

191 (40.6)

41 (37.3)

Upper

117 (20.2)

106 (22.5)

11 (10.0)

Socioeconomic status

0.002

Abbreviations: p—P value
a

Wilcoxon rank sum test for age modelled as a continuous variable, Fischer’s exact test is reported for age categories and occupation, Pearson’s chi2

test is reported for religion, geographical location of respondents, marital status, highest educational level, ever heard of cancer, ever heard of cervical
cancer, aware of  1 cervical cancer symptom and ever screened for cervical cancer
b

14 participants were missing age

c

This category includes participants who are single, widowed, separated or divorced. Categories were collapsed as there were very few participants who
were widowed (17), separated (4) or divorced (4).
doi:10.1371/journal.pone.0141679.t002

With respect to the indicators used to measure spirituality, responses were skewed. Over
90% of participants agreed or strongly agreed with the statements: I feel God’s presence every
day and I am comforted by his presence; I find strength and comfort in my religion most of the
time; I believe that God watches over me at all times; and I believe that the events in my life
happen according to God’s predestined plan. Therefore the responses to these questions were
dichotomized into 2 categories: strongly agree or not.
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Table 3. Association between spirituality and modesty, and preference for self-sampling: age adjusted and multivariable logistic regression models, Nigeria, 2014.
Characteristic

Univariate

Multivariable logistic regression models
Spirituality model

Modesty model

OR (CI)

p

OR (CI)

p

OR (CI)

Spirituality

0.81 (0.72, 0.90)

<0.001

0.88 (0.78, 0.99)

0.03

-

Modesty

0.91 (0.82, 1.02)

0.12

-

Age

0.97 (0.95, 1.00)

0.03

0.98 (0.96, 1.01)

Religious afﬁliation

0.03

0.99 (0.96, 1.01)

0.02

Christian (reference)

-

-

Muslim

1.59 (1.05, 2.43)

1.69 (1.09, 2.64)
<0.001

Geographic location

0.96 (0.86, 1.08)
0.21

p
0.51
0.26
0.02

1.71 (1.10, 2.66)
<0.001

0.001

South west (reference)

-

-

-

North central

0.37 (0.24, 0.56)

0.47 (0.29, 0.74)

0.42 (0.27, 0.68)

Socioeconomic status
Low (reference)

-

Middle

0.64 (0.41, 1.01)1

0.06

0.77 (0.48, 1.24)

0.29

0.77 (0.48, 1.23)

0.27

Upper

0.31 (0.15, 0.62)

0.001

0.45 (0.41, 0.97)

0.04

0.42 (0.20, 0.89)

0.02

Abbreviations: OR—Odds Ratio, CI—Conﬁdence Interval, p—P value
doi:10.1371/journal.pone.0141679.t003

In multivariable analysis, we found that women who reported high levels of spirituality were
less likely to prefer self-sampling (OR = 0.88, 95% CI = 0.78–0.99, p value = 0.03) adjusting for
age, religious affiliation, geographic location and socioeconomic status (Table 3). Muslim
women in our study were more likely to prefer self-sampling compared to Christians and the
multivariable OR was 1.69 (95% CI = 1.09–2.64, p value = 0.02). Geographic location was also
independently associated with preference for self-sampling with women in north central Nigeria less likely to prefer self-sampling compared to women in the south western region of the
country, adjusting for age, spirituality, religious affiliation and socioeconomic status. The odds
ratio was 0.47 (95% CI = 0.29–0.74, p-value = 0.001). We also found lower preference for selfsampling among women in the higher compared to lower socioeconomic class. The multivariable OR, adjusting for spirituality, age, religious affiliation and geographic location was 0.45
(95% CI = 0.41, 0.97, p value = 0.04)
Modesty was not significantly associated with preference for self-sampling (OR = 0.96, 95%
CI = 0.86–1.08, p value = 0.51).

