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Abstract. Cervical cancer (CC) remains a current global
issue, with >90% of cervical cancer cases being attributed
to human papilloma virus (HPV). The highest burden of
cervical cancer is reported in resource-depleted geograph-
ical areas with a high incidence of HPV infection. Recent
developments in primary prevention include vaccinations
against specific strains of HPV and the psychoeducation
of the public. Yet, despite the availability of vaccinations,
there is high incidence of both HPV and cervical cancer
in developing countries, which is attributed to a multitude
of barriers including inaccessibility to expensive vaccines.
With regards to secondary prevention, progress is actively
being made to develop more effective methods of screening
and to specifically address the needs of low-income coun-
tries. In the past few years, more novel screening methods,
such as self-assessment kits, immunohistochemistry and
methylation marker analysis, have been developed. Barriers
to screening in resource-depleted countries include limited
financial resources and infrastructure to develop screening
programmes, a lack of screening programmes that are
accessible to populations, inadequate training of healthcare
teams and stigma related to medical examinations performed
as part of screening. Developing primary and secondary
prevention programs, as well as addressing the barriers
involved in countries with low socioeconomic levels, can
drastically reduce morbidity and mortality rates associated
with cervical cancer, thus reducing the burden associated
with this gynaecological malignancy.
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1. Introduction

Cervical cancer (CC) is the fourth most common cancer
in women. According to Globacon, in 2020, CC affected
604,127 patients and was responsible for 341,831 deaths (1).
This disease typically occurs in sexually active females
aged 30-45, but also presents beyond this age range. A number
of well-established risk factors include a positive human papil-
loma virus (HPV) test, multiple sexual partners, smoking, early
coitarche, lack of screening and immunosuppression (2,3).

In the microenvironment of the cervix, a junction of
columnar epithelium representing the endocervix and squa-
mous epithelium representing the exocervix exists which
is known as the transformation zone and remains the most
susceptible zone to neoplastic proliferation in the cervix (4).
HPV contributes to, but it is not the sole contributor to the
development of CC. In fact, only approximately 5% of HPV
infected individuals develop carcinoma yet more than 90% of
all cases of CC are attributed to HPV (5,6). It should also be
noted that not all HPV strains inevitably give rise to cancer.
HPV strains 6 and 11 may cause warts and papillomatosis of
the respiratory tract. HPV strains -16, -18, -31, -33, -45, -52, -58
on the other hand are associated with carcinogenesis of the
cervix (7). HPV-16 and HPV-18 produce the E6 and E7 gene
products, which in turn inhibit the p5S3 and Rb proteins respec-
tively (8).

CC is often asymptomatic, allowing time for it to progress
to a more invasive malignancy. With the gradual progression
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of the cancer, some symptoms emerge which include among
others abnormal vaginal bleeding, dyspareunia, abnormal
discharge, haematuria, urinary incontinence, lower abdominal
pain and general fatigue (9,10). The diagnosis for CC involves
initial screening with a Papanicolaou (Pap) smear/cytology
which has 55% sensitivity for CINII and 97% sensitivity for
CINIIL. If an abnormality is detected on Pap smear, this is
followed up by colposcopy with biopsy, which is considered
to be the gold standard for definitive diagnosis. The Pap test
demonstrates low sensitivity for initial dysplastic events such
as CINTI, and therefore some physicians may opt for colposcopy
with biopsy after a positive HPV test (11). Histological exami-
nation of a cervical biopsy categorises CC into two types of
carcinomas: squamous cell carcinoma, which constitutes up to
85% of cancer samples and adenocarcinoma which reaches up
to 25% of cases in certain areas (12). CC is typically preceded
by cervical intraepithelial neoplasia (CIN) I-III, which can
also be visualised on histology (13).

The staging system employed in CC follows The
International Federation of Gynaecology and Obstetrics
(FIGO) system and the management of CC is dependent on the
staging of the tumour based on the FIGO system (14). For IA
cervical cancer, the preferred mode of treatment is conisation
which may include cold knife conisation, loop excision conisa-
tion or laser (loop excision is usually the treatment of choice
at this stage) (15). Regarding stages IA2-IB2, a more radical
approach is taken, involving hysterectomy, bilateral salpingec-
tomy as well as possible bilateral oophorectomy and pelvic
lymphadenectomy (16). For stages IB3-IVA, management
includes external beam radiotherapy (EBRT), intracavitary
brachytherapy and concomitant cisplatin chemotherapy.

Studies have shown that there is an unequal distribution
of CC among different parts of the world as well as based
on ethnic background (17,18). This inequality may be due to
a variety of factors such as lack of education related to both
HPYV and CC, lack of screening, genetic predisposition as well
as exposure to more risk factors or cultural beliefs in certain
geographical regions; yet probably one of the most important
factors for a higher mortality rate in underdeveloped coun-
tries vs. developed countries is the lack of implementation of
primary and secondary prevention programmes.

