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Abstract

Background: In developing nations, cervical cancer (CC) is the main cause of cancer-related
fatalities in women due to the absence of well-established vaccination and screening programs.
Exploring the best triage test for women with cervical abnormalities is a timely area of research
to advance cervical screening and management. Further, the distinct proportional impact of
each HR-HPV on the distribution of cervical lesions varies geographically. There is a shortage
of data regarding the clinical value of high-risk human papillomaviruses (HR-HPV) E6/E7
MRNA test and their molecular epidemiology in cervical samples from Ethiopia, particularly
in the current study area. Moreover, despite the fact that HR-HPV infection is an essential
biological cause of CC, other socio-demographic factors are not well studied in the nation.

Therefore, this study aimed to fill these data gaps.

Objectives: The aim of the study was to determine the HPV genotype involved in cervical
lesions, to evaluate the clinical use of HR-HPV E6/E7 mRNA for the early detection of CIN2+,

and to explore factors associated with it among gynecology complaints in northwest Ethiopia.

Methods: Between March 2019 and October 2021, a cross-sectional study was carried out at
Felege Hiwot Compressive Specialized Hospital (FHCSH). Among women who visited the
hospital for gynecological examination, those who were eligible for visual inspection (VIA)-
based screening were included. Cervical punch samples were obtained by a gynecologist for
histological analysis. Cervical swabs collected and analyzed for HR-HPV DNA and HPV
E6/E7 mRNA using the Abbott Alinity m system and real-time PCR, respectively at the
Institute of Virology, Leipzig University, Germany. Demographic and gynecologic-related
history were collected using a structured questionnaire. The distribution and frequency of HR-
HPVs described using descriptive statistics. Histology was used as the reference test to
determine how well the E6/E7 mRNA detected CIN2+.

Results: Of the 355 study participants (aged 30 to 80 years), more than half, 211 (59.4%), were
unaware of CC, and their previous cervical screening practice was approximately 25%.
Cervical biopsies from 41.8% (140/335; 95% CI: 36.6-47.1%) participants were diagnosed as
cancer. The proportion of HR-HPV was 53%(188/355; 95%CI: 47.8-58.1%), with 13 different
genotypes identified. HPV16 was predominant at 50.4% (95%CI: 29.4-39.2%), followed by
HPV31 (9.7%), HPV33 (8.5%), HPV39 and HPV68 (5.8% each), and HPV18 at 4.7%. The



E6/E7 mRNA test was positive in 35.8% (127/355; 95%CI: 30.0-40.9) of cases for HPV16, 16
& 45. The proportion of positive HPV DNA test results for these three HR-HPVS was 42%
(149/355). The total agreement of DNA and mRNA tests in the detection of these HPVs was
at 92.7% (95%CI: 89.5-94.9) with a kappa value of 0.821. HPV16, at 108 (85%), was the most
common genotype expressing E6/E7 mRNA. The mRNA assay had sensitivity, specificity,
positive and negative predictive values (PPV and NPV) of 65.2% (95%CI: 57.5-72.2%), 90%
(95%Cl: 84.6-93.4%), 85.8% (95%CI: 78.5-91.0%), & 73.6% (95%CI: 67.2-79.1%),
respectively for detecting histologically confirmed CIN2+. Specifically, the sensitivity and
specificity of this assay in the detection of CIN2+ were 92.7% & 47%, respectively among
HPV16, 18, & 45 DNA-positive cases. Likewise, the analytical sensitivity and specificity of
the HPV-DNA test were 84.8% & 74.1%, respectively. CC increased steadily with participant
age, with women older than 50 years about four times more likely to develop CIN2+ (AOR:
3.68 95%Cl: 1.75-7.72, p < 0.001). Similarly, no cervical screening in the past five years
(AOR: 2.04; 95%CI: 1.04-4004; p = 0.038), infection with HR-HPVs (AOR: 5.28; 95%CI:
2.66-10.47; p < 0.001) and tested positive for E6/E7 mMRNA (AOR: 5.78; 95%Cl: 2.73-12.24,
p < 0.001) were statistically associated with CIN2+.

Conclusions: CC is still a significant issue for women's health in northwest Ethiopia that
requires evidence-based interventions. The E6/E7 mRNA test and the HPV DNA test
demonstrated good agreement and showed better diagnostic relevance in detecting CIN2+.
Therefore, the test can be considered for colposcopy and biopsy triage. In particular, the mRNA
test may be regarded as a potential triage for women who are HPV-positive , mainly in regions
with a shortage of pathologists and colposcopy facilities. Vaccination and future HPV-based
screening methods in Ethiopia should consider the important HR-HPV genotypes identified in
such studies. To better assess the HPVs circulating in northwestern Ethiopia, community-based
surveys should be conducted. Likewise, to optimize the E6/E7 mRNA analytical sensitivity
and specificity , large-scale studies targeting major HR-HPVs should be considered. Finally,
in accordance with the WHO recommendation women who are eligible for cervical screening

need to be screened with a high-precision test, including HPV-based tests.
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Glossary of Terms

The following working definitions were adapted from cited articles (L Bruni et al., 2017;

Cuschieri & Wentzensen, 2008; Khieu & Butler, 2022; H. Y. Wang, Lee, et al., 2015).

- HR-HPV: the type of HPVs that are associated with cervical & other types of cancer, such
as cancers of the anus, vagina, vulva, penis, and oropharynx.

- HPV E6/E7 mRNA: these the primary oncogenic transcriptions of HR-HPV oncogenes;
that are associated with cell transformation. The E6 and E7 genes are transcribed
polycistronically from a single promotor that is located at the 3” of the upstream regulatory
region.

- High-grade cervical lesions (CIN2+): Women with histologically verified CIN2, CIN3,

and invasive carcinoma are said to have high-grade cervical lesions (CIN2+).

xii



Chapter One: Introduction
1.1. Background

Cervical cancer (CC) is one of the most prevalent diseases in women worldwide, accounting
for roughly 8% of all cancer-related deaths in women each year. It is the second most common
type of cancer in women between the ages of 15 and 44 worldwide, ranking fourth among
cancers that affect women. According to the 2021 world HPV information center report,
approximately 604,127 women were diagnosed with CC and 341,831 die from the disease
annually (Bruni, 2021; Fernandes et al, 2022). In 2030, the annual number of new cases and
death are projected to upsurge to 700, 000 and 400, 000, respectively (Cancer, 2020; Hull et
al., 2020). Close to 90% of the newly diagnosed cases and deaths were from countries with low
and middle incomes (Bruni, 2021). Sub-Saharan Africa has been found to have the disease's
highest burden. (Bray et al., 2018; De Vuyst et al., 2013; Hull et al., 2020; WHO, 2014a).

Ethiopia, with over 110 million people, is the second most populous nation in Africa after
Nigeria (Federal Democratic Republic of Ethiopia, 2021). An estimated 33.7 million females
aged >15 are at risk of CC. With an estimated 7445 new cases and 5338 fatalities each year,
CC is Ethiopia's second-leading form of cancer in women behind breast cancer. Well-
established data on the burden of CC in the general population of Ethiopia is missing (Bruni,
2021).

More than 99% of CC cases are associated with genital infection with certain types (called,
HR,High-Risk) Human papillomavirus (HPVSs). It is the most common viral infection of the
reproductive tract on a global scale. (Kambouris et al, 2010; WHO, 2013a) that the majority of
women experience shortly after becoming sexually active (Maine et al, 2011). The main cause
of CC is persistent infection with HR-HPVs (Santos-Lopez et al, 2015; WHO, 2016). Along
with CC, a significant number of other cancers (including anus, vulva, vaginal, and penis
cancers) as well as an increasing number of head and neck malignancies have also been
associated with HR-HPVs (Bruni et al., 2017; Centre, 2017; Chow et al, 2010; Doorbar et al.,
2012; Wallace & Galloway, 2015).

More than 200 distinct HPVs identified and fully sequenced. About 40 of all types are
transferred sexually and affect the genitalia (Doorbar et al., 2012; Kajitani et al, 2012; Miinger
et al., 2004; Narisawa-Saito & Kiyono, 2007; Williams et al, 2011). Significantly, HPV 16 &



18 account for >70% of all CCs worldwide. (Bouvard et al., 2009; Bruni et al., 2017; Kim,
2017). However, there are very little national statistics on Ethiopia's HPV genotype
distribution. . Our present systematic review aimed at assessing the molecular profile of HPV
from cervical samples in Ethiopia showed that full HPV genotype data is reported by very few
studies in the country (Derbie et al., 2022). This implies that there is a need to have more data
from different parts of the country for evidence-based vaccination and HPV-based screening

approaches.

If caught early enough, CC is treatable. Early lesions develop slowly before cancer, often over
a period of ten years, making premature discovery advantageous. (Leto et al, 2011). Hence,
tests that predict the progression of cervical lesion, especially when the lesion is at its early

stage are worth to discover.

Cervical precursor lesions, are detectable by a variety of methods (Garcia et al., 2011). Globally
CC screening and diagnosing strategies vary across countries. The most frequent method is
cytology, and there are other approaches such as HPV-DNA tests & visual inspection of cervix
with acetic acid (VIA) (L Bruni et al., 2017), the latter being practiced in resource-limited
settings, including Ethiopia, where target women get the ’see and treat” services (Bruni et al.,
2017). In the majority of developed countries, cytology and HPV-DNA based testing are
widely accessible (Sahasrabuddhe et al, 2011). HPV-based tests are introduced as a supplement
to cytology screening (referred to as "co-testing™) or as the initial screening test to be followed
by a secondary, more specific test, such as cytology or HR-HPV E6/E7 tests (Bruni et al., 2017,
Cuschieri & Wentzensen, 2008; Wang et al., 2015).

On the contrary, in nations with poor resources, like Ethiopia, it has been extremely challenging
to provide and maintain either cytology or HPV-based assays due to a number of factors;
resource limitation and absence of professionals; for instance, in Ethiopia the number of
pathologists are <200 [expert opinion]. Moreover, the CC screening program in Ethiopia is not
well-established in most parts of the country (Sankaranarayanan et al, 2013; WHO, 2015). The
VIA-based screening coverage for targeted women is much less than the African average
(3.3%) (Federal Democratic Republic of Ethiopia, 2021) whereas screening coverage in Sub-
Saharan Africa ranges from 2-20% in urban areas and 0.4-14% in rural regions (Louie et al,
2009).



Obtaining tools with adequate diagnostic performance for CC screening continues to be
difficult in the global campaign against this disease. There has been a long-standing interest in
the development and validation of new screening tools due to the shortcomings of existing
methods as well as the limitations of cytology, VIA, & HPV-DNA including but not limited to
the sensitivity/specificity issues and the ability to highlight the possibility of developing cancer.
(Sahasrabuddhe et al., 2011). Currently, there are discoveries under went to develop CC
screening biomarkers, of which, the HPV E6/E7 mRNA tests are promising noninvasive
biomarkers for the detection of CIN2+ which enable to detect the HPV infection and to predict
the change of progression to cancer (Cattani et al., 2009; Duvlis et al., 2015; Fontecha et al,
2016; Fontecha et al., 2017; Lie & Kristensen, 2008; Mariano et al., 2016; Castro et al., 2013;
Varnai et al., 2008; Zhao et al., 2014).

As a result, it is claimed that detection of E6/E7 mRNA is more accurate and better able to
predict CC risk than the HPV DNA test(Cattani et al., 2009; Duvlis et al., 2015; Fontecha et
al., 2017; Lie & Kristensen, 2008; Mariano et al., 2016; Castro et al., 2013; Ratnam et al., 2010;
Varnai et al., 2008; Zhao et al., 2014).

In the developed world, E6/E7 mRNA is well studies to clarify the oncogenic importance of
HR-HPVs in CC and other types of malignancies. (Fontecha et al., 2016; Castro et al., 2013;
Ren et al, 2018; Varnai et al., 2008; Wang, et al., 2015; Zhao et al., 2014). Studies also showed
that E6/E7 mRNA test had greater specificity (Cattani et al., 2009; Duvlis et al., 2015; Fontecha
et al., 2017; Lie & Kristensen, 2008; Mariano et al., 2016; Castro et al., 2013; Varnai et al.,
2008; Wang, et al., 2015; Zhao et al., 2014) and compared to HPV DNA testing, it correlate
better with the severity of the lesion, and may be a possible signal of women who are at risk of
getting CC (Fontecha et al., 2016; Kristensen, 2008). Our recent systematic review on testing
of E6/E7 mRNA in the identification of CIN2+ showed a very good result on this regard
(Derbie et al., 2020a). However, researchers in the field recommended further studies in
different settings to accumulate knowledge for additional steps to standardize the mRNA test
(Cattani et al., 2009; Duvlis et al., 2015; Fontecha et al., 2016; Fontecha et al., 2017,
Kristensen, 2008; Liu et al., 2018; Mariano et al., 2016; Castro et al., 2013; Varnai et al., 2008;
Zhao et al., 2014).

HPV-based studies including the clinical role of mRNA in marking of CIN2+ are minimal in
the developing world. Additionally, there is a dearth of information on the national genotype



distribution of HPV and the risk factors for CIN2+ in Ethiopia. Therefore, the objective of this
study was to assess the analytical value of E6/E7 mRNA for CIN2+ detection, assess factors
associated with CIN2+, and characterize the HR-HPVs. These are important entry points for
treatment of HPV associated cervical lesions, helps to identify patients at higher risk for

developing CC, and can be used for the development of vaccines and HPV-based screening.



1.2. Problem Statement

Most low- and middle-income nations lack access to cancer registry data, which is the
foundation for designing and executing evidence-based cancer control initiatives (Bray et al.,
2018), including Ethiopia. The Addis Ababa cancer registry, which was established in 2011, is
Ethiopia's first institutional-based registry. According to this registry, CC (14.1%) was one of
the leading prevalent malignancy in Ethiopia during the time of 2012 to 2015 (Memirie et al.,
2018; Network, 2018; Timotewos et al., 2018).

CC becomes one of the challenges to public health in Ethiopia. Periodically, both the incidence
and prevalence are rising (WHO, 2020a). In 2020, Ethiopian women's age-standardized
incidence rate of the illness was 21.5/100,000 (Bruni, 2021). The international agency for
research on cancer estimates that the predicted 7,500 new cases of CC in 2020 could increase
to 15,300 cases in 2040. Similarly, the mortality from the disease could increase from ~5,340
in 2020 to 11,000 in 2040 yearly in Ethiopia (Cancer, 2020). Despite all these devastations, so
far, the country does not introduce better CC screening practices and well-established CC
vaccination programs although the Ministry of Health started vaccinating schoolgirls (using
Gardasil 4) at the end of 2018. The VIA screening coverage is insignificant (3.3%) among
women aged 18-69 years (Agency, 2011; Federal Democratic Republic of Ethiopia, 2021;
WHO, 2010). On top of these, there is limited data on community-based HPV profile and

important demographic factors associated with CIN2+ for integrated public health measures.

The suggested strategies to reduce the prevalence of CC are HPV vaccination, HPV-based
screening and treatment of precancerous lesions. With the life-course approach, the WHO
envisions a world in which CC is no longer a concern for public health. By 2030, each country
should meet the 90-70-90 targets; i.e. 1) by the age of 15, 90% of girls must receive the full
HPV vaccine; 2) by the ages of 35 and again by 45, 70% of women must have screening with
high-performance screening tests, and 3) 90% of women identified with cervical disease shall
receive treatment (WHO, 2020b). Though Ethiopia has issued a guideline to meet the global
targets, the life-course approach for CC prevention is at an early stage (Federal Democratic
Republic of Ethiopia, 2021). Most women are diagnosed at an advanced stage of the disease
due to a lack of an efficient program and low uptake of the available strategy.

The global uptake of vaccination of young girls is low; 32 and 0.3% in both high- and low- and

middle-income environments, respectively (Bruni et al., 2016). Although there are a variety of



tools for screening, it will take work to increase the service's effectiveness, accessibility, and
uptake. The different tools available in the market have their pros and cons. Countries like
Ethiopia that have no organized screening programs need to identify which of these different
tools work best in their setting. So far, there is no one perfect method for CC screening; the

early detection of CIN2+, however, can benefit from the integration of many strategies.

The WHO advises screening women between the ages of 30 and 49 using cytology or VIA
every three to five years, or HPV DNA testing every five years, along with prompt treatment
of precancerous lesions(WHO, 2020b). Cytology-based programs are, however, extremely
challenging to implement in low- and middle-income countries, and where they are, the
screening coverage is poor. Therefore, new strategies for screening and treatment had to be
considered to increase coverage in all countries and ultimately decrease CC incidence and
mortality. In the developed world, in addition to using HPV DNA and cytology for screening,
countries are also studying the potential role of ThinPrep cytological test (TCT), mRNA based
tests (e.g. Aptima and PreTect HPV-Proofer) and colposcopy for early detection of CIN2+, a
stage where intervention is started (Zhang et al, 2018). Recent data also showed that Xpert
HPV assay fulfills the HPV test criterion requirement to be used in the detection of CIN2+
(Akbari et al., 2018).

Women with abnormal cytology or HPV DNA test need to have a follow-up histopathological
evaluation to look for the presence and stage of CINs. Abnormal cervical lesions could be
missed or misdiagnosed due to the inherent limitations of VIA and cytology (WHO, 2007).
Females at high risk must undergo routine retests to verify the veracity of the negative result
due to the low sensitivity of the cytological test (Marth et al., 2017; WHO, 2007), which is
expensive. Additionally, only a small percentage of individuals with negative or atypical
squamous cells of unknown significance (ASCUS) but with positive HR-HPV DNA will
ultimately develop CIN2+ (Apgar et al, 2009). To manage such women, it would be useful to
use better biomarkers for triage (Zhang et al., 2018). Further, in developing countries like
Ethiopia, where there are very few pathologists the problem becomes much worsen. Taking
into account the prospective implementation of the HPV DNA test as a screening tool in
Ethiopia, getting triage test for further steps to properly manage women with abnormal
cytology is a timely area for research (Burger et al, 2011; Melnikow et al., 2018; Valenca et
al., 2016).



Compared to similar testing (like VIA, Pap smear, and HPV DNA) that cannot distinguish
between persistent and transitory HPV infections, the detection of E6/E7 oncogene products
serve as a better predictor of the risk of developing CC (Burger et al., 2011; Cattani et al., 2009;
Duvlis et al., 2015; Fontecha et al., 2017; Lie & Kristensen, 2008; Liu et al., 2018; Mariano et
al., 2016; Castro et al., 2013; Ratnam et al., 2010; Varnai et al., 2008; Zhao et al., 2014). The
HPV DNA is incorporated during the carcinogenesis process, which disrupts the E2 gene and
causes an overexpression of E6 & E7. Therefore, testing these gene transcripts can be used as
a potential marker for a greater risk of developing CC (Alaghehbandan et al., 2013; Ratnam et
al., 2011). mRNA test helps lessen patients' worry and follow-up times while assisting in
avoiding invasive procedures such as biopsies and over-referral for transit HPV infections
(Duvlis et al., 2015).

Generally, it is not clear what to do with women who tested positive for HR-HPVs in Ethiopia.
There are few colposcopy facilities and trained personnel to triage the high number of HPV
DNA-positive women. Hence, there is a need to find a cost-effective triage-test for women who
tested positive for HR-HPV DNA as it will not be feasible to consider colposcopy and histology
for all HPV DNA-positive cases in Ethiopia.

On top of this, to draw up optimal vaccination and HPV-based screening approaches, it is
crucial to identify the HPV genotypes circulating in the country, which is otherwise quite
limited in Ethiopia (Bruni, 2021) and in the present study area in particular (Derbie et al., 2022).
According to our recent review on HPV molecular epidemiology from cervical sample in
Ethiopia (Derbie et al., 2022), we found only a few studies (Abate et al., 2013; Bekele et al,
2010; Leyh-Bannurah et al, 2014; Mihret et al., 2014) that provided data on this regard.
Specifically, the only data in the present study area is almost none. Additionally, while HPV
is not the only factor that leads to CC (Bray et al., 2018), exploring the possible associated

epidemiological factors for CIN2+ will also play a great role in public health measures.



1.3. Research Questions

- Which HR-HPVs are linked with abnormal lesions of the cervical in northwest Ethiopia?
- What is the sensitivity/specificity of E6/E7 mRNA in the identification of CIN2+?

- Which epidemiological factors are associated with CIN2+ in the study area?

1.4,  Hypothesis

e HOZ1: The types of HR-HPVs involved in CIN2+ in Northwest Ethiopia will be the same
as other study findings in the country.
e HO2: E6/E7 mRNA expression correlates better with the severity of cervical lesions and

could be considered as a potential biomarker for the detection of CIN2+.



1.5. Objectives

1.5.1. General Objective

To characterize the genotype epidemiology of HR-HPVs involved in abnormal cervical lesions,
to study the analytical performance of HR-HPVs E6/E7 mRNA test for identifying CIN2+, &
to explore epidemiological factors associated with CIN2+ among women with gynecology

complaints in northwestern Ethiopian.

1.5.2. Specific Objectives
o To describe the cervical histopathological profile of the participants,
o Toidentify HR-HPVs associated with abnormal cervical lesions,
o To evaluate the analytical performance of the E6/E7 mRNA test in the identification
of CIN2

o To investigate epidemiological elements connected to CIN2+ ,



1.6.  Significance of the Study

Even though CC-related morbidity and mortality are extremely prevalent in Ethiopia, HPV-
based research on screening/diagnostics, HPV genotype distribution from different grades of
cervical lesions and their epidemiological predictors are at an infancy stage. Let alone HPV-
based research, basic epidemiological data on CC prevalence, incidence and mortality with its
predictors are scarce in resource-limited settings, including Ethiopia (Shrestha et al, 2018). Our

study provided data on some of these topics.

About 80% of people will contract HPV at some point in their lifetime (Arbyn, et al., 2010;
Muller, et al., 2010), consequently, more precise indicators, such as EG/E7 mRNA, are required
for the early detection of aberrant cervical lesions (Shen et al., 2013). Women were more likely
to be positive for mRNA if they had CIN2+ & persons who tested negative for the mRNA are
at low risk of progression to CIN2+ (Rijkaart et al., 2012; Shen et al., 2013). As a result, based
on previous study reports, a low sensitivity rate and high specificity of an mRNA test can result
in a low referral rate (Shen et al., 2013) which indirectly reduce cost (Zappacosta et al., 2015).
The mRNA results together with physician’s assessment used to guide better management
(Arbyn et al., 2012; HOLOGIC, 2017; Tezcan et al., 2014). The mRNA assay can potentially
be utilized as a triage test to find women who are more likely to develop CIN2+, as mRNA tell

us about the active replication of the virus in the cervix (Wang, et al., 2015; Zhao et al., 2014).

Furthermore, HPV profiling data from this study will be an input for vaccination and HPV-
based screening strategies which facilitate the prevention and tracking of disease burden
specific to each HPV type (Lagheden et al., 2018). CC screening might also contribute to the
prevention of anal cancer in women (Lin et al., 2019). Because the carcinogenic potential of
HPVs is reliant on particular genotypes, genotyping is crucial for clinical purposes (Chung et
al., 2012). Hence, genotyping could resolve type-specific persistence questions correctly
(Geraets et al., 2014). The triage of women with marginally abnormal cytology for colposcopy
and as a test of cure following treatment, in particular, benefits from HR-HPV testing (Geraets
et al., 2014; Meijer et al., 2009). Furthermore, because CC is caused by multiple factors, not
just HPV (Bray et al., 2018), exploring the potential factors will be a key component of public
health measures. Additionally, in order to evaluate the long-term effects of HPV vaccination
and to determine the priority of public health measures, epidemiological information from

women with CIN2+ will be essential.
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Therefore, in this molecular, histopathological and epidemiological-based study, the finding
will serve as input to policy makers and other stakeholders for vaccination programs, HPV-
based CC screening and public health measures to decrease the burden of CC in the country.

The finding will be also used as a potential source for further HPV-based large-scale studies in
Ethiopia.
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Chapter Two: Literature Review

2.1. HPV Virology

Human papillomavirus was discovered in 1956 (UK, 2014). In 1984 Harald zur Hausen
discovered, cloned, and attributed CC to HPV16 and 18 (UK, 2014). The man was honored
with the Nobel Prize in 2008 for his contribution to science. He made the early hypothesis that
CC is caused by papillomaviruses. He was successful in identifying the two most prevalent
HR-HPV kinds (HPV16 and HPV18) at CC, and subsequent actions improved our
understanding of the mechanism behind HPV-associated cancer development and paved the
way for the creation of a preventive vaccination. (Prize, 2008; UK, 2014).

HPVs refers to a group of >200 related viruses that belong taxonomically to Papillomaviridae
family (Institute, 2022). They are ds-DNA viruses can infect the skin and mucous membranes
because of their preference for epithelial cells. They are named because of the warts
(papillomas) which some HPV types causes (Prevention, 2016). Based on the primary L1
capsid protein nucleotide sequences, HPVs grouped into five distinct genera. These are:
Alpha, Beta-, Gamma-, Mu-, & Nupapillomavirus. The Alphapapillomavirus that contains the
mucosal HR HPV types are linked to anogenital, and head & neck cancers (Institute, 2022).
Each HPV virus in this large group is assigned with a number (HPV 6, 11, 16 etc.), in the order
of their discovery, which is called its HPV type. The last HPV type recorded in the International
HPV center database is HPV229 (Institute, 2022).

It is not possible to propagate HPV in vitro, and therefore, its identification and characterization
is based on molecular analysis (Abreu et al, 2012). They are epitheliotropic, small (~55nm

diameter), non-enveloped with an icosahedral capsid (Munger et al., 2004; Pinidis et al., 2016).

The DNA is linked to histone-like proteins and enclosed in 72 capsomeres made of L1 and L2.
(McMurray et al, 2001). As depicted below in Figure 1, its genome is divided into 3 area: a ~4-
kb Early (E), a ~3-kb Late (L) and a ~1-kb long control region (LCR). Only one of the two
DNA strands of HPV (that is approximately 8,000 base pairs) is actively transcribed (MUlnger
et al., 2004). The E region contains ORFs (open reading frames) encoding non-structural
proteins that designated from E1 to E8. Two of the late genes encode the L1 and L2 coat

proteins, necessary for virion formation, transmission and spread. Genes of the E&L region are
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numbered based on their size; the higher the number, the smaller the corresponding ORF
(Mdnger et al., 2004; Pinidis et al., 2016). The LCR region is not well conserved among the
HPVs and is involved or regulates gene expression and viral replication (Leto et al., 2011,
McMurray et al., 2001). HPV genome is static and changes in their sequence by mutation or

recombination are very rare events (Leto et al., 2011).

Papillomaviridae contains about 16 genera (based on shared sequence homology within the L1
capsid gene), which are named with a Greek letter prefix (the alpha-, beta-, gamma-, delta-,
mu-, nupapillomavirus and so on). Only the alpha- and beta-papillomavirus genera linked with
cancer. HPVs infecting the genital tract (which are members of the a-papilomavirus) have been
divided into two groups: HR or low risk based the tendency for malignant progression of the
lesions that they cause (Chow et al., 2010; Santos-Lopez et al., 2015; Wallace & Galloway,
2015).

Most HPVs for example HPV®6, 11, 40, 42, 43, 44, 53, 54, 61, 72, 73, and 81 are low risk that
produces localized benign warts and do not undergo malignant progression (Sanjose et al.,
2010). The high risk-HPVs include HPV16,-18,-31,-33,-35,-39,-45,-51,-52,-56,-58,-59,-66, &
-68. These types associate with severe dysplasia and cervical carcinoma. Some other groups
are classified as potential or probable high-risk (pHR) types including HPV53, 70, 73, and 82.
HPV16 and 18 are the well-known oncogenic virus types, causing >70% of all CC burdens
globally. Persistent infection with about eight types of HR-HPVs (HPV 16, 18, 45, 31, 33, 52,
58, and 35) are associated with approximately ~90% of all CC cases worldwide (Sanjose et al.,
2010; FMoH, 2013; WHO, 2010, 2013a). It is believed that changes in HR-HPVs' E6 and E7
expression are associated with cancer. (Egawa et al, 2015; Fontecha et al., 2016; Hesselink et
al., 2008; McBride, 2017; MicroBiotics, 2013; Munger et al., 2004; Santos-Lopez et al., 2015).