Discussion
In this study of women in Nigeria, we found an association between spirituality, religious affiliation, socio-economic status and geographical location, and self-reported preference for selfsampling for cervical cancer screening.
Women who were classified as having high levels of spirituality were less likely to report
that they would accept self-sampling for cervical cancer screening. This finding may reflect perceptions of body image and a particular sensitivity about performing intra-cavitary procedures
on themselves among these women. Our finding that Muslims were more likely to prefer selfsampling than Christians, which was not attenuated after adjusting for spirituality, modesty,
age, geographic location and socioeconomic status, may suggests that there are other cultural
factors, other than spirituality, that influences the acceptance of self sampling among Muslims.
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From our previous qualitative research, we identified that Muslim women perceived a sense of
discrimination at health care facilities which prevents them from seeking care for non-critical
services (manuscript under review). This may explain the preference for self-sampling since
this does not require clinic visits. Alternatively cultural practices that normalise intra-cavitary
insertions may be more prevalent among Muslim women resulting in their being more comfortable with self-collecting a sample for cervical cancer screening. Studies in Uganda have also
shown that women who reported inserting herbs to widen the birth canal during pregnancy or
regularly douche were more comfortable with self-collection of samples (13). Acceptance of
self-collection may also reflect the attitude of these women to exposure of their bodies to other
people, concern about sex of health care workers and beliefs about disease aetiology.
Our finding differs from results of some studies evaluating the influence of spirituality and
religion on acceptance of self-sampling. In a study of 300 women in Uganda and 50 (mostly
migrant) African-Caribbean women in the UK, researchers did not identify an association
between religious beliefs and self-reported preference for self-sampling. While we used several
measures to ascertain religiosity, these other studies asked a single question about whether religious beliefs would influence choice of self-sampling [20, 37]. This may explain the difference
in our results. Other possible explanations for the difference include variations in pattern and
practice of religions and spirituality in different communities.
Participants from the south western region of Nigeria were more likely to prefer self-sampling than women from the north central region. This may reflect the higher levels of exposure
to formal education and Western influence on norms and values in the south western region of
the country compared to the northern region [38], as well as a higher degree of social disinhibition. Studies of African immigrants to the US suggest that the uptake of self sampling for cervical cancer screening increases with acculturation using length of residency as a proxy [39].
Overall the self-reported acceptance of self-sampling for cervical cancer prevention in this
population was low. This could be partly explained by our finding that although a large proportion of participants had heard about cancer, relatively fewer participants were aware of cervical
cancer, its symptoms, cervical cancer prevention/screening methods and the possibility of selfcollection of samples for screening. The lack of knowledge about cervical cancer may also be
related to the hidden anatomical location of the cervix in contrast to the breast, for example,
which is located on the surface, as well as cultural and social inhibitions in discussing sexual
and reproductive health. Although studies done in developed countries show a high level of
acceptance [40], studies in Africa have revealed varying levels of acceptance of self-collection of
samples for cervical cancer screening [20, 24–26, 41, 42]. Typically, studies that reported high
levels of acceptance have included an educational intervention where information was provided on cervical cancer, prevention methods and self-collection of samples; evaluated acceptance after women had been given the opportunity to use the self-collection device or were
conducted in women who had been screened for HPV [24, 25, 27]. In scenarios where acceptability was evaluated prior to any intervention, low acceptance rates as reported in our study
was observed [41].
One major criticism of studies on religiosity is the methodological flaws in the ascertainment of spirituality using one indicator such as attendance at religious gatherings [43]. Spirituality is a complex construct that includes a wide variety of behavioural aspects, such as
attendance at religious gatherings, solitary prayer, meditation, reading sacred texts, as well as
attitudinal aspects such as values, beliefs and feelings [18]. We address this by measuring spirituality with a multidimensional self-report survey instrument derived from the B-MMRS taking into account four domains of religiosity—daily spiritual experiences, values and beliefs,
meaning and religious practices. The B-MMRS is designed for use in heterogeneous populations (regardless of religious affiliations) among adults of all ages [18].
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One of the strengths of our study is the sample size. The traditional protocol of sample size
determination is power analysis, however this approach is not very useful when dealing with
psychometric measurements [44]. There are varying opinions on sample size recommendations for studies utilizing data reduction techniques, with sample sizes varying from 50 [44] to
1000 [45]. The general rule of thumb of 100 as poor, 200 as fair, 300 as good, 500 as very good
and 1000 or more as excellent from the work of Comrey and Lee is widely used [45]. With a
sample size of 600, our study is sufficiently powered to evaluate the latent constructs of spirituality and modesty among Nigerian women.

Conclusion
Our findings suggest that acceptability of self-sampling for cervical cancer prevention without
prior educational intervention would be low among Nigerian women. Our results demonstrate
the importance of taking cultural and religious beliefs and practices into consideration in planning health interventions like cervical cancer screening. In order for these to succeed, the
choice of intervention and public education to promote them must be guided by adequate
knowledge of the target population and its preferences in order to maximize impact. Therefore
public health interventions targeted at reducing the burden of cervical cancer in developing
countries need to incorporate public education on cervical cancer and its prevention.
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Objectives: Human papillomavirus (HPV) deoxyribonucleic acid (DNA)-based testing
is increasingly used for cervical cancer screening in developed countries, but the
best approach to utilizing it in low- and middle-income countries (LMIC) is unclear.
Incorporation of HPV DNA-based testing into routine antenatal care (ANC) is a potential
yet poorly explored strategy for cervical cancer screening in LMIC. We explored the
attitude of health care workers and pregnant women to the incorporation of HPV DNAbased tests into routine ANC in Nigeria.
Methods: We conducted nine focus group discussions with 82 pregnant women and
13 in-depth interviews with obstetricians and midwives at four health care facilities in
Abuja, Nigeria. We used qualitative content analysis to analyze the data and the theory
of planned behavior as a theoretical framework to examine the responses.
Results: Pregnant women expressed a favorable attitude toward HPV DNA testing for
cervical cancer screening as part of routine ANC. Acceptability of this approach was
motivated by the expected benefits from early detection and treatment of cervical cancer.
The factors most commonly cited as likely to influence acceptability and uptake of HPV
DNA-based tests are recommendations by their care providers and mandating testing
as part of ANC services. Discussants mentioned lack of awareness and affordability as
factors that may inhibit uptake of HPV DNA-based cervical cancer screening. Midwives
expressed concerns about the safety of sampling procedure in pregnancy, while obstetricians fully support the integration of HPV DNA-based testing into routine ANC.
Conclusion: Our results show that incorporating HPV DN-based cervical cancer screening
into routine ANC is acceptable to pregnant women and health care providers. Making the
test affordable and educating health care workers on its efficacy and safety if performed
during ANC will enhance their willingness to recommend it and increase its uptake.
Keywords: human papillomavirus, HPV DNA testing, cervical cancer, cervical cancer screening, antenatal care,
pregnant women, pregnancy
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INTRODUCTION

have evaluated the feasibility and safety of the use of cytologybased screening and HPV DNA-based screening in pregnancy
(18, 27, 28), none has compared the acceptability of various cervical cancer screening methods as part of routine ANC. In this study,
we investigate the acceptability of integrating cervical cancer
screening using HPV DNA-based tests into routine ANC among
Nigerian women and health care providers (HCP), as an innovative approach to increasing cervical cancer screening coverage.