The aims of this narrative review are to examine
geographical differences in the epidemiology of CC, provide
an overview of the most effective primary and secondary
preventive measures available, describe the barriers existing
in resource depleted countries (at the health system, the
community and the individual levels) and describe the possible
strategies that can be developed to further improve prevention
and diminish the impact of this gynaecological malignancy.

2. Epidemiology and geographical inequalities in the
burden of CC

The global age-standardised incidence for cervical cancer for
the year 2020 stands at 11.1 per 100,000 women while the
age-standardised mortality rates is 14.8 per 100,000 women,
with substantial variations from country to country (19). It is
pertinent to note that while the worldwide prevalence of CC
was reported as 604,127 cases in the year 2020, 85% of the
cases were reported in low- and middle-income countries (20).

The general trend elicited is that the higher the Human
Development Index (HDI), the lower the incidence and
mortality rates of CC. The HDI is a measure of a country's
successes based on a range of social and economic factors.
A value of 0 indicates poor performance, while a value of 1
indicates extremely high development. The main components
of this index lie in the public health of the nation, education
attainability and living standards (21). Some examples which
highlight this HDI based inequality are Malawi, Zambia,
Zimbabwe and Tanzania which reported an astonishing inci-
dence of over 40 per 100,000-woman years as well as an HDI
below 0.5 in 2018. In the same year, approximately 84% of
CC cases and 88% of CC related deaths occurred in countries
with an HDI below 0.8. Malawi and Eswatini both have an
HDI below 0.65 and exhibited an incidence of 72 and 75 per
100,000-women years in 2018 respectively. Meanwhile China
and India have their HDIs fluctuating between 0.65 and 0.8 and
demonstrated an incidence of 11 and 15 per 100,000-woman
years respectively in the same year. These numbers can be
immediately contrasted with a high HDI country such as
Germany (0.95), where CC incidence stood at roughly 8 per
100,000-woman years. Interestingly, China and India together
contributed towards 35% of the disease burden worldwide.
At the same time, countries with a high HDI over 0.8, such
as Australia, New Zealand and Finland, exhibited a 2-4-fold
lower incidence and mortality standing roughly at 7 and 3 per
100,000-woman years respectively when examined during the
same year (22).

If trends are to be examined, high HDI countries such as
Switzerland exhibited a decrease in CC incidence, from 0.98%
in 1993-1997 to 0.37% in 2008-2012 (23). The initial incidence
was already relatively low,but over the years it decreased further.
Looking at middle to high HDI countries such as Singapore,
a larger drop can be observed: the incidence experienced a
9.5-fold decrease from 44.8 per 100,000-person years in 1968
to 4.7 per 100,000-person years in 2012 in ethnically Indian
women residing in Singapore. It is also remarkable that during
this time period the decrease in incidence per 100,000-person
years did not even plateau (24). Unfortunately, the trend differs
for low HDI countries such as Uruguay. In the latter, there was
a shallow decline in the incidence of CC from 17.6 to 14.8 per
100,000-person years in the period of 2002-2015. One could
argue that such a drastic difference in incidence reduction
per person years between the Singaporean subpopulation and
Uruguay is due to examining a larger time frame in the former
study, so it would be unfair to draw conclusions about Uruguay
since the study was shorter. This however is a false assump-
tion since the decrease in incidence of CC for the Singaporean
population between 2005 and 2010 was 50% (from 10 to 5 per
100,000-person years), while the decrease in the incidence
in CC in the Uruguay population mentioned above was 16%
during the period of 2002 and 2015. Hence, in a high HDI
country there was a larger incidence reduction of CC during a
period of 5 years compared to a country with low HDI country
during a period of 13 years (25). The plateau in incidence for
Uruguay and other low HDI countries, despite globalisation of
HPV vaccinations and updated screening protocols, warrant a
discussion regarding geographical inequalities.

Studies have shown that there is an unequal distribu-
tion of CC among different parts of the world also based on
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ethnic background. A study conducted during the period
of 1999 to 2015 has shown that African-American women
have substantially higher incidence (10.8 per 100,000) and
mortality (4.4 per 100,000) rates than White American women
(7.4 per 100,000; 2.1 per 100,000 respectively) (26). This is
despite both groups of women residing in the Untited States
of America, where screening and vaccination programs are in
place. In comparison, rates in Sub-Saharan Africa are even
more dismal: CC constituted the number one cause of death
among women with a mortality rate of 30 per 100,000 for
the year 2018 (27). This inequality may be due to a variety of
factors such as lack of education in the field, genetics, exposure
to more risk factors or cultural beliefs in certain geographical
regions; yet probably one of the most important factors for
a higher mortality rate in women in Sub-Saharan Africa
compared to Caucasian women residing in first world coun-
tries is the lack of a stable implemented screening program or
inaccessibility to such a programme in the former.

