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Abstract
Cervical cancer (CC) represents the fourth most 
common malignancy affecting women all over the 
world and is the second most common in developing 
areas. In these areas, the burden from disease remains 
important because of the difficulty in implementing 
cytology-based screening programmes. The main 
obstacles inherent to these countries are poverty 
and a lack of healthcare infrastructures and trained 
practitioners. With the availability of new technologies, 
researchers have attempted to find new strategies 
that are adapted to low- and middle-income countries 
(LMIC) to promote early diagnosis of cervical pathology. 
Current evidence suggests that human papillomavirus 
(HPV) testing is more effective than cytology for CC 
screening. Therefore, highly sensitive tests have 
now been developed for primary screening. Rapid 
molecular methods for detecting HPV DNA have only 
recently been commercially available. This constitutes 
a milestone in CC screening in low-resource settings 
because it may help overcome the great majority of 
obstacles inherent to previous screening programmes. 
Despite several advantages, HPV-based screening has 
a low positive predictive value for CC, so that HPV-
positive women need to be triaged with further testing 
to determine optimal management. Visual inspection 
tests, cytology and novel biomarkers are some options. 
In this review, we provide an overview of current and 
emerging screening approaches for CC. In particular, 
we discuss the challenge of implementing an efficient 
cervical screening adapted to LMIC and the opportunity 
to introduce primary HPV-based screening with the 
availability of point-of-care (POC) HPV testing. The most 
adapted screening strategy to LMIC is still a work in 
progress, but we have reasons to believe that POC HPV 
testing makes part of the future strategies in association 
with a triage test that still needs to be defined.
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Core tip: Cervical cancer (CC) burden in developing 
countries remains important because of the difficulty in 
implementing cytology-based screening programmes. 
With the introduction of new technologies, resear
chers have attempted to find new strategies for 
CC screening adapted to these countries. Rapid 
human papillomavirus (HPV) tests are one of these 
advantageous methods. However, HPV testing has a 
low positive predictive value for CC, so a triage test 
is needed. Visual inspection tests, cytology and novel 
biomarkers are some options. We provide an overview 
of current and emerging screening approaches for CC. 
We discuss the challenge of implementing an efficient 
CC screening adapted to developing countries and the 
opportunity to introduce primary HPV-based screening 
with the availability of point-of-care tests.
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INTRODUCTION
The incidence of cervical cancer (CC) varies greatly world­
wide. There is a large difference between developing 
and developed countries, where CC cases have been 
significantly reduced since the implementation of 
effective screening programmes. However, in developing 
countries, the burden from CC remains because of the 
difficulty in implementing cytology-based screening 
programmes. According to the latest world cancer 
statistics[1], CC is the fourth most common cancer in 
women globally (528000 new cases each year) and 
the second most common in developing areas (445000 
new cases each year). CC is also the fourth most lethal 
cancer in women worldwide (266000 deaths) and 
the third cause of cancer-related death in developing 
countries (230158 deaths)[1], which means that more 
than 80% of the global burden occurs in developing 
areas. 

In addition, the incidence and mortality of CC is 
variable within low- and middle-income countries 
(LMIC). In India, there are 20.2 per 100000 new cases 
of CC diagnosed and 11.1 per 100000 deaths annually, 
accounting for more than one fifth of the global CC 
deaths[2]. In sub-Saharan Africa, 34.8 per 100000 
women are diagnosed with CC annually and 22.5 per 
100000 women die from this disease[1]. In contrast, 
in western Asian countries, only 3.8 per 100000 new 

cases are diagnosed per year and 1.6 per 100000 
die from CC[1]. Therefore, if the chances to survive 
CC are considered, a woman in Thailand will have an 
approximately 58% chance of survival, while in India she 
will only have a 42% chance. This survival is even more 
critical in Sub-Saharan Africa, where women only have 
a 21% chance to survive CC[3]. Overall, the mortality to 
incidence ratio of CC is 52%[4]. 

Human papillomavirus (HPV) is a major co-factor 
of CC. Development of vaccines against HPV has 
been a major advance for prevention of this cancer. 
Nevertheless, large-scale implementation of HPV 
vaccination is still lacking in developing countries and 
will not replace the need for CC screening.