Cervical cancer is the second commonest cancer among women
and the third leading cause of cancer deaths in low- and middleincome countries (LMIC) (1–3). Of the estimated 528,000 new
cases that occurred globally in 2012, around 85% occurred in
LMIC (1). The incidence of cervical cancer in developed countries has fallen significantly over the past five decades due to
widespread implementation of screening programs (4). However,
the screening technologies have not been successfully transferred
to LMIC and, in these countries, cervical screening has generally
been ineffective in reducing cervical cancer mortality. In a household survey of cervical cancer screening coverage conducted as
part of the World Health Survey, Gakidou et al. reported coverage
ranging from 1% to 23% in African countries (5). In contrast,
screening coverage in European countries ranged from 51 to
82% (5). In Nigeria, 50.3 million women were considered to be at
risk for cervical cancer in 2015 and the estimated cervical cancer
screening coverage in the general population ranged from 1.4 to
8.7% (6).
Several methods of conducting cervical cancer screening in
LMIC have been evaluated. These include visual inspection with
acetic acid (VIA) or Lugol’s iodine (VILI) and human papillomavirus (HPV) deoxyribonucleic acid (DNA)-based testing
performed on either self-collected or health care provider (HCP)collected cervico-vaginal samples (7). While touted for their simplicity, ease of deployment and low cost, VIA, and VILI have not
been associated with reductions in cervical cancer mortality (8).
VIA/VILI are also highly subjective and have low sensitivity and
specificity leading to frequent false positives and overtreatment.
Studies of the feasibility and acceptability of HPV DNA-based
testing have shown that HPV DNA-based tests are acceptable and
feasible for cervical cancer screening in LMIC (9–12). Reasons
include its potential for high-throughput, greater objectivity, ability to provide long-term risk stratification and higher sensitivity
(13). The latter is particularly important in LMIC where women
are likely to be screened only once or twice in their lifetimes
because of lack of resources and poor follow-up culture. Other
benefits of HPV DNA-based tests include possibility of using
self-sampling, fewer clinic visits, and reduced infrastructural
requirements compared to other methods, e.g., Pap smear, which
requires well-trained cytotechnologists that are in limited supply
in LMIC (13–16).
One method for increasing cervical cancer screening coverage is its integration into existing and popular women’s health
programs such as routine antenatal care (ANC)—the umbrella
program that delivers a range of treatment and prevention services to pregnant women (17–19). Studies have shown that a high
proportion of women in LMIC have at least one ANC visit during
their pregnancy. The prevalence of these visits ranges from 84.6%
in Nigeria to 97% in Tanzania (20–24). There is also evidence that
women attending ANC demonstrate a strong motivation to adhere
to medical follow-up and care instructions throughout the course
of pregnancy (17). Public health interventions, such as human
immunodeficiency virus (HIV) testing and malaria control with
insecticide-treated bed nets, have been delivered through ANC
with notable degree of success (25, 26). Though a few studies
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MATERIALS AND METHODS
Study Design and Setting

We applied the theory of planned behavior (TPB) and an interpretivist approach to gain an understanding of the perceptions and
willingness of pregnant women and HCP to accepting the incorporation of HPV DNA-based tests for cervical cancer screening
into routine ANC in Nigeria. According to the TPB, behavioral
intention is influenced by one’s attitude toward performing a
behavior, beliefs about whether individuals who are important to
the person approve or disapprove of the behavior (subjective norm)
and perceived behavioral control, which has to do with one’s belief
that they can control a particular behavior (29–30). For this study,
“behavioral intention” is defined as the willingness of women to
screen for cervical cancer during ANC using HPV DNA-based
test. We conducted nine focus group discussions (FGD) among
82 pregnant women between June 2015 and April 2016 at Asokoro
District Hospital and Kuchingoro Maternal and Child Health
Facility, Garki Hospital, and Nisa Premiere Hospital, all of which
are located in Abuja, central Nigeria. We also conducted 13 indepth interviews with HCP at these health institutions.

Study Participants
Pregnant Women

We hypothesized that acceptability of HPV DNA-based cervical
screening during ANC may be influenced by religious beliefs;
therefore, we enrolled pregnant women from the two major
religious groups in Nigeria—Christian and Muslim (31, 32). We
conducted group discussions in both rural and urban areas of
Abuja. We determined sample size based on an emergent theory
approach, which utilizes the saturation sampling model. In this
model, sample size is determined by a process in which interviews
are conducted sequentially, until the point of data saturation or
redundancy (33). We used the purposive sampling approach to
identify hospitals and health care centers in both rural and urban
areas where we can recruit participants (34). Pregnant women
were eligible if they were registered to attend ANC in health
care facilities rather than with traditional birth attendants, were
resident in Abuja, and had no previous history of cervical cancer.
We provided the women with information about the study and
asked if they would be interested in participating. All the women
who were approached accepted the invitation, and we provided
them with information on the date, time, and venue for the FGD.