The worldwide prevalence of HPV stands at 12%,
while the prevalence in regions such as sub-Saharan Africa
reaches 24%. According to WHO, HPV infection with geno-
types 16 and 18 is a direct cause of 70% of CC cases. In low
HDI countries such as Ethiopia (0.49), a total of 90.2% of CC
cases are attributed to HPV 16 and 18, 20% higher than the
global average (28). This raises the issue of lack of vaccination
against HPV strains in such geographical areas, which could
have reduced the incidence of CC.

3. Primary prevention and barriers faced by developing
countries

The purpose of primary prevention is to prevent a disease from
ever occurring. Thus, primary prevention targets healthy indi-
viduals and focuses on interventions that are performed before
development of a condition and include psychoeducation and
vaccination (29). The European guidelines offer randomized
control trial (RCT) and expert opinion supported recom-
mendations for primary prevention, with the focus on HPV
vaccination. The guidelines state that HPV vaccinations are
best implemented through largescale national programmes,
with the target age for vaccination being 10-13 years of age.
Monitoring and evaluation of the safety and effectiveness
of the HPV vaccine should also be implemented in for long
term evaluation and hence improvement of the vaccination
programme in each country. The coverage target was set at
a minimum of 70% with a strong preference for over 80%.
Lastly, it was recommended that European countries focus
on synergising HPV screening and vaccination as a potential
method for lowering the financial burden of HPV related
disease (30).

4. Vaccinations

The most effective method for CC primary prevention is
HPV vaccination. The Food and Drug Administration has
approved three different vaccines Cervarix, Gardasil and
Gardasil 9 (31). Cervarix is a bivalent vaccine that covers
HPV 16 and 18, the two most commonly involved strains in
CC pathogenesis. Gardasil on the other hand is quadrivalent,
covering for HPV 6, 11, 16 and 18. In the past few years,

HPV 31 and 33 have emerged as important types with higher
predictive values than HPV18 in causing CC. Specifically,
studies conducted in New Mexico and Sweden have shown
that HPV 31 and 33 have a higher positive predictive value
for CIN2+ and CIN3+ compared to HPV18. HPV 39, 56, 59,
66 and 68 have been shown to have an ‘intermediate risk’
and HPV 66 has been shown to carry very little risk. Lastly,
Gardasil 9, offers a more extensive spectrum of coverage
with the addition of HPV 31, 33, 45, 52 and 58 to the list
of strains. Vaccination does not only protect from HPV
derived CC, but also yields protection from pre-cancerous
and cancerous lesions of the lower genital tract, anal area,
head and neck, as well as prevention of genital warts (32).
Furthermore, studies proposed that even late vaccination
provides a better population-based protection against HPV
as opposed to no vaccination (33). Therefore, efforts should
be invested to further develop vaccines that will cover a
greater range of HPV strains involved in cervical carcino-
genesis (34).

When vaccination levels are compared across countries
there is a clear discrepancy seen between high HDI and low
HDI countries. A study estimated that in 2019, New Zealand
and Australia vaccinated 86% of females with the first dose
and 77% with the second dose. During the same year, Sub
Saharan Africa as a whole vaccinated 31 and 20% of females
with the first and second doses respectively. The study also
highlighted that during the same year higher HDI countries
such as in the Untited States of America and New Zealand
had a ratio of males to females getting the vaccination closer
to 1, meanwhile countries like Panama and Uruguay had ratios
of male to female vaccination of 0.6 and 0.2 respectively (35).

Barriers to vaccination in low-income countries. This section
tackles barriers associated with primary prevention strate-
gies such as: cost of vaccination and implementation of such
programs in low-income countries, sex as a barrier to male
vaccination uptake, distance and transportation related issues
leading to lower uptake of vaccination and lack of knowledge
and stigma related to HPV vaccination in societies where this
is still viewed as a taboo topic.

Financial cost of vaccination. The costs of vaccinations may
also pose a major barrier to lowering the incidence of CC. In
a study conducted among Chinese women, the high cost of
the HPV vaccine served as one of the components of women's
hesitancy to get vaccinated (36). This obstacle applies to several
low HDI countries in which the individuals are expected to
cover the cost of the vaccination. Studies have shown that
governmentally sponsored programmes can be cost effective.
In a study conducted in Thailand it was shown that if a catch-up
program was implemented to vaccinate young women who
were not previously vaccinated, it would cost less than 10,000
Thai Baht per Quality-of-Life Points (QUALYs). The recom-
mended threshold for Thailand according to its government
stood at 160,000 Thai Baht per QUALY proving that the
implementation of a vaccination program would be cost effec-
tive (37). Therefore, it is important to consider the ultimate
benefits of developing vaccination programmes for the health
outcomes of the general population and the cost-effectiveness
of such programmes.
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Sex and HPV vaccinations. HPV vaccination was initially
introduced in the Untited States of America in 2006 and
was approved as a ‘females only’ vaccine since its aim was
the prevention of CC. Following the initial introduction of
the vaccine to women, it was soon realised that the latter
did not stop men from infecting women with the virus and
vice versa, and it became clear that it was pertinent to have
both sexes protected. The initial notion was that if all women
were vaccinated the latter could provide herd immunity for
men, but this assumption was false (due to incomplete vacci-
nation in all females) as well as the fact that homosexual
men would still be vulnerable to infection with HPV (38).
Therefore, in the year 2009, HPV vaccination was approved
as a sex-neutral vaccination. The current guidelines by the
Advisory Committee on Immunization Practices recommend
vaccination of young girls and boys at age 9-14 years old with
the two-dose option (39).