By a variety of ways, HR-HPVs reduce immune clearance; like, resulting in long-lasting
infections without symptoms, long-term virion generation, and minimal viral gene expression
(Egawa et al., 2015). The E6 & E7 onchoproteins could each hinder innate immunity by
inhibiting interferon signaling and the E5 proteins can also down regulate MHC | expression,

therefore avoiding immune surveillance (Patricio et al, 2016).
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When HPVs infect squamous epithelial cells, several clinical consequences can result, from
non-life-threatening infections to cancer that is fatal. Malignancy is associated with the E6 &
E7 oncoproteins (which are supposed to produced following HPV DNA integration with the
genome of the host) that eventually bind & damage host tumor-suppressor-proteins. E6 changes
p53, which prevents the cell cycle from continuing in order to repair DNA damage. This results
in the changed DNA continuing to replicate constantly, which raises the mutation rate. E7
changes retinoblastoma, which prevents a cell from growing quickly, and improves a cell's
response to growth factors. Malignant transformation results from the loss of these two
inhibitory systems (Prize, 2008; UK, 2014).

HPV genome organization
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Figure 1: Diagrammatic representation of the HPV16 circular dsDNA.

The E, L genes, & LCR, are depicted here. The late genes (L1 and L2) bundle HPV virions, while the early gene products aid
in genome proliferation. The genome is enclosed by a capsid composed of two structural proteins, the major protein L1 (which
is highly conserved) and the L2 protein, which is internally located multifunctional protein with roles in genome encapsidation.
The genome is approximately 8kbp. The early ORF (E1,E2,E4,E5,E6 & E7) expressed at the various stages of epithelial
differentiation. Whereas the L1 / L2 are expressed in cells replicating viral DNA in the upper epithelial cells. The E3 & E8
genes are belived to be found only in a few forms of papillomaviruses (HPV1,-11,-16,-31,& HPV33). Source:
http://cmr.asm.org/content/25/2/215/F2.expansion.html and (Avci, 2012; Horvath et al, 2010; Narisawa-Saito & Kiyono,
2007).



http://cmr.asm.org/content/25/2/215/F2.expansion.html

2.2. HPV Replication

HPV replication cycle is firmly associated with differentiation cycle of the infected epithelium
(Sapp & Bienkowska-Haba, 2009; Wallace & Galloway, 2015). The life cycle is biphasic,
consisting of both viral maintenance and amplification steps (Wallace & Galloway, 2015). Like
other viruses, HPVs must introduce their genome and auxiliary proteins into host cells before
using the cellular machinery for replication. HPV particles travel from the cell surface to the

cytosol and then to the nucleus, where they replicate (Horvath et al., 2010; Howie et al, 2009).

HPVs initially infect basal epithelial cells, probably through abrasions & access cells via
receptors (0-6 integrin of HPV-16) then the viral genome replicates slowly along with its host
cell (Wallace & Galloway, 2015). The only cell layer in an epithelium that is actively dividing
is the basal epithelial cells. The virus keeps minimal copies of its genomic DNA in the nuclei
of infected basal cells, preventing the viral productive lifecycle from progressing. If the
infected daughter cell moves laterally, remaining in the basal layer, HPV continues the
maintenance portion of its lifecycle. It is clear that viral replication and host differentiation
systems closely interact because the productive lifespan requires host cell differentiation.
(Kajitani et al., 2012; Wallace & Galloway, 2015). In terminally differentiated cells, the HPVs
replicates to high-copy, late-genes expressed, viral DNA packaged into capsids and progeny
virus is produced and released to re-initiate infection (Kajitani et al., 2012; Minger et al., 2004;
Narisawa-Saito & Kiyono, 2007). Summary of HPV replication cycle is illustrated in Figure 2.

Another important aspect of the infectious cycle of HPV is establishment of long-term
persistence in squamous epithelia, where cells constantly undergo differentiation and
differentiated cells shed. Their carcinogenic potential strongly influenced by the particular

strategies that HR-HPVs have developed to overcome these obstacles. (Munger et al., 2004).

As the infected epithelial cell develops, the HR-HPVs activate the cell cycle to produce a
replication-competent environment that permits viral genome amplification and packaging into
infectious virion. The E6, E7, and E5 gene products arbitrate this. Due to their high affinity to
bind with p53 & pRB, the HR-HPV EG6 and E7 proteins to stimulate cell proliferation in the
basal and parabasal layers as well as to enhance cell cycle entry in the higher epithelial layers
sets them apart from low risk varieties. (Doorbar etal., 2015). Hence, targeting the gene

products of E6 & E7 as potential markers to detect precancerous lesions in the management of
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patients with abnormal cervical cytopathology is becoming a novel approach in the screening
and diagnosis of CC research.

HPV replication in squamous epithelial cells
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HPV takes advantage of the differentiation pathway of keratinocytes that are destined to die naturally (anoikis). Since HPV
is not cytolytic and does not cause viraemia, there is no inflammation and subsequent activation of the immune system.
Infection of basal epithelial cells establishes a latent infection with low level replication of the viral episome and minimal viral
protein expression. Following differentiation of the keratinocyte, early HPV genes are expressed and the viral episome is
further amplified to higher copy numbers. Viral late protein expression and virus assembly oc ’Aring terminal differentiation
of the keratinocyte and viruses are shed from the outermost layer of epithelial cells. 3‘%

Figure 2: HPV replication in squamous epithelial cells of the cervix (Immunopaedia).

Through micro-abrasions or by infecting the transformation zone—an abrupt change from a columnar to a squamous
epithelium—HPYV can enter basal cells. Normal squamous epithelial cells divide as stem cells or transit-amplifying cells as
they mature as stratified epithelium in the basal layers. One of the daughter cells migrates upward after dividing and starts to
go through terminal differentiation, while the other one stays in the basal layer and continues to cycle slowly and self-renew.
By attaching to and unwinding the replication origin, the E1 and E2 genes play a direct role in viral replication. In order for
the infected stem cells to remain in the lesion for an extended amount of time, they support viral DNA replication and
segregation. Viral late gene products (L1 and L2) are created to start the vegetative phase of the HPV life cycle as infected
daughter cells move to the higher layers of the epithelium, leading to high-level amplification of the viral genome. The late
HPV proteins form the viral capsid transcribed only during the latter portion of viral amplification, when infectious viral
particles are produced. To uncouple differentiation from continued cellular propagation, HPVs express two oncoproteins, E6
and E7 that have cell-transforming properties (Howie et al., 2009; Narisawa-Saito & Kiyono, 2007; Wallace & Galloway,
2015).

2.3. The Role of HPV E6/E7 Oncogenes in the Development of CC

Viral oncoproteins are expressed during the integration of the viral genome into the host
genome, but no contagious viral offspring is created. It is well known that during typical
productive HPV infections, the expression of the E6 and E7 oncoproteins is tightly regulated,
and infected cells hardly ever undergo malignant transformation. Cells are more susceptible to
undergoing transformation when oncogene expression is dysregulated as a result of viral
integration into the host genome or as a result of epigenetic changes to the viral gene. This
results in an increase in cellular lifespan (including resistance to death), DNA synthesis,
genomic instability, and disruption of the immune system's ability to respond to viruses and
tumors(Patricio et al., 2016; Yim & Park, 2005).
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The development of CC associated with HR-HPV is dependent on viral inactivation the p53
and retinoblastoma protein-pRb & the successive accumulation of DNA damages
(Immunopaedia, 2018). Tumor suppressor proteins interact with the E6 and E7 oncoproteins
of HR-HPV types, which inhibits their actions and results in unchecked cell proliferation and
immortalization (Avci, 2012). Increased synthesis of E6 and E7 occurs following chromosomal
integration of HPV genomes carrying a disrupted E2 gene. The HPV E2 gene encodes a
transcription factor E2 that suppresses the transcription of E6 & E7 proteins. These

transcription can only be increased if the E2 gene is disrupted (Immunopaedia, 2018).

p53 and pRb are essential in preventing cells with damaged DNA from dividing, thereby
preventing transformation, and are known as tumour suppressor proteins. When the synthesis
of E6 and E7 proteins is higher, E6 binds to p53 in the cytosol and recruits the E6AP (E6
activating protein) ubiquitin ligase that ubiquitinates (‘a process for protein inactivation’) p53
and targets it for proteosomal degradation. Similarly, HPV E7 binds to pRb in the cytosol and
takes on the cullin-2 ubiquitin-ligase that destruct pRb & promotes proteosomal destruction.
Damage of p53 and pRb proteins ultimately allows a cell with DNA damage to divide thus
increasing the likelihood of developing cancer . (Immunopaedia, 2018; Hickman et al., 2002;
Sherr & McCormick, 2002).

Lacking the function of both the p53 and pRB pathways contributes a significant part in cancer
development. Deregulated cellular proliferation and apoptosis happen when there is a loss of
pRB, whereas a loss of p53 desensitizes cells to checkpoint signals, including apoptosis

(Hickman et al., 2002), eventually cancer will be evident.

2.4. Role of E6/E7 mRNA in Marking CIN2+

To reduce the impact associated with CC, early detection of cervical lesions should focus on
the use of appropriate methods (Laudadio, 2013; WHO, 2013b). The various available tools to
detect different grades of cervical lesions include cytology, HPV DNA test, and VIA (L Bruni
et al., 2017; WHO, 2013b). Cytology is the most frequent method, the other are alternatives.
VIA is an option to cytology-based screening in low-resource settings, including Ethiopia. All

these tests suffer from poor specificity in detecting CIN2+.
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Cytology-based screening (introduced in the 1940s) (Inc., 2018) has several limitations. It is
dependent based on the individual's subjective assessment of the level of nuclear atypia
(Sahasrabuddhe et al., 2011). It has a mild level of sensitivity (approximately 55%) for the
detection of CIN2+ and suffers from subjectivity as well (Duvlis et al., 2015; Tian et al., 2014).
Results from Pap tests that are unclear or only marginally abnormal necessitate costly retests
or other diagnostic services like colposcopy and cervical biopsy-histology. In developed
nations, Cytology screening is combined with HPV DNA testing (’co-testing’) or as the
primary screening test (Bruni et al., 2017; WHO, 2013b) to be followed by a secondary test
that is with better specificity, such as HPV E6/E7 gene products (mMRNA or its corresponding
proteins) (Shi et al., 2017; Zhang et al., 2018).

For the triage of women with questionable cytology and for follow-up after treatment of high-
grade cervical lesions, testing for carcinogenic HR-HPVs is becoming more popular (Grce &
Davies, 2008). Here, the bottleneck is to find out a marker or a tool that demonstrate reasonable
accuracy, reproducibility and clinical utility in developing countries (Lie & Kristensen, 2008).
In low-resource nations, including Ethiopia, it is hard to launch and endure cytology and HPV-
based testing tools, due to resource constraints (Sahasrabuddhe et al., 2011). In such settings,
limited access to effective screening means that CC is often not detected early. In addition,

prospects for the treatment of such late-stage disease may be poor.

Researchers in western countries are recommending testing HR-HPV E6/E7 mRNA assay that
provides valuable clue as an alternative new tool to screen cervical abnormalities associated
with HPV infection; it is important as a potential biomarker for early forecast and successive
progression to cancer (Duvlis et al., 2015). Studies have demonstrated that the testing for HR-
HPV DNA may not be as indicative of CC risk as mRNA (Kraus et al., 2006; Molden et al.,
2005). HPV E6/E7 mRNA testing may be a useful biomarker for the diagnosis of CIN2+ in
women infected with some strains of HPV genotypes, according to prior studies in this field
(Fontecha et al., 2016; Castro et al., 2013; Ren et al., 2018; Varnai et al., 2008; Wang, et al.,
2015; Zhao et al., 2014).

Additionally, compared to HPV DNA testing, HPV E6/E7 mRNA testing for HR-HPVs
appears to correlate better with the severity of the lesion, making it a potential marker for the
triage of women at risk of developing CC. Consequently, commercial tests for the majority of
common high-risk HPV types' simultaneous genotyping and detection of E6/E7 mRNA are

now becoming accessible (Lie & Kristensen, 2008). Additionally, it has been claimed that the
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E6/E7 mRNA could be a trustworthy test for both primary CC screening and the triage of
borderline cytological abnormalities (Ratnam et al., 2011). Furthermore, the E6/E7 mMRNA-
based test can compensate for the HPV-DNA test's limited specificity in the identification of
CIN2+ (Munkhdelger et al., 2014). The risk of cervical lesions turning into cancer is higher in
women who tested positive for HPV E6/E7 mRNA, necessitating additional care and sooner
check-ups (Bruno et al., 2018)

A meta-analysis by Yang and his colleague showed that women with positive HPV E6/E7
MRNA test results are more likely than women with negative results to proceed to CIN2+ in
two years (Yang et al, 2017). Additionally, this study discovered that a positive HPV E6/E7
MRNA result indicates that the women with atypical squamous cells of unclear significance
(ASCUS) or low-grade squamous intra-epithelial lesions (LSIL) were in a strictly dangerous
stage, which is a bad prognostic indicator. It was recommended that cervical lesions continue
to grow and that these women should be referred for a colposcopy and immediate strengthening
of follow-up. Conversely, women whose mRNA testing results were negative could extend
their follow-up period, avoiding needless colposcopy and lowering the incidence of colposcopy
and biopsy (Yang et al., 2017).

Other similar studies also revealed that, testing for HR-HPV E6/E7 has the same sensitivity as
HPV DNA tests, but is more effective for detecting CIN 2+. In addition, for determining the
likelihood of progression and offer a viable tool for triage during CC screening, it may serve
as a more specific test (Cattani et al., 2009; Zhao et al., 2014). It may, however, overlook some
CIN 2+ cases. This is a significant reported limitation (Zhao et al., 2014). Women with negative
MRNA test results cannot be assumed to be free of CIN2+ due to the lesser sensitivity, and
therefore need to be monitored more closely (Verdoodt et al., 2013). However, the mRNA-
based test is unable to either detect all HR-HPVs or identify the specific types of identified
HPVs. In order to avoid this, a study recommends utilising a real-time PCR assay to find type-
specific E6/E7 mRNA. Additionally, funding is provided for more study to establish a gold
standard for RNA expression detection so that it can be incorporated into the regular cervical

screening programme (Fontecha et al., 2017).

There are currently a number of commercially available E6/E7 mRNA-based tests, two of
which are frequently used in HPV research: the PreTectTM HPV-Proofer (which targets HR-
HPVs; 16, 18, 31, 33, and 45) and the Aptima HPV assay (which targets 14 types;
HPV16,18,31,33,35,39,45,51,52,56,58,59,66, & HPV68) (Shen et al., 2013).
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2.5. Genotype Distribution of HPVs in Ethiopia

The prevalence and type distribution of HR-HPVs vary greatly in different geographical areas.
For the introduction of vaccination and HPV-based diagnostics, nationwide data set on the
molecular distribution of HPVs from CC is essential (Sanjose et al., 2010). The most frequently
identified genotypes from CC were HPV16,18,31,33,35,45,52, &58, with a combined
worldwide relative contribution of 91 percent, according to a study on the distribution of HPV
genotypes that included 38 countries from Europe, north & south America, Asia, Oceania, &
Africa. In this large investigation, CC patients with HPV types 16 & 18 were found in 71% of

cases (Sanjose et al., 2010).

Another similar large-scale study conducted in Ghana, Nigeria, and South Africa found that
the most common HPV types from CC cases were HPV16 (51.2%), HPV18 (17.2%), HPV35
(8.7%), HPV45 (7.4%), HPV33 (4.0%), and HPV52 (2.2%). The study also revealed that the
distribution of HPV genotypes appeared to vary by tumour type (Denny et al., 2014). Further,
a systematic review aimed to assess the frequency of HR-HPV and its genotype distribution in
sub-Saharan Africa, the first ten predominant types identified from cervical samples were
HPV16, 52, 18, 56, 31, 35, 45, 58, 51 and 68 (Seyoum et al., 2022).

Based on the IARC report, globally the prevalence of HPV16 & or HPV18 among women with
CIN2 and CIN3 and cancer was at 51.9%, and 69.4%, respectively (Bruni et al., 2017).
Precancerous lesion risk was 10% and 15% for persistent HPV types 16/18 infection, whereas
it was <3% for all other HPVs in combination (Wright & Schiffman, 2003). As a result, HPV
genotyping is crucial for identifying specific HPV strains that cause cancer as well as for
demonstrating risk stratification (Abreu et al., 2012). Characterizing HPVs is important for
both patient evaluation with HPV infection and routine surveillance investigations (Nilyanimit
etal., 2018).

Although it is essential for pre-vaccine and HPV-based test research, currently there is limited
data on a nationwide prevalence and genotype distribution of HPVs in Ethiopia, although the
government started HPV vaccination to schoolgirls at the end of 2018. There are few studies
conducted on HPV genotype distribution in Ethiopia from cervical samples (Abate et al., 2013;
Bekele et al., 2010; Eshetu, 2015; Fanta, 2005; Leyh-Bannurah et al., 2014; Mihret et al., 2014;

Ruland et al., 2006). These studies used different kinds of cervical specimens and molecular
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techniques to characterize HPVs and all have reported HPV16 as the most common genotype
followed by other different types as depicted in Table 1. The observed HPV genotype
heterogeneity suggests the importance of periodic genotyping surveillance at the national level

for vaccine and HPV-based screening effectiveness (Seyoum A, 2023).

Table 1: Summary of HR-HPV genotype distribution among women in Ethiopia, 2009-

2023.

Article Study area Samplesize HR-HPV, % Dominant HR-HPVs
Seyoum et al., 2023 East Ethiopia 886 12.4 HPV16, 31, 52, 58, 35
Teka et al., 2021 Butajira 764 20.5 HPV16, 35, 52, 45, 18
Gebremeskel et al., 2018 Multi-center 915 55.5 HPV16, 56, 59, 52, 35
Mihret et al., 2014 Addis Ababa 20 100 HPV16, 33, 38, 45, 58
Leyh-Bannurah et al., 2014 Atta 537 16.0 HPV16, 52, 56, 31, 35
Bekele et al., 2010 Jimma 132 100 HPV16, 18, 56, 45, 39
Wolday et al., 2018 Addis Ababa 233 83.2 HPV16, 35, 45, 31, 56

Compiling six of these articles, a recent systematic review of the molecular profile of HPV in
Ethiopia showed that HPV 16(37.3%), HPV 52(6.8%), HPV 35(4.8%), HPV 18(4.4%) & HPV
56(3.9%) were the predominate genotypes identified in some areas of Ethiopia (Derbie et al.,
2022). However, data on the HVP genotype profile in the North and Southern part of Ethiopia

IS missing.

Because of considerable geographical differences in the HPV genotype distribution globally,
data are required on HPV genotyping for a specific nation not only for vaccination but also to
support HPV-based CC screening programs (Kietpeerakool et al., 2015) as profiling the types
of HPV may help to advance screening programs effectiveness & to reduce overtreatment.
Hence, considering this knowledge gap, the present study will attempt to characterize genotype
of HPVs from cervical samples in the northwestern parts of Ethiopia where data are limited in
this field.
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2.6. Epidemiology of Cervical Cancer in Ethiopia

The term "cancer" refers to a broad range of illnesses , >200 (Finn, 2012) it may impact any
physical part & are characterized by uncontrolled growth and spread (Cancer.Net; 2012). It is
a major public health problem worldwide. Cancer incidence and mortality are rapidly growing
globally. The reasons are complex, several of which linked to socioeconomic development
(Bray et al., 2018). In 2020, there will be 9.9 million deaths from cancer and 18.1 million new
cases. In low- and middle-income nations, cancer deaths account for more than 70% of all
fatalities. The estimated global burden of cancer in 2040 will be 28.0 million new cases and
16.2 million cancer-related deaths (Sung et al., 2021). HPVs are known as the etiological agent
of CC, the 2nd most frequent cancer worldwide (among 15-44yrs), and infections generally are
connected with around 20% of all cancers (Bruni et al., 2017; Lehoux et al, 2009; Patricio et
al., 2016).

According to the 2021 world HPV information center report, approximately 604,127 women
were diagnosed with CC and 341,831 die from the disease annually (Bruni L, 2021; Fernandes
et al., 2022). In 2030, the annual number of new cases and death projected to upsurge to 700,
000 and 400, 000, respectively (Cancer, 2020; Hull et al., 2020). The majority of CC burden
i.e., close to 90% of the newly diagnosed cases and deaths were from resource limited settings
(Bruni, 2021). Sub-Saharan Africa is said to have the disease’s highest recorded burden (Bray
et al., 2018; Vuyst et al., 2013; Hull et al., 2020; WHO, 2014a). CC is the 2nd most common
female cancer worldwide in the age range of 15 to 44 years, ranking 4th among cancers that

affect women. (Bruni et al., 2017).

Based on the WHO estimates, the incidence of CC is rising steadily in Africa (WHO, 2017),
with approximately 75,000 new cases and nearly 50,000 fatalities per year, a toll made worse
by HIV infection (Mboumba et al., 2017). However, these figures might represent under
estimation due to challenges in health information systems and cancer registries in Africa
primarily in sub-Saharan area (WHO, 2017) where the prevalence and mortality of CC are
among the highest in the world (Denny et al., 2014). The rise in CC cases in Africa could
impede the gains gained by African women in lowering maternal mortality (Mboumba et al.,
2017). On top of this, in the African continent, most women detected at an advanced stage of

disease, which may leads to poor outcomes (WHO, 2017).
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CC becomes one of the emerging public health challenges in Ethiopia. Knowledge about the
disease among Ethiopian women is poor (Derbie et al., 2023). Due to population expansion
and age, as well as an increase in the prevalence of known risk factors, the incidence and
prevalence are occasionally rising (WHO, 2020a). The incidence rate of CC among women
from Ethiopia was 21.5/100,100 in 2020 (Bruni, 2021). The worldwide institute for research
on cancer estimates that the 7,500 new cases of CC expected in 2020 could increase to 15,300
cases by 2040. Similar to other countries, Ethiopia could see an increase in disease-related
deaths from 5,340 in 2020 to 11,000 in 2040 (Cancer, 2020). It is evident that cervical cancer
IS growing to be a significant cause of morbidity and mortality among women in Ethiopia
despite the lack of high-quality cancer registries and trustworthy data in the field and the fact

that the nation is unable to maintain effective cervical cancer prevention strategies.

The majority of people on the planet have HPV at some point in their lives. However, most
HPV infections do not result in symptoms or disease and clear up on their own; over 90% do
so within two years (WHO, 2016). However, persistent HR-HPV infection results in
precancerous lesions i.e Cervical intraepithelial neoplasia (CIN) that have the potential to
develop into cancer if left untreated, however this progression often takes several years (WHO,
2016; UK, 2014).

A premalignant lesion called CIN which can be in one of three stages: CIN1, CIN2, or CIN3.
Untreated CIN2 or CIN3 can develop into CC. (WHO, 2013b). Abnormal cells often become
normal over time, but can sometimes turn into cancer. These cells usually be treated, depending
on their severity and on the woman’s age, past medical history, and other test results. CC
associated with HPV infection has different stages. The stage of cancer describes the extent of
cancer in the body. It helps determine how serious the cancer is and how best to treat it
(American Cancer Society, 2017b). CC stage ranges from stages | through IV as described
previously (Mayo Clini 2017; American Cancer Society, 2017b). Stage I: the cancer is the only
in the cervix. Cancer in the cervix and upper vagina are found at stage 11. Stage I1l: The disease
has spread to the pelvic sidewall or the lower part of the vagina. Stage IV: The cancer has
progressed to other parts of the body, such as the lungs, liver, or bones, or to neighboring organs
like the bladder or rectum (Mayo Clini 2017; American Cancer Society, 2017b).
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Despite the fact that cervix HPV infections do not always result in cancer, HR-HPVs have been
linked to >95 percent of CC cases (Doorbar, 2006; Moody & Laimins, 2010; Yu et al., 2005).
This was reported about four decades ago and these days there is overwhelming evidence that
HR-HPVs are the causative agents of CC (Moody & Laimins, 2010; Prize, 2008; UK, 2014).
Among the HPV types infecting the anogenital epithelia, a subset of 14 HPV types classified
as HR; causing alterations of the cervical mucosa and ultimately cancer in women (Bruni et
al., 2017; Chow et al., 2010; Doorbar et al., 2012; Wallace & Galloway, 2015). A central
component of the association between HR-HPVs and cervical carcinogenesis is the ability of
HPV to persist in the lower genital tract for long periods without being cleared because of its
different immune evasion strategies (Pinidis et al., 2016).

2.7. Factors Associated with CIN2+

Skin-to-skin contact between intimate partners can spread HPV. By engaging in vaginal, anal,
or oral sex with someone who has HPV, a person can become infected with the virus. Most
frequently, it is spread through vaginal or anal sex (Prevention, 2016). Precancerous cervical
lesions and CC are caused by HR-HPVs, but this is not a sufficient cause. According to reports
from epidemiological studies, the continuation of HPV infection and development of cancer
influenced by many factors. These include, age (first intercourse and first childbirth), smoking
tobacco, high fertility, prolonged usage of hormonal contraception, HIV coinfection,
Chlamydia trachomatis & HSV-2, immunosuppression, & certain dietary deficiencies (like
folate), absence of regular screening (pap), a previous history of CIN (Barchitta et al., 2018;
Bruni et al., 2017; Luhn et al., 2013; Tifaoui et al., 2018; Wang et al., 2017).

WHO has reported that early sexual intercourse, having many sexual associates and HIV
coinfection & by different HPVs are significant factors for the development of CC and
persistence of HPV infection (WHO, 2016).

Although they have not yet been fully defined, genetic and immunological host factors as well
as viral parameters other than type, such as variations of HPV type, viral load, and viral
integration, are expected to be significant (Bruni et al., 2017). Women with a sister or mother
who had CC are also at increased risk (WHO, 2014a). Other reported viral related factors
include; the loads of viral DNA, and the expression amount of mMRNA of the E6/E7 gene from
HRHPVs (Ren et al., 2018).
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Vaccination status also influences the development of CIN2+ (Niccolai et al., 2017). The stage
of different CINs at which the above factors would put their influences on carcinogenesis

process is not clearly established.

There is limited data in Ethiopia on epidemiological factors associated with CIN2+ among
women with cervical pathologies. However, few studies conducted in the country showed that
women’s knowledge, willingness and acceptance of CC screening were low (Belete et al.,
2016; Tefera & Mitiku, 2017). The scarcity of information reveals a substantial need for further
studies on CC prevalence, incidence and mortality with associated risk factors in resource-
limited settings for strong public health interventions to minimize the impact of the disease in

Ethiopia.

2.8. Prevention and Control of Cervical Cancer

By the age of 50 years, about 80% of women contract HPV infection. While most individuals
are clear of the infection within two years, some types of HPV carry a high-risk of progressing
to cancer (Broomall et al., 2010). Precancerous alterations are the hallmark of the most
prevalent kind of CC, and there are ways to prevent the disease from progressing. First to
prevent infection (through vaccination) and the second is to deal with pre-malignancies before

they develop into actual cancers (screening) (American Cancer Society, 2017a).