Health Care Providers

We approached obstetrics and gynecology (O&G) consultants,
resident doctors in O&G departments, midwives, and community
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health officers, in the four health facilities selected for this study and
invited them to participate in in-depth interviews. HCP were eligible to participate if they were involved in providing ANC services in
any one of the five health facilities selected for this study. We selected
potential interviewees purposively until we reached data saturation
and considered that additional interviewees were not contributing
new information. Individual interviews were scheduled at a convenient venue and time for each participant. Data collection from
the interviews ended when data saturation were attained.

approaches using Atlas.ti® version 7.5.10. Temitope E. Filade,
Eileen O. Dareng, and Toyosi Olawande developed the coding
frame through an iterative process. We used a concept driven
approach to create a priori codes based on the research objective
as a general framework, while allowing emergent themes from
the transcripts and field notes. We evaluated the coding frame
for unidimensionality, mutual exclusiveness, and exhaustiveness
by coding one FGD transcript and one in-depth interview transcript and reviewing the results at a data analysis review meeting.
Temitope E. Filade and Toyosi Olawande used the agreed-upon
coding frame to code all transcripts. This round of coding
yielded descriptive codes. Next, we applied the TPB to review
and interpret the descriptive codes yielding more analytical
codes. Transcripts and results were not returned to participants
for comments.

Study Procedures

Focus Group Discussions

We developed interview guides based on our research objective,
carefully wording the questions to avoid pre-loading the guide
with any concepts. In brief, our interview guide was divided into
three sections: knowledge of cervical cancer screening, attitude
toward HPV DNA-based cervical cancer screening in pregnancy,
and practice of HPV DNA-based cervical cancer screening as part
of routine ANC. Our opening questions were on knowledge of
cervical cancer and were designed to be non-sensitive to get participants comfortable. HPV DNA-based testing was explained as
one of the methods for cervical cancer screening. We pre-tested the
interview guide with a group of six women and revised it according
to feedback from our pre-test participants. TEF (a female nurse/
research scientist) and TAF (a female nurse/research scientist)
moderated all the FGDs. Both TEF and TAF are highly skilled and
experienced in the conduct of qualitative interviews and together
have up to 3 years’ experience in conducting qualitative studies.
All FGDs were conducted in English language, in enclosed rooms.
A competent interpreter was present to translate questions and
responses in one of the focus group sessions. Each FGD lasted
between 45 min and 1 hr. All sessions were audio-recorded, and
supplementary descriptive notes were taken during each session.
We transcribed each audio recording verbatim. Transcripts and
descriptive notes were used for analysis.

Ethical Considerations

The study was approved by the National Health Research Ethics
Committee of Nigeria (NHREC), and we obtained written
informed consent from all participants.

RESULTS
FGD with Pregnant Women

Some 82 pregnant women participated in the nine FGDs. The
mean (SD) age of the participants was 28.9 (4.7) years. Most were
Christians (63.4%), 95.1% had some years of formal education,
53.7% were employed, and all were married. None of the participants had ever been screened for cervical cancer.

Knowledge

Knowledge of cervical cancer, its symptoms and risk factors were
limited across all FGD participants. Despite the limited knowledge overall, Christian and urban dwelling participants were
better informed about cervical cancer and its symptoms than
Muslim and rural dwelling participants. Of the more knowledgeable Christian women, most attributed cervical cancer to sexual
practices like early coitarche and having multiple sexual partners.
The less well-informed women either did not know any risk factor
for cervical cancer or believed miscarriages and use of cosmetics
were risk factors.

Key Informant Interviews (KII)

We used a semi-structured interview guide to conduct in-depth
interviews with seven obstetricians, five midwives, and one community health extension worker. In brief, the interview guided
included three sections: opinions about current cervical cancer
prevention strategies and screening uptake; attitudes toward
HPV DNA-based cervical cancer screening as part of routine
ANC; and perceived adverse events associated with the introduction of HPV DNA-based cervical cancer screening into routine
ANC. Our opening questions on opinions about current cervical
cancer screening prevention strategies in Nigeria were designed
to get participants comfortable. HPV DNA-based testing as a
method of cervical cancer screening was explained as part of the
introduction and rationale of the study. Each interview session
lasted between 30 and 45 min and was conducted in private
rooms. All interviews were facilitated by TEF and conducted in
English language.

“Having multiple sex partners is very very risky. I
think in one way or the other it contribute to let me say
growth or development of cervical cancer.” (Christian
participant 4, group I, urban dweller)
“It’s caused by Human Papilloma Virus through sex.”
(Christian participant 3, group II, urban dweller)
“I don’t know the cause. I’m just hearing about cancer here.” (Muslim participant 7, group II, rural dweller)
“I think it’s too much of miscarriage. It can cause
cervical cancer.” (Muslim participant 4, group II, rural
dweller)
“All these skin bleaching something, I mean, cream
that bleaches body, they’re also causes of cancer.”
(Muslim participant 2, group I urban dweller)

Data Analysis

We used qualitative methods to analyze the FGD and KII
transcripts with a combination of deductive and inductive
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Because the FGDs were interactive, participants who had
initially indicated that they were unaware of cervical cancer were
able to participate in the discussions once the more aware participants used local terminologies such as “cancer of the neck of the
womb” and “cancer of the birth canal” to describe cervical cancer.