In LMIC, there are several issues and challenges 
associated with CC screening. The main failure to 
implement an effective screening programme is 
related to the complexity of the screening process 
and the obstacles inherent in these countries. Poverty, 
limited access of the population to information, lack of 
knowledge of CC, the absence of sustained prevention 
programmes, lack of healthcare infrastructure required 
and lack of trained practitioners are the main obstacles 
to implementation of CC screening programmes[5]. 
Socio-religious and cultural barriers may also play an 
important role, as shown in an attempt to screen for 
CC in Peru[6]. Finally, government resources may be 
allocated to competing public health programmes with 
higher visibility and international attention than CC 
screening.

In this review, we discuss the challenge of imple­
menting an efficient cervical screening adapted to LMIC 
and the opportunity to introduce a primary HPV-based 
screening with availability of a rapid HPV test.

ACTUAL SCENARIO AND DIFFICULTIES 
FOUND IN LOW-RESOURCE AREAS FOR 
CC SCREENING
At the present, very few developing countries have 
been able to implement CC screening programmes. To 
screen successfully in LMIC different requirements are 
important. The programme shall ensure wide coverage 
of the target population; it must guarantee screening, 
management and adequate follow-up of patients; 
it shall be provided on-site and be low-cost, with 
minimum infrastructure requirement that can lead to 
immediate treatment if abnormal. CC screening should 
be planned in line with other national programmes for 
cancer control. Moreover, in order to implement CC 
screening policies in these countries, a support and 
funding from the Ministry of Health is indispensable. 

In the Middle East and North Africa, the first steps 
to implement national screening programmes based on 
visual inspection tests are being currently completed[7]. 
In contrast, in Sub-Saharan Africa, it is estimated 
that less than 5% of women at risk have ever been 
screened[8]. In India’s case, guidelines for population-
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based screening programmes for cervical cancer are 
established for about 10 years[9] and are based on visual 
inspection tests. However, despite the introduction of 
these national guidelines, screening coverage is still 
very low[10]. Several obstacles are responsible for the 
failure to implement an effective screening program in 
LMIC. A summary of these obstacles is respresented in 
Table 1.

Cytology screening
Cytology screening (Pap test) for CC, especially as part 
of organised screening programmes, is the oldest and 
most widespread cancer screening technique. This 
technique has lead to effective reduction in the incidence 
and mortality from CC in many developed countries[11-13]. 
CC screening is one of the most successful disease-
prevention programmes. However, this approach has 
failed to attain the same results in developing areas. 
A cytology-based screening programme requires 
repeat testing and visits to identify women who need 
treatment. Besides a cytopathologist, a colposcopy 
specialist and a pathologist should also be involved. 
To guarantee the success of a screening programme, 
training and continuing education are essential[14]. 
Previous experience has shown no decline in the 

incidence and/or mortality of CC, and this is probably 
because of low-quality cytology smears[8]. Consequently, 
implementation and execution of the whole process is 
too complex and expensive.

Moreover, even if implementing a high-quality 
cytology programme in these countries is possible, it 
would only be moderately effective. This is because the 
currently used Pap test misses approximately 50% of 
high-grade precursor lesions and cancers with a single 
screening[15]. Additionally, in low-resource settings, 
women would probably only be screened once or twice 
in their lifetime.

Visual inspection tests
Visual inspection tests with 3%-5% acetic acid (VIA) 
and/or Lugol’s iodine (VILI) appear to be a satisfactory 
alternative screening approach to cytology. These 
tests have been used since the 1990s, mainly in poor 
resource settings. They are simple, cost-effective 
with relative ease of use[16-19], and may be performed 
by different healthcare workers (physicians, nurse, 
midwives and technicians). Moreover, this approach 
does not require high technology or infrastructure and 
has been shown to reduce mortality in developing 
countries[20,21]. The visible changes that occur in the 
cervix after application of acetic acid are immediate, 
and can be categorised as negative or positive for 
cervical neoplasia. These immediate results facilitate a 
same-day screen and management strategy. Therefore, 
this allows most of the eligible women to participate in 
the programme by minimising repeat visits. Evidence 
shows that this single-visit approach leads to the most 
significant decrease in high-grade cervical intraepithelial 
neoplasia (CIN)[22] and it is regarded safe, acceptable 
and fairly effective in India and Sub-Saharan Africa[17,23]. 
Despite the limitations of the concept of “screen and 
treat”, it helps to overcome barriers of time, distance 
and loss to follow-up. This is relevant, because in a 
low-resource context, recalling patients for additional 
testing or treatment can be a critical component to a 
programme’s success (Figure 1).