CC may become a rare disease in the coming decades if HPV vaccination and HPV-based
screening, including self-sampling, are scaled up globally. WHO has launched a Global
Initiative to expand preventive, screening, and treatment programs in order to eradicate CC as
a public health issue in the twenty-first century; a picture of the future in which CC is no longer
a concern for public health. The Future Health Organization has established a goal for a world
where the life-course approach is used to eradicate CC as a public health issue. Each nation
should achieve the 90-70-90 targets by 2030, which call for: 1) 90 percent of girls to receive
the HPV vaccine in its entirety by the age of 15; 2) 70 percent of women to undergo high-
performance screening by the ages of 35 and 45; and 3) 90 percent of women with cervical
disease to get therapy (WHO, 2020b).
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Through the advent of preventive HPV vaccines, several countries are using Cervarix™ (that
targets HPV16 and 18), Gardasil ™ (HPV6,11,16,18) & recent nonavalent i.e Gardasil-9 that
covers close to 90% of all HR-HPVs (HPV6, 11, 16, 18, 31, 33, 45, 52, and 58) (Zhai &
Tumban, 2016). Gardasil-9 prevents 80-95 percent of other HPV-associated anogenital
malignancies in both men and women and the HPV varieties linked to almost 90% of
incidences of CC in women worldwide. Nevertheless, because of the diversity in HPV-type
specific distribution, the vaccine provides different proportions of defense in different areas;
the nonavalent vaccine provided protection against HPVs linked to~87.7% of CCs in Asia,
92% in N.America, 89.5% in S.America & the Caribbean, 91.7% in Africa, 90.9% in Europe,
& 86.5% in Australia (Zhai & Tumban, 2016). A third-generation HPV vaccine is now
necessary in order to provide total protection against all HPV strains that cause CC (Zhai &
Tumban, 2016).

HPV-based vaccination in Ethiopia was started in October 2018 for schoolgirls only. The
vaccine, Gardasil-4®, targets HPV6, 11, 16, and 18. According to the information from WHO
African region report, so far about 2 million girls aged 9-14 were vaccinated in the country
(WHO, 2021). However, based on the available HPV molecular data in some parts of the
country and our review result (Ali et al., 2019; Derbie et al., 2022; Derbie et al., 2019; Wolday
et al., 2018) the proportion of girls who could be protected from HR-HPV infections using this
vaccine is <60%. Therefore, there is a need to upgrade the vaccine into Gardasil®9. A recent
study revealed that compared to the Gardasil-4™, a nonavalent Gardasil®9 that targets close
to 90% of all HR-HPVs is a profitable option for Ethiopia (Wondimu et al., 2022).

After a vaccination program is implemented, it will take several decades before the effects of
HPV vaccine are fully apparent. In addition, ensuring enough coverage and ensuring that all
girls of the proper age receive vaccinations remains difficult. At the same time, the HPV
vaccine does not replace cervical screening; hence early detection of cervical intra-neoplasia is

also very crucial.

Ethiopian national guideline for cervical cancer prevention and management stated screening
should be offered with one or a combination of the three screening methods: These are VIA,
HPV DNA, & cytological screening (Federal Democratic Republic of Ethiopia, 2021).
However, the VIA is the most widely used screening modality in Ethiopia irrespective of the

following pitfalls. (i) VIA is exclusively performed in a health facility, and it needs the woman
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to undergo a genital examination with trained providers with the insertion of a speculum that
is not culturally acceptable by women in Ethiopia. (i) Both VIA and cytologic screening
methods need more infrastructure and human resource training. (iii) VIA has low specificity (a
limitation in identifying true negative), that may lead to unnecessary referrals, overtreatment,
and adverse psychological consequences to the women. Therefore, it is critical to implement a
screening method that is more specific, cost effective and women friendly. The economic

burden to introduce and widely practice HPV-based study in Ethiopia must be also well studied.

The majority of Ethiopian women had little awareness and acceptability of cervical cancer
screening, according to many studies conducted to measure its level of acceptance, uptake, and
examine factors related to it. (Derbie et al., 2023). This also need a well-planned intervention.
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Chapter Three: Methods and Materials

3.1. Study Setting

Between the first of March 2019 and the end October 2021, a hospital based cross-sectional
study was carried out at Felege Hiwot Comprehensive Specialized Hospital (FHCSH).

COVID-19 has influenced the data collection period of this study.

The FHCSH is located in Bahir Dar city (Figure 3) northwest Ethiopia, located about 565km
away from the capital Addis Ababa. The FHCSH, with more than 500 beds, is a tertiary health
care facility that provides several types of specialized referral services for about ten million
people in northwest Ethiopia (Gojjam, Benishangul, Gondar, and Wollo). Hospital has been
acting as a teaching facility for students at other private institutions as well as the Bahir Dar
University College of Health Sciences. . Based on the information obtained from the hospital
VIA clinic, before the time of data collection there were between 100 and 150 women per

month coming to the clinic for CC screening service.
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Figure 3: The study area.
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3.2.  Source Population

The source population was those women who were referred or directly came to FHCSH for
gynecological examination because of any form of gynecological complaints in the hospital

during the study period.

3.3.  Study Population

The study population comprised of women who came for gynecological examination or who
were admitted for investigation of any form of cervical abnormalities and were eligible for CC
screening at the hospital fulfilling our inclusion criteria.

3.4. Sample Size Determination and Sampling Technique

The sample size was calculated using the percentage of high-grade squamous intraepithelial
(HSIE)lesions, which was found to be 27% among women visiting the gynecology
department's outpatient clinic at Black Lion Hospital, CHS, AAU (Wolday et al., 2018), with

a 5% margin of error at a 95% confidence level. .

n=2% (1-p) / d?
Where: Z = Z score for 95% confidence interval =1.96, p =prevalence (27%=0.27),d =
tolerable error =5% (0.05)

The precision of the study and availability of resource was taken in to consideration during the
determination of the sample size. Therefore, the minimum sample size was 340 (including 10%
non-response rate). However, in the actual practice 355 women were included. For the specific
objective related to determining the histopathological profile and factors associated with
CIN2+, data was collected from 335 participants. For the rest HPV related objectives (i.e., HPV
DNA and E6/E7 mRNA testing), data from 355 participants were analyzed. The period for
sample collection was extended because of the COVID-19 epidemic. In order to back up the
some of the firstly collected samples, we thought of using an additional 15 samples for HPV-

based tests (thinking they might lose their quality owing to a power outage of the freezer).
The sampling technique was purposive in which all eligible women fulfilling the inclusion

criteria and coming to the hospital throughout the time of data collection were included until

the sample size was fulfilled.
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3.5. Inclusion and Exclusion Criteria

e Women presenting to the hospital's gynecologic services with symptoms and signs that
suggested an atypical cervix, such as abnormal vaginal discharge and vaginal hemorrhage
(bleeding after sexual intercourse or any bleeding after menopause), complaining of painful
sexual intercourse were considered for participation. These women should have also the
following characteristics: >30 years of age, had a history of sexual activity, were not
pregnant at the time of data collection, had a complete uterus and cervix, and weren't
menstruating (Federal Democratic Republic of Ethiopia, 2021).

e On the other hand, women who were seriously ill and those who were under treatment for

invasive CC were excluded.

3.6. Variables

- Dependent Variables: The proportion of HPV positive cases, the identified HPV
genotypes, HPV E6/E7 mRNA test profile.
- Independent Variables: Demographic, reproductive and gynecologic related variables

and the stage of cervical lesions.

3.7. Data Collection Process

After ensuring the informed and voluntary participation of the study participants by using a
written information sheet and obtaining a signed consent form, data were generated from: 1) a

questionnaire 2) molecular tests, and 3) histopathology.

3.7.1. Demographic Data

An interviewer-administered questionnaire was utilized to gather information on the
demographics of the participants (like, participants’ age, residence, and educational
background), reproductive history (like, parity, # of sexual partners, and age @ first sex ) and
gynecologic related features (awareness about CC and previous cervical screening practice).
Two trained nurses working in the hospital’s gynecology department collected the
questionnaire-based data. The tool was prepared following previous similar works (Barchitta
et al., 2018; Bruni et al., 2017; P. Cattani et al., 2009; Luhn et al., 2013; Niccolai et al., 2017,
Tifaoui et al., 2018; Wang et al., 2017; WHO, 2014a) (Appendix C).
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3.7.2. Cervical Swab Collection and Handling

Study participants underwent a general and pelvic examination in a compassionate and
respectful process after ensuring their informed consent. Then, for HPVV DNA and mRNA
testing a gynecologist collected cervical swabs with a single-use broom-type brush
(Digene.HC2DNA .collection device:Qiagen,Hilden, Germany) following the manufacturer’s
instructions. Briefly, after removing excess mucus from the cervical os and the surrounding
ectocervix using a cotton swab, the brush was inserted 1-1.5 cm into the os of the cervix till its
largest outer bristles touched the ectocervix. The brush was then taken out of the canal and put
into the bottom of the transport tube after being turned three full rotations. The shaft was finally
broken off, and the tube was safely capped. Specimen Transport Medium (STM) that contains
1ml 0.05% sodium azide as a preservative accompanied the sample collection tube. Swabs
were labeled with a special code and the patient card number, and then kept at -80°C in the
CMHS research laboratory at BDU. Finally, the frozen specimens were transported on dry ice
packs to Leipzig University for molecular analysis. The STM was validated for HPV DNA test
using the Alinity m system in the Institute of Virology for routine diagnostic service.

3.7.3. Cervical Biopsy Collection and Processing

During the time of data collection, the hospital didn’t have a colposcopy facility hence
traditional cervical punch biopsy was collected by a gynecologist using the four quadrant
random biopsies collection (four punches each 0.5 cm, at positions of 3, 6, 9, and 12 o’clock)
by the use of punch biopsy forceps following the recommended approach (Hu et al., 2017).
Then, cervical biopsies were placed in screw-capped and labeled bottles that contained 20ml
of 10% formol-saline fixative solution and transported to the hospital pathology laboratory for

downstream processing by the senior pathologist as described previously (Ameya et al, 2017).

Briefly, using a fully automated tissue processing equipment, a senior pathologist processed
the biopsy samples. While processing, water was removed by using ethanol. This was followed
by adding a hydrophobic clearing agent, i.e Xylene, to remove the alcohol and finally molten
paraffin wax was used to infiltrate and replace the xylene. Subsequently, using LE/GA and
EG1110 device the tissue was embedded in which tissue in paraffin wax remain attached to
cassettes. About 3-5 mm tissue sections were cut with a rotary microtome and afterwards
floated on a water bath that had been heated to between 60 and 65 °C. This makes picking
sections on a microscopic slide easier and helps get rid of wrinkles that developed during

sectioning. Then the slide was placed in an oven setted at >70°C for ~40 minutes so that it will
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have time to adheres to the slide and the wax will melted. This is followed by staining of slides
using hematoxylin and eosin (H&E). Finally, the slides were examined and reported based on

the CIN reporting system: normal histology, CIN1, 2, 3, cancer, & other findings.

The CIN (also named cervical dysplasia) describes how far the irregular cells have gone into
the layers cervix. CIN is classified into grades as CIN1, CIN2, and CIN3 based on cell changes.
Treatment is usually given to remove abnormal cells in CIN2 and above(WHO, 2013b, 2014b).
For this particular study, we used the acronym CIN2+ to represent high-grade precancerous
lesions (CIN2 and CIN3) and CC together.

3.7.4. E6/E7 mRNA Extraction

Frozen cervical swabs were thawed from freezer and relabeled with a sequential barcode. Then
each tube was vortexed (3-5 seconds) to homogenize the cells located on the brush with the
preservative solution. In some samples with visible blood clots up to 400ul phosphate buffer
solution (PBS) was added prior to vortexing. The brush was removed after release of the cells
into the preservative solution. For the EG/E7-mRNA PCR, 200 ul of the sample was extracted
using the Kit (which is DNA&Viral NA SmallVVolume) using the MagNAPure96 device
(Roche,Mannheim, Germany) as per the manufacturer instructions with elution volume set to
50 ul (Roche, 2021). The remaining vortexed sample in the original sample collection tube was
directly used for HPV DNA detection and genotyping on the Alinity-m-System (the Abbott
Molecular, DesPlaines, IL-United States of America).

3.7.5. HPV DNA Detection and Genotyping

Test principle: the molecular detection and characterization of HPVs involved in the sample
from a cervical lesion are on the principle in which the HPVV-DNA will be available in the
epithelial layers of the affected tissue and can be detected easily with PCR-based technologies
(Kambouris et al., 2010). HR-HPV detection and typing are becoming an another option for
screening using cytology(Meijer et al., 2009) and become an vital alternate test in the dx &
treatment of cervical pathologies associated with HR-HPVs (Garcia et al., 2011). Since the
ability to cause cancer differs among the HPVs, HPV detection followed by genotyping is

valuable in the stratification of the risk of women who tested positive for HR-HPVSs.
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For this particular study, HR-HPV detection and characterization were made using Alinity-m
HR-HPV AMP Kit on Alinity-m System (software version: 1.6.3) (Abbott Molecular, Des
Plaines, IL, USA). The Alinity m System offers a fully automated random access platform to
different molecular assays. It is a fully integrated and automated molecular analyzer introduced
in 2019 (Dhillon etal., 2021). The assay fulfills the international consensus guideline criteria
for primary CC screening (Garland et al., 2023; Ostrbenk et al., 2019). The time to the first
result is less than two hours (Abbott, 2022).

Using real-time PCR and ReadiFlex® technology, the Alinity test is qualitative that targets the
L1 conserved region for the detection of DNA from 14 HPVs; HPV16,-18,-31,-33,-35,-39,-
45,-51,-52,-56,-58,-59,-66, & HPV68 from clinical specimens (Ostrbenk et al., 2019). HR-
HPVs are detected with genotype-specific probes in five distinct channels: HPV16, HPV18,
HPV45, and other high-risk genotypes group A (HPV31, 33, 52, and 58), and other high-risk
genotypes group B (HPV35, 39, 51, 56, 59, 66, and 68) (Dhillon et al., 2021).

To ensure its quality performance, in addition to testing external positive and negative controls,
the Alinity detects human endogenous B-globin as a Cellular Control signal to evaluate
efficiency of sample extraction, amplification, and amount of cells (Abbott, 2022).

The steps of the Alinity assay consist of preparation of samples, RT-PCR assembly,
amplification/detection, & calculation and reporting of results. All steps of the assay are
performed automatically by the Alinity m system. In order to trap HPD DNA on magnetic
microparticles, 400L of cervical swabs were pretreated and lysed with chaotropic chemicals
during sample preparation. Following binding, the pure DNA was washed and eluted. Using
the eluate and activation reagent, a lyophilized amplification master mix made up of DNA poly,
primers, probes, and dNTPs was rehydrated. The finished PCR mixture was then put into a
reaction vessel, covered, and moved to the amplification and detection element. All these steps

including result generations are performed automatically (Abott, 2020; Jang et al., 2021).

Samples (n=49) which were positive for G- A and/or B with the Alinity m were further
processed using the INNO LiPA HPV Genotyping Extra Il assay (INNO-LIPA; Fujirebio
Europe, Ghent, Belgium) for identification of the specific genotypes following the

manufacturer instructions and as described previously (N.V., 2011; Tewari et al., 2021).
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3.7.6. The E6/E7 mRNA test

Test principle: In comparison to HPV DNA-based assays, the measurement of viral gene
expression both directly (through mRNA) and indirectly (via protein) may provide a more
precise method for determining clinically relevant infection. The direct detection of viral
MRNA transcripts allows for the monitoring of HPV E6/E7 gene expression and signs of its
dysregulation (Cuschieri & Wentzensen, 2008). Progression to CC requires the overexpression
of the E6/E7 mRNA in the integrated HPV genome (Cattani et al., 2009); hence, testing for
this transcripts could be a useful tool for both primary screening and triage of women with
border line cytology. Itis also used in patient management, providing more accurate predictions

of risk of abnormal lesion progression (Andersson et al., 2011; Paola et al., 2009).

The E6 & E7 area of DNA/genes are transcribed polycistronically (the genes transcribed into
one full-length mRNA transcript coding for both proteins) from a single promotor that is
located at the 3’ of the upstream regulatory region (URR) (Andersson et al., 2011; Pal &
Kundu, 2019).

Due to time and money constraints, the E6/E7 mRNA multiplex assay was reduced to detect
the genotypes HPV16, 18 and 45. Primers for corresponding HPV genotypes were used
according to the previously published primers and probes, Metabion, Germany (Pan et al.,
2018). The following pair of E6/E7 region primers of these HPVs (Table 2) were used in a
duplex format for the mRNA detection and the reaction and amplification conditions were
performed based the in-house protocols of the Leipzig University Hospital Institute of
microbiology and Virology. Similarly, corresponding probes from the publication were
modified with for higher stability (TibMolbiol, Germany) (Table 2).

Table 2: Primers & probes used in the testing of HR-HPV E6/E7 mRNAs.

Primers
HPV type Forward Reverse
HPV16 F 5’- GAGATACACCTACATTGCATGA-3  HPVI16 R 5’- GCTGGACCATCTATTTCATCCTC-3
HPV18 F 5’- CATTGTATTGCATTTAGAGCCC-3 HPV18 R 5’- GCTACTACTAGCTCAATTCTGGC-3
HPV45 F 5°- GTAGGGAAACACAAGTATAGCA-3 HPV45 R 5’-CAACAGGTCAACAGGATCTAAT-3

Probes
HPV16 HPV16P_LNAFAM 5’- 6FAM-TgCAACCAgAg+AC+A+ACT-BHQ1-3’
HPV18 HPV18P_LNAFAM 5’- 6FAM-TCCggTTgACCTTCT+AT+gT -BHQ1-3’
HPV45 HPV45P_LNAFAM 5’- 6FAM-TCCggTTgACCTTCT+AT+gTAAgTATgCATggA+C+CCC -BHQ1-3

The RT-PCR was performed using the SuperScript I11 Platinum One-Step gRT-PCR Kit based

on the manufacturer’s instruction.
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Cell-Control was changed to target RNase P as described previously (Wozniak et al., 2020).
Primers (RP2-F: 5°- AGA TTT GGA CCT GCG AGC G-3’ and RP2-R: 5’-GAG CGG CTG
TCT CCA CAA GT-3’, Metabion, Germany) were used according to the publication, the probe
(RP-P-YAK: 5’- YAK-TTCTgACCTgAAggCTCTgCgCg-BBQ-3’) reporter dye was changed
to YAK to allow differentiation of HPV and cell control.

For DNA-depletion, nine microliters of RNA mixed with 10 pl of 2fold DNase | buffer and 1u
DNase | (Takara) the incubated @ 37°C for about 30 minutes. This is followed by inactivation
of DNase by addition of 1ul 50 mM EDTA and incubation at 65°C for 10 minutes. The mRNA-
RT-PCR reaction mix (40 ul) consisted of 20 pl 2fold reaction mix, 0.64 pl MgSO0s (final
concentration 4mM), 1 pl of each 10 mM-Primer, 0.5 pl of each 4 mM Probe, 1 pl BSA, 1 pl
SS11/TagEnzymeMix and 4.36 pl H20 and 10 pl of digested sample.

PCR cycling conditions on a LightCycler 96 (Roche, Mannheim, Germany) were as follows.
Reverse-transcription at 42°C for 30 minutes, denaturation at 80°C for 2 min and 94°C for
2min which is followed by 40 cycles of 94°C 30s, 58°C 30s and 72°C for 30s with single signal
detection at 72°C. Through determining the cycle threshold(CT), mMRNA expression level was
quantified. RNase P was used as cell-control system to avoid false negatives. Samples were re-
tested without RT-Step to confirm sufficient DNA-depletion.

The overall procedural flow of the sample collection and analysis is summarized in Figure 4.

Cervical swab Cervical Punch :> Fixed and paraffin- embedded

J I

Sample vortexed and divided into two Histological ination b
aliquots istological examination by a
7\

& pathologist
1 mRNA extraction using
ll MagNa Pure 96 Result reported as;
— .
HPV DNA detection and ° Norn_wa_l _hlstology
. ) .. o Cervicitis
genotyping using Alinity CIN 1
m system followed by ° CIN 2
INNO-LIPA test ©
b o CIN3
o Cancer
E6/E7 mRNA test using Real-time PCR o  Others

Figure 4: A chart representing the overall procedural workflow of the cervical sample

collection and processing.
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3.8. Data Quality Control

Standard operating procedures were strictly followed during the sample collection, storage, and
transportation and during the time of sample processing steps. While working with the HPV
molecular analysis, all steps were performed following manufacturers’ instructions carefully.
The questioner prepared to generate epidemiological data was translated into the local language

(Amharic) and consistency of the items was ensured.

3.9. Data Analysis

SPSS version 25 employed to enter and analyze the collected data. To present the demographic,
clinical characteristics, and histopathological results of the study participants descriptive
statistics was employed. The type distribution of the identified HR-HPVs with a 95%
confidence interval (CI) was calculated. The results are presented as simple counts,

percentages, and mean with standard deviations.

The detection of the EG/E7 mRNA test was calculated from different histopathological grades.
CIN2+ detection by E6/E7 mRNA test then calculated from all and specifically HPV16, 45 and
18 positive samples. Finally, the analytical performance of E6/E7 mRNA (Sensitivity,
Specificity, PPV & NPV with (95% CI)) was calculated using histologically confirmed CIN2+
as the gold standard. Histopathological examination of cervical biopsies remains an important
procedure that is most widely used as clinical endpoints by which the performance of new

techniques for CC prevention is currently evaluated.

A stepwise multivariable logistic regression model run to find out factors associated with
CIN2+. Variables with a p-value of < 0.25 univariable analysis picked & subjected to the
multivariable run (Bursac et al., 2008). A forward stepwise regression analysis was carried
out. The model fitness was checked by the Hosmer-Lemeshow goodness of fit test value (>0.5).
In multivariable analysis, significance was calculated at a p-value <0.05 to declare the risk
factors considered in our study to be major explanatory factors associated with CIN2+ among

studied women.
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3.10. Ethical issues

The Institutional Review Board (IRB) of the College of Health Sciences at Addis Abeba
University and the Research and Ethics Committee of the Department of Medical
Microbiology, Immunology, and Parasitology (DMIP) both gave their approval to the study
methodology (Protocol number: 087/19/DMIP) (Appendix E). As the sample was processed
abroad, ethical clearance was additionally ensured by the Ethiopian NRERC (National
Research Ethics Review Committee) at the Ministry of Education (Ref number: 7/2-
149/m259/35) (Appendix F).

The procedure of specimen collection explained to all participants using their mother tongue.
Then, informed consent (written) was ensured from the study subjects to take part voluntarily
after they learn about the goal and aim of the research. The histology and molecular test results
(including abnormal findings) were communicated to the hospital VIA clinic. All data gathered

from respondents kept private and is only utilized for this study project.
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Chapter Four: Results

4.1. Demographic and Other Features of the Participants

In this study, 355 women were included. At enrolment, the study participants were aged 30—
80 years (mean 46.4 years). Most of the study subjects were married 272(76.6%), housewives
314(88.5%), were from rural settings 232(65.9%), and did not have formal education
272(76.6%) (Table 3).

Moreover, most of the study participants at 277(79.4%) started sex before 18 years of age
(mean age at first sexual debut was at 15.7+2.6). Besides, 48(13.5%), 106(30.0%), and
180(51.6%) of the participants were HIV positive, had a history of vaginal discharge, and had

multiple sexual partners, respectively.

A majority of the study subjects at 211(59.4%) knew nothing about CC. The participants’
screening practice for CC and screening in the last five years were 97(27.3%) and 88(24.8%),
respectively. Besides, their knowledge about the disease was very limited, and among those
only 11(8.9%) of them know that the disease is caused by a sexually transmitted pathogen
(Table 3).
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Table 3: Distribution of the study participants by their demographic and clinical

characteristics, northwest Ethiopia, 2021.

Characteristics n (%)
Age groups (in years) Mean, SD 46.4,11.4
30-40 142 (40.0)
41-50 115 (32.4)
>50 98 (27.6)
Permanent residence Urban 121 (34.1)
Rural 232 (65.9)
Marital status Single 4(1.1)
Married 272 (76.6)
Divorced 38 (10.7)
Other* 40 (11.3)
Educational status No formal education 272 (76.6)
Primary 46 (13.0)
Secondary 17 (4.8)
Tertiary 20 (5.6)
Type of occupation Housewife 314 (88.5)
Private employee 17 (4.8)
Government employee 22 (6.2)
Other (prostitute) 2 (0.6)
Age at first sexual intercourse Mean, SD 15.7,2.6
<18 years 277 (79.4)
>18 years 72 (20.6)
Life-time number of sexual partners Mean 1.7
1 169 (48.2)
>2 180 (51.6)
HIV sero-status Positive 48 (13.5)
Negative 301(84.8)
Unknown 6 (1.7)
Previously treated for vaginal discharge Yes 106 (30.0)
No 247 (70.0)
Aware of CC Yes 144 (40.6)
No 211 (59.4)
How is the pathogen that causes CC Sexually 11 (8.9)
transmitted? Do not know 114 (91.1)
History of cervical screening Yes 97 (27.3)
No 258 (72.7)
History of cervical screening in the last  Yes 88 (24.8)
five years No 267 (75.2)
HR-HPV Detected 188 (53.0)
Not detected 167 (47.0)
E6/E7 mRNA Detected 127 (35.8)
(HPV16,18,45) Not detected 228 (64.2)

*Qther types of marital status include: widowed, separated.
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4.2. Histopathological Profile of the Participants

A cervical histology report was available for 335 participants. Of which, the majority of
cervical histopathological findings were CC 41.8% (140/335; 95%CI: 36.6-47.1%). The
proportion of high-grade precancerous lesions and CC together (CIN2+) was 49.0% (164/335:
95%ClI: 43.6-54.2%). Seventy-four (22.1%; 95%CI: 18-26.8) of the participants had normal
histology. The detailed histological profile of the study participants is presented in Figure 4.

Histological profile of cervical biopsies (n=335)

45 41.8
40

35
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25 22.1
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15 11.9
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- . - |
Normal Cervicitis CIN1 CIN2 CIN3 Cervix Cervical NOS

histology (n=30) (n=40) (n=12) (n=12)  cancer polyp (n=17)
(n=74) (n=140) (n=10)

Percentage

o o1

Figure 5: Percentage distribution of cervical histopathology findings, northwest Ethiopia, 2021.
CIN: Cervical intraepithelial neoplasia.

NOS: Not otherwise classified; these categories include atypical endocervical glandular proliferation (#1), focal
of atypical columnar epithelium lining (1), unremarkable endocervical tissues (6), myoma (3), benign polypoid
endocervical tissues (2), cervical wart (1), napotian cyst (1), bloody and non-diagnostic sample (2).

4.3. Type of the Identified HR-HPVs

For the detection and genotyping of HR-HPVs, data from 355 study participants were used.
The prevalence of HR-HPV was 53.0% (188/355; 95%CI: 47.8-58.1%). From these samples
(n=188), 13 different HR-HPVs were identified. The total frequency of the identified HR-
HPVs including co-infections was 258. As participants ages grew, there was a noticeable
increase in the detection of HR-HPV. Similarly, the detection HR-HPVs was found to be
different based on screening history of the study participants (p-value <0.05) (Table 4).
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HPV16 was the most often identified HR-HPV which accounted for 50.4% (130/258: 95%CI:
29.4-39.2%) proceeded by HPV31 9.7% (25/258: 95%Cl: 6.7-13.9%), HPV33 8.5% (22/258:
95%Cl: 5.7-12.6%), HPV39 and HPV68 each 5.8% (15/258: 95%CI: 3.6-9.4%) and HPV18
4.7% (12/258: 95%Cl:2.7-8.0%). The least detected genotype was HPV58 (0.4%). The seven
HR-HPVs (HPV16,-18,-31,-33,-45,-52, &-58) that are part of the HPV-nonavalent vaccine
accounted for 79.1% (204/258:95%Cl: 73.7-85.6%). Similarly, the combined prevalence of
HPV16 and HPV18 was 55.1% (142/258: 95%Cl: 48.9-61.0%) (Figure 5).