TABLE 1 | Major themes identified based on the tenets of the theory of planned
behavior.
Tenets of theory of planned
behavior

Attitude

Attitude

The major themes identified in the FGDs are summarized in
Table 1. Though most of the participants had poor knowledge
of cervical cancer, they had a favorable attitude toward the use of
HPV DNA-based tests for cervical cancer screening during routine ANC. Most participants in the FGDs believed routine HPV
DNA screening would be “good” or “helpful” because cervical
cancer could be detected early:
“…it [HPV DNA based testing] will help if it is detected
early, so that one can have treatment for that [i.e. cervical cancer]” (Christian participant 5, group I, urban
dweller)
“It [HPV DNA based testing] should be a routine
test because uhm, it will make the disease less common,
because in the United States, it’s normal, just like this HIV
stuff. It’s normal there so, the rate is not as the African continent.” (Christian participant 3, group IX, urban dweller)
“We will do it [HPV DNA based testing] but what we
need most is knowledge on it. You know when they said
you go and do HIV test, everybody knows what HIV is,
you know what they’re looking for, you know the cause.
So once we know what we suppose to know about this
cervical cancer screening, once they said you need to do
it, there will be no fear.” (Muslim participant 5, group
IV, urban dweller)

Perceived
behavioral
control

“Yes I think a pregnant woman is at risk. Why I said a
pregnant woman is at the risk of developing it [cervical
cancer]; is that when a woman is pregnant, we’re talking about cervix and the whole thing happens around
there. Cervix encloses the womb. So I think there’s a risk
there and when a woman is pregnant, immunity is low.
So I think if there’s any trace of cervical cancer at that
moment, already existing around there, when a woman
is pregnant, I think that is when it will even manifest the
more because there’s a lot of reactions going on around
there.” (Christian participant 3, group II, urban dweller)

Favorable

Favorable
Avoid high-risk
pregnancies

Beliefs about
consequences

Increased
susceptibility to
cervical cancer
during pregnancy
Early detection is
beneficial
Concerns about the
safety of the baby

Increased
cervical cancer
screening
coverage
Concerns
about safety
of screening
procedure

Outcome evaluations

Better rates of
survival/cure with
early detection
Increased anxiety
with early detection

Increased
cervical cancer
screening
coverage

Health care provider
Spouse
Other pregnant
women

None identified

Motivation to comply

Health care providers
know what is best for
their patient
Health care
providers would not
recommend harmful
practices
Experiences,
adverse events from
other women who
have gone through
the screening
Mandatory antenatal
care policy

Capability

Increasing
awareness among
pregnant women

Awareness
Religious and
cultural beliefs
Include robust
counseling arm

Control

Mandatory ANC
screening
Cost
Availability
Religious beliefs

Cost
Availability

Attitude: refers to the overall evaluation of HPV DNA-based cervical cancer screening
as part of routine ANC. It involves the two components: belief about consequences
and corresponding negative or positive judgment about these consequences (outcome
evaluation).
Subjective norms: This is an evaluation of the social pressures to participate in HPV
DNA-based cervical cancer during pregnancy as part of routine ANC (normative belief)
and motivations to comply with these pressures (motivation to comply).
Perceived behavioral control: the women’s belief that they can participate in HPV DNAbased cervical cancer screening during pregnancy (capability) and factors that may
inhibit or facilitate this behavior (control).
HPV, human papillomavirus; DNA, deoxyribonucleic acid; ANC, antenatal care; FGD,
focus group discussion.

While several participants believed that early detection of
cervical cancer using HPV DNA-based testing was beneficial
because it would lead to better treatment and a higher chance of
excellent outcomes, some participants opined that anxiety about
results of screening tests would be a deterrent for them. Other
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Health care
provider (in-depth
interview)

Overall perception of
human papillomavirus
deoxyribonucleic
acid-based screening
in pregnancy

Subjective Normative beliefs
norms

Majority of the participants in the FGD believed that they
were not only at increased risk of diseases during pregnancy but
that existing infections and abnormalities of the cervix may be
exacerbated by pregnancy. They were therefore happy to accept
screening for cervical cancer using HPV DNA-based methods
during pregnancy.

Pregnant women
(focus group
discussion)
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deterrents to screening using a HPV DNA-based method during
the antenatal period mentioned by participants were distrust of
the screening process, risk of acquiring new infections, and the
safety of the screening procedure during pregnancy. Some of the
women stated that they would consent only if they are convinced
of the safety of the procedure for their unborn baby.

not you must take part in it, like urine test. But say on a
more neutral note, it’s not inclusive, even after antenatal;
we’ll still go back home and forget about it.” (Christian
participant 5, group II, urban dweller)
Participants further opined that adequate education and
awareness creation about the need for HPV DNA-based cervical
cancer screening would provide a strong motivation to comply
with such a screening policy.

“It [HPV DNA based testing] might be dangerous for
the baby inside because we don’t know how powerful
the test [HPV DNA based testing] is, we don’t know
the kind of machines they use…if it is something like
x-ray, they said x-ray is not good for pregnant women.”
(Muslim participant 5, group IV, urban dweller)

Perceived Behavioral Control

None of the pregnant women in this study had ever been screened
for cervical cancer. The commonest reasons for this included
lack of awareness and lack of available screening facilities. These
women affirmed that if they were enlightened on the availability
of HPV DNA-based tests and other methods for cervical cancer
screening, they would screen for cervical cancer. They further
stated that health workers have the responsibility of educating
them on cervical cancer screening to help their decision-making.