While low rates of HPV vaccination generally may be a
problem of more rural communities, the feminisation of HPV
persists in high HDI countries. According to a study in the
Untited States of America in 2014 approximately 60% of females
aged 13 to 17 received at least one dose of the vaccine compared
to only 42% of their male counterparts. The catch-up programme
in 2012 showed even lower levels of vaccination with 34% of
women and 5.5% of men aged 18 to 26 respectively (38).

School based vaccinations should be considered in an
effort to increase vaccination rates among young people. By
following a school-based vaccination programme, Australia
was able to reach a vaccination coverage of 86% of females
and 78% of males respectively. This success could also be
attributed to strong community acceptance for the vaccine as
a tool for cancer prevention in both sexes (40).

Distance and transportation. Another point of concern for
low HDI country parents was having to take their child out of
school for multiple doses of the vaccine, especially taking into
consideration the transport limitations addressed above (41).

Lack of knowledge and stigma. Studies have reported that
parents and spouses of women participating in prevention
programs in resource-depleted settings were concerned
regarding HPV vaccination since in their opinion this would
affect the fertility of the women. Some also believed that HPV
vaccination had association with the human immunodeficiency
virus (HIV), which is also stigmatised and hence served as a
barrier to screening. Some parents also believed that intimate
examinations and HPV vaccination in their daughters would
initiate early coitarche and this led to reluctancy in medical
follow-up. In these communities, diagnoses of CC may also
be viewed as a death sentence despite advancements in treat-
ment, so some women opt out of prevention programs under
the belief that they would rather die not knowing or that it is
a religion-guided fate (41). Another misconception conveyed
is that only women need to get the vaccine as this is purely a
biologically female problem (42).

5. Psychoeducation

Psychoeducation of the general population about CC and its
associated risk factors is a form of primary prevention that

is not given enough attention. To highlight this, a study in
Kenya was performed in which one third of the interviewed
women aged 15-24 did not know what CC even is (30). Lack
of education and poverty are greatly associated with this
knowledge gap, but even high HDI countries have individuals
with limited understanding on how to protect themselves from
CC. Interestingly, according to a study in the United Kingdom,
information leaflets increase knowledge on CC symptom-
atology, lower overall anxiety and prompt help-seeking (43).
Nevertheless, some individuals may find CC related informa-
tion too challenging and hence feel discouraged to partake in
HPV vaccination or screening. For example, another United
Kingdom based study aimed to identify the challenges associ-
ated with the National Health Service leaflet. Some of the main
issues encountered included not understanding the benefits or
results of screening, the risks of screening and HPV infection,
or complex terminology (44). Other leaflets in Scandinavian
countries such as Norway, Finland were reported to not address
the HPV related information that was truly sought after by
the audience, such as psychosocial information or unbiased
alternatives to vaccination and screening (45).

Ngu et al (46) conducted a study in which participants
were allocated into groups. The firs group was offered coun-
selling along with a leaflet, whereas the second group was only
provided with a leaflet. The study then compared CC related
anxiety, depression and screening related knowledge levels in
the two groups of women. In this study, the two groups were
followed up with a questionnaire pre-intervention, a week after
and 6 months after the intervention. The researchers reported
that the counselling group had a higher score in knowledge
on screening and HPV at 1 week follow-up; yet at a 6-month
follow-up both the intervention and control groups had
approximately the same level of knowledge on CC screening
and risks. Meanwhile CC related anxiety gradually decreased
in both groups equally (46). This trial demonstrates that it
is not mandatory to implement costly information services
such as personal counselling, and that even leaflets with basic
guidelines could be impactful in low HDI regions. Very limited
information can be found on the effects of psychoeducational
programs and leaflets on populations in resource depleted
settings, which implies that psychoeducation programmes
are not common in low income countries. Of course, such
programs may not be the sufficient to achieve CC elimination,
but they may be beneficial. Therefore, educational interven-
tions from a young age could be a powerful tool for prevention
of CC incidence.

Barriers to psychoeducation. The cost of educational
programme can be a significant obstacle to lowering the burden
of CC. A randomised cluster trial among uninsured Hispanic
women examined the benefits of having a group-based
educational session which is also culturally appropriate by a
professional in the field. Additionally, the study also provided
free of charge screening for all the women in the study. While
the benefits of these interventions were clear, the funding was
provided by the Institute conducting the research (47). Hence,
the cost of such interventions would be something inaccessible
for these women in their normal setting. Another study in
Peru highlighted that while in person educational interven-
tions may be costly, an online alternative could have been a
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solution. However, some young women in low HDI countries
do not even have access to internet, let alone information on
CC primary prevention (48).