The performance of VIA has been evaluated in 
numerous studies[18,19,24-26]. An extensive meta-analysis 
by Sauvaget et al[19] pooled data from 26 studies that 
were conducted in different high- and low-income 
countries. They found an overall sensitivity of 80% 
and a specificity of 92% for the VIA method, although 
sensitivities greatly varied between studies. Close values 
were found in a meta-analysis where pooled data from 
11 studies that were performed in Africa and India 
showed a sensitivity for VIA of 79% (range: 73%-85%) 
and a specificity of 85% (range: 81%-89%) for CIN2 
lesions or worse (CIN2+)[18]. With regard to VILI, its use 
appears to increase VIA’s sensitivity by 10%, without 
affecting the specificity[18,24,26].

VIA and VILI also have some drawbacks that need 
to be addressed. Interpretation of a visual test of the 

Practical/logistical reasons
   Widespread poverty
   Lack of healthcare infrastructure
   Absence of sustained prevention programmes
   Lack of trained practitioners 
   Lack of laboratory supplies
   Lack of patient management guidelines
   Limited physical access of the population
Knowledge, religion and beliefs
   Lack of knowledge of cervical cancer
   Limited access of the population to information 
   Women disempowerment 
   Socio-religious and cultural barriers to routine pelvic screening
Political 
   Lack of support from the Ministery of Health
   Competing healthcare priorities
   War and civil strife
Others
   High temperatures in tropical countries with lack of proper climati
sation
   Particularities about the screening test
      VIA
         Significant number of unnecessary and unsustainable treatment 
      Cytology
        Need important health-care resource and infrastructure 
        Need important laboratory supplies
        Screening requires more than one visit (important drop out)
      Further testing with colposcopy wouldn't be possible, leading to 
unnecessary agressive and unsustainable treatment
      HPV
        Need important healthcare infrastructure 
        Need important laboratory supplies

Table 1  Obstacles to cervical cancer screening in low- and 
middle-income countries

VIA: Visual inspection tests with 3%-5% acetic acid; HPV: Human pap
illomavirus. 
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cervix has limited value in older women because of 
degenerating cervical epithelium and partial or lack 
of visibility of the transition zone with ageing. Indeed, 
studies have shown that VIA sensitivity declines 
substantially in women aged 40 years or older[27,28]. 
VIA-based screening is also healthcare provider 
dependent and lacks reliable quality assurance control. 
As a consequence and to maintain high quality, imple­
mentation of VIA screening at primary and secondary 
facilities would require close supervision, which is 
difficult to attain at a national level.

More importantly, reported sensitivity for detecting 
CIN2+ widely varies in different studies (37%-96%), 
as does specificity (49%-98%)[27,29], which makes it 
dependent on the skill of the provider. Finally, studies 
that were conducted under screening conditions to 
assess the sensitivity and specificity of VIA used the gold 
standard of colposcopy, and this technique has been 
proven to yield error in the recognition of disease[30]. 
Because of these drawbacks, alternative methods need 
to be developed to improve, complement, or even 
replace VIA.

HPV TESTING FOR PRIMARY SCREENING
In recent years, there has been overwhelming evidence 
that HPV testing is more effective than cytology for 
CC screening, providing increased reassurance and 
allowing longer screening intervals to be adopted[31]. 
Highly sensitive tests have been developed and are 
currently used to replace cervical cytology for primary 
screening[32].