Subjective Norms

Most women indicated that the single most important influence on
their decision to participate in a cervical cancer screening program
using HPV DNA-based methods during ANC would be the recommendation of their HCP. This was true regardless of gravidity,
religious affiliation, or dwelling place. The strongest motivation for
the women to comply with their HCP’s recommendation is belief
that the HCP know what is best for the women’s health and would
not recommend procedures that would be harmful to their babies.

“If you didn’t tell me what cervical cancer is all about, the
risk in the test [HPV DNA testing], how it will affect me or
the baby, I will hesitate. But if you give me a pre-knowledge
about it like we all know HIV, we all know why we take
HIV test as a pregnant woman, so one will not hesitate.”
But if I don’t know anything about cervical cancer, I will
hesitate.” (Christian participant 7, group II, urban dweller)
“It’s not every hospital they use to do it [HPV DNA
based testing for cervical cancer screening]. It’s not all
hospitals except the hospital that have equipments. The
test is not common like AIDS or those things. They have
specific hospitals for it. So like primary health center
now, you can’t see it there.” (Muslim participant 6, group
III, urban dweller)

“…if they (health care professionals) ask her to do the
screening then that means it is okay doing it.” (Christian
participant 4, group I, urban dweller)
Another influential factor mentioned by the discussants
is the experience and opinion of other pregnant women who
undergo the screening procedure. Most said that their decision
to participate would be based to a large extent on other pregnant
women’s report of a pleasant screening experience; this may help
to assuage any fears that they may have about HPV DNA-based
cervical screening procedure.

In addition, FGD participants mentioned potential for early
detection of the disease, presence of early signs and symptoms,
and desire for a successful pregnancy as other compelling factors
that would influence their compliance with an HPV-based DNA
cervical cancer screening program.

“Like now, if I first do, I go fit tell them say, den say den
see sickness, den see that sickness for me, or den no see
that sickness for me. Maybe den go say den want to do
and see maybe den get am too.” [For instance, I could go
in to do the test first, then share my experience with other
pregnant women, maybe they could be convinced to go
for it] (Muslim participant 7, group VI, rural dweller)

“If you don’t have any sickness in your body, and you
don’t have anything in your body, you cannot take
yourself to hospital to go and find out. Unless when you
have something in your body that you go to hospital to
find out, is from that place that they will get it, they will
know what is wrong with you.” (Muslim participant 3,
group VIII, urban)

An additional theme identified in all FGDs is the introduction
of mandatory HPV DNA testing for cervical cancer screening with
an “opt out” strategy as part of routine ANC programs similar to
how HIV testing is currently done in Nigeria. Participants opined
that with this approach, all women would be offered HPV DNA
based cervical cancer screening at their ANC appointments,
except those who specifically opt out or are judged to have highrisk pregnancies by their obstetricians.

Other factors that the participants mentioned which would
affect their decisions on uptake of HPV DNA-based cervical cancer screening included cost of screening, procedure-associated
adverse events, spouse’s opinion, fear of screening outcome, and
fear of the screening equipment/procedure.

“I think that’s the only way you can really bring in women
to do it [HPV DNA based cervical cancer screening],
being they include it among antenatal…because if you
come for antenatal now, definitely whether you like it or
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may say I’m spending a lot, I’m pregnant, I’m buying
things, since money is involved let me wait, when
I’m through with the delivery, I can now prepare and
come for it.” (Christian participant 3, group II, urban
dweller)
“Some people are scared of knowing their status. So,
they don’t want to know. They’ll be scared of knowing
what is wrong with them, so that they will not have BP
problems, start thinking, ‘ha, I have HIV, I have cancer’
that fear can make you not to go. You’ll just prefer
to leave it; you’ll just say ‘let me leave it.’ ” (Christian
participant 9, group VIII, urban dweller)

to shy away. If we can bring down the cost, if possible
free-of-charge, it will also help to increase the uptake.”
(KII 4, O&G)
“As easy as the common Pap smear is, as easy as it
can be done, it’s not in every center. In an entire state,
you don’t have maybe more than two or three places.
You may not know it if you’re coming from Lagos or
some other places because you have a lot of people who
are educated. Go down to the north, apart from where
NGOs are sponsoring, you will have issues and it is a
significant problem.” (KII 11, O&G)
The HCPs further stated that there is significant disparity in
the availability of cervical cancer screening comparing rural and
urban locations. They believed that most of the women in urban
areas have better access to cervical screening services due to a
higher level of exposure to health information in the city and
availability of well-equipped health care facilities, as opposed to
the rural areas.

Religious inclinations and beliefs did not appear to negatively
affect the likelihood that our FGD participants would participate
in HPV DNA testing for cervical cancer screening. Muslim
women especially were convinced that Islamic religion pioneered
and gives full support to participating in preventive health care
activities, as seen in their pre-prayer washing—“ablution.”
“Islam is even the one that really explains what health,
neatness, everything about health is…everything about
health! So when they are saying something like this, that
affects somebody, in fact, you’re free to go and do it.”
(Muslim participant 5, group IV, urban dweller)

“The large percentage of people living in Nigeria are
those people that are living in the rural areas. So, people
still need to be well informed in the local areas.” (KII 1,
Midwife)
“Well, I think the coverage is more in the urban centers, the facilities are more in the urban centers. I will say
in the rural areas, there’s some degree of neglect, neglect
of our women you know, in terms of the facilities that
are available for testing. So there’s more concentration
of testing kits, or testing facilities, more in the urban
center.” (KII 3, O&G)

In-Depth Interviews with Health Care
Providers

The HCP interviewed in this study believed cervical cancer is
a major public health challenge for Nigerian women and that
uptake of cervical cancer screening is rather low. Several factors
were believed to be responsible for this; the main one being “lack
of awareness,” which leads to presentation at advanced stage of
disease in hospitals.