6.Secondary prevention and challenges faced by developing
countries

Secondary prevention emphasizes early disease detection and
its target is healthy-appearing individuals with subclinical
forms of the disease. Secondary prevention screens to identify
preneoplastic high grade lesions such as CIN II and IIT as well
as identify CC in its earliest form, preferably before the onset
of symptoms and signs, with screening being the most widely
established form of secondary prevention in the context of
CC (29). It is crucial for screening to cover a high coverage
of the target population, specifically in the age groups of
25 to 65 years of age. Secondary prevention should also involve
compliance with repeating screening tests according to the CC
prevention program of the country as well as monitoring the
results for comparison in order to see if there is evolution of
any possible lesions and following up carefully screen-positive
women.

Screening methods for CC range from conventional
methods that have been available for many years, such as
cytology, HPV testing and visual inspection with acetic acid
(VIA), to more recent advancements such as self-sample
kits and screening for methylation markers which are still
undergoing research. Cytology is the most conventional
method of secondary prevention due to its high uptake in
several countries, while HPV testing for DNA sequences of
the 12/14 high-risk HPV types is still under implementation in
many countries (49). Self-sample kits constitute a different way
of collecting cervico-vaginal cells (suitable for HPV testing and
not for cytology) and represents a more comfortable method to
increase women's participation to screening especially among
stigmatised populations (50). While methylation markers are
under study and currently used for triage of screen-positive
women and are not as a primary screening tool. Since they are
expensive and require well equipped laboratories, they are less
suitable for middle-low income countries; yet more research
in this field could be beneficial for CC patients. Different
methods of screening therefore entail varying costs, and
different requirements for infrastructure as well and expertise
of personnel, which may be important obstacles in the imple-
mentation of successful screening programs in developing
countries (49).

There is variation in screening uptake in Europe, with
some countries having a fully implemented nation-wide
screening program such as the Netherlands and Turkey,
while France is still implementing a screening program that
would be accessible to hard-to-reach populations, reduce CC
incidence and deaths by 30%, and reach an 80% screened
population coverage over the next 10 years from 2019 (51,52).
Belgium and Switzerland have had a mean stable screening
coverage of 70.9 and 73.1% during 2008-2012, respec-
tively (53).

In the Untited States of America there was a decline in
in overall screening in all age groups from 2010-2014. For
example, women aged 30-39 had a decrease in screening
uptake from 88 to 77.5% over the 4-year period, yet rates of

co-testing were the highest compared to all other age groups
standing at 44.4% in 2014 (54). The significance of screening
is supported by a population-based control trial in New
Mexico which highlighted that there were 83 and 48% lower
odds ratio of developing non-localised CC and localised CC
for women screened 3 years prior to detection compared to
women who did not undergo screening (55). Another retro-
spective study on a population also in New Mexico showed
that out of 504 women diagnosed between 2009-2016,
only 36% were screened at some point in their life. This result
again reinforces the point of early detection and treatment as
key for preventing debilitating complications and indeed this
study confirmed that screening could have prevented 35% of
these cases (56).

A clusterrandomised trial in India with over 130,000 women
also highlighted the benefit and statistical significance of
screening for CC. There were 34 deaths from CC in the
HPV testing group vs. 64 deaths in the control group, hazard
ratio 0.52; 95% confidence interval 0.33-0.83 (57). Bhutan
on the other hand was one of the first low to middle income
countries to introduce a national HPV vaccination program in
2010, which also became sex neutral in 2020. However, despite
being free of charge, screening uptake was only 59.2% among
woman aged 18-69 years old and only increased to 66% in
2017, supporting the need for greater efforts to be implemented
to achieve a higher vaccination rate (58).

Apart from lowering disease burden and mortality,
screening methods are economically more efficient than
detecting the cancer at later stages and resorting to more costly,
technical treatments. In fact, in the Untited States of America, it
was estimated that a perfect compliance to screening at 3-year
intervals would increase the incremental net monetary benefits
from $759 to $1,645 as well as gain cheaper QUALYs (59).