Among HR-HPV positive samples (n=188), mono-infection was documented in 143 (76.1%)
whereas 27 (14.4%) and 18 (9.6%) samples were found to be positive for two and more (>3)
HR-HPV types, respectively. Up to five different HR-HPVs were found infecting a single
patient. The HR-HPV most prevalent coinfection was HPV31 with HPV33 then comes HPV39
with HPV59 & HPV68 (Table 5).
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Table 4: The detection rate of HRHPVs genotypes across socio-demographic, sexual
behavior, and clinical variables, northwest Ethiopia, 2021.

HR-HPV p - value
Variables Detected, n(%) Not detected, n(%)
Age group 30-40 57(16.1) 85(23.9) <0.001
41-50 64(18.0) 51(14.4)
>50 67(18.9) 31(8.7)
Marital status Single 4(1.1) 0 0.01
Married 131(36.9) 141(39.7)
Divorced 25(7.0) 13(3.7)
Other 27(7.6) 13(3.7)
Educational status No formal 147(41.4) 125(35.2) 0.01
education
Primary 17(4.8) 29(8.2)
Secondary 14(3.9) 3(0.8)
Tertiary 10(2.8) 10(2.8)
Age at first sexual practice <18 150(43) 127(36.4) 0.53
>18 36(10.3) 36(10.3)
Lifetime number of sexual 1 88(25.2) 81(23.2) 0.73
partners >2 97(27.8) 83(23.8)
HIV sero-status Positive 26(7.3) 22(6.2) 0.78
Negative  158(44.5) 142(40)
Unknown 4(1.1) 2(0.6)
Cervical screening history  Yes 42(11.8) 55(15.5) 0.02
No 146(41.1) 112(31.5)
Screening in the last five Yes 37(10.4) 51(14.4) 0.01
years No 151(42.5) 116(32.7)
Treated for vaginal Yes 54(15.2) 54(15.2) 0.52
discharge No 133(37.5) 114(32.1)
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Percentage distribution of HR-HPVs
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Figure 6: HR-HPV genotype distribution among the study participants, northwest Ethiopia,
2021.

4.5. HR-HPV mRNA Assay Result

The E6/E7 mRNA was tested targeting specifically HPV16, 18 and 45 and we detected 35.8%
(127/355; 95%CI: 30.0-40.9) positive cases. About 42% (149/355) of these three HR-HPVS
tested positive for HPV DNA. The total agreement of the DNA & the E6/E7-mRNA for these
HPVs was at 92.7% (95%CI: 89.5-94.9) having a kappa (k value) score of 0.821 .

Among samples positive for mRNA (n=127), the most predominant type that expresses mMRNA
in different grades of cervical histology was HPV16 at 108 (85.0%) followed by HPV18
11(8.7%) and HPV45 (4.7%). In addition to this, co-infection of HPV16 and HPV45 E6/E7

MRNA transcripts was found in 2 (1.6%) cancer cases.
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4.4. The Distribution of HR-HPVs in Different Histopathological Grades

Concerning the types of HR-HPVs involved in different histopathological grades, all HPV16,
HPV18, HPV35, & HPV45 were discovered to be linked to either high-grade lesions (CIN2+)
or CC, whether they were present singly or in coinfections. Likewise, 79(80.6%), 7(87.5%),
3(75%), and 5(100%) of HPV16, HPV18, HPV35, and HPV45 mono infections were identified
in histopathologically confirmed cancer cases, respectively. Similarly, 11(78.6%) HPV31&33

coinfections were recovered from cancer cases.

Specifically, the detection of rate of HPV16 was increased with the higher degree of lesions in
which the proportion was 12.5% (n=5), 16.7% (n=2), 41.7% (n=5), and 60% (n=79) in CIN1,
CIN2, CIN3, and cancer cases, respectively. Seven of the eight (87.5%) HPV18 were detected
in CC cases. In 9.7% (13/134) of CC cases, HR-HPVs were not detected (Table 6).

The proportion of MRNA noted with an increased level along with the higher degree of lesions
of the cervix from 5%(2/40) in CIN1 to 25%(3/12), 50%(6/12), and 70.1% (94/134) in CIN2,
CIN3 and CC, respectively (Table 5). Likewise, 78.8% (n=80) of HPV16, 88.9% of HPV18
(n=8) and 66.7% HPV 45 (n=4) E6/E7 mRNA were detected among cancer cases, respectively
(Table 6).

Table 5: The detection of DNA and mRNA based on cervical histologies, northwest
Ethiopia, 2021.

Cervical histology, n (%0)

Tests Normal CIN1 CIN2 CIN3 Cancer
+ 15(20.5) 11 (27.5) 3(25) 10 (83.3) 121 (90.3)
HR-HPV DNA - 58(79.5) 29 (72.5) 9 (75) 2(16.7)  13(9.7)
+  8(11) 2 (5) 3 (25) 6 (50) 94 (70.1)
E6/E7 mRNA - 65(89) 38 (95) 9 (75) 6 (50) 40 (29.9)
Total 73 40 12 12 134
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Table 6: The distribution of HR-HPVs in different cervical histopathologic grades,
northwest Ethiopia, 2021.

HPV type (s) Histopathological classes

Normal CIN1 CIN2 CIN3 Cancer  Total
HPV16 14 5 2 5 79 105
HPV18 0 0 0 0 7 8
HPV45 0 0 0 0 5 5
HPV35 0 0 0 1 3 4
HPV16,45 0 0 0 0 2 2
HPV16,56 0 0 0 0 1 1
HPV31,33 0 0 0 1 11 12
HPV39,59 0 0 0 0 1 1
HPV39,68 0 1 0 1 1 3
HPV56,66 0 1 0 0 0 1
HPV16,31,33 0 0 0 0 2 2
HPV18,31,33 0 0 1 0 0 1
HPV18,39,59 0 0 0 1 0 1
HPV31,52,66 0 1 0 0 0 1
HPV35,39,68 1 1 0 0 1 3
HPV35,56,68 0 0 0 0 1 1
HPV39,59,68 0 1 0 0 3 4
HPV16,31,33,52 0 0 0 1 0 1
HPV16,39,59,68 0 0 0 0 2 2
HPV18,31,33,5258 0 0 0 0 1 1
HPV31,52,39,59,68 0 1 0 0 0 1
HPV not detected 58 29 9 2 13 111
Total 73 40 12 12 134 271
E6/E7 mMRNA
HPV16 8 2 2 6 80 98
HPV18 0 0 1 0 8 9
HPV45 0 0 0 0 4 4
HPV16&45 0 0 0 0 2 2
MRNA not detected 65 38 9 6 40 113
Total 73 40 12 12 134 271

e To make the data more precise, cervicitis, cervical polyp and other histological findings (NOS) are not included
in this table. For example,
o EB6/E7 mRNA of HPV16 detected: (#1) from cervicitis, (2) from polyps, and (1) from other (NOS)
histological types. Six of the HPVV16 mRNA does not have histological result.
o EG6/E7 mRNA of HPV18 detected: (1) from the NOS group. One of the HPV18 mRNA does not have
histological result.
o EGB/E7 mRNA of HPV45 detected: (1) from cervicitis and (1) from the NOS group.
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4.6. Sensitivity, Specificity, PPV, and NPV E6/E7 mMRNA Test

The sensitivity & the specificity of the mRNA assay in the identification of histologically
confirmed CIN2+ were 65.2% (95%Cl: 57.5-72.2%) and 90% (95%CI: 84.6-93.4%),
respectively. Conversely, although the mRNA assay targets only three HPVs, the detection rate
of the DNA was higher with an analytical sensitivity of 84.8% (95%CI: 78.4-89.6%) but with
a lower specificity at 74.1% (95%CI: 67.1-80.1%) than the mMRNA testing (Table 7). The sens
& spec of the mRNA test in the identification of histologically confirmed CIN2+ was 92.7%
& 47%, respectively among HPV16, 18, & 45 DNA positive cases (Table 8).

Table 7: The Sens, Spec, -PPV, & -NPV of the E6G/E7 mMRNA and HR-HPV-DNA tests
for the identification of CIN2+ (n=328), northwest Ethiopia, 2021

Test CIN2+ %(95% ClI)
Yes No Sensitivity  Specificity PPV NPV
HR-HPV DNA + 134 44 84.8 74.1 75.3 84
- 24 126 (78.4-89.6) (67.1-80.1) (68.5-81.0) (77.3-89.0)
E6/E7T mRNA + 103 17 65.2 90.0 85.8 73.6

- 55 153  (57.5-72.2) (84.6-93.4) (78.5-91.0) (67.2-79.1)

PPV: Positive Predictive Value, NPV: Negative Predictive Value

Table 8: The Sens, Spec, -PPV, & -NPV of the E6/E7 mMRNA test for the detection of
CIN2+ among HPV16, 18 & 45 DNA positive cases (n=141), northwest Ethiopia, 2021.

Test CIN2+ % (95% CI)
Yes No Sensitivity  Specificity PPV NPV
E6/E7 mRNA + 101 17 92.7 46.9 85.6 65.2
- 8 15 (86.2-96.2) (30.9-63.6) (78.1-90.8) (44.9-81.2)
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4.7. Factors Associated with CIN2+

In univariable logistic regression analysis, the participants’ age group, number of deliveries,
years of contraceptive use, having no information about CC, lifetime, and the last five years of
screening history & HPV DNA & mRNA profile were found statically associated with CIN2+
(p-value <0.05) (Table 9).

However, in our forward model of multivariable logistic regression analysis, only three
variables were found to be statistically significant (p value <0.05), with CIN2+. Elderly women
>50 yrs (AOR: 3..68 95%CI: 1.75-7.72, 0.001), had no history of cervical screening in 5 years
period (AOR: 2.04; 95%CI: 1.04-4004; p=0.038), tested positive for HR-HPV-DNA (AOR:
5.28; 95%Cl: 2.66-10.47; p<0.001) and tested positive for EG/E7 mRNA of HPV16,18 & 45
(AOR: 5.78; 95%Cl: 2.73-12.24, p<0.001) (Table 10). A marginal statistical association also
observed for CIN2+ among those who had many sexual-mates (AOR: 1.69; 95%CI: 0.94-3.02,
p-value 0.07).
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Table 9: Univariable logistic regression analysis of factors associated with high-grade
and cancerous lesions (CIN2+), northwest Ethiopia, 2021.

Age groups (in years)

Educational status

Type of occupation

Variables

Body-mass index (BMI)

Age @ the first sexual contact

Life-time number of sexual

partners
Gave birth

Number of children

Use of hormonal contraceptive

Years of hormonal contraceptive

use

HIV sero-status

Treated for vaginal discharge

Heard about CC

Cervical screening history

History of cervical screening in the

last five years
HR-HPV detected

E6/E7 mRNA detected

(HPV/16,18, & 45)

30-40
41-50

>50

No formal
education
Primary
Secondary
Tertiary
Housewife
Private business
Government
employee
Underweight
Normal
Overweight
<18

>18

1

>2

Yes

No

1-2

3-4

>5

Yes

No

1-3

4-6

>6
Positive
Negative
Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

CIN2+
Yes, n (%) No, n (%)
44(13.1) 88(26.3)
53(15.8) 58(17.3)
67(20) 25(7.5)
138(41.2)  121(36.1)
13(3.9) 29(8.7)
5(1.5) 10(3.0)
8(2.4) 11(3.3)
151(45.1)  149(44.5)
6(1.8) 9(2.7)
7(2.1) 13(3.9)
11(3.6) 5(1.6)
95(31.1) 100(32.8)
47(15.4) 47(15.7)
137(41.3)  128(38.6)
26(7.8) 41(12.3)
74(22.5) 89(27.1)
89(27.1) 77(23.4)
159(47.5)  168(50.1)
5(1.5) 3(0.9)
20(6.2) 39(12.0)
37(11.4) 49(15.1)
101(31.2)  78(24.1)
26(7.7) 44(13.1)
138(41.2)  127(37.9)
9(15.8) 23(40.4)
9(15.8) 6(10.5)
5(8.8) 5(8.8)
22(6.6) 22(6.6)
142(42.4)  149(42.4)
47(14.0) 56(16.7)
115(34.3)  117(34.9)
59(17.6) 83(24.8)
105(31.3)  88(26.3)
32(9.6) 61(18.2)
132(39.4) 110(32.8)
27(8.1) 57(17.0)
137(40.9)  114(34.0)
134(40.9)  44(13.4)
26(7.9) 124(37.8)
17 (5.2) 103 (31.5)
151 (46.2) 56 (17.1)

COR (95%ClI)
1

1.82 (1.09-3.07)
5.36 (2.99-9.62)
1.57 (0.61-4.03)

0.62 (0.20-1.89)
0.69 (0.17-2.81)
1
1.88 (0.73-4.85)
1.24 (0.31-4.93)
1

1
0.43(0.15-1.29)
0.46(0.15-1.41)
0.59(0.34-1.02)

1

1

1.39(0.90-2.15)
0.57 (0.13-2.41)
1

1

1.47(0.74-2.92)
2.53(1.34-4.67)
0.54 (0.32-0.94)
1

1

3.83 (1.06-13.91)
2.56 (0.59-11.00)
1.05 (0.56-1.98)
1

0.83 (0.52-1.31)
1

1

1.68(1.08-2.60)

1

2.29(1.39-3.76)

1

2.54(1.51-4.27)
14.52(8.44-25.00)
1

16.34(9.0-29.7)

1
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Table 10: Multivariable analysis of factors related to CIN2+, northwest Ethiopia, 2021.

CIN2+
Variables Yes, No, COR(95%CI) AOR(95%Cl), p-value
n (%) n (%)
Age groups (in 30-40 44(13.1) 88(26.3) 1 1
years) 41-50 53(15.8) 58(17.3) 1.82(1.09-3.07)  1.09 (0.55-2.17), 0.794
>50  67(20) 25(7.5) 5.36 (2.99-9.62)  3.68 (1.75-7.72), 0.001
History of cervical Yes 27(8.1) 57(17.0) 1 1

screening inthe last  No 137(40.9) 114(34.0) 2.54(1.51-4.27) 2.04 (1.04-4.04), 0.038
five years
HR-HPYV detected Yes 134(40.9) 44(13.4) 14.52(8.44-25.00) 5.28(2.66-10.47), <0.001

No 26(7.9) 124(37.8) 1 1
E6/E7 mRNA Yes 17(5.2) 103(31.5) 16.34(9.0-29.7) 5.78 (2.73-12.24), <0.001
detected No 151 (46.2) 56(17.1) 1 1

HR-HPV; High-risk Human papillomaviruses; Cl: Confidencelnterval; COR: the crude odds ratio; AOR: the
Adjusted odds ratio
Hosmer-Lemeshow model fitness test result; Chi-square; 3.47, df; 8, significance; 0.90
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Chapter Five: Discussion

In the last few decades, a decreasing trend in the burden of CC was documented in the
developed world. However, the disease remains a major public health problem in resource-
limited settings (BM., 2020; X. Zhang et al., 2021) because of the rising trends in risk factors,
late diagnosis most of the time, and inadequate awareness of screening and other preventative
measures (Zeferino & Derchain, 2006). According to different studies the scale of precancerous
abnormalities/lesions and CC were steadily increasing in Ethiopia because of very low
screening coverage and management of precancerous lesions (Ameya et al., 2017; Kasa et al.,
2021).

In this study, a health facility-based estimate of HR-HPV and common genotypes associated
with it were described. Moreover, the analytical performance of the HPV16, 18 & 45 mRNA
for the identification of CIN2+ was evaluated. We also provided data on the cervical
histopathology profile of punch biopsies and important demographic factors linked to CIN2+
among the study participants in northwest Ethiopia. Therefore, the discussion part of the thesis
is organized successively describing the distribution of HPV genotype, the mRNA assay result
and finally the histological findings along with factors associated with high-grade cervical

lesions.

The HR-HPVs are linked with CC and the distinct proportional impact of each genotype on the
prevalence of the disease varies geographically (Kulkarni et al., 2023). Hence, a countrywide
data on the prevalence and molecular distribution of HR-HPVs amongst Ethiopian women is
crucial. This, however, is not adequately available even though there is high burden of CC-
related disease and death in the country. Vaccination and screening-led elimination of CC is
highly dependent on optimizing HPV data of a particular country. Such data are decisive to
appraise the long-lasting effect of the vaccines against HPVs and HPV-based screening, inform
policymakers on the best alternative options for cervical and other HPV-associated cancer

prevention, and control activities (Ardhaoui et al., 2016).

In our study, the prevalence of HRHPV among women who presented to VIA clinic with
cervical abnormalities was 53.0% (188/355). Previously conducted similar studies in Ethiopia
reported wide-ranging findings on this regard. The proportion of HR-HPV among women who
visited the gynecology clinics and who were recruited from the general population in different
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parts of Ethiopia previously ranged from 16 to 100% (Bekele et al., 2010; Gebremeskel et al.,
2018; Leyh-Bannurah et al., 2014; Mihret et al., 2014; Teka et al., 2021; Wolday et al., 2018).
A study by Gebremeskel et al. (Gebremeskel et al., 2018) that specially incorporated women
from northwest Ethiopia, described the proportion of HR-HPVs to be 55.5% that is a copy our
finding. The prevalence of HR-HPV in different African countries was also varied; in Togo
53.3% (Kuassi-Kpede et al., 2021), and in Zimbabwe 96% (Kuguyo et al., 2021). Dissimilarity
in the proportion of HR-HPV across different researches might be due to the variation in the
methods of HPV testing, study participants, degree of lesions of the cervix, sociodemographic,
and other issues (Bekele et al., 2010; Gebremeskel et al., 2018; Leyh-Bannurah et al., 2014;
Mihret et al., 2014; Teka et al., 2021; Wolday et al., 2018)

In this study, HR-HPV was detected higher amongst women >50 years and HIV-infected once
(p-value <0.005). This suggests that these groups of women need a regular follow up and
screening by use of a high precision test including by the use of validated HPV-based & new
similar methods and for different reasons persistence may be suspected if there is a positive
HPV test at this age (Sweet et al., 2020).

In our study, HPV16 at (50.4%) was the leading HR-HPV. In other similar reports in Ethiopia,
other parts of Africa, and in general, globally, HPVV16 was the single most common genotype
identified in cervical samples. The 2nd, 3rd, 4th, & the rest commonly reported types were
typically varied. Specially, HR-HPVs from cervical samples with different degree of lesion in
Ethiopia were reported variably (Bekele et al., 2010; Gebremeskel et al., 2018; Leyh-Bannurah
et al., 2014; Mihret et al., 2014; Seyoum et al, 2023; Teka et al., 2021; Wolday et al., 2018).
This implies that, in different places & spot of time even within the same population, the
circulating HRHPVs differ (Jeudin et al., 2021). Therefore, the observed HPV type
heterogeneity in Ethiopia suggests the importance of periodic genotyping surveillance at the

national level for the effectiveness of vaccination (Seyoum et al., 2023).

Similarly, the distribution of HR-HPVs among women in other African countries was reported
to be different (Abate et al., 2013; Ardhaoui et al., 2016; Kuguyo et al., 2021; Tagne et al.,
2021). Consistently HPV16 was the most frequently identified genotype among women with
various degrees of cervical abnormalities (Ciapponi et al., 2011; Clifford et al., 2005; Ogembo
et al., 2015; Peng et al., 2012). The genotype distribution of other HPVs is heavily dependent
on the type of cervical lesions. Most often, HPV18, HPV31, 33, 52, and 56 are found as

confecting genotypes (Conesa-Zamora et al., 2009).
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Generally, the difference in the proportion and type of HR-HPVs among different studies in
Ethiopia and other parts of the world might vary partly due to study-specific characteristics,
heterogeneity in geographical location, age, life style, & socioeconomic condition of the
subjects and differences of the study population. In addition, most importantly methods used
for HPV detection (Ardhaoui et al., 2016; Sweet et al., 2020). In other part of the world access
to vaccine account for variations in genotypes circulating, age, disease stage and physiologic
conditions (like, menopause) are also among the factors that contributed for the difference
(Malentacchi et al., 2020)

Globally, HPV18 is the most frequently detected HR-HPV next to HPV16 from advanced
cervical lesions including cancer (WHO, 2022b). However, it was not that dominant in our
study and we reported a similar result in our recently published systematic review (Derbie et
al., 2022). The reason behind the low prevalence of HPV18 (4.7%: 12/258) in Ethiopia requires
further studies.

The understanding that infection with high-risk human papillomaviruses causes CC has
resulted in the opening of novel prospects for screening & vaccination globally to prevent CC.
human papillomaviruses-based testing is becoming a cost-effective approach in most countries
around the world (Sehnal & Slama, 2020). WHO, in the year 2020, launched a worldwide
approach in speeding eradication of CC globally. Accordingly, priority is given to vaccinating
schoolgirls, screening, and Rx of pre-cancer changes/lesions (WHO, 2020). The
initiative/milestone is primarily dependent on the availability of HPV genotype data for
countries, like Ethiopia. Our findings together with other previous HPV genotyping reports can
be used to partly evaluate the impact of vaccination in the future and for the CC screening
program in Ethiopia. Additionally, it will be crucial to keep track of any changes in the
distribution of HPV types in the population that has received vaccinations and had their HPV
checked to better learn cross-protection & find potential new HR-HPV types (Schmitt et al.,
2013).

The current vaccine cocktail used in Ethiopia since 2018 for schoolgirls is Gardasil-4® which
targets HPV6, 11, 16, and 18. The vaccine does not target other HR-HPVs circulating in the
country. In the present study, for example, the seven HR-HPVs (HPV16, 18, 31, 33, 45, 52
and58) that are included in the nonavalent vaccine accounted for 79.1%. While the combined
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prevalence of HPV16 and HPV18 was 55.1%, which implies that a significant proportion of
girls might not be protected despite they are vaccinated with Gardasil-4®.

In Ethiopia HPV vaccination is not part of the country level vaccination program. One reason
may be the cost of the vaccine. However, in a pilot program, the uptake was very low even if
the vaccine was made available. A recently published studies in different parts of Ethiopia
showed that the acceptance of the vaccine was very low, at 44.4% in Ambo (Beyen et al.,
2022), 45.3% in Bahir Dar (Lakneh et al,. 2022), 50.4% in Arbaminch (Ukumo et al, 2022) and
66.5% in Minjar Shenkora (Kassa et al., 2021). Using Gardasil-4® coupled with its low
acceptance will complicate the fight against CC in Ethiopia. A recent cost-effectiveness
analysis revealed that, compared to the Gardasil-4™, a nonavalent vaccine, Gardasil®9 targets
close to 90% of all HR-HPVs (16, 18, 31, 33, 45, 52, and 58) and is a profitable option for
Ethiopia (Wondimu et al., 2022).

A large proportion of HPV infections are sustained by multiple genotypes (Bello et al., 2009).
In the present study, 23.9% (45/188) of the participants were found infected with >2 (i.e up to
5) HR-HPVs, especially among women in 30-40 years of age. A similar study reported 27.3%
(30/110) of multiple HR-HPV infections in Eastern Ethiopia (Seyoum et al., 2023). Another
study in China similarly reported 29.8% HR-HPV multiple infections from abnormal cytology
(Song et al., 2020). Multiple HPV infections are usually common at a younger age of sexual
debut (Bello et al., 2009). However, the role of such multiple infections in cervical
carcinogenesis has not been well explained in Ethiopia. Wentzensen et al. reported up to 14
HPV types from a single cervical specimen although they did not observe type interactions
among multiple genotypes (Wentzensen et al., 2009). We also noted infections with many HR-
HPVs without the development of high-grade lesions. For instance, infections with HPV31,
52, 66, and infections with HPV31, 52, 39, 59, and 68 were not found to be associated with
any form of CIN2+.
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Contradicting reports about the role of multiple HR-HPV infections in cervical carcinogenesis
are coming out. For instance, Adcock and his colleague reported that the type of HPV & the
load of the virus, but not a multiple co-infections of HPV are significant predictors of high-
grade lesions including CC (Adcock et ak., 2019). In contrast, a study by Kim et al. (2021)
showed multiple HPV infections were found significantly associated with CIN2+ compared to
infections with single HPV types. Furthermore, according to Kim et al. report, individuals with
two or more HPVs infecting cervix exhibited a persistent and extended period of the infection
compared to women having one HPV colonization (Kim et al., 2021). The character of multiple
HR-HPV infections in the association of an advanced form of cervical lesions including the
potential efficacy of HPV vaccines on such infections warrants further research in Ethiopia
(Teka et al., 2021).

Concerning the types of HR-HPVs involved and histopathologic grade, all HPV16, HPV18,
HPV35, and HPV45 were associated with either CIN2+ in the present study. Specifically,
79(80.6%), 7(87.5%), 3(75%), and 5(100%) of HPV16, HPV18, HPV35, and HPV45 were
respectively observed in histopathologically confirmed CC. Specially, the detection of HPV16
was increasing with the level of advanced cervical lesions in which the proportion was
5(12.5%), 2(16.7%), 5(41.7%), and 79(60%) in CIN1, CIN2, CIN3, and cancer, respectively.
Similarly, (87.5%) HPV18 were detected in CC cases. This implies that it would be appropriate
to consider targeted protocols for the close follow-ups/management of individuals who tested
positive for HPVV16 and HPV18 (Maria et al., 2018). Previous works also reported a statstical
association amongst HPV16 & HPV18 and progression of cervical lesions (Joharinia et al,
2019).

Similarly, in our study 11(78.6%) HPV31&33 coinfections were recovered from cancer cases.
A study showed that next to HPV16, the hierarchy of HPV types based on their carcinogenic
potential was reported to be HPV33 followed by HPV31(Adcock et al., 2019). Song et al. in
China also discovered that HPV16 &33 were increased significantly with the higher severity

of cervical lesions (Song et al., 2020).

According to the latest WHO report (2022), a large proportion of CC cases (>95%) are due to
infection with HR-HPV (WHO, 2022b). In our study, 9.7% of CC cases were without HR-
HPVs. A study in Belgium showed that up to 15% of CCs were reported to be without HPV
infection (Tjalma, 2018). Additional study is required in this regard in Ethiopia.
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Regarding the test performance of the mRNA test, we evaluated the analytical piece of this
transcript of HPV16, 18 & 45, which are important genotypes commonly identified in Ethiopia
(Derbie et al., 2022) taking histology as an a standard procedure. Multiple studies in the field
have shown that for the initial/primary screening, testing for DNA is in general more sensitive
than mRNA-based tests. In our study, using the mRNA test that targets HPV16, 18, and 45, we
detected 35.8% (127/355) positive cases while the DNA test was positive at 53% (188/355).
The DNA test included 10 additional HPVs than the test we employed in mMRNA testing. For
fair comparison of these tests in our setting, our study strongly suggests large-scale similar
studies aimed at evaluating HR-HPV mRNA and DNA detection capacities on important HR-
HPVs circulating in Ethiopia.

HPV DNA test for HPV16, 18, & 45 was positive at 42% (149/355). The total agreement of
the DNA & the mRNA tests for these three HPVs was at 92.7% with a kappa value of 0.821.
Similar finding was reported in China with an agreement of these two tests at 90.7% (kappa
=0.8) (S. K. Zhang et al., 2020). Other studies also reported an over agreement of HR-HPV
MRNA and DNA based tests over 90% (Castle et al., 2015; Cook et al., 2017)

We observed that the E6/E7 mRNA positivity was increased with a higher grade of histology
from 5% in CIN1 to 70.1% in CC. This implies that the occurrence the E6/E7-mRNA
transcripts is crucial in cervical disease progression (Andersson et al., 2011). This is because,
for the initiation and development of cervical tissue dysplastic characteristic, a continuous
expression of these MRNA required (Johansson et al., 2015). Our study justified the hypothesis
that E6/E7 mRNA is a possible biomarker for the marking of women who are in risk of
developing CC as it associates with the severity of cervical lesions as compared with the DNA-
based test (Fontecha et al., 2016; Lie & Kristensen, 2008).