The obstetricians especially believed that introducing HPV
DNA-based cervical cancer screening into routine ANC will
be an innovation aimed at improving cervical cancer screening
uptake in the country. It will lead to positive outcomes if coupled
with proper counseling and informed consent:

“Well, my opinion about cervical cancer in Nigeria, is
that it’s still remains a major problem, yeah. As the total
awareness of the general population is still not adequate
with regards prevention, so a lot of times, people don’t
go for screening as recommended. And first time you’re
seeing them, they may have a full-blown disease or its
complication. The morbidities, mortalities or so, associated with it become a problem but it’s still very common,
one of the commonest cancers affecting women. Then
the fact that it’s the commonest genital cancer in this
part of the world…in Nigeria particularly, so it remains
a big problem, that’s the truth.” (KII 11, O&G)

“It will be very good honestly because this is more of
a higher technology. It’s better for us in terms of the
sensitivity, because the Pap smear we do has up to ten
to twenty per cent, the sensitivity is low. But this one
is better. So I think at the end of the day, it will go a
long way in helping…you know vis-a-vis changes in
pregnancy.” (KII 11, O&G)
“Until now, HPV DNA testing has been non-existent
or has been non-existent in this country and I’m sure
your organization is one of the first to bring HPV DNA
testing into routine use. It doesn’t have any implications
on maternal or fetal health. It’s a non-invasive procedure. I don’t think it will cause any harm to the woman.”
(KII 09, O&G)
“Yeah, it’s a good thing. Now to start with, in antenatal clinics you have more contacts with women there.
So I think you can capture them, if at all, if there’s any
form of early detection, it can be handled.” (KII 10,
O&G)

Other reasons responsible for low screening uptake mentioned
by the HCPs include high screening costs, poor availability of
screening facilities, fear of the unknown, lack of awareness, and
religious/cultural beliefs.
“With the economic situation, if you ask somebody to pay
five hundred naira, one thousand naira, two thousand
naira for something she’s not even aware of…people try

Frontiers in Public Health | www.frontiersin.org

6

September 2017 | Volume 5 | Article 226

Filade et al.

HPV DNA Testing in ANC

Among HCP, only midwives were unfavorably disposed toward
the introduction of HPV-based DNA screening into routine
ANC. Their concerns were that the sample collection process for
HPV DNA-based testing may be unsafe in pregnancy and there
may be risk of loss of pregnancies with attendant emotional and
legal consequences.

for participation in HPV DNA testing for cervical cancer during
routine ANC. This is consistent with several reports that suggest
that provider recommendation or referral is one of the strongest
predictors of initiation and maintenance of regular screening,
especially for women who have never been screened (35, 36).
The women reported that their strong motivation to comply
with recommendations made by HCP is due to their faith in
the knowledge of the HCP. Studies have also shown that it is
important for health care workers to communicate effectively
with patients in order to allay their fears and enable them to
make informed decision (37, 38). This suggests that educating
HCP and ensuring that they provide proper information to
women would be critical in implementing HPV DNA-based
cervical cancer screening in the antenatal period.
While the implementation of mandatory opt-out HPV
DNA test-based cervical cancer screening policies in ANC may
overcome several barriers and improve uptake of cervical cancer
screening, it may also have significant untoward consequences,
such as a decline in the uptake of antenatal services, particularly
in rural areas where there is poor knowledge of the benefits of
cervical cancer screening. A qualitative study evaluating the
mandatory opt-out HIV testing policies in ANC centers in rural
Malawi revealed that pregnant women began to avoid government
hospitals for antenatal services in order to avoid the mandatory
HIV testing requirement (39). However, this has not been the
experience with HIV testing in Nigeria. Furthermore, mandatory
screening for cervical cancer may be perceived differently and
engender different responses from women compared to HIV
testing. Nevertheless, careful monitoring of attendance at ANC
after mandatory HPV DNA test-based cervical cancer screening
will be required in order to ensure that the risks do not outweigh
the benefits.
The pregnant women also identified the opinion and experiences of their pregnant counterparts who have undergone the
procedure as a determinant for participating in HPV DNA
test-based cervical cancer screening in ANC. Our participants
reported that good experiences from other women will cause
them to have a favorable attitude toward HPV DNA-based cervical cancer screening during ANC. This is similar to findings
from a study in a Somali community in Minnesota where some
women reported that they would not follow the health care
professionals’ instructions on cervical cancer screening without
asking other women in the community if they should do so
(40). Our findings suggest that plans for implementation of
HPV DNA test-based cervical cancer screening should engage
pregnant women who would champion the innovation in their
communities.
Safety of obtaining exfoliated cervical cells required for
HPV DNA test was a concern for many pregnant women
and some midwives. Although our study was not designed
to evaluate safety of the sampling procedure, a previous
study that evaluated the use of HPV DNA-based testing
in pregnancy as a screening strategy to increase coverage
among underscreened women in France did not report
adverse events associated with the sampling procedure
(17). Furthermore, Pap smears, which use similar sampling
procedures, are recommended at the first antenatal visit,