7. Recent developments in screening methods

Cytology. Cytology has been a conventional method of
screening since the 1940s, with many countries such as the
UK and US developing screening programs based around this
test. Unfortunately, though, this screening method has plenty
of drawbacks such as high false negative rates due to sampling
and interpretation errors, as well as artefacts impeding
visualisation of the samples. This led to the emergence of
alternative cytology-based techniques such as liquid based
cytology, which holds numerous advantages over the conven-
tional method. It has been shown to be faster, more efficient,
more accurate, with fewer artefacts that could obscure the
results as well as an overall higher detection rate of 97.60% as
opposed to conventional cytology with a 71.96% detection rate
respectively (60). It has been estimated that the liquid-based
preparations have a sensitivity of 61-66% and a specificity
of 82-90% as opposed to the conventional cytology prepara-
tion which has sensitivity of 51% and specificity of 57% (61).
It has also been suggested that double reading of cytology
slides could be implemented to avoid missing out on potential
high grade squamous intraepithelial lesions (HSIL+). A study
conducted in Mexico reported that 3,914 women with positive
high-risk HPV were triaged with liquid-based cytology. The
study detected a 20.9% increase in HSIL+ cases when double
reading was done (62).
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Visualisation with acetic acid or Lugol's iodine. Another
widely applied form of screening is visualisation with either
acetic acid or Lugol's iodine, which is utilised extensively
even today in marginalised populations. The technique has
numerous benefits such as low cost, safety, immediate real
time results permitting a single visit, as well as the possi-
bility for a screen and treat approach without the fear of
losing patients to follow-up (63). A further advantage of this
technique is that it can be performed by healthcare personnel
such as nurses and midwives after short training programs,
without the need for a doctor to be present for the procedure
to be implemented. This is especially crucial in resource
depleted countries. The most remarkable limitation of this
technique lies on its sensitivity and specificity, which were
reported to be only 69.6 and 51.0% respectively for lesions of
CIN II and above in a study carried out in Kenya (64). These
rates are lower than the sensitivity and specificity of tradi-
tional liquid-based cytology. Another drawback may be that
the healthcare personnel performing the technique may not
be experienced enough to distinguish VIA positive from VIA
negative patients. Recently in a study by Kudva et al (65) an
Android Device based screening method was proposed to
address this issue. The novel technique suggests that during
VIA examination the health care provider uses a speculum
with an Android device attached to acquire images of the
cervix prior to and after acetic acid application, as well as
the patient's identification details. Upon acquisition, these
images are sent to a medical expert in the field, who after
examination deems them VIA positive or negative. In a
clinical study involving more than 100 women in India, it
was found that the algorithm offered a sensitivity of 99.05%
and a specificity of 97.16% (65).

HPV DNA genome assays. Testing for high-risk HPV
genomes is a relatively reliable option for detection of CIN.
Despite studies demonstrating that HPV testing has a lower
specificity (89.9%) than cytology (96.3%) for CINII, this
screening method still has a number of advantages (66).
However, in accordance with the most recent guidelines,
primary HPV testing must be performed by assays targeting
all the high-risk types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 68), that have been clinically validated according to
the international recommendations published in 2009 and in
a recent study by Arbyn er al (67), a list of 11 DNA assays
fulfilled all requirements in order to serve as a primary
screening tool.

Ronco et al (68) conducted a pooled analysis of 4 major
European trials comparing HPV testing to cytology. The
results of this study showed that where cumulative incidence
was investigated, HPV screening was superior to cytology
at 3.5 and 5.5 year follow-up. The experimental group (HPV
screening) and control group (cytology screening) had to
have negative tests at the starting point. At the 2 follow-ups
the experimental group had a cumulative incidence of CC of
4.6 and 8.7 per 100,000 women while the cumulative incidence
of the control group was 15.4 and 36.0 per 100,000 women
respectively. Therefore, there was a discrepancy of approxi-
mately 70% across the two methods (68). It should be noted
that HPV screening offers the option of self-sampling for HPV,
thereby eliminating the need for a health care provider and

the time consuming and possibly anxiety-inducing waiting
period for the patient's appointment. This could be particularly
relevant for women from backgrounds in which such proce-
dures are highly stigmatised.

An example of testing for HPV DNA includes the careHPV
testing system (Qiagen), which can evaluate 90 samples from
patients simultaneously. It is a fast and portable system
designed specifically for low-income countries. A prospective
cohort study investigated whether self-sampling specimens
were of lower quality than physician obtained specimens.
However, the analysis of the results showed that there was
little difference in sensitivity between the two groups; yet
the comfort level of the self-sampling group was significantly
higher (69). Another study held in Vancouver also aimed to
test the feasibility of using self-assessment kits in women
for detecting HPV DNA. Women from shelters and women
centres were recruited and 28.5% of these women tested
positive for the virus. Approximately 14% of the participants
never had a cytological analysis before compared to the
local general population in which 8.3% never carried out
cytology (70). Hence this screening method should be consid-
ered for implementation in certain geographical regions with
higher stigma surrounding collecting cervical swabs.

Recently efforts have been made to develop tests to inves-
tigate the presence of HPV in the urine. A study in the UK
compared the presence of HPV in urine vs cervical samples.
The results of the study showed that the detection of HPV
in the urine was comparable to the detection of the virus in
cervical samples; yet urine samples had lower sensitivity.
Despite the lower sensitivity, developing methods that detect
HPV in urine may prove useful for women not attending
cervical screening (71).

One noteworthy drawback in HPV testing alone as a
primary screening test is the proportion of women with a
positive result due to only a transient infection with a viral
HPYV strain, which however may not be clinically relevant. To
exemplify this, in a study of over 30,000 screened women 11%
were initially shown to be HPV positive but upon subsequent
re-testing the prevalence of high-risk HPV was 1.5% (72). Part
of the decrease could be attributed to the fact that general HPV
screening is not specific enough and will identify all types of
HPYV strains instead of only the high-risk strains.