DNA-based HPV tests determine if HPV DNA is present or not. But, most of HRHPV
infections tend to be temporary & go away on their own after a couple of years. Only actively
infected cells with HR-HPVs produce E6/E7 mRNA, and this expression rises as CIN develops
and progresses (Zhang et al., 2020). Henceforth, commercial assays aimed at concurrent typing
and detection of the mRNA (E6/E7) for common HR-HPVs are becoming available (Garland
etal., 2023).

For both initial/primary CC screening & triage of marginal pap-smear abnormalities It is also
reported that E6/E7 mRNA detection could serve as a reliable test (Ratnam et al., 2011).
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Women who tested positive for high-risk human papillomavirus E6/E7-mRNA had quite
greater risk for CIN2+ & might warrant more attention and earlier health facility visits (Bruno
et al., 2018; Dabeski et al., 2019). Besides, it was stated that the mMRNA test demosntraated
advanced diagnostic correlation in the estimate of Rx failure among surgically treated CC cases
in Greek compared with the HPV DNA test (Carcea et al., 2021). Several similar reports
support our finding in which HR-HPVs that are frequently associated with high-grade cervical
lesions express E6/E7 mRNA more often than other HPV types (Bruno et al., 2018; Dabeski
et al., 2019; Khieu & Butler, 2022).

Like the detection of HPV DNA, we observed higher E6/E7 mRNA positive rates in older
women than the younger one (p value <0.001). The positivity rate increased from 26% among
30-40 years to 37% in those women who were above 40 years of age. A similar finding was
reported previously (Zhang et al., 2020). There quick removal of for HPV infection and
regression of CIN in younger women is common hence, conservative management of such

women is important (Zhang et al., 2020).

Among mRNA-positive cases, HPV16 at 85% (108/127) was the most predominant type that
expressed mRNA in different grades of cervical histology followed by HPV18 (8.7%) and
HPV45 (4.7%). In one way, the higher proportion of HPV16 In the genotyping might correlate
with the observed higher E6/E7 mRNA expression. Further, the link between these HR-HPVs
with an increased cervical lesion pattern could be due to their potential to express cell-
transforming E6/E7 mRNAs (Andersson et al., 2011). Specifically, 78.8% of the E6/E7 mRNA
of HPV16, 88.9% of HPV18 and 66.7% HPV45 were detected among cancer cases. As
expected, these HPV types, especially HPV18 & 16, are important in cervical disease and were

previously reported in Ethiopia as well (Derbie et al., 2022).

The sen & spec of the mMRNA test for the identification of histologically confirmed CIN2+ was
65.2% and 90%, correspondingly. While our DNA assay targets ten more HPVs other than
HPV16, 18 & 45, the detection rate of the test was higher with an analytical sensitivity of
84.8% and a specificity of 74.1%. The high specificity of the mRNA test partly explained by
the fact that the test targets only the three HPV genotypes (that constitute about 57.8%
(149/258) of the identified HR-HPVs. However, studies in the field assert that the mRNA test
has a very good specificity as far as CIN2+ detection is concerned (Dabeski et al., 2019; Derbie,
et al, 2020). The reported higher specificity by mRNA test could be also illustrated by our
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finding in that among 103 women with cervical histology of normal and cervicitis; mRNA for
the three HPV types was detected in only 17(9.7%) while HPVV DNA was detected in 25
(24.3%) cases.

Our finding implies that the mRNA test can used as a secondary triage test following a first
test to decrease colposcopy/biopsy referral, & reduce overtreatment and adverse psychological
consequences to the women because of its better specificity. Likewise, the PPV of the E6/E7-
MRNA test was greater than DNA testing (85.8%, 75.3%) in the detection of CIN2+, which
intern implies that EG/E7 mRNA of HR-HPVs could be an alternative valuable marker both in
the triage of women and primary screening (Andersson et al., 2011). An improvement in test
specificity is good for proper risk stratification and follow-up of women in general.
Specifically, the larg spec and a low sens of the mRNA test in the primary screening suggests
a low referral for colposcopy and biopsy (Cook et al., 2017; Shen et al., 2013) which is usually
not easily available in most health facilities in Ethiopia. Further, the reported specificity,
especially during triage could minimize women who supposed to undergo unrequired
conization & costly repeated patient visit to health facilities (Burger et al., 2011; Sgrbye et al.,
2013) and patients psychologic burden associated with repeated testing(Mockel et al., 2011).

Compared to HPV-DNA assays that indicate merely the qualitative positive or negative results
(presence/absence) of the virus, testing for the mRNA gives more insight into the activity of
the virus and thus, it demonstrated better clinical relevance as it relate great with advanced
nature of lesions. Hence, the mRNA test could be also taken into consideration as a possible
bioagent/marker in the marking of individuals that gets at risk of developing advanced-stage
lesions (Basu et al., 2016; Ca et al., 2012; Frega et al., 2011; Frega et al., 2016; Gustinucci et
al., 2016; Mockel et al., 2011; Pan et al., 2018; Serbye et al., 2013; Zhao et al., 2014).

In line with this, specifically, the sen and spe of the E6/E7 mRNA assay in the identification
of histologically confirmed CIN 2+ were 92.7% and 47%, respectively among HPV16, 18, &
45 DNA positive cases. A similar study by Yao and his colleague reported comparable finding
with our study in that the mRNA test demonstrated a sen of 89.5% and spe of 49% among
DNA +ve patients (Yao et al., 2017). Likewise, Pruski et al also reported the test sensitivity,
specificity of the mRNA was at 86%, and 54%, respectively in the identification of histology
declared CIN 2+ (Pruski et al., 2019). This implies that after having more similar data and

investigating its cost implications, the mRNA test could be considered as a secondary
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test/triage/ alternative of women tested +ve for HR-HPV in Ethiopia. Especially this is vital in
regions where there is lack of well-trained pathologist and colposcopy facilities (Yao et al.,
2017). For both primary CC screening and triage of marginal lesions (like HPV positive cases),

the mRNA might be used as a trustworthy marker to be considered (Ratnam et al., 2011).

Generally, the diagnostic relevance, most importantly the better specificity and PPV of the
MRNA test to detect advanced cervical lesions and its high sensitivity among HPV-DNA
positive cases makes it a potential tool to be considered in areas where there are limited
cytology/histology testing facilities. However, our study encourages further large-scale studies
including its cost implication in Ethiopia. As HPV-based tests are becoming evident in Ethiopia
it might be useful to consider the most important HPVs circulating in the country for further

studies to optimize the analytical sensitivity and specificity of this novel test.

As far as the histological profile of cervical biopsies is concerned, having data on this topic
from institution-based studies, like ours, is important in reflecting the overall picture of cervical

lesions including cancer of the cervix to help guide preventive works. The histopathological
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profile of cervical biopsies is also providing the basis for a tailored management of patients
(Ameya etal., 2017).

In our study, at the time of hospital visit, 41.8% of study subjects were diagnosed with CC and
the proportion of CIN2+ generally was 49.0% that implies most women come to the hospitals
at higher stage of the disease a long time later they experience the first symptoms of cervical
lesions. A previous study also showed that most Ethiopia women present to hospitals at higher
stage of the disease/CC (Begoihn et al., 2019). CIN-1 regress highly (>85%) in two years and
it occasionally advances to cancerous lesions. However, if it left untreated, a large proportion
of CIN2 and CIN3 in particular could progress to CC (Loopik et al., 2019). The good thing is
that, as the disease progresses slowly it gives enough time for early detection and management.
The higher rate of premalignant lesions and CC in our finding suggests the need to upsurge

awareness of the community and strengthen early cervical lesion detection and treatment.

Few similar studies conducted in Ethiopia reported comparable findings with our result. For
instance, a retrospective study by Ameya et al. in Hawasa, reported the proportion of cancerous
lesions to be 49.3% among symptomatic women plus the level of precancerous lesions were
9.9% (Ameya et al., 2017). Another histopathological-based study in Addis Ababa by Ergete
et al. on the objective of assessing the causes of postmenopausal bleeding reported that the
proportion of CC was 84.8% amongst all cancers of genital tract (Ergete et al., 2001). The
relatively higher proportion of CC in the Ergete et al. study might be explained by the
difference in the type of studied population in which the study typically involved women with

postmenopausal bleeding in contrast to our study which involved women aged >30 years.

A nine-year retrospective data analysis of 1,049 cervical histology reports in Ghana revealed
that the majority of cervical samples at 99.4% were diagnosed as CC (BM., 2020). Another
retrospective-based study aimed at analyzing 500 histological reports in Malawi showed that
the proportion of cervicitis, endocervical polyp, and CIN to be 46.0%, 20.5%, and 24.4%,
respectively (Kaseka et al., 2021). Further, a study in Nepal on the histological profile of
cervical biopsy indicated that benign, inflammatory, borderline, and malignant lesions were
the commonest findings. Proportions of CIN1, CIN2, and CIN3 were 5.8%, 2.0%, and 0.4%,
respectively among women with different cervical pathologies who underwent cervical

histological examination (Vaiday et al, 2017). Similarly, in India, among 200 women with
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cervical histology examination, 35% had cervicitis, 12.5% had cervical polyps, 20% had CIN1,
3% had CIN2, 0.5% had CIN3, and 3.5% had CC (Jain, 2018).

The differences in the proportion of the histopathological findings across these studies might
be explained by factors like variations in the severity of the lesions that women presented with,
level of awareness of the participants for cervical screening practice, women’s health policy of

nations, time and setting difference among the studies and socio-demographic related aspects.

At large, the relatively higher proportion of high-grade and cancerous lesions in our report as
compared to other countries could be due to disparities of study population, the dissimilarity in
accessibility of better women health care practices including inadequate vaccination and
cervical screening coverage and inadequate facilities for the management of precancerous
lesions in Ethiopia. Further, as the majority of our study participants were from rural settings
(66%) and had no formal education (77.3%), these might have also a link with poor awareness
and knowledge among studied women about CC including its means of transmission,
prevention, and the stage when they should seek medical attention. Most of participants in our
research also reported that they have no idea about CC at all. Previous studies also stated that
most Ethiopian women had poor knowledge about CC (Derbie et al., 2021; Kassie et al., 2020).

On top of this, the relatively higher prevalence of HIV in our setting might also be an important
contributor to the high rate of CC in the present study. Despite majority of our study
participants were from rural setting, the prevalence of HIV in our study was relatively higher
(13.1%) than the national average. A study in Debre Tabor by Kiros et al., reported that among
women participants who came to hospital for cervical screening with VIA, the proportion of
HIV positive once were 23.6% (129/546) which is much higher than our report. According to
Kiros et al., study, the majority at 60% were from rural setting. This is an interesting report
that calls an action to reduce the burden of HIV among rural women in Ethiopia (Kiros et al.,
2021).

The proportion of at least one time cervical screening practice was quite low (27.8%) in our

study which was much lower than the WHO recommendations but relatively larger than the
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national coverage (3.3%). A meta-analysis by Desta et al. revealed that CC screening among
eligible women in Ethiopia was about 14.8%. The lowest national screening coverage was
documented in Amhara Regional State (13.6%) where the present study was carried out.
According to this study, that absence of women’s formal education reduced screening
utilization by 67% (Desta et al., 2021). Another study in Addis Ababa, Ethiopia reported that
inadequate awareness about screening are the main perceived reasons amongst individuals who

don’t have previous CC screening practice (Getachew et al., 2019).

Concerning factors associated with CIN2+, studies in different parts of the world identified
important predictors for CIN2+ although there was inconsistency among reports. Some of the
commonly identified factors include younger age at first sex and pregnancy, having multiple
sexual partners, increasing the period of contraceptive use, cigarette smoking, high parity, low
socioeconomic status, and immunosuppression. Indeed, these factors either increased the risk
of exposure to HR-HPV infection or might predispose to a compromised immune response to
the infection (Anchalee, 2021; Bakari et al, 2017; Baldur-Felskov et al., 2019; Girianelli, &
Thuler, 2009; Jean, 2015; Wudetisan et al, 2019; Zhu et al., 2015).

In our study, the multivariable logistic regression analysis showed that women >50 years of
age were approximately 4x likely in developing CIN2+ than women aged 30-40 years.
Similarly, those who were not screened, those with HR-HPVs infection and those tested
positive for EG/E7 mRNA were about two, five, and six times more likely to develop CIN2+,
respectively. However, most of the variables tested in the model did not show an independent
statistical association with CIN2+. This might be because of a sample size matter, the role of

chance and confounding variables influencing each other.

The proportion of CC steadily increased with the age of the study participants. From 21.2% at
the age of 30-40 years, the proportion of CC increased to almost 71.3% among postmenopausal
women above the age of 50 years (p-value <0.0001). Ameya and his colleague from Hawassa,
Ethiopia also reported the same pattern matching our report (Ameya et al., 2017). A study in
Jimma, Ethiopia also revealed that women above 50 years were probable to had advanced
cervical patholohgies (Tesfaw et al., 2020). A study in Ghana also revealed that 71% of the
patients with CC were >50 years old (BM., 2020), which is precisely in line with our report.
Similarly, a study in Nepal reported that CC was primarily documented among women aged
51-60 years (Vaiday et al., 2017).
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Studies in Ethiopia showed that patients with CC most often visit health facilities after a long
time leading to advanced stages of the lesion during the time of diagnosis (Begoihn et al., 2019;
Tesfaw et al., 2020). This might be due to deprived information about CC & the nature of the
screening program in the country, which is mainly by using VIA technique. In poor nations
like Ethiopia, where no available established cervical screening and vaccination coverage, such
kind of disease pattern across age categories is highly predictable. The best way to avert the
continued increase of the disease with age would be through comprehensive cervical screening
of eligible women with a convenient method, like using HPV based tests. For instance, a trial-
based study by Gizaw et al. demonstrated significantly higher levels of population-based
cervical screening uptake and adherence for self-collection HPV testing than the VIA-based

screening in Ethiopia (Gizaw et al., 2019).

In our project, the other important predictor towards CIN2+ was infection with HR-HPV. We
noted higher proportion of HR-HPV with advanced degree of cervical lesion (p-value
<0.0001). Studies in South Africa and Brazil also reported findings in line with our report
(Girianelli et al., 2009; Johnson et al., 2020). In the present study, 265 (79.8%) of the
participants started having sex before the age of 18 years. Mean age during the participants
firsttime intercourse was 15.7+ 2.6 years. Moreover, 30.7% & 50.9% of the participants had a
history of vaginal discharge and sex with multiple partners, respectively. These findings
indirectly suggest the participants’ risk of exposure to different kinds of sexual transmitted
infections including HR-HPVs that proportionally increase the risk of advanced stage of
cervical lesions and eventually CC development. It is a well-established knowledge that women
who have persistent infection with HR-HPVs ultimately develop high-grade lesions including

cancer in later years (Mittal et al., 2017).

We also noted that participants who were positive for E6/E7 mMRNA were about six times more
likely to develop CIN2+. This supports the fact that the existence of these mMRNA is important
in cervical lesion advancement (Andersson et al., 2011). This is because for the initiation and
and keeping of the tumor phenotype, continuous expression of these RNAs in the integrated

HPV genome is necessary (Johansson et al., 2015).

Lastly, we noted that women who had no CC screening practice in the last five years were
about two times more likely to develop CIN2+. Some women not screened regularly could
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potentially develop cancerous cervical lesions at the late stage of their life. In contrast, a study
revealed that women who are sufficiently screened had less chance to be diagnosed with high-
grade and cancerous lesions (Hammer, et al., 2019). Since the majority of our study participants
were from rural settings, had no formal education, and without information about CC, they
might miss important CC prevention approaches, including screening at regular intervals.
Illiteracy among women results in poor health-seeking behavior (Gyenwali et al., 2013),
especially for gynecologic-related symptoms, which most people in Ethiopia considered as a
taboo. In the present study, participants’ previous history of cervical screening practice was

reportedly very low, at 27.8%.

Screening encompasses testing for HPV infection to detect precancerous lesions the earliest
possible, followed by treatment when apposite. When screening detects HR-HPV infection or
precancerous lesions, these can easily be treated and therefore advanced stages of the lesion
could be prevented. The WHO recommends that screening should begin at the age of 30 in the
general population, with a regular screening every 5-10 years, and from 25 years of age for
HIV-positive women who should be screened frequently, every 3-5 years. Vaccination, cervix-
screening, & Rx of pre-cancer changes are profitable ways in the prevention and control of CC
(WHO, 2022a).

As far as associated factors for CIN2+ are concerned, the clinical implication of our findings
implies that women above the age of 50, those who tested positive for HR-HPVs/ E6/E7

MRNA, and those who had no cervical screening history should get top priority for close

follow-up.

Limitations of the study
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Our findings should be interpreted in line with the following limitations. 1) We used a cross-
sectional study that has inherit problem in predicting cause and effect association, including
the chance of cervical advancement in line with EG/E7 mRNA expression of high-risk HPVs.
2) We have used biopsy taken blindly in four quadrants i.e. it is not colposcopy guided hence
there is a chance for inadequate sampling. 3) The histopathological report was generated by a
single pathologist; slides were not double-checked. 4) The mRNA analysis did not incorporate
all the relevant HR-HPVs identified by our HPV DNA test due to time and financial
constraints. 5) The use of CIN2+ endpoint using histology results when assessing the mRNA
assay has its own drawbacks as lesions might regress (false +ve) or progress (false -ve) from
histologically asserted cervical changes (Burger et al., 2011). 6) Finally, since our study is
hospital-based, the conclusion is rather limited. As a result, our conclusion might not be

inferred to the general patients.
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Chapter Six: Conclusions and Recommendations

6.1. Conclusions

Key findings: Among the 355 participants, the overall proportion of HR-HPV was 53.0%
(188/355) from which 13 different genotypes were identified. Of which, HPV16 at 50.4% was
predominant. The HPVs that are part of the nonavalent (HPV16,-18,-31,-33,-45,-52 &-58)
vaccine accounted for 79.1%. Specifically, the combined prevalence of HPV16 & 18 was
55.1%. The E6/E7 mRNA test that targets three HR-HPVs (HPV16, 18 & 45) was positive at
35.8% (127/355). The positivity rate of the HPV DNA for these HPVs was 42% (149/355). The
test agreement of HPV-DNA and -mRNA was at 92.7% with k score of 82.1%. The detection of
both HR-HPV (DNA) & E6E7 mRNA enhanced with the age of the participants and degree of
cervical lesions (p-value <0.001). For instance, the detection of mMRNA was 5% in CIN1 but
increased to 70.1% in CC. Among all samples, the mRNA test meaningfully demonstrated a
clinical specificity of 90% and PPV of 85.8% for the detection of histologically confirmed
CIN2+ while the HPV DNA test had better sensitivity at 84.8%. However, the Sen and Spe of
mMRNA assay was 92.7% and 47%, among HPV16, 18, & 45 DNA-positive cases. Majority of
the study participants were unaware of CC (59.4%), and did not know that HR-HPVs are
transmitted sexually (91.1%). The participants’ cervical screening history was about 25%.
Most of biopsies at 41.8% were diagnosed as CC. High-grade lesions (CIN2+CIN3+CC) in
general accounted for 49.0% (164/335). Women being above the age of 50 years, with no
screening history, those infected with HR-HPVs and tested positive for E6/E7 mRNA were
significantly associated with CIN2+ (p value less than 0.05).

We observed that the majority of the study subjects were unaware of CC and did not have a
screening history despite the high burden of CIN2+ and HR-HPV infection in the study area.
The vaccination and HPV-based screening practices in Ethiopia will be directly influenced by
such studies. Access to cervical screening together with HPV vaccination is considered a key
pillar in CC prevention, yet access to screening in the study area is far from where it needs to
be. The E6/E7 mRNA test showed better specificity and PPV (with a better sensitivity among
HPV-DNA positive cases). Hence, the test could be considered for colposcopy triage after the
HPV DNA test so that it would minimize cost and patient anxiety. The test has also diagnostic
relevance to detect CIN2+ and could be considered in areas where there is no histological test
facility. The mRNA-based test could be a suitable alternative for primary CC screening and

triage in Ethiopia once generating additional data and assessing its cost implications.
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6.2. Recommendations

Based on our important findings, the following recommendations are forwarded to relevant
stakeholders and researchers for future consideration.

o Action to expand and strengthen the ongoing activities in increasing the awareness of the
public about CC in the study area shall be in place.

o As per the WHO recommendation, women who are eligible for screening needs to be
screened with high-precision test, including with HPV-based tests.

o All forms of CC prevention strategies including the consideration of multivalent HPV
vaccination shall be in place in the study area.

o Vaccinations and HPV-based screening tests should take into consideration the major HR-
HPVs circulating in the country.

o Community-based similar studies with a better HPV detection method should be
considered for improved appreciation of the HPVs circulating in northwest Ethiopia.

o The role of HPV18 and multiple HPV infections in high-grade cervical lesions entails
further study in Ethiopia.

o Alongitudinal study should be considered in our setting to set a period within which women
with a positive HR-HPV DNA test, but a negative E6/E7 mMRNA test would be safely
followed.

o Lastly, to optimize the analytical sensitivity and specificity of the HR-HPV E6/E7 mRNA
assay, large-scale studies that target important HR-HPVs circulating in Ethiopia should be

considered.

66



References

Abate, E., Aseffa, A., ElI-Tayeb, M., El-Hassan, I., Yamuah, L., Mihret, W., . . . Engers, H.
(2013). Genotyping of human papillomavirus in paraffin embedded cervical tissue
samples from women in ethiopia and the Sudan. J Med Virol, 85(2), 282-287.
d0i:10.1002/jmv.23437

Abbott. (2022). ALINITY m HR HPV  ASSAY. Retrieved from
https://www.molecular.abbott/int/en/products/infectious-disease/alinity-m-hr-hpv-
assay

Abott. (2020). HR HPV AMP Kkit. Retrieved from https://www.steinberg-partner.de/files/dr-
steinberg/dokumente/downloads/P1_HR%20HPV%20AMP%20Kit.pdf

Abreu, A. L. P., Souza, R. P., Gimenes, F., & Consolaro, M. E. L. (2012). A review of methods
for detect human Papillomavirus infection. Virology Journal, 9, 262-262.
d0i:10.1186/1743-422x-9-262

Adcock, R., Cuzick, J., Hunt, W. C., McDonald, R. M., & Wheeler, C. M. (2019). Role of HPV
Genotype, Multiple Infections, and Viral Load on the Risk of High-Grade Cervical
Neoplasia. Cancer Epidemiol Biomarkers Prev, 28(11), 1816-1824. doi:10.1158/1055-
9965.Epi-19-0239

Agency, C. S. (2011). Ethiopian Demographic Health Survey. Retrieved from
https://dhsprogram.com/pubs/pdf/fr255/fr255.pdf

Akbari, A., Vanden Broeck, D., Benoy, I., Padalko, E., Bogers, J., & Arbyn, M. (2018).
Validation of intra- and inter-laboratory reproducibility of the Xpert HPV assay
according to the international guidelines for cervical cancer screening. Virol J, 15(1),
018-1076.

Alaghehbandan, R., Fontaine, D., Bentley, J., Escott, N., Ghatage, P., Lear, A., . .. Ratnam, S.
(2013). Performance of ProEx C and PreTect HPV-Proofer E6/E7 mRNA tests in
comparison with the hybrid capture 2 HPV DNA test for triaging ASCUS and LSIL
cytology. Diagn Cytopathol, 41(9), 767-775.

Ali, K. E., Mohammed, I. A., Difabachew, M. N., Demeke, D. S., Haile, T., Ten Hove, R. J., .
.. Tullu, K. D. (2019). Burden and genotype distribution of high-risk Human
Papillomavirus infection and cervical cytology abnormalities at selected obstetrics and
gynecology clinics of Addis Ababa, Ethiopia. BMC Cancer, 19(1), 019-5953.

Alp Avci, G. (2012). [Genomic organization and proteins of human papillomavirus].
Mikrobiyol Bul, 46(3), 507-515.

67



Ameya, G., & Yerakly, F. (2017). Characteristics of cervical disease among symptomatic
women with histopathological sample at Hawassa University referral hospital, Southern
Ethiopia. BMC Women's Health, 17(1), 91. doi:10.1186/s12905-017-0444-5

Ameya, G., & Yerakly, F. (2017). Characteristics of cervical disease among symptomatic
women with histopathological sample at Hawassa University referral hospital, Southern
Ethiopia. BMC Womens Health, 17(1), 017-0444.

Anchalee, C. (2021). Factors associated with abnormal histology in squamous intraepithelial
lesions of cervix and prediction probability of high grade cervical lesions. Journal of
Nakornping Hospital, 12(2).

Andersson, E., Karrberg, C., Radberg, T., Blomqvist, L., Zettergvist, B.-M., Ryd, W., . . .
Horal, P. (2011). Type-Specific Human Papillomavirus E6/E7 mMRNA Detection by
Real-Time PCR Improves ldentification of Cervical Neoplasia. J Clin Microbiol,
49(11), 3794.

Apgar, B. S., Kittendorf, A. L., Bettcher, C. M., Wong, J., & Kaufman, A. J. (2009). Update
on ASCCP consensus guidelines for abnormal cervical screening tests and cervical
histology. Am Fam Physician, 80(2), 147-155.

Arbyn, M., Ronco, G., Anttila, A., Meijer, C. J., Poljak, M., Ogilvie, G, . . . Peto, J. (2012).
Evidence regarding human papillomavirus testing in secondary prevention of cervical
cancer. Vaccine, 20(30), 095.

Ardhaoui, M., Ennaifer, E., Letaief, H., Salsabil, R., Lassili, T., Chahed, K., . .. Ben Alaya, N.
B. é. (2016). Prevalence, Genotype Distribution and Risk Factors for Cervical Human
Papillomavirus Infection in the Grand Tunis Region, Tunisia. PloS one, 11(6),
e0157432. doi:10.1371/journal.pone.0157432

Bakari, F., Abdul, M. A., & Ahmed, S. A. (2017). The prevalence and course of preinvasive
cervical lesions during pregnancy in a Northern Nigerian Teaching Hospital. Ann Afr
Med, 16(2), 74-80. d0i:10.4103/aam.aam_35_16

Baldur-Felskov, B., Mwaiselage, J., Faber, M. T., Kjaerem, M., de la Cour, C. D., Munk, C., .
.. Kjaer, S. K. (2019). Factors associated with a cervical high-grade lesion on cytology
or a positive visual inspection with acetic acid among more than 3300 Tanzanian
women. 24(2), 229-237. doi:https://doi.org/10.1111/tmi.13184

Barchitta, M., Maugeri, A., Quattrocchi, A., Agrifoglio, O., Scalisi, A., & Agodi, A. (2018).
The Association of Dietary Patterns with High-Risk Human Papillomavirus Infection

and Cervical Cancer: A Cross-Sectional Study in Italy. Nutrients, 10(4).