“One should be very very careful when a woman is
pregnant to tamper with the cervix, because tampering
with the cervix at a certain stage might bring about
abortion. It’s better to make sure at a certain stage in life,
women are encouraged to go for your cervical screening
testing before you get married or before you start having
your babies, not during pregnancy.” (KII 01, Midwife)
Most of the gynecologists did not believe that there would be
any adverse events from obtaining cervical samples from pregnant
women for HPV DNA-based screening; however, some thought
that women with high-risk pregnancies should be excluded and
re-scheduled for a post-partum appointment.
“Well, from my own professional point of view, women
who have some challenges in pregnancy usually one
may just avoid such women from carrying out the test.
Women who have maybe abortion, who are bleeding…
any form of bleeding during pregnancy, high-risk
pregnancies; I think basically those are some of the
people that I think may not, or may be excluded from
carrying out the test…most women who have cerclage,
you don’t want to tamper with the cervix. Those are just
some of the ones I think probably we just exclude from
the study.” (KII 3, O&G)

DISCUSSION
In this qualitative study of pregnant women and their HCP in
Nigeria, most participants, irrespective of gravidity, religious
faith, and presence of other chronic health conditions such as
HIV, indicated a favorable attitude toward the introduction of
HPV DNA based cervical cancer screening into routine ANC.
While safety of the sampling procedure during pregnancy was a
concern for many pregnant women and a few midwives, there was
widespread faith in recommendations made by HCP, with many
participants believing that their HCP would not recommend
harmful practices. Mandatory screening policy with opt-out
options, affordability, or subsidization of cost was identified as
important factors in increasing uptake, while lack of awareness
and non-availability of screening centers were identified as major
deterrents.
A woman’s decision to participate in cervical cancer screening
during the antenatal period is guided by a complex interplay of
individual and socio-cultural factors. A rich and comprehensive
understanding of these factors is important for identification of
specific attitudes or beliefs that can be targeted for change in
scaling up cervical cancer screening within ANC. In our study,
pregnant women identified HCP’s recommendation and mandatory antenatal screening policies as the strongest motivations
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if indicated as per current screening guidelines in the US
(41, 42). Despite an absence of adverse events associated with the
sampling procedure, there are potential harms associated with
the detection of transient HPV infections such as anxiety over
a positive HPV test, stigmatization, discomfort from additional
tests required for triage, and complications due to treatment of
lesions detected (42). However, these potential harms are not
unique to the use of HPV DNA-based cervical cancer screening in pregnancy. With more than 60% of pregnant Nigerian
women aged 20–49 years attending at least one ANC visit
during their pregnancy (20–22) and the overlap between their
age and recommended age group for cervical cancer screening (42, 43), incorporating HPV DNA-based cervical cancer
screening into routine ANC may be an innovative and acceptable approach to increasing screening coverage among women
of child bearing age.
There remain several technical and logistics challenges to be
overcome before HPV DNA-based cervical cancer screening can
be effectively implemented in ANC. The advent of rapid HPV
tests reduces some of the challenges associated with availability
of results in the ANC setting, and this has implications for treatment of positive lesions and follow-up (44). Other issues include
triage of women who are positive for high-risk HPV, timing of
treatment of detected lesions, clinical validation, and calibration
of HPV test kits for use during pregnancy in order to reduce the
risk of overtreatment due to higher prevalence of HPV infection
during pregnancy (45–47).
Our study has several limitations. Although we purposively
sampled women with different religious faiths, nature of dwelling, presence of co-morbidities, and gravidity to ensure a higher
degree of generalizability of our findings, we recognize that in
a highly diverse population as exists in Nigeria, with multiple
beliefs and cultures, our results are not necessarily generalizable
to the entire population of pregnant women and HCP in Nigeria.
While our study was focused on the evaluation of the attitude
toward the use of HPV DNA-based testing for cervical cancer
screening as part of routine ANC service in Nigeria, it is possible
that our participants did not make any distinction between the use
of HPV DNA based testing and other cervical cancer screening
methods. Therefore, our findings may reflect the overall attitude
toward the incorporation of cervical cancer screening in general
into routine ANC.
The themes and subthemes identified need to be studied
further in large population-based surveys. Given that the
facilitators of the FGDs were highly skilled nurses/research
scientists affiliated with a reputable organization in Nigeria,
their positionality and the inherent power dynamic in the
relationship between them and the FGD participants may
have resulted in deference effects with participants providing
responses that they think the facilitators would like to hear.
We minimized this by including trust gaining activities in the
introductory segment of the FGDs.

cervical cancer screening in routine ANC in a LMIC country,
our study makes a valuable contribution to increasing cervical
cancer screening coverage. Our findings have important implications for policy and future research on increasing cervical cancer
screening coverage in underscreened populations. In this study,
we examined perspectives from both HCP and recipients using
a combination of in-depth interviews and FGD. The relatively
large sample size of our study also enabled us to explore emerging
themes till the point of data saturation and redundancy, further
ensuring reliability of our findings.
We provide qualitative evidence that the incorporation of HPV
DNA-based screening methods for cervical cancer into routine
ANC is an acceptable approach to increasing coverage of cervical cancer screening programs in developing countries. Future
research is required to investigate the feasibility of implementing
this approach, as well as the triage, management, and follow-up
for women who screen positive.
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CONCLUSION
As one of the first studies to provide contextual information on
the factors that influence the acceptability of HPV DNA-based
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