Based on the above-mentioned data, one could suggest
that combining 2 high sensitivity and specificity screening
methods would yield better prospects. In a study conducted
in Mexico 3 screening groups (liquid-based cytology, HPV
genotype 16/18 screening and both combined) were compared
and the respective sensitivity and specificity for each of the
3 groups were 42.9 and 74%, 58.3 and 54.4%, 86.6 and 34%.
The referral rate for colposcopy as the next step was 29%
for the group with both screening methods as compared to
liquid-based cytology alone which was 12% (73). Meanwhile
another study in New Mexico has shown that in women
aged 30-64 years with negative cytology, the proportion of
screening tests that were co-tests (i.e., using two screening
methods instead of one) rose from 5.6% in 2008 to 84.3% in
2019. However, despite the increase in co-tests, it has been
demonstrated to be unnecessary in primary screening, since
it does not increase sensitivity and does not affect specificity
while at the same time it increases the financial cost and
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may cause a major financial impact especially for low HDI
countries (74).

A promising advancement in tertiary prevention is the
combination of HPV screening along with pl6INK4a immu-
nostaining which is a promising biomarker for the triage of
HPV positive women. Analysis from trials suggests that using
these 2 methods simultaneously vs. using cytology alone
results in a 53% higher detection rate of CINII-CINIII (75).
However, this is still a novel screening suggestion and warrants
further trials. pl6INK4a immunohistochemistry also plays a
role on classifying CINII as either high grade or low grade,
which can be particularly relevant for women under 30 years
old since low grade CINII in this age group commonly relies
on surveillance as opposed to more radical interventions. The
pl6 immunohistochemistry positivity was associated with
higher severity CIN and higher risk HPV strains with P-value
being below 0.001 in studies, which is beneficial information
in terms of patient management (76). A particularly interesting
aspect of pl6 immunohistochemistry in another study was that
it was positive in CC in cases where HPV was negative. This
indicates that pl6 immunohistochemistry could be possibly
used as a screening marker when other more conventional tests
fail (69). However, there are only a few RCTs to assess the effi-
cacy of implementation of these particular sequences of tests,
which WHO acknowledges as a field for further investigation.

HPV RNA assays. Research is currently conducted to investi-
gate whether HPV RNA assays can be used as an adjunctive
method for cervical cancer screening. A study has shown that
the specificity for HPV RNA assay was 96.3% compared to
the specificity of ordinary HPV DNA assay which was 94.8%.
These results support the use of RNA assays as an effective
concurrent CC screening method to be used alongside other
more conventional screening methods that have high sensi-
tivity but lower specificity (70). Another study evaluated the
accuracy of the mRNA HPV biomarker in cervical smears
to identify cervical intraepithelial neoplasia (CIN) 2 or 3 and
cervical cancer. The results showed that the HPV mRNA test
exhibited overall percentage agreement with histological diag-
nosis of 89.8%. It was concluded that the HPV mRNA assays
may be an adequate tool in the secondary screening of cervical
cancer (77).

Methylation biomarkers. A new field of investigation lies in
the emergence of methylation markers as a screening method
for CC. Over the last few years, it has been noted that altera-
tions in host and viral DNA methylation levels occur during
the development of the carcinoma, so establishing the specific
changes in the DNA methylation involved could provide
insight on early detection and treatment (78).

A study among Slovenian HPV positive women was carried
out to screen for certain clusters of methylation markers and
yielded some promising results. Methylation markers C130rf18,
EPB41L3, JAM3 had 80% sensitivity and 66% specificity for
CINII and greater, while the SOX1 and ZSCANI combina-
tion demonstrated 63% sensitivity and 84% specificity for the
same CIN type. Furthermore, the markers for both groups
had higher sensitivity as the neoplasia progressed from CINII
to CINIII (79). Another study investigating the methylation
status of PAX1, ZNF582, SOX1, and NKX6-1 found that dual

methylation of PAX1 and ZNF582 showed a 100% associa-
tion with cervical pathological processes. The sensitivity and
specificity for these markers in identification of CINIII were
78.85 and 73.55% respectively (80). It is worth noting that
methylation marker studies aside from being very specific and
sensitive, they can accurately detect CIN3 and malignancy
irrespective of geographic context and setting (81).

In a blinded case-control study, methylation markers as a
screening tool were compared to HPV with cytology screening
based on sensitivity and specificity. The results demonstrated
that the sensitivity and specificity for CINIII methylation
markers were 93.2 and 41.8% as opposed to combined HPV
and cytology which were 86.4 and 49.8% respectively (82).
These results propose that methylation markers may be more
sensitive than conventional CC screening tests. In another
study, the methylation status of selected sites on HPV16 and
human genes in DNA were examined. The results showed
that methylation of viral HPV16L1 and host sites, EPB4L3
and LMX1, strongly discriminates CIN2/3 from NILM/CIN1
and cancer from CIN2/3 and may therefore be used as both
a diagnostic as well as a prognostic marker (83). Despite the
promising results, plenty of work persists in identifying the
most sensitive cluster of methylation markers that would be
predictive of CC at earlier stages.