68



Basu, P., Banerjee, D., Mittal, S., Dutta, S., Ghosh, I., Chowdhury, N., . . . Ratnam, S. (2016).
Sensitivity of APTIMA HPV E6/E7 mRNA test in comparison with hybrid capture 2
HPV DNA test for detection of high risk oncogenic human papillomavirus in 396
biopsy confirmed cervical cancers. J Med Virol, 88(7), 1271-1278.
d0i:10.1002/jmv.24453

Begoihn, M., Mathewos, A., Aynalem, A., Wondemagegnehu, T., Moelle, U., Gizaw, M., . ..
Kantelhardt, E. J. (2019). Cervical cancer in Ethiopia — predictors of advanced stage
and prolonged time to diagnosis. Infectious Agents and Cancer, 14(1), 36.
d0i:10.1186/s13027-019-0255-4

Bekele, A., Baay, M., Mekonnen, Z., Suleman, S., & Chatterjee, S. (2010). Human
papillomavirus type distribution among women with cervical pathology - A study over
4 years at Jimma Hospital, southwest Ethiopia. Tropical Medicine and International
Health, 15(8), 890-893. d0i:10.1111/j.1365-3156.2010.02552.x

Belete, N., Tsige, Y., & Mellie, H. (2015). Willingness and acceptability of cervical cancer
screening among women living with HIV/AIDS in Addis Ababa, Ethiopia: a cross
sectional study. Gynecologic Oncology Research and Practice, 2(1), 6.
doi:10.1186/s40661-015-0012-3

Bello, B. D., Spinillo, A., Alberizzi, P., Cesari, S., Gardella, B., D'’Ambrosio, G., . . . Silini, E.
M. (2009). Cervical infections by multiple human papillomavirus (HPV) genotypes:
Prevalence and impact on the risk of precancerous epithelial lesions. J Med Virol, 81(4),
703-712. do0i:10.1002/jmv.21429

Beyen, M. W. m., Bulto, G. A., Chaka, E. E., Debelo, B. T., Roga, E. Y., Wakgari, N., . . .
Fekene, D. B. (2022). Human papillomavirus vaccination uptake and its associated
factors among adolescent school girls in Ambo town, Oromia region, Ethiopia, 2020.
PloS one, 17(7), e0271237. doi:10.1371/journal.pone.0271237

BM., N. A. T. O. I. D. (2020). Histopathological Features of Cervical Cancer in a Tertiary
Hospital in Kumasi Ghana: A 9 Year Retrospective Study. Journal of Medical and
Biomedical Sciences, 7(1), 19-23. doi:http://dxdoi.org/10.4314/jmbs.v7il1.3

Bouvard, V., Baan, R., Straif, K., Grosse, Y., Secretan, B., El Ghissassi, F., . . . Cogliano, V.
(2009). A review of human carcinogens--Part B: biological agents: Lancet Oncol. 2009
Apr;10(4):321-2.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin, 0(0). doi:doi:10.3322/caac.21492

69



Broomall, E. M., Reynolds, S. M., & Jacobson, R. M. (2010). Epidemiology, clinical
manifestations, and recent advances in vaccination against human papillomavirus.
Postgrad Med, 122(2), 121-129.

Bruni L, A. G., Serrano B, Mena M, Collado JJ, Gbmez D, Mufioz J, Bosch FX, de Sanjosé S.
(2021). ICO/IARC Information Centre on HPV and Cancer (HPV Information Centre).
Human Papillomavirus and Related Diseases in the World. Summary Report 22
October 2021. Retrieved from https://hpvcentre.net/statistics/reports/ XWX .pdf

Bruni, L., Barrionuevo-Rosas, L., Albero, G., Serrano, B., Mena, M., Gomez, D., . . . de
Sanjosé, S. (2017). ICO/IARC Information Centre on HPV and Cancer (HPV
Information Centre). Human Papillomavirus and Related Diseases in the World.
Summary Report 2017. Retrieved from
http://lwww.hpvcentre.net/statistics/reports/ XWX.pdf

Bruni, L., Diaz, M., Barrionuevo-Rosas, L., Herrero, R., Bray, F., Bosch, F. X., . . .
Castellsague, X. (2016). Global estimates of human papillomavirus vaccination
coverage by region and income level: a pooled analysis. Lancet Glob Health, 4(7),
30099-30097.

Bruno, M. T., Ferrara, M., Fava, V., Barrasso, G., & Panella, M. M. (2018). A prospective
study of women with ASCUS or LSIL pap smears at baseline and HPV E6/E7 mMRNA
positive: a  3-year  follow-up. Epidemiol Infect, 146(5), 612-618.
d0i:10.1017/s0950268818000250

Bruno, M. T., Ferrara, M., Fava, V., Rapisarda, A., & Coco, A. (2018). HPV genotype
determination and E6/E7 mRNA detection for management of HPV positive women.
Virology Journal, 15(1), 52. doi:10.1186/s12985-018-0957-z

Burger, E. A., Kornor, H., Klemp, M., Lauvrak, V., & Kristiansen, I. S. (2011). HPV mRNA
tests for the detection of cervical intraepithelial neoplasia: a systematic review. Gynecol
Oncol, 120(3), 430-438.

Bursac, Z., Gauss, C. H., Williams, D. K., & Hosmer, D. W. (2008). Purposeful selection of
variables in logistic regression. Source code for biology and medicine, 3, 17-17.
doi:10.1186/1751-0473-3-17

Ca L,A C,E M,D,P.,S M.,JD.L,...G,B.(2012). High risk HPV DNA subtypes and
E6/E7 mRNA expression in a cohort of colposcopy patients from Northern Italy with
high-grade histologically verified cervical lesions. Am J Transl Res, 4(4), 452-457.

Cancer, W. I. A. f. R. 0. (2020). Cancer tomorrow: estimated number of cervical cancer
incidence and mortality in Ethiopia. Retrieved from

70



https://gco.iarc.fr/tomorrow/en/dataviz/isotype?cancers=23&single_unit=500&popula
tions=231&group_populations=1&multiple_populations=1&sexes=0&types=1&age
start=0

Cancer.Net. (07/2015). What is Cancer? Retrieved from https://www.cancer.net/navigating-
cancer-care/cancer-basics/what-cancer

Carcea, F., Vavoulidis, E., Petousis, S., Papandreou, P., Siarkou, C. M., Nasioutziki, M., . . .
Daniilidis, A. (2021). Diagnostic performance of HPV E6/E7 mRNA testing towards
HPV-DNA testing and p16/Ki67 immunostaining as a biomarker of high-risk HPV
recurrence in Greek women surgically treated for their cervical lesions. Journal of
Obstetrics and Gynaecology Research, 47(10), 3607-3617.
doi:https://doi.org/10.1111/jog.14976

Castle, P. E., Eaton, B., Reid, J., Getman, D., & Dockter, J. (2015). Comparison of human
papillomavirus detection by Aptima HPV and cobas HPV tests in a population of
women referred for colposcopy following detection of atypical squamous cells of
undetermined significance by Pap cytology. J Clin Microbiol, 53(4), 1277-1281.
d0i:10.1128/jcm.03558-14

Cattani, P., Siddu, A., D'Onghia, S., Marchetti, S., Santangelo, R., Vellone, V. G., . . . Fadda,
G. (2009). RNA (E6 and E7) Assays versus DNA (E6 and E7) Assays for Risk
Evaluation for Women Infected with Human Papillomavirus. J Clin Microbiol, 47(7),
2136-2141. doi:10.1128/jcm.01733-08

Cattani, P., Zannoni, G. F., Ricci, C., D'Onghia, S., Trivellizzi, I. N., Di Franco, A., . . . De
Vincenzo, R. (2009). Clinical performance of human papillomavirus E6 and E7 mRNA
testing for high-grade lesions of the cervix. J Clin Microbiol, 47(12), 3895-3901.

Centre), I. 1. 1. C. 0. H. a. C. H. 1. (2017). Human Papillomavirus and Related Diseases Report.
Retrieved from http://www.hpvcentre.net/statistics/reports/XWX.pdf

Cervical cancer - Diagnosis and treatment - Mayo Clinic. (2017, 2018/04/23/06:21:21).
Retrieved from https://www.mayoclinic.org/diseases-conditions/cervical-
cancer/diagnosis-treatment/drc-20352506

Chow, L. T., Broker, T. R., & Steinberg, B. M. (2010). The natural history of human
papillomavirus infections of the mucosal epithelia. Apmis, 118(6-7), 422-449.

Chung, M. Y., Kim, Y. W., Bae, S. M., Kwon, E. H., Chaturvedi, P. K., Battogtokh, G., &
Ahn, W. S. (2012). Development of a bead-based multiplex genotyping method for
diagnostic characterization of HPV infection. PloS one, 7(2), 29.

71



Ciapponi, A., Bardach, A., Glujovsky, D., Gibbons, L., & Picconi, M. A. (2011). Type-specific
HPV prevalence in cervical cancer and high-grade lesions in Latin America and the
Caribbean: systematic review and meta-analysis. PLoS One, 6(10), 4.

Clifford, G. M., Rana, R. K., Franceschi, S., Smith, J. S., Gough, G., & Pimenta, J. M. (2005).
Human papillomavirus genotype distribution in low-grade cervical lesions: comparison
by geographic region and with cervical cancer. Cancer Epidemiol Biomarkers Prev,
14(5), 1157-1164.

Conesa-Zamora, P., Ortiz-Reina, S., Moya-Biosca, J., Doménech-Peris, A., Orantes-Casado,
F. J., Pérez-Guillermo, M., & Egea-Cortines, M. (2009). Genotype distribution of
human papillomavirus (HPV) and co-infections in cervical cytologic specimens from
two outpatient gynecological clinics in a region of southeast Spain. BMC Infectious
Diseases, 9(1), 124. d0i:10.1186/1471-2334-9-124

Cook, D. A., Smith, L. W., Law, J., Mei, W., van Niekerk, D. J., Ceballos, K., . . . Krajden, M.
(2017). Aptima HPV Assay versus Hybrid Capture(®) 2 HPV test for primary cervical
cancer screening in the HPV FOCAL trial. Journal of clinical virology : the official
publication of the Pan American Society for Clinical Virology, 87, 23-29.
d0i:10.1016/j.jcv.2016.12.004

Corporation, D. (2002). HC2 High-Risk HPV DNA Test. Retrieved from
https://www.accessdata.fda.gov/cdrh_docs/pdf/P890064S009c.pdf

Corporation, D. (2004). HC2 High-Risk HPV DNA Test. Retrieved from
http://www.thehpvtest.com/~/media/5C4BD0982BED4E3788F65B36 AF829AAD.as
hx

Cuschieri, K., & Wentzensen, N. (2008). Human papillomavirus mRNA and p16 detection as
biomarkers for the improved diagnosis of cervical neoplasia. Cancer Epidemiol
Biomarkers Prev, 17(10), 2536-2545.

Dabeski, D., Duvlis, S., Basheska, N., Antovska, V., Stojovski, M., Trajanova, M., . . . Gureva-
Gjorgievska, N. (2019). Comparison Between HPV DNA Testing and HPV E6/E7
MRNA Testing in Women with Squamous Cell Abnormalities of the Uterine Cervix.
Pril (Makedon Akad Nauk Umet Odd Med Nauki), 40(1), 51-58. doi:10.2478/prilozi-
2019-0003

de Sanjose, S., Quint, W. G., Alemany, L., Geraets, D. T., Klaustermeier, J. E., Lloveras, B., .
.. Bosch, F. X. (2010). Human papillomavirus genotype attribution in invasive cervical
cancer: a retrospective cross-sectional worldwide study. Lancet Oncol, 11(11), 1048-
1056.

72



De Vuyst, H., Alemany, L., Lacey, C., Chibwesha, C. J., Sahasrabuddhe, V., Banura, C., . ..
Parham, G. P. (2013). The burden of human papillomavirus infections and related
diseases in sub-saharan Africa. Vaccine, 31 Suppl 5(0 5), F32-46.
doi:10.1016/j.vaccine.2012.07.092

Denny, L., Adewole, I., Anorlu, R., Dreyer, G., Moodley, M., Smith, T., ... Schmidt, J. (2014).
Human papillomavirus prevalence and type distribution in invasive cervical cancer in
sub-Saharan Africa. Int J Cancer, 134(6), 1389-1398.

Derbie, A., Mekonnen, D., Misgan, E., Alemu, Y. M., Woldeamanuel, Y., & Abebe, T. (2021).
Low level of knowledge about cervical cancer among Ethiopian women: a systematic
review and meta-analysis. Infect Agent Cancer, 16(1), 11. doi:10.1186/s13027-021-
00350-x

Derbie, A., Mekonnen, D., Nibret, E., Maier, M., Woldeamanuel, Y., & Abebe, T. (2022).
Human papillomavirus genotype distribution in Ethiopia: an updated systematic
review. Virology Journal, 19(1), 13. doi:10.1186/s12985-022-01741-1

Derbie, A., Mekonnen, D., Nibret, E., Misgan, E., Maier, M., Woldeamanuel, Y., & Abebe, T.
(2023). Cervical cancer in Ethiopia: a review of the literature. Cancer Causes &
Control, 34(1), 1-11. doi:10.1007/s10552-022-01638-y

Derbie, A., Mekonnen, D., Woldeamanuel, Y., Van Ostade, X., & Abebe, T. (2020a). HPV
E6/E7 mRNA test for the detection of high grade cervical intraepithelial neoplasia
(CIN2+): a systematic review. Infectious Agents and Cancer, 15(1), 9.
d0i:10.1186/s13027-020-0278-x

Derbie, A., Mekonnen, D., Woldeamanuel, Y., Van Ostade, X., & Abebe, T. (2020b). HPV
E6/E7 mRNA test for the detection of high grade cervical intraepithelial neoplasia
(CIN2+): a systematic review. Infectious Agents and Cancer, 15, 9-9.
d0i:10.1186/s13027-020-0278-x

Derbie, A., Mekonnen, D., Yismaw, G., Biadglegne, F., Ostade, X. V., & Abebe, T. (2019).
Human papillomavirus in Ethiopia. Virusdisease, 1-9. d0i:10.1007/s13337-019-00527-
4

Desta, M., Getaneh, T., Yeserah, B., Worku, Y., Eshete, T., Birhanu, M. Y., . .. Yeshitila, Y.
G. (2021). Cervical cancer screening utilization and predictors among eligible women
in Ethiopia: A systematic review and meta-analysis. PloS one, 16(11), €0259339.
doi:10.1371/journal.pone.0259339

73



Dhillon, S. K., Ostrbenk Valencak, A., Xu, L., Poljak, M., & Arbyn, M. (2021). Clinical and
Analytical Evaluation of the Alinity m HR HPV Assay within the VALGENT-3
Framework. J Clin Microbiol, 59(6), e00286-00221. doi:10.1128/JCM.00286-21

Doorbar, J. (2006). Molecular biology of human papillomavirus infection and cervical cancer.
Clin Sci, 110(5), 525-541.

Doorbar, J., Egawa, N., Griffin, H., Kranjec, C., & Murakami, I. (2015). Human papillomavirus
molecular biology and disease association. Rev Med Virol, 1, 2-23.

Doorbar, J., Quint, W., Banks, L., Bravo, I. G., Stoler, M., Broker, T. R., & Stanley, M. A.
(2012). The biology and life-cycle of human papillomaviruses. Vaccine, 20(30), 083.

Duvlis, S., Popovska-Jankovic, K., Arsova, Z. S., Memeti, S., Popeska, Z., & Plaseska-
Karanfilska, D. (2015). HPV E6/E7 mRNA versus HPV DNA biomarker in cervical
cancer screening of a group of Macedonian women. J Med Virol, 87(9), 1578-1586.

Egawa, N., Egawa, K., Griffin, H., & Doorbar, J. (2015). Human Papillomaviruses; Epithelial
Tropisms, and the Development of Neoplasia. Viruses, 7(7), 3863-3890.

Ergete, W. a. T. A. (2001). Histopathological findings of Post-Menopausal bleeding in
Ethiopian women. Ethiopian Journal of Health Development, 15, 39-44.

Eshetu, K. (2015). Prevalence and Genotype distribution of High Risk Human Papilloma Virus
and Cervical cytology abnormalities at Selected Obstetrics and Gynecology Clinics, in
Addis Ababa, Ethiopia. Addis Ababa University,

Fanta, B. (2005). The distribution of Human Papilloma Virus infection in women with cervical
histological abnormalities from an area with high incidence of cervical cancer.
Ethiopian Medical Journal, 43(3), 151-158.

Federal Democratic Republic of Ethiopia, M. 0. H. (2021). GUIDELINE FOR CERVICAL
CANCER PREVENTION AND CONTROL IN ETHIOPIA.

Fernandes, A., Viveros-Carrefio, D., Hoegl, J., Avila, M., & Pareja, R. (2022). Human
papillomavirus-independent cervical cancer. Int J Gynecol Cancer, 32(1), 1-7.
d0i:10.1136/ijgc-2021-003014

Finn, O. J. (2012). Immuno-oncology: understanding the function and dysfunction of the
immune system in cancer. Annals of Oncology, 23(suppl_8), Viii6-viii9.
doi:10.1093/annonc/mds256

FMoH. (2013). Federal Ministry of Health: Guideline for Cervical Cancer Prevention and
Control in Ethiopia.

74



Fontecha, N., Basaras, M., Hernaez, S., Andia, D., & Cisterna, R. (2016). Assessment of human
papillomavirus E6/E7 oncogene expression as cervical disease biomarker. BMC
Cancer, 16(1), 016-2885.

Fontecha, N., Nieto, M. C., Andia, D., Cisterna, R., & Basaras, M. (2017). RNA extraction
method is crucial for human papillomavirus E6/E7 oncogenes detection. Virol J, 14(1),
017-0720.

Frega, A., Lorenzon, L., Giovagnoli, M. R., De Sanctis, L., Fabiano, V., Lukic, A., ... French,
D. (2011). Prognostic implication of high risk human papillomavirus E6 and E7 mRNA
in patients with intraepithelial lesions of the cervix in relationship to age. International
Journal  of Immunopathology and  Pharmacology, 24(2), 461-470.
d0i:10.1177/039463201102400219

Frega, A., Verrone, A., Manzara, F., Schimberni, M., Catalano, A., Milazzo, G. N., . .. Caserta,
D. (2016). Expression of E6/E7 HPV-DNA, HPV-mRNA and colposcopic features in
management of CIN2/3 during pregnancy. Eur Rev Med Pharmacol Sci, 20(20), 4236-
4242.

Garcia, D. A., Cid-Arregui, A., Schmitt, M., Castillo, M., Bricefio, I., & Aristizabal, F. A.
(2011). Highly Sensitive Detection and Genotyping of HPV by PCR Multiplex and
Luminex Technology in a Cohort of Colombian Women with Abnormal Cytology. The
open virology journal, 5, 70-79. doi:10.2174/1874357901105010070

Garland, S. M., Iftner, T., Cuschieri, K., Kaufmann, A. M., Arbyn, M., de Sanjose, S., . ..
Committee, I. P. (2023). IPVS policy statement on HPV nucleic acid testing guidance
for those utilising/considering HPV as primary precancer screening: Quality assurance
and quality control issues. Journal of clinical virology : the official publication of the
Pan American Society  for Clinical Virology, 159, 105349.
d0i:10.1016/j.jcv.2022.105349

Gebremeskel, & Tamrat, A. (2018). Molecular Epidemiology of HPV in Northern Ethiopia.

Geraets, D. T., Cuschieri, K., de Koning, M. N., van Doorn, L. J., Snijders, P. J., Meijer, C. J.,
... Arbyn, M. (2014). Clinical evaluation of a GP5+/6+-based luminex assay having
full high-risk human papillomavirus genotyping capability and an internal control. J
Clin Microbiol, 52(11), 3996-4002.

Getachew, S., Getachew, E., Gizaw, M., Ayele, W., Addissie, A., & Kantelhardt, E. J. (2019).
Cervical cancer screening knowledge and barriers among women in Addis Ababa,
Ethiopia. PloS one, 14(5), e0216522-e0216522. doi:10.1371/journal.pone.0216522

75



Girianelli, V. R., Azevedo, E. S. G., & Thuler, L. C. (2009). Factors associated with the risk of
progression to precursor lesions or cervical cancer in women with negative cytologic
findings. Int J Gynaecol Obstet, 107(3), 228-231. doi:10.1016/j.ijgo.2009.07.036

Gizaw, M., Teka, B., Ruddies, F., Abebe, T., Kaufmann, A. M., Worku, A., . . . Kantelhardt,
E. J. (2019). Uptake of Cervical Cancer Screening in Ethiopia by Self-Sampling HPV
DNA Compared to Visual Inspection with Acetic Acid: A Cluster Randomized Trial.
Cancer Prev Res (Phila), 12(9), 609-616. doi:10.1158/1940-6207.Capr-19-0156

Grece, M., & Davies, P. (2008). Human papillomavirus testing for primary cervical cancer
screening. Expert Review of Molecular Diagnostics, 8(5), 599-605.
d0i:10.1586/14737159.8.5.599

Gustinucci, D., Rossi, P. G., Cesarini, E., Broccolini, M., Bulletti, S., Carlani, A., . . .
Passamonti, B. (2016). Use of Cytology, E6/E7 mRNA, and p16INK4a-Ki-67 to Define
the management of human papillomavirus (HPV)-positive women in cervical cancer
screening.  American Journal of Clinical Pathology, 145(1), 35-45.
doi:10.1093/ajcp/aqv019

Gyenwali, D., Pariyar, J., & Onta, S. R. (2013). Factors associated with late diagnosis of
cervical cancer in Nepal. Asian Pac J Cancer Prev, 14(7), 4373-4377.
doi:10.7314/apjcp.2013.14.7.4373

Hammer, A., Soegaard, V., Maimburg, R. D., & Blaakaer, J. (2019). Cervical cancer screening
history prior to a diagnosis of cervical cancer in Danish women aged 60 years and older-
A national cohort study. Cancer medicine, 8(1), 418-427. doi:10.1002/cam4.1926

Hesselink, A. T., van Ham, M. A. P. C., Heideman, D. A. M., Groothuismink, Z. M. A.,
Rozendaal, L., Berkhof, J., ... Snijders, P. J. F. (2008). Comparison of GP5+/6+-PCR
and SPF&It;sub&gt;10&It;/sub&gt;-Line Blot Assays for Detection of High-Risk
Human Papillomavirus in Samples from Women with Normal Cytology Results Who
Develop Grade 3 Cervical Intraepithelial Neoplasia. J Clin Microbiol, 46(10), 3215.

Hickman, E. S., Moroni, M. C., & Helin, K. (2002). The role of p53 and pRB in apoptosis and
cancer. Curr Opin Genet Dev, 12(1), 60-66.

HOLOGIC. (2017). Aptima HPV Assay. Retrieved from
https://www.hologic.com/sites/default/files/package-insert/ AW-14517-
001_003_01.pdf

Horvath, C. A. J., Boulet, G. A. V., Renoux, V. M., Delvenne, P. O., & Bogers, J.-P. J. (2010).
Mechanisms of cell entry by human papillomaviruses: an overview. Virology Journal,
7,11-11. doi:10.1186/1743-422x-7-11

76



Hovland, S., Arbyn, M., Lie, A. K., Ryd, W., Borge, B., Berle, E. J., . . . Karlsen, F. (2010). A
comprehensive evaluation of the accuracy of cervical pre-cancer detection methods in
a high-risk area in East Congo. Br J Cancer, 102(6), 957-965.

Hovland, S., Muller, S., Skomedal, H., Mints, M., Bergstrom, J., Wallin, K. L., . . . Andersson,
S. (2010). E6/E7 mRNA expression analysis: a test for the objective assessment of
cervical adenocarcinoma in clinical prognostic procedure. Int J Oncol, 36(6), 1533-
1539.

Howie, H. L., Katzenellenbogen, R. A., & Galloway, D. A. (2009). Papillomavirus E6 proteins.
Virology, 384(2), 324-334.

Hu, S.-Y., Zhang, W.-H., Li, S.-M,, Li, N., Huang, M.-N., Pan, Q.-J., . . . Qiao, Y.-L. (2017).
Pooled analysis on the necessity of random 4-quadrant cervical biopsies and
endocervical curettage in women with positive screening but negative colposcopy.
Medicine, 96(17), e6689-e6689. doi:10.1097/md.0000000000006689

Hull, R., Mbele, M., Makhafola, T., Hicks, C., Wang, S.-M., Reis, R. M., . . . Dlamini, Z.
(2020). Cervical cancer in low and middle-income countries. Oncology Letters, 20(3),
2058-2074. doi:10.3892/01.2020.11754

Immunopaedia. Human Papilloma Virus (HPV) | Immunopaedia. In (\VVol. 2018).

Inc., H. (2018). ThinPrep Pap Test. Retrieved from http://hologic.ca/products/clinical-
diagnostics-and-blood-screening/assays-and-tests/thinprep-pap-test

Institute, K. (2022). Internatinal Human Papillomavirus (HPV) Reference Center. Retrieved
from https://www.hpvcenter.se/human_reference_clones/

Jain, A. D., Reeta; Patro, P; Sahu, S. (2018). Histopathological Study of Cervical Lesions.
International Journal of Health Sciences & Research, 8(11), 82-87.

Jang, D., Ratnam, S., Smieja, M., Speicher, D. J., Arias, M., Clavio, A., . . . Chernesky, M.
(2021). Comparison of Alinity m HPV and cobas HPV assays on cervical specimens in
diverse  storage  media.  Tumour  Virus  Research, 12, 200224.
doi:https://doi.org/10.1016/j.tvr.2021.200224

Jean, D. M. S., Nsanzimana, Marie, Aimee Muhimpundu; Lydia, Eleanor Pace; Joseph,
Ntaganira; David, James Riedel. (2015). Prevalence and risk factors for cervical cancer
and pre-cancerous lesions in Rwanda. Pan African Medical Journal, 22(1).
d0i:10.11604/pamj.2015.22.26.7116

Jeudin, P., Abebe, T., Butler, R., Hooi, D., Watt, A., Capo-Chichi, C. D., . .. Schlumbrecht,
M. (2021). Human Papilloma Virus Distribution Across the African Diaspora. JCO
Global Oncology, 7, 1206-1208. doi:10.1200/G0.21.00151

77



Johansson, H., Bjelkenkrantz, K., Darlin, L., Dilllner, J., & Forslund, O. (2015). Presence of
High-Risk HPV mRNA in Relation to Future High-Grade Lesions among High-Risk
HPV DNA Positive Women with Minor Cytological Abnormalities. PloS one, 10(4).

Joharinia, N., Farhadi, A., Hosseini, S. Y., Safaei, A., & Sarvari, J. (2019). Association of
HPV16 and 18 genomic copies with histological grades of cervical lesions.
Virusdisease, 30(3), 387-393. doi:10.1007/s13337-019-00545-2

Johnson, L. G., Saidu, R., Mbulawa, Z., Williamson, A. L., Boa, R., Tergas, A., . .. Kuhn, L.
(2020). Selecting human papillomavirus genotypes to optimize the performance of
screening tests among South African women. Cancer medicine, 9(18), 6813-6824.
doi:10.1002/cam4.3329

Kajitani, N., Satsuka, A., Kawate, A., & Sakai, H. (2012). Productive Lifecycle of Human
Papillomaviruses that Depends Upon Squamous Epithelial Differentiation. Front
Microbiol, 3, 152. doi:10.3389/fmicbh.2012.00152

Kambouris, M., Chini, V., & Daskalaki, A. (2010). HPV Detection and Genotyping Using the
Luminex XMAP Technology. Retrieved from http://www.irma-
international.org/viewtitle/40440/

Kasa, A. S., Dagget, T., Beyene, Y., Dessie, G., Endalamaw, A., Workineh, Y., . .. Animaw,
W. (2021). Precancerous cervical lesion in Ethiopia: systematic review and meta-
analysis. Syst Rev, 10(1), 287. d0i:10.1186/s13643-021-01840-0

Kaseka, P. U., Kayira, A., Chimbatata, C. S., Chisale, M., Kamudumuli, P., Wu, T.-S. J., . ..
Sinyiza, F. W. (2021). Histopathological Profile of Cervical Biopsies in Northern
Malawi: A Retrospective  Study. medRxiv, 2020.2012.2028.20248949.
d0i:10.1101/2020.12.28.20248949

Kassa, H. N., Bilchut, A. H., Mekuria, A. D., & Lewetie, E. M. (2021). Practice and Associated
Factors of Human Papillomavirus Vaccination Among Primary School Students in
Minjar-Shenkora District, North Shoa Zone, Amhara Regional State, Ethiopia, 2020.
Cancer Manag Res, 13, 6999-7008. doi:10.2147/cmar.S324078

Kassie, A. M., Abate, B. B., Kassaw, M. W., Aragie, T. G., Geleta, B. A., & Shiferaw, W. S.
(2020). Impact of knowledge and attitude on the utilization rate of cervical cancer
screening tests among Ethiopian women: A systematic review and meta-analysis. PloS
one, 15(12), e0239927. doi:10.1371/journal.pone.0239927

Khieu, M., & Butler, S. L. (2022). High Grade Squamous Intraepithelial Lesion. In StatPearls.
Treasure Island (FL): StatPearls Publishing

Copyright © 2022, StatPearls Publishing LLC.

78



Kietpeerakool, C., Kleebkaow, P., & Srisomboon, J. (2015). Human Papillomavirus Genotype
Distribution among Thai Women with High-Grade Cervical Intraepithelial Lesions and
Invasive Cervical Cancer: a Literature Review. Asian Pac J Cancer Prev, 16(13), 5153-
5158.

Kim, G. (2017). Harald zur Hausen's Experiments on Human Papillomavirus Causing Cervical
Cancer (1976-1987): Embryo Project Encyclopedia (2017-03-09). Retrieved from
https://embryo.asu.edu/pages/harald-zur-hausens-experiments-human-papillomavirus-
causing-cervical-cancer-1976-1987

Kim, M., Park, N. J.-Y., Jeong, J. Y., & Park, J. Y. (2021). Multiple Human Papilloma Virus
(HPV) Infections Are Associated with HSIL and Persistent HPV Infection Status in
Korean Patients. Viruses, 13(7), 1342. doi:10.3390/v13071342

Kiros, M., Mesfin Belay, D., Getu, S., Hailemichael, W., Esmael, A., Andualem, H., &
Geteneh, A. (2021). Prevalence and Determinants of Pre-Cancerous Cervical Lesion
and Human Papillomavirus Among HIV-Infected and HIV-Uninfected Women in
North-West Ethiopia: A Comparative Retrospective Cross-Sectional Study. HIV AIDS
(Auckl), 13, 719-725. d0i:10.2147/hiv.S310905

Kraus, 1., Molden, T., Holm, R., Lie, A. K., Karlsen, F., Kristensen, G. B., & Skomedal, H.
(2006). Presence of E6 and E7 mRNA from human papillomavirus types 16, 18, 31, 33,
and 45 in the majority of cervical carcinomas. J Clin Microbiol, 44(4), 1310-1317.

Kuassi-Kpede, A. P., Dolou, E., Zohoncon, T. M., Traore, I. M. A., Katawa, G., Ouedraogo,
R. A, . . . Simpore, J. (2021). Molecular characterization of high-risk human
papillomavirus (HR-HPV) in women in Lomé, Togo. BMC infectious diseases, 21(1),
278-278. d0i:10.1186/s12879-021-05956-5

Kuguyo, O., Dube Mandishora, R. S., Thomford, N. E., Makunike-Mutasa, R., Nhachi, C. F.
B., Matimba, A., & Dandara, C. (2021). High-risk HPV genotypes in Zimbabwean
women with cervical cancer: Comparative analyses between HIV-negative and HIV-
positive women. PloS one, 16(9), e0257324. doi:10.1371/journal.pone.0257324

Kulkarni, S. P., Paliwal, S., & Kosta, S. (2023). Genotypic Diversity of Human Papillomavirus
(HPV) Types and Its Prevalence With Cervical Cancer (CC) in Central India. Cureus,
15(2), e35227. doi:10.7759/cureus.35227

Lagheden, C., Eklund, C., Lamin, H., Kleppe, S. N., Lei, J., Elfstrom, K. M., . . . Dillner, J.
(2018). Nationwide comprehensive human papillomavirus (HPV) genotyping of
invasive cervical cancer. British Journal of Cancer, 118(10), 1377-1381.
d0i:10.1038/s41416-018-0053-6

79



Lakneh, E. A., Mersha, E. A., Asresie, M. B., & Belay, H. G. (2022). Knowledge, attitude, and
uptake of human papilloma virus vaccine and associated factors among female
preparatory school students in Bahir Dar City, Amhara Region, Ethiopia. PloS one,
17(11), e0276465. doi:10.1371/journal.pone.0276465

Laudadio, J. (2013). Human papillomavirus detection: testing methodologies and their clinical
utility in cervical cancer screening. Adv Anat Pathol, 20(3), 158-167.

Lehoux, M., D’Abramo, C. M., & Archambault, J. (2009). Molecular Mechanisms of Human
Papillomavirus-Induced Carcinogenesis. Public health genomics, 12(5-6), 268-280.
d0i:10.1159/000214918

Leto, M., Santos Junior, G. F., Porro, A. M., & Tomimori, J. (2011). Human papillomavirus
infection: etiopathogenesis, molecular biology and clinical manifestations. An Bras
Dermatol, 86(2), 306-317.

Leyh-Bannurah, S.-R., Prugger, C., de Koning, M. N. C., Goette, H., & Lellé, R. J. (2014).
Cervical human papillomavirus prevalence and genotype distribution among hybrid
capture 2 positive women 15 to 64 years of age in the Gurage zone, rural Ethiopia.
Infectious Agents and Cancer, 9, 33. doi:10.1186/1750-9378-9-33

Lie, A. K., & Kristensen, G. (2008). Human papillomavirus E6/E7 mRNA testing as a
predictive marker for cervical carcinoma. Expert Rev Mol Diagn, 8(4), 405-415.

Lin, C., Slama, J., Gonzalez, P., Goodman, M. T., Xia, N., Kreimer, A. R., . . . Clifford, G. M.
(2019). Cervical determinants of anal HPV infection and high-grade anal lesions in
women: a collaborative pooled analysis. Lancet Infect Dis, 19(8), 880-891.

Liu, S., Minaguchi, T., Lachkar, B., Zhang, S., Xu, C., Tenjimbayashi, Y., . .. Satoh, T. (2018).
Separate analysis of human papillomavirus E6 and E7 messenger RNAs to predict
cervical neoplasia progression. PloS one, 13(2).

Loopik, D. L., Bekkers, R. L. M., Massuger, L. F. A. G., Melchers, W. J. G., Siebers, A. G., &
Bentley, J. R. (2019). Post-Colposcopy Management and Progression Predictors of
Biopsy-Proven CIN1 in Women Under 25 Years. Journal of Obstetrics and
Gynaecology Canada, 41(3), 292-299. doi:10.1016/j.jogc.2018.06.021

Louie, K. S., de Sanjose, S., & Mayaud, P. (2009). Epidemiology and prevention of human
papillomavirus and cervical cancer in sub-Saharan Africa: a comprehensive review.
Trop Med Int Health, 14(10), 1287-1302.

Luhn, P., Walker, J., Schiffman, M., Zuna, R. E., Dunn, S. T., Gold, M. A,, . .. Wentzensen,
N. (2013). The role of co-factors in the progression from human papillomavirus
infection to cervical cancer. Gynecol Oncol, 128(2), 265-270.

80



Maine, D., Hurlburt, S., & Greeson, D. (2011). Cervical Cancer Prevention in the 21st Century:
Cost Is Not the Only Issue. American Journal of Public Health., 101(9), 1549-1555.
doi:10.2105/AJPH

Malentacchi, F., Bussani, C., Pavone, D., Anderson, K. L., Fambrini, M., Cocco, C., . .. Sorbi,
F. (2020). HPV genotype distribution and age correlation in a selected lItalian
population undergoing conization. Minerva Ginecol, 72(1), 1-11. doi:10.23736/s0026-
4784.20.04506-2

Mariano, V. S., Lorenzi, A. T., Scapulatempo-Neto, C., Stein, M. D., Resende, J. C,,
Antoniazzi, M., . . . Fregnani, J. H. (2016). A Low-Cost HPV Immunochromatographic
Assay to Detect High-Grade Cervical Intraepithelial Neoplasia. PloS one, 11(10).

Marth, C., Landoni, F., Mahner, S., McCormack, M., Gonzalez-Martin, A., & Colombo, N.
(2017). Cervical cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol, 28(suppl_4).

Mboumba Bouassa, R. S., Prazuck, T., Lethu, T., Jenabian, M. A., Meye, J. F., & Belec, L.
(2017). Cervical cancer in sub-Saharan Africa: a preventable noncommunicable
disease. Expert Rev Anti Infect Ther, 15(6), 613-627.

Mboumba Bouassa, R. S., Prazuck, T., Lethu, T., Meye, J. F., & Belec, L. (2017). Cervical
cancer in sub-Saharan Africa: an emerging and preventable disease associated with
oncogenic human papillomavirus. Med Sante Trop, 27(1), 16-22.

McBride, A. A. (2017). Oncogenic human papillomaviruses. Philos Trans R Soc Lond B Biol
Sci, 372(1732).

McMurray, H. R., Nguyen, D., Westbrook, T. F., & McAnce, D. J. (2001). Biology of human
papillomaviruses. International journal of experimental pathology, 82(1), 15-33.
d0i:10.1046/j.1365-2613.2001.00177.x

Meijer, C. J., Berkhof, J., Castle, P. E., Hesselink, A. T., Franco, E. L., Ronco, G., . .. Snijders,
P. J. (2009). Guidelines for human papillomavirus DNA test requirements for primary
cervical cancer screening in women 30 years and older. Int J Cancer, 124(3), 516-520.

Melnikow, J., Henderson, J. T., Burda, B. U., Senger, C. A., Durbin, S., & Weyrich, M. S.
(2018). Screening for Cervical Cancer With High-Risk Human Papillomavirus Testing:
Updated Evidence Report and Systematic Review for the US Preventive Services Task
Force. Jama, 320(7), 687-705.

Memirie, S. T., Habtemariam, M. K., Asefa, M., Deressa, B. T., Abayneh, G., Tsegaye, B., . .
. Verguet, S. (2018). Estimates of Cancer Incidence in Ethiopia in 2015 Using
Population-Based Registry Data. J Glob Oncol, 4, 1-11.

81



MicroBiotics. (2013). Human Papillomavirus (HPV): The unseen leading cause of cervical
cancer in women. In (Vol. 2018).

Mihret, W., Yusuf, L., Abebe, M., Yamuah, L. K., Bekele, L., Abate, E., . .. Aseffa, A. (2014).
A pilot study on detection and genotyping of humanpapilloma virus isolated from
clinically diagnosed Ethiopian women having cervical intraepithelial neoplasia. Ethiop
Med J, 1, 49-52.

Mitiku, 1., & Tefera, F. (2016). Knowledge about Cervical Cancer and Associated Factors
among 15-49 Year Old Women in Dessie Town, Northeast Ethiopia. PloS one, 11(9).

Mittal, S., Basu, P., Muwonge, R., Banerjee, D., Ghosh, I., Sengupta, M. M., . . .
Sankaranarayanan, R. (2017). Risk of high-grade precancerous lesions and invasive
cancers in high-risk HPV-positive women with normal cervix or CIN 1 at baseline-A
population-based cohort study. Int J Cancer, 140(8), 1850-1859. doi:10.1002/ijc.30609

Mockel, J., Quaas, J., Meisel, H., Endres, A. S., & Schneider, V. (2011). Human papillomavirus
E6/E7 mRNA testing has higher specificity than liquid-based DNA testing in the
evaluation of cervical intraepithelial neoplasia. Anal Quant Cytol Histol, 33(6), 311-
315.

Molden, T., Kraus, I., Karlsen, F., Skomedal, H., Nygard, J. F., & Hagmar, B. (2005).
Comparison of human papillomavirus messenger RNA and DNA detection: a cross-
sectional study of 4,136 women >30 years of age with a 2-year follow-up of high-grade
squamous intraepithelial lesion. Cancer Epidemiol Biomarkers Prev, 14(2), 367-372.

Moody, C. A., & Laimins, L. A. (2010). Human papillomavirus oncoproteins: pathways to
transformation. Nature Reviews Cancer, 10, 550. doi:10.1038/nrc2886

Minger, K., Baldwin, A., Edwards, K. M., Hayakawa, H., Nguyen, C. L., Owens, M., ... Huh,
K. (2004). Mechanisms of Human Papillomavirus-Induced Oncogenesis. Journal of
Virology, 78(21), 11451-11460. doi:10.1128/jvi.78.21.11451-11460.2004

Munkhdelger, J., Choi, Y., Lee, D., Kim, S., Kim, G., Park, S., . . . Park, K. H. (2014).
Comparison of the performance of the NucliSENS EasyQ HPV E6/E7 mRNA assay
and HPV DNA chip for testing squamous cell lesions of the uterine cervix. Diagn
Microbiol Infect Dis, 79(4), 422-427.

N.V.,, I.  (2011). INNO-LIiPA HPV  Genotyping Extra. Retrieved from
https://search.cosmobio.co.jp/cosmo_search_p/search_gate2/docs/IGT_/8106381064.
20130815.pdf

82



Narisawa-Saito, M., & Kiyono, T. (2007). Basic mechanisms of high-risk human
papillomavirus-induced carcinogenesis: roles of E6 and E7 proteins. Cancer Sci,
98(10), 1505-1511.

Network, A. C. R. (2018). Ethiopia - Addis Ababa City Cancer Registry Retrieved from
http://afcrn.org/membership/membership-list/100-addisababa

Niccolai, L. M., Meek, J. I., Brackney, M., Hadler, J. L., Sosa, L. E., & Weinberger, D. M.
(2017). Declines in Human Papillomavirus (HPV)-Associated High-Grade Cervical
Lesions After Introduction of HPV Vaccines in Connecticut, United States, 2008-2015.
Clin Infect Dis, 65(6), 884-889.

Nilyanimit, P., Chansaenroj, J., Poomipak, W., Praianantathavorn, K., Payungporn, S., &
Poovorawan, Y. (2018). Comparison of Four Human Papillomavirus Genotyping
Methods: Next-generation Sequencing, INNO-LiPA, Electrochemical DNA Chip, and
Nested-PCR. Annals of laboratory medicine, 38(2), 139-146.
d0i:10.3343/alm.2018.38.2.139

Ogembo, R. K., Gona, P. N., Seymour, A. J., Park, H. S., Bain, P. A., Maranda, L., & Ogembo,
J. G. (2015). Prevalence of human papillomavirus genotypes among African women
with normal cervical cytology and neoplasia: a systematic review and meta-analysis.
PLoS One, 10(4).

Organization, W. H. (2007). Cervical cancer, human papillomavirus (HPV) and HPV vaccines:
key points for policy-makers and health professionals 2007. Retrieved from
http://apps.who.int/iris/bitstream/handle/10665/69873/WHO_RHR_08.14_eng.pdf;jse
ssionid=F6391FE4096F895C447F5F5AB730D45F?sequence=1

Organization, W. H. (2017). Cervical cancer common amongst African women. Retrieved from
https://afro.who.int/news/cervical-cancer-common-amongst-african-women

Ostrbenk Valendak, A., Sterbenc, A., Seme, K., & Poljak, M. (2019). Alinity m HR HPV Assay
Fulfills Criteria for Human Papillomavirus Test Requirements in Cervical Cancer
Screening Settings. J Clin Microbiol, 58(1). doi:10.1128/jcm.01120-19

Pal, A., & Kundu, R. (2019). Human Papillomavirus E6 and E7: The Cervical Cancer
Hallmarks and Targets for Therapy. Front Microbiol, 10, 3116.
d0i:10.3389/fmicb.2019.03116

Pan, C., Zhou, J., Lyu, J., & Ren, X. (2018). Development and validation of a multiplex reverse
transcript real-time PCR for E6/E7 mRNA detection of high-risk human
papillomavirus. J Med Microbiol, 67(10), 1509-1514. doi:10.1099/jmm.0.000824

83



Patricio, G., Jorge, O.-N., & Elizabeth, A.-R. (2016). Role of HR-HPVs E6 and E7
Oncoproteins in Cervical Carcinogenesis Journal of Molecular and Genetic Medicine
10. doi:10.4172/1747-0862.1000216

Peng, R. R., Li, H. M., Chang, H., Li, J. H., Wang, A. L., & Chen, X. S. (2012). Prevalence
and genotype distribution of cervical human papillomavirus infection among female
sex workers in Asia: a systematic literature review and meta-analysis. Sex Health, 9(2),
113-119.

Perez Castro, S., Inarrea Fernandez, A., Lamas Gonzalez, M. J., Saran Diez, M. T., Cid Lama,
A., Alvarez Martin, M. J., . .. Ona Navarro, M. (2013). Human papillomavirus (HPV)
E6/E7 mRNA as a triage test after detection of HPV 16 and HPV 18 DNA. J Med Virol,
85(6), 1063-1068.

Persson, M., Brismar Wendel, S., Ljungblad, L., Johansson, B., Weiderpass, E., & Andersson,
S. (2012). High-risk human papillomavirus E6/E7 mRNA and L1 DNA as markers of
residual/recurrent cervical intraepithelial neoplasia. Oncol Rep, 28(1), 346-352.

Pinidis, P., Tsikouras, P., latrakis, G., Zervoudis, S., Koukouli, Z., Bothou, A., . .. Vladareanu,
S. (2016). Human Papilloma Virus’ Life Cycle and Carcinogenesis. Madica, 11(1), 48-
54.

Prevention, C. f. D. C. a. (2016). Human Papillomavirus (HPV): What is HPV/? Retrieved from
https://www.cdc.gov/hpv/parents/whatishpv.html

Prize, T. N. (2008). The Nobel Prize in Physiology or Medicine 2008 Retrieved from
https://www.nobelprize.org/prizes/medicine/2008/hausen/auto-biography/

Pruski, D., Millert-Kalinska, S., Lewek, A., & Kedzia, W. (2019). Sensitivity and specificity
of HR HPV E6/E7 mRNA test in detecting cervical squamous intraepithelial lesion and
cervical cancer. Ginekol Pol, 90(2), 66-71. doi:10.5603/gp.2019.0011

Ratnam, S., Coutlee, F., Fontaine, D., Bentley, J., Escott, N., Ghatage, P., . . . Lear, A. (2010).
Clinical Performance of the PreTect HPV-Proofer EG/E7 mRNA Assay in Comparison
with That of the Hybrid Capture 2 Test for Identification of Women at Risk of Cervical
Cancer. J Clin Microbiol, 48(8), 2779-2785. doi:10.1128/jcm.00382-10

Ratnam, S., Coutlee, F., Fontaine, D., Bentley, J., Escott, N., Ghatage, P., . . . Lear, A. (2011).
Aptima HPV E6/E7 mRNA Test Is as Sensitive as Hybrid Capture 2 Assay but More
Specific at Detecting Cervical Precancer and Cancer. Journal of Clinical Microbiology,
49(2), 557-564. doi:10.1128/jcm.02147-10

Ren, C., Zhu, Y., Yang, L., Zhang, X., & Liu, L. (2018). Diagnostic performance of HPV
E6/E7 mRNA assay for detection of cervical high-grade intraepithelial neoplasia and

84



cancer among women with ASCUS Papanicolaou smears. Arch Gynecol Obstet,
297(2), 425-432.

Rijkaart, D. C., Heideman, D. A., Coupe, V. M., Brink, A. A., Verheijen, R. H., Skomedal, H.,
.. . Meijer, C. J. (2012). High-risk human papillomavirus (hrHPV) E6/E7 mRNA
testing by PreTect HPV-Proofer for detection of cervical high-grade intraepithelial
neoplasia and cancer among hrHPV DNA-positive women with normal cytology. J Clin
Microbiol, 50(7), 2390-2396.

Roche. (2021). MagNA Pure 96 System. Retrieved from
https://diagnostics.roche.com/global/en/products/instruments/magna-pure-96-
instrument-ins-2118.html

Ruland, R., Prugger, C., Schiffer, R., Regidor, M., & Lellé, R. (2006). Prevalence of human
papilloma virus infection in women in rural Ethiopia. European Journal of
Epidemiology, 21(9), 727-729.

Sahasrabuddhe, V. V., Luhn, P., & Wentzensen, N. (2011). Human papillomavirus and cervical
cancer: biomarkers for improved prevention efforts. Future Microbiol, 6(9), 1083-
1098.

Sankaranarayanan, R., Anorlu, R., Sangwa-Lugoma, G., & Denny, L. A. (2013). Infrastructure
requirements for human papillomavirus vaccination and cervical cancer screening in
sub-Saharan Africa. Vaccine, 29(31), 066.

Santos-Lopez, G., Marquez-Dominguez, L., Reyes-Leyva, J., & Vallejo-Ruiz, V. (2015).
[General aspects of structure, classification and replication of human papillomavirus].
Rev Med Inst Mex Seguro Soc, 53(2), S166-171.

Sapp, M., & Bienkowska-Haba, M. (2009). Viral entry mechanisms: human papillomavirus
and a long journey from extracellular matrix to the nucleus. The FEBS journal, 276(24),
7206-7216. doi:10.1111/j.1742-4658.2009.07400.x

Schmitt, M., Depuydt, C., Benoy, 1., Bogers, J., Antoine, J., Arbyn, M., & Pawlita, M. (2013).
Multiple human papillomavirus infections with high viral loads are associated with
cervical lesions but do not differentiate grades of cervical abnormalities. J Clin
Microbiol, 51(5), 1458-1464. doi:10.1128/jcm.00087-13

Sehnal, B., & Slama, J. (2020). What next in cervical cancer screening? Ceska Gynekol, 85(4),
236-243.

Seyoum, A., Assefa, N., Gure, T., Seyoum, B., Mulu, A., & Mihret, A. (2022). Prevalence and
Genotype Distribution of High-Risk Human Papillomavirus Infection Among Sub-

85



Saharan African Women: A Systematic Review and Meta-Analysis. Front Public
Health, 10, 890880. doi:10.3389/fpubh.2022.890880

Seyoum A, S. B., Gure T, Alemu A, Belachew A, Abeje D, Aseffa A, Howe R, Mulu A and
Mihret A. (2023). Genotype heterogeneity of high-risk human papillomavirus infection
in Ethiopia. Front. Microbiol, 14. doi:10.3389/fmich.2023.1116685

Shen, Y., Gong, J., He, Y., Cheng, G., Okunieff, P., & Li, X. (2013). Quantivirus(R) HPV
E6/E7 RNA 3.0 assay (hDNA\) is as sensitive, but less specific than Hybrid Capture 2
test. J Virol Methods, 187(2), 288-293.

Sherr, C. J., & McCormick, F. (2002). The RB and p53 pathways in cancer. Cancer Cell, 2(2),
103-112. d0i:10.1016/s1535-6108(02)00102-2

Shi, W.-J., Liu, H., Wu, D., Tang, Z.-H., Shen, Y.-C., & Guo, L. (2017). E6/E7 proteins are
potential markers for the screening and diagnosis of cervical pre-cancerous lesions and
cervical cancer in a Chinese population. Oncology Letters, 14(5), 6251-6258.
d0i:10.3892/01.2017.6932

Shrestha, A. D., Neupane, D., Vedsted, P., & Kallestrup, P. (2018). Cervical Cancer
Prevalence, Incidence and Mortality in Low and Middle Income Countries: A
Systematic Review. Asian Pac J Cancer Prev, 19(2), 319-324.

Societ, A. C. (2012). Global Cancer Facts & Figures 3d ed. Retrieved from
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-
statistics/global-cancer-facts-and-figures/global-cancer-facts-and-figures-3rd-
edition.pdf

Society, A. C. (2015). What Is Cancer? Retrieved from https://www.cancer.org/cancer/cancer-
basics/what-is-cancer.html

Society, A. C. (2017a). Can Cervical Cancer Be Prevented? Retrieved from
https://www.cancer.org/cancer/cervical-cancer/causes-risks-
prevention/prevention.html

Society, A. C. (2017b, 11 Dec 2017). Cervical Cancer Stages. Retrieved from
https://www.cancer.org/cancer/cervical-cancer/detection-diagnosis-
staging/staged.html

Song, L., Lyu, Y., Ding, L., Li, X., Gao, W., Wang, M., . . . Wang, J. (2020). Prevalence and
Genotype Distribution of High-Risk Human Papillomavirus Infection in Women with
Abnormal Cervical Cytology: A Population-Based Study in Shanxi Province, China.
Cancer Manag Res, 12, 12583-12591. doi:10.2147/cmar.S269050

86



Sarbye, S. W., Fismen, S., Gutteberg, T. J., Mortensen, E. S., & Skjeldestad, F. E. (2013). HPV
MRNA testing in triage of women with ASC-US cytology may reduce the time for
CIN2+ diagnosis compared with repeat cytology. Current Pharmaceutical Design,
19(8), 1401-1405.

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F.
(2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin, 71(3), 209-
249. doi:10.3322/caac.21660

Sweet, K., Bosire, C., Sanusi, B., Sherrod, C. J., Kwatampora, J., Waweru, W., ... Smith, J. S.
(2020). Prevalence, incidence, and distribution of human papillomavirus types in
female sex workers in Kenya. Int J STD AIDS, 31(2), 109-118.
d0i:10.1177/0956462419884454

Tagne Simo, R., Djoko Nono, A. G., Fogang Dongmo, H. P., Seke Etet, P. F., Fonyuy, B. K.,
Kamdje, A. H. N., . .. Telefo, P. B. (2021). Prevalence of precancerous cervical lesions
and high-risk human papillomavirus types in Yaounde, Cameroon. J Infect Dev Ctries,
15(9), 1339-1345. doi:10.3855/jidc.15218

Tefera, F., & Mitiku, 1. (2017). Uptake of Cervical Cancer Screening and Associated Factors
Among 15-49-Year-Old Women in Dessie Town, Northeast Ethiopia. J Cancer Educ,
32(4), 901-907.

Teka, B., Gizaw, M., Ruddies, F., Addissie, A., Chanyalew, Z., Skof, A. S., . . . Abebe, T.
(2021). Population-based human papillomavirus infection and genotype distribution
among women in rural areas of South Central Ethiopia. 148(3), 723-730.
doi:https://doi.org/10.1002/ijc.33278

Tesfaw, G., Ahmed, Y., Gedefaw, L., Dube, L., Godu, S., Eshetu, K., . . . Abdissa, A. (2020).
Liquid-based cytology for the detection of cervical intraepithelial lesions in Jimma
town, Ethiopia. BMC Cancer, 20(1), 706. doi:10.1186/s12885-020-07201-9

Tewari, P., Banka, P., Kernan, N., Reynolds, S., White, C., Pilkington, L., . . . O’Leary, J. J.
(2021). Prevalence and concordance of oral HPV infections with cervical HPV
infections in women referred to colposcopy with abnormal cytology. 50(7), 692-699.
doi:https://doi.org/10.1111/jop.13172

Tezcan, S., Ozgur, D., Ulger, M., Aslan, G., Gurses, I., Serin, M. S., . . . Emekdas, G. (2014).
Human papillomavirus genotype distribution and E6/E7 oncogene expression in
Turkish women with cervical cytological findings. Asian Pac J Cancer Prev, 15(9),
3997-4003.

87



Tian, Q., Li, Y., Wang, F., Xu, J., Shen, Y., Ye, F., ... Xie, X. MicroRNA Detection in Cervical
Exfoliated Cells as a Triage for Human Papillomavirus—Positive Women: J Natl Cancer
Inst. 2014 Sep;106(9):dju241. doi:10.1093/jnci/dju241.

Tian, Q., Li, Y., Wang, F., Xu, J,, Shen, Y., Ye, F., . .. Xie, X. (2014). MicroRNA detection
in cervical exfoliated cells as a triage for human papillomavirus-positive women. J Natl
Cancer Inst, 106(9).