8. Barriers to screening in low resource countries and
strategies for improvement

European guidelines offer ample information for screening
strategies at country level such as which screening tests to
utilise, age range for screening, management upon positive
tests, but it is up to each individual country to integrate these
costly recommendations. Upon diagnosis of CC there are two
clear groups identified: women of higher socio-economic
status who test positive early and women with a vulnerable
socio-economical profile who often test positive further in the
course of their disease. In European countries this disparity
is addressed via individual invite of the target population to
screening based on a central nation registry, which insures
equal access to the screening programme. Low income
countries face higher difficulty due to financial limitations
and higher burden of CC and still have room for improve-
ment. Adequate targeting of infrastructure, geographical
inaccessibility, structured time-management in clinics, patient
education and effective communication between provider and
patient, combination of vaccination and screening, analysing
and improving screening programmes could offer consider-
able improvement in screening in vulnerable countries (84).

Lack of infrastructure and financial resources. Lack of
infrastructure and limited financing may pose a challenge
for screening. In a study comparing resources for screening
in hospitals in Eastern, Southern and Central Africa, it was
found that some financial limitations persist in these areas. In
some Tanzanian hospitals for example, there was a shortage of
fixating agents for cytology. Other hospitals also reported lack
of cytology technicians. Out of the 12 African hospitals exam-
ined only 2 offered cryotherapy and loop excision, meanwhile
all the others could only offer core biopsy (85). Another study
in rural Kenya provided evidence that lack of staff, inadequate
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Figure 1. Flow chart on primary and secondary prevention methods, as well as common barriers to prevention. HPV, human papilloma virus.

training, limited space, lack of supplies for screening lack of
an autoclave were common challenges. Moreover, the majority
of staff members desired more training in the field (86).

Geographic accessibility burden. In some low HDI countries,
reaching a facility with a screening programme may be a
considerable obstacle. A study in Mexico showcased that
woman who resided in rural areas had a significantly greater
geographic accessibility burden when compared to nonrural
areas (4.4 vs. 2.5 km for screening; 9.9 vs. 4.2 km for colpos-
copy; and 14.8 vs. 6.6 km for precancer treatment services,
all P<0.001).

Furthermore, women in rural areas had to cover an extra
5.7 and 8.2 km for access to colposcopy and precancer treat-
ment services respectively (87). Another study in Kenya
showcased that some women needed up to 8 h to travel to the
nearest screening site as well as rely on taxi services. The cost
of the taxi itself would be equal to the wages a woman would
make in agricultural work (88). Therefore, lack of transporta-
tion should also be considered as a barrier.

Waiting times in the clinic. The waiting time in rural clinics
may also be an obstacle to screening. For example, in a study
in Serbia it was shown that although medical personnel were
available, waiting time for screening could take up to 4 h.
Apart from having to wait in overcrowded waiting areas,
women felt that the providers did not answer their queries
or show the anticipated respect to the patients, which also
contributed to women not wanting to attend follow-up
appointments (89).

Lack of trust of patients to healthcare teams. The study by
Urasa and Darj (90) conducted in Tanzania addressed the lack
of knowledge of nurses regarding the aetiology of CC and how

the latter hindered the trust of the patients. Lack of knowledge
from the medical personnel made the women more reluctant
to undergo screening, especially since this is viewed as a taboo
topic in the community (90). The study emphasised the impor-
tance of training and continuous professional development of
the healthcare team involved in CC screening.

9. Conclusion

Despite CC contributing so greatly to the overall cancer
mortality rate, it is also one of the most well researched cancers,
with a plethora of prevention methods. It is clear that there is
a disparity in primary and secondary prevention programmes
in high vs. low HDI countries. Despite the development of
effective methods of primary and secondary prevention,
numerous obstacles are faced which should be addressed to
ensure the prevention programmes are effective (Fig. 1). Lack
of psychoeducation, access to vaccination, stigma but mostly
the lack of implementation of a stable and accessible screening
program in low HDI countries due to the lack of infrastructure
and financial costs involved is the epicentre of the problem.
Research has focused on addressing the needs of developing
countries by trying to develop novel and economically more
cost-effective and accessible screening methods. The effec-
tiveness of vaccines for CC as well as the multiple screening
options related to it, should call for immediate enforcement of
well-structured and easily accessible primary and secondary
prevention programmes by policy makers, especially in
more resource depleted countries which currently have the
highest incidence of invasive pathology. Introduction of such
prevention programmes across all geographical regions and
maintenance of high adherence rates by women via continuous
psychoeducation would lead to CC becoming a worry of the
past.
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