Tifaoui, N., Maudelonde, T., Combecal, J., Vallo, R., Doutre, S., Didelot, M. N., . . . Boulle,
N. (2018). High-risk HPV detection and associated cervical lesions in a population of
French menopausal women. Journal of clinical virology : the official publication of the
Pan American Society for Clinical Virology, 108, 12-18.

Timotewos, G., Solomon, A., Mathewos, A., Addissie, A., Bogale, S., Wondemagegnehu, T.,
... Kantelhardt, E. J. (2018). First data from a population based cancer registry in
Ethiopia. Cancer Epidemiol, 53, 93-98. doi:10.1016/j.canep.2018.01.008

Tjalma, W. (2018). HPV negative cervical cancers and primary HPV screening. Facts, views
& vision in ObGyn, 10(2), 107-113.

UK, C. R. (2014, 16 September, 2014). HPV: the whole story, warts and all. Retrieved from
https://scienceblog.cancerresearchuk.org/2014/09/16/hpv-the-whole-story-warts-and-
all/

Ukumo, E. Y., Weldehawariat, F. G., Dessalegn, S. A., Minamo, D. M., & Weldehawaryat, H.
N. (2022). Acceptance of Human Papillomavirus Vaccination and Associated Factors
among Girls in Arba Minch Town, Southern Ethiopia, 2020. Infect Dis Obstet Gynecol,
2022, 7303801. doi:10.1155/2022/7303801

Vaiday, K. B., G; Joshi, B; Shrestha, B. (2017). Histopathological Profile of Cervical Biopsy
Specimens at Paropakar Maternity and Women's Hospital. NJOG, 23(2), 65-68.

Valenca, J. E., Goncalves, A. K., Guerreiro da Silva, I. D., Eleuterio Junior, J., Tenorio da
Silva, T., Bruneska, D., & Ximenes, R. A. (2016). High Risk HPV E6/E7 Oncoprotein
Expression in Women with High Grade Squamous Intraepithelial Lesion. Rev Bras
Ginecol Obstet, 38(3), 154-159.

Varnai, A. D., Bollmann, M., Bankfalvi, A., Speich, N., Schmitt, C., Griefingholt, H., . . .
Bollmann, R. (2008). Predictive testing of early cervical pre-cancer by detecting human
papillomavirus E6/E7 mRNA in cervical cytologies up to high-grade squamous
intraepithelial lesions: diagnostic and prognostic implications. Oncol Rep, 19(2), 457-
465.

88



Verdoodt, F., Szarewski, A., Halfon, P., Cuschieri, K., & Arbyn, M. (2013). Triage of women
with minor abnormal cervical cytology: meta-analysis of the accuracy of an assay
targeting messenger ribonucleic acid of 5 high-risk human papillomavirus types.
Cancer Cytopathol, 121(12), 675-687.

Wallace, N. A., & Galloway, D. A. (2015). Novel Functions of the Human Papillomavirus E6
Oncoproteins. Annu Rev Virol, 2(1), 403-423.

Wang, H. Y., Lee, D., Park, S., Kim, G., Kim, S., Han, L., . . . Lee, H. (2015). Diagnostic
Performance of HPV E6/E7 mRNA and HPV DNA Assays for the Detection and
Screening of Oncogenic Human Papillomavirus Infection among Woman with Cervical
Lesions in China. Asian Pac J Cancer Prev, 16(17), 7633-7640.

Wang, H. Y., Park, S., Kim, S., Lee, D., Kim, G., Kim, Y., ... Lee, H. (2015). Use of hTERT
and HPV E6/E7 mRNA RT-gPCR TagMan assays in combination for diagnosing high-
grade cervical lesions and malignant tumors. Am J Clin Pathol, 143(3), 344-351.

Wang, Z., Wang, J., Fan, J., Zhao, W., Yang, X., Wu, L., ... Hao, M. (2017). Risk factors for
cervical intraepithelial neoplasia and cervical cancer in Chinese women: large study in
Jiexiu, Shanxi Province, China. J Cancer, 8(6), 924-932.

Wentzensen, N., Schiffman, M., Dunn, T., Zuna, R. E., Gold, M. A., Allen, R. A,, ... Wang,
S. S. (2009). Multiple human papillomavirus genotype infections in cervical cancer
progression in the study to understand cervical cancer early endpoints and determinants.
Int J Cancer, 125(9), 2151-2158. d0i:10.1002/ijc.24528

WHO. (2010). Human Papil-lomavirus and Related Cancers in World. Summary Report 2010.
Retrieved from www. who. int/ hpvcentre

WHO. (2013a). Guidelines for screening and treatment of precancerous lesions for cervical
cancer prevention. World Health Organization, 20 Avenue Appia, 1211 Geneva 27,
Switzerland Retrieved from
http://apps.who.int/iris/bitstream/10665/94830/1/9789241548694 eng.pdf

WHO. (2013b). WHO guidelines for screening and treatment of precancerous lesions for

cervical cancer prevention. Retrieved from
http://apps.who.int/iris/bitstream/handle/10665/94830/9789241548694 eng.pdf?seque
nce=1

WHO. (2014a). Integrated Africa Cancer Factsheet Focusing on Cervical Cancer. Retrieved
from http://www.who.int/pmnch/media/events/2014/africa_cancer_factsheet.pdf
WHO. (2014b). WHO guidelines for treatment of cervical intraepithelial neoplasia 2—-3 and

adenocarcinoma in situ. Retrieved from

89



http://apps.who.int/iris/bitstream/handle/10665/104174/9789241506779_eng.pdf;jsess
ionid=31A229FC8D14778D2EC32660FA454CB0?sequence=1

WHO. (2015). ICO Centre on HPV and Cancer (HPV Information Centre). Human
Papillomavirus and Related Diseases Report.

WHO. (2016). Human papillomavirus (HPV) and cervical cancer. Retrieved from
http://www.who.int/mediacentre/factsheets/fs380/en/

WHO. (2020a). Global strategy to accelerate the elimination of cervical cancer as a public
health problem Retrieved from
https://apps.who.int/iris/bitstream/handle/10665/336583/9789240014107-eng.pdf

WHO. (2020b). Global strategy to accelerate the elimination of cervical cancer as a public
health problem. Geneva. Retrieved from
https://www.who.int/publications/i/item/9789240014107

WHO. (2021). Ethiopia immunizes over 2 million girls against human papillomavirus (HPV).
Retrieved from https://www.afro.who.int/news/ethiopia-immunizes-over-2-million-
girls-against-human-papillomavirus-hpv

WHO. (2022a, 22 Feb 2022). Cervical cancer. Retrieved from https://www.who.int/news-
room/fact-sheets/detail/cervical-cancer

WHO. (2022b). Cervical Cancer. Retrieved from https://www.who.int/news-room/fact-
sheets/detail/cervical-cancer

Williams, V. M., Filippova, M., Soto, U., & Duerksen-Hughes, P. J. (2011). HPV-DNA
integration and carcinogenesis: putative roles for inflammation and oxidative stress.
Future virology, 6(1), 45-57. d0i:10.2217/fvl.10.73

Wolday, D., Derese, M., Gebressellassie, S., Tsegaye, B., Ergete, W., Gebrehiwot, Y., . ..
Maayan, S. (2018). HPV genotype distribution among women with normal and
abnormal cervical cytology presenting in a tertiary gynecology referral Clinic in
Ethiopia. Infect Agent Cancer, 13(28), 018-0201.

Wondimu, A., Postma, M. J., & van Hulst, M. (2022). Cost-effectiveness analysis of
quadrivalent and nonavalent human papillomavirus vaccines in Ethiopia. Vaccine.
doi:https://doi.org/10.1016/j.vaccine.2022.02.080

World Health, O. (2020). Global strategy to accelerate the elimination of cervical cancer as a
public health problem. Geneva: World Health Organization.

Wozniak, A., Cerda, A., Ibarra-Henriquez, C., Sebastian, V., Armijo, G., Lamig, L., ... Garcia,
P. (2020). A simple RNA preparation method for SARS-CoV-2 detection by RT-gPCR.
Sci Rep, 10(1), 16608. doi:10.1038/s41598-020-73616-w

90



Wright, T. C., Jr., & Schiffman, M. (2003). Adding a test for human papillomavirus DNA to
cervical-cancer screening. N Engl J Med, 348(6), 489-490.

Wudtisan, J., Tantipalakorn, C., Charoenkwan, K., Sreshthaputra, R.-A., & Srisomboon, J.
(2019). Factors Associated with Development of High-Grade Squamous Intraepithelial
Lesions of the Uterine Cervix in Women Younger than 30 Years. Asian Pac J Cancer
Prev, 20(4), 1031-1036. doi:10.31557/APJCP.2019.20.4.1031

Wudtisan, J., Tantipalakorn, C., Charoenkwan, K., Sreshthaputra, R. A., & Srisomboon, J.
(2019). Factors Associated with Development of High-Grade Squamous Intraepithelial
Lesions of the Uterine Cervix in Women Younger than 30 Years. Asian Pac J Cancer
Prev, 20(4), 1031-1036. doi:10.31557/apjcp.2019.20.4.1031

Yang, L., Zhu, Y., Bai, Y., Zhang, X., & Ren, C. (2017). The clinical application of HPV E6/E7
MRNA testing in triaging women with atypical squamous cells of undetermined
significance or low-grade squamous intra-epithelial lesion Pap smear: A meta-analysis.
J Cancer Res Ther, 13(4), 613-620.

Yao, Y. L., Tian, Q. F., Cheng, B., Cheng, Y. F., Ye, J,, & Lu, W. G. (2017). Human
papillomavirus (HPV) E6/E7 mRNA detection in cervical exfoliated cells: a potential
triage for HPV-positive women. J Zhejiang Univ Sci B, 18(3), 256-262.
d0i:10.1631/jzus.B1600288

Yim, E.-K., & Park, J.-S. (2005). The Role of HPV E6 and E7 Oncoproteins in HPV-associated
Cervical Carcinogenesis. Cancer Research and Treatment : Official Journal of Korean
Cancer Association, 37(6), 319-324. doi:10.4143/crt.2005.37.6.319

Yu, T., Ferber, M. J., Cheung, T. H., Chung, T. K., Wong, Y. F., & Smith, D. I. (2005). The
role of viral integration in the development of cervical cancer. Cancer Genet Cytogenet,
158(1), 27-34.

Zappacosta, R., Gatta, D. M. P., Marinucci, P., Capanna, S., Lattanzio, G., Caraceni, D., &
Rosini, S. (2015). Role of E6/E7 mRNA test in the diagnostic algorithm of HPV-
positive patients showing ASCUS and LSIL: clinical and economic implications in a
publicly financed healthcare system. Expert Review of Molecular Diagnostics, 15(1),
137-150. d0i:10.1586/14737159.2015.961915

Zeferino, L. C., & Derchain, S. F. (2006). Cervical cancer in the developing world. Best Pract
Res Clin Obstet Gynaecol, 20(3), 339-354. doi:10.1016/j.bpobgyn.2006.01.018

Zhai, L., & Tumban, E. (2016). Gardasil-9: A global survey of projected efficacy. Antiviral
Res, 130, 101-109.

91



Zhang, J.-J., Cao, X.-C., Zheng, X.-Y., Wang, H.-Y., & Li, Y.-W. (2018). Feasibility study of
a human papillomavirus E6 and E7 oncoprotein test for the diagnosis of cervical
precancer and cancer. The Journal of international medical research, 46(3), 1033-1042.
d0i:10.1177/0300060517736913

Zhang, J. J., Cao, X. C., Zheng, X. Y., Wang, H. Y., & Li, Y. W. (2018). Feasibility study of a
human papillomavirus E6 and E7 oncoprotein test for the diagnosis of cervical
precancer and cancer. J Int Med Res, 46(3), 1033-1042.

Zhang, S. K., Guo, Z., Wang, P., Kang, L. N., Jia, M. M., Wu, Z. N,, . .. Qiao, Y. L. (2020).
The Potential Benefits of HPV E6/E7 mRNA Test in Cervical Cancer Screening in
China. Front Oncol, 10, 533253. doi:10.3389/fonc.2020.533253

Zhang, X., Zeng, Q., Cai, W., & Ruan, W. (2021). Trends of cervical cancer at global, regional,
and national level: data from the Global Burden of Disease study 2019. BMC Public
Health, 21(1), 894. doi:10.1186/s12889-021-10907-5

Zhao, X., Cui, Y., Jiang, S., Meng, Y., Liu, A., Wei, L., ... Li, Y. (2014). [Comparative study
of HR HPV E6/E7 mRNA and HR-HPV DNA in cervical cancer screening]. Zhonghua
Yi Xue Za Zhi, 94(43), 3432-3435.

Zhu, M., He, Y., Baak, J. P. A., Zhou, X,, Qu, Y., Sui, L., ... Wang, Q. (2015). Factors that
influence persistence or recurrence of high-grade squamous intraepithelial lesion with
positive margins after the loop electrosurgical excision procedure: a retrospective
study. BMC Cancer, 15(1), 744. doi:10.1186/s12885-015-1748-1

92



List of Publications and Papers Presented

Original Articles

1. Awoke Derbie et al. High-risk human papillomavirus genotype distribution among
women with gynecology complaints in northwest Ethiopia. Infectious Agents and
Cancer 2023; 18(1):4. DOI: 10.1186/s13027-023-00481-3

Derbie et al. Infectious Agents and Cancer (2023) 18:4 Infectious Agents and Cancer
https://doi.org/10.1186/513027-023-00481-3

L . . ®
High-risk human papillomavirus genotype ==
distribution among women with gynecology
complaints in northwest Ethiopia

Awoke Derbiem'“i"f, Melanie Maiers*, Bereket Amare®, Eyaya Misgan?, Endalkachew Nibret® 8, Uwe G. Lieberts,
Yimtubezinash Woldeamanuel®* and Tamrat Abebe*

2. Awoke Derbie et al. Histopathological profile of cervical punch biopsies and risk factors
associated with high-grade cervical precancerous lesions and cancer in northwest
Ethiopia. PLoS ONE 2022; 17(9):e0274466. DOI: 10.1371/journal.pone.0274466.

PLOS ONE

@ OPENACCESS B PEER-REVIEWED

RESEARCHARTICLE

Histopathological profile of cervical punch biopsies and risk
factors associated with high-grade cervical precancerous
lesions and cancer in northwest Ethiopia

Awoke Derbie Bereket Amare, Eyaya Misgan, Endalkachew Nibret, Melanie Maier, Yimtubezinash Woldeamanuel,
Tamrat Abebe

Published: September 12, 2022 « https://doi.org/10.1371/journal. pone 0274466

93


http://dx.doi.org/10.1186/s13027-023-00481-3
http://dx.doi.org/10.1371/journal.pone.0274466

Review Articles

. Awoke Derbie et al. Cervical cancer in Ethiopia: a review of the literature. Cancer
Causes & Control 2022; 34(3):1-11. DOI:10.1007/s10552-022-01638-y

. Awoke Derbie et al. Advances in cancer immunotherapy: a review of the literature. Ethiop
Med J, 2022, Vol. 60, No. 2

. Awoke Derbie et al. Human papillomavirus genotype distribution in Ethiopia: an updated
systematic review. Virol J. 2022 Jan 15; 19(1):13. DOI: 10.1186/s12985-022-01741

. Awoke Derbie et al. Low level of knowledge about cervical cancer among Ethiopian
women: a systematic review and meta-analysis. Infect Agents Cancer 16, 11 (2021).
https://doi.org/10.1186/s13027-021-00350-X.

. Awoke Derbie et al. HPV E6/E7 mRNA test for the detection of high grade cervical
intraepithelial neoplasia (CIN2+): a systematic review. Infectious Agent and Cancer, DOI
: 10.1186/513027-020-0278-x>

. Awoke Drbie et al. Human papillomavirus in Ethiopia: A systematic review. VirusDis
2019; 30(2), 171-179.

Manuscripts ready for publication

HR-HPV E6/E7 mRNA test for the detection of high-grade cervical lesions among
women with gynecology complaints in northwest Ethiopia (Original MS)
. Acceptance of Human papillomavirus vaccination and parents’ willingness to vaccinate

their daughters in Ethiopia: a systematic review and meta-analysis

94



Papers Presented

| have presented the following papers on different conferences (some of the certificates of
recognition are attached with).

1. High-risk Human papillomavirus genotype distribution among gynecology
complaints in northwest Ethiopia.
o Annual conference of Ethiopian Public Health Association (EPHA), 2023
2. Histopathological profile of cervical punch biopsies and risk factors associated with
high-grade cervical precancerous lesions and cancer in northwest Ethiopia.
o Annual conference of Ethiopian Society of Obstetrics and Gynecology (ESOG),
2023.
o Annual Consortium of Reproductive Health Association (COHRA), 2023
o Annual conference of Ethiopian Public Health Association (EPHA), 2023
3. Human papillomavirus genotype distribution in Ethiopia: an updated systematic
review.
o Annual conference of Ethiopian Society of Obstetrics and Gynecology (ESOG),
2022.
o Annual conference of Ethiopian Public Health Association (EPHA), 2022
o Annual conference of Ethiopian Society of Hematology and Oncology, 2022.
4. Low level of knowledge about cervical cancer among Ethiopian women: a systematic
review and meta-analysis.
o Annual conference of Ethiopian Society of Obstetrics and Gynecology (ESOG),
2021.
o Annual conference of Ethiopian Public Health Association (EPHA), 2021
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Appendix

Appendix A: Information Sheet
(English Version)

Name of Investigator: Awoke Deribie (PhD candidate)

Introduction

Dear Madam, you are invited to participate in a research study conducted by a PhD candidate,
from Addis Ababa University. Your participation is absolutely based on a voluntarily basis.
The research team includes a principal investigator, data/specimen collectors including a senior
gynecologists and pathologists and supervisors from Addis Ababa University. Please, kindly
take as much time as you need to read/listen the information sheet.

Aim of the Research Project

We request your voluntary participation in our study because we are planning discover more
about new cervical screening tool, the type of viruses involved in cervical lesions and the
epidemiological issues linked to CIN2+ among women to devise a solution in the prevention
of CC.

Procedure

If you are willing to participate in this project, you need to understand and give your consent.
The required clinical sample (cervical swab and biopsy) will be collected by an experienced
gynecologist working at FHCSH following the recommended approach. No anesthesia is
required to collect cervical biopsy. We will also ask you some questions about yourself by
using a set of questions.

Anticipated risks and discomforts

Although we do not anticipate major risks associated with your participation in this project,
however as all types of clinical studies, there might be a minimal risk. During the collection of
cervical biopsies there might be some level of pain and slight bleeding but this does not produce
serious pain and other anticipated complications.

Benefits to study participants and/or to the society

Based on the diagnostic result of histology and NA analysis, you will be linked to the
gynecology clinic for better management and at the same time, you are indirectly benefiting
through the generation of this data for better management of patients like you attending this
hospital and other hospitals in the country associated with cervical pathology.

Payment for study participation

We do not offer any kind of fee being you are part of this study.
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Confidentiality issues

All data generated from this study will be confidential and only be shared with your physician
when necessary. Data collected about you will be utilized using codes, no name identified will
be indicated for the public.

Study participation/withdrawal

It is your right to be part of this particular study. You will not be forced to remain in the study:
withdraw at any time is possible. You can also deny giving clinical samples.

Person to contact:

If you have any question, you can contact any of the following at any time:

1.

Awoke Deribie (PhD student): Cell: +251- 09 13 05 98 87 E-mail:
awoke.derbie@bdu.edu.et

Dr. Tamrat Abebe (Advisor): Cell: +251-911447227, E-mail: tabebezeleke@gmail.com,
AAU, CHS-DMIP.

Dr. Yimtubeznash Woldeamanuel (Co-advisor): Cell: +251-911225832, Email:
yimtuwa@gmail.com, AAU, CHS-DMIP

Institutional Review Board, CHS, AAU. Telephone: 0118961396; E-mail:
Chs.irb@aau.edu.et
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Appendix B: Consent Form

Participant ID

Name of the participant

| get told about the research, which is planned to be done on a new cervical screening tool, the
type of viruses involved in cervical lesions and the epidemiological factors associated with
CIN2+ amongst women in NW ETH. The aim & application of the research project were
narrated to me. | am also informed that all information collected from me will be kept
confidential. Moreover, | have also been well informed of my right to keep hold of information,
decline to cooperate and drop out of the study if I want and none of my actions will have any
bearing at all on my overall health care and hospital access.

It is therefore with full understanding of the situations that | agreed to give the written consent
to the researcher to use the specimen taken from my cervix for investigation. | also agreed that
the cervical brush, histological sample and the HPV viruses identified might be stored and
investigated further on similar grounds. In addition | have had the opportunity to ask a question
about the project and | have got the clarification to my satisfaction.

Moreover, | was also told that results will be reported timely to physician in charge for
appropriate treatment and management of my case. Hence, | agree to participate on this study
with full voluntarism.

I the undersigned hereby give my consent for giving the
requested information and specimen for the aforementioned study.

e Signature of the participant
e Witness (llliterate)
e Physician/principal investigator/data collector
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Appendix C: Demographic Data Collection Tool
(Questionnaire)

Eal A

o

10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

21.

22.
23.
24,
25.
26.

27.
28.
29.
30.

31.

Demographic characteristic

Participant ID/Card#

Age/in full years/

Setting a. Urban b. Rural

Education a. unable to read & write b.<grade 8 c. Grade 8-12 d.
College study

Occupation a. Housewife b. Private business/employ c. Gov’t employs d. Other
specify

Marital status a. Single b. Married  c¢. Widowed d. Other,
specify

Reproductive/Gynecologic data/risk related items (some from chart review)
Body Mass Index, (BMI--Kg/M?)
Your age during the sex?
# of sex partner(s)?

Did you give birth? a. Yes b. No

If yes, how many children do you have?

Do you use hormonal contraceptives? a. Yes b. No

If yes, for how many years?

HIV Sero-status? a. Positive  b. Negative c. Unknown

If HIV positive, current CD4 count and stage of AIDS ,
Did you have previous history of sexually transmitted disease? a. Yes b. No c.
Unknown
History of treatment for vaginal discharge? a. Yes b. No c. Unknown
Have you vaccinated for HPV? a. Yes b. No c. Unknown
Do you have sister or mother with history of CC? a. Yes b. No
Do you smoke tobacco a. Yes, (average smoke perday )

b. No
Do your husband/any other family membrane living with, smokes? a. Yes

b. No
Have you ever had any type of cancer? a. Yes b. No c. Unknown
Have you screened for CC before? A. Yes (how many times__ )b. No
Have you screened for CC in the last five years? a. Yes b. No
If yes for either, by which method? a. VIA b. Pap c¢. HPV based test d. other, specify
Current presumptive gynecologic diagnosis?

Gynecologic image finding (like, ultrasound)
VIA screening result

OnchoE® test result a. Positive b. Negative c. Invalid
If OnchoE® test is positive, type of HPV identified? a. HPV 16 b. HPV 18 c.
Both

Type of treatment given?
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Appendix D: Project Administration and Staffing

This PhD thesis was administered by department of DMIP,CHS,AAU. The funding issues was
handled by CDT-Africa, AAU-CHS, and BRI, Bahir Dar University (BDU). Supervisors were
assigned from the department and collaborators were invited from FHCSH, BDU, CMHS, and
from Germany at the Leipzig University Hospital.

The faculty that were involved in this project includes; the principal investigator, supervisors,

collaborators (gynecologist and pathologist), and questioner administrator (nurses).
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Appendix E: AAU, CHS, IRB-ethical clearance
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Appendix F: National Ethical Clearance




Appendix G: Material Transfer Agreement (MTA)
Material Transfer Agreement

This Material Transfer Agreement (MTA) has been prepared for use by Addis Ababa University,
icrobi nolo, itol Ethiopia and Institute of Virology,

Medical Faculty, Leipzig University in all transfer of research material (samples, derivatives, and
specimens) related to the protocol “Human papillomavirus E6/E7 mRNA test for the detection
of high grade cervical intraepithelial neoplasia (CIN2+) among gynecology complaints in
northwest Ethiopia”.

Provider: Mr. Awoke Derbie, Addis Ababa University, Department of Microbiology,
Immunology and Parasitology, Ethiopia

Recipient: Prof Uwe G Liebert, Institute of Virology, Medical Faculty, Leipzig University,
Leipzig, Germany. Provider agrees to transfer to recipient’s designated (provider) the following
research materials /specimen; Cervical brushes for HPV genotyping and E6/E7 mRNA test.

The research material will only be used for research purposes as described in the protocol by
recipient’s investigator in designated laboratory for the research project described below, under
suitable containment conditions. This research material will not be used for commercial purposes
such as screening, production or sale for which a commercialization license may be required.
Recipient agrees to comply with all National and International guidelines rules and regulations
applicable to the Research Project and the handling of the Research Material.

a) Are the research materials of human origin?

Yn No D

b) If yes, are they collected according to the details in the protocol and in adherence
to National Research Ethics Review Committee (NRERC) and Addis Ababa
University College of Health Sciences (AAU-CHS) Ethics Review Committee
recommendations and their approval?

Yes No [:]

2. This research material and its derivatives will be used by recipient’s investigator solely in
connection with the following research project (“Research Project”) described with specificity
as follows “Human papillomavirus E6/E7 mRNA test for the detection of high grade cervical
intraepithelial neoplasia (CIN2+) among gynecology complaints in northwest Ethiopia”.

3. In all presentations or written publications concerning the research project, recipient will
acknowledge provider's contribution of this research material unless requested otherwise,

MSUT AGR2016-00787
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4. This research material represents a significant contribution on the part of provider and is
considered proprietary to provider. Recipient therefore agrees to retain control over this
research material and further agrees not to transfer the research material to other people not
under her/his direct supervision without advance written approval of provider. The research
material will be disposed of as agreed upon per protocol at the end of completion of the project..

3. The provider does not take any responsibility for loss, damage, wastage or spoilage of the
research material during or after shipment to the address provided by the recipient under
conditions agreed to in the protocol on shipment of the samples. This research material is
provided as a service to the research community. IT IS BEING SUPPLIED TO RECIPIENT
WITH NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Provider makes no
representations that the use of the research material will not infringe any patent or proprietary
right of third parties.

6. The recipient shall notify the provider in witting of any intention, improvement, modiﬁcat.ion
discovery or development to the material or the information made by recipient or parties,
collaborating with recipient, here in after referred to as “invention™. Nothing in this agreement
shall, however, be construed as conveying to the provider any rights under any Pa“"‘s or °‘*{“
intellectual property to such invention, and other than as explicitly prowded .herem. Atits
option the provider shall be entitled to receive sample of any materials derived from the
Materials for its own research and evaluation purposes only.

7. The under- signed provider and recipient expressly certify and affirm that the contents of any
statements made herein are truthful and accurate.

8. Any additional terms (use an attached page if necessary):
9. The provider maintains, ownership right of the research material and its unmodified derivatives
unless stated otherwise.

The provider will retain a copy (aliquot) of every sample sent abroad as much as possible for local
research needs.
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Material Transfer Agreement

For Recipient:

Read and Acknowledged by:
Recipient’s Investigator

1P215 AR
-Liebgn
Mailing Addres's:ﬁ;foga:tﬂé’i@
Johannisallee 30, Haus J

103 Leipzi
Telefon:0341 - 97 14300
Fax: 0341 - 97 14309

For Provider:

Provider’s Investigator

Mr. Awoke Derbie
Signature

1]

]

S
Date: 02 Oct 2020
Mailing Address:

fences,
hool of Medici

MSUT AGR2016-00787
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Signature page

Duly Authorized
Prof. Uwe G Liebert

Johannisallee 30, Haus J

04103 Leipzig
Telefon:034] -

Fax: 0341 - 97 14

Duly Authorized .
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