Currently, in the worldwide market, there are at 
least 150 different HPV tests available for the detection 
of alpha-HPVs and over 95 variants of the original 
tests. However, only some commercial HPV tests have 
documented clinical performance compared with the 
standard HPV test. According to guidelines, a candidate 
test should present a clinical sensitivity for CIN2+ of 
at least 90%, and a clinical specificity of at least 98% 
of that of the reference assays[33,34]. Regardless, the 
number of assays for HPV that have been approved by 
the Food and Drug Administration is increasing over 

time[33,35,36]. 
Moreover, among HPV tests, there is an important 

difference concerning the choices of primers to be 
used. Because of this overwhelming amount of choice 
available, choosing which HPV test is more suitable 
given a certain context can be difficult. Furthermore, 
and paradoxically, clinicians are generally not involved 
in choosing the HPV test. 

Evidence shows that HPV tests should not only 
be type specific but also virial region specific (specific 
regions in the HPV genome are L1, E1/E2 and E6/
E7). Indeed, during integration of HPV in the human 
genome, L1 expression is sometimes lost, but E6/E7 
expression always remains present, which explains 
why there are not E6- or E7-negative cancers[37]. A 
test designed only for L1 will miss approximately 10% 
of all invasive cancers. This is why an HPV test is not 
recommended by some authors as a stand-alone test in 
CC screening programmes[37].

Current HPV tests are able to detect the presence of 
viral markers by signal amplification techniques, such as 
the Digene Hybrid Capture® Ⅱ assay or by amplification 
of nucleic acid with polymerase chain reaction. When 
combined with Pap smears, HPV tests can achieve 
nearly 100% sensitivity and a specificity of 93% in 
women aged 30 years and older, with a negative 
predictive value of almost 100%[38].

Several studies support that HPV testing is feasible 
in low-resource settings and appears to be the best 
strategy for CC in this context[17,24,39]. A large-cluster 
randomised trial from rural India showed that a single 
round of HPV screening could reduce the incidence 
and mortality from CC of approximately 50%, whereas 
approaches based on VIA and cytology had little effect 
on these outcomes[40].

Until recently, the greatest limitations of HPV testing 
were the need for expensive laboratory infrastructure 
and the 4-7 h time to process the test. The development 
of rapid molecular methods for detecting HPV DNA 
(e.g., care HPV® - Qiagen, GeneXpert® - Cepheid) for 
screening or other POC type of tests is a milestone in 
CC screening in low-resource settings. This is because 
these new options may make screening more feasible in 

A B

Figure 1  Visual inspection tests. A: Visual inspection test with 3%-5% acetic acid; B: Visual inspection test with Lugol’s iodine.
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the future and reduce the infrastructural requirements 
of previous screening programmes. 

In a cohort of unscreened women aged 30 and 
over from South Africa, HPV testing followed by the 
treatment of HPV-positive women at the second visit 
was the most effective option (27% reduction in the 
incidence of CC) at a cost of 39 USD/years of life saved 
(YLS)[41]. VIA combined with the immediate treatment 
of women who tested positive at the first visit was cost 
saving and was the next most effective strategy, with 
a 26% decrease in the incidence of CC[41]. In another 
cost-effectiveness analysis in a rural Chinese population, 
where the careHPV® test (Qiagen, Gaithersburg, MD, 
United States) was directly compared with VIA, a once-
per-lifetime screening at the age of 35 years would 
reduce CC mortality by 8% combined with VIA (cost of 
557 USD/YLS), compared with 12% with the careHPV 
test (cost of 959 USD/YLS)[42].

Self-vaginal sampling for HPV testing 
HPV‐based screening requires that a sample be 
taken using a swab or brush by a healthcare provider 
or by the patient herself. The greatest advantage of 
HPV-based testing is obvious in that it allows sample 
collection to be performed by the patient herself, not 
requiring trained personnel and infrastructure to perform 
a pelvic examination. The criteria for a good quality 
sample are less rigorous with HPV testing compared 
with cytology. Many studies have shown that offering 
self-sampling for HPV testing (Self-HPV) can improve 
attendance to a CC screening programme and it is well 
accepted among women[39,43-45]. This strategy can not 
only be more appealing to non-attendees in developed 
countries, but also makes CC screening accessible to 
women in LMIC[46,47]. Evidence from multiple prospective 
studies has shown that the accuracy of Self-HPV versus 
clinician-collected specimens to detect precancerous 
lesion is comparable for the detection of precancerous 
and cancerous lesions[39,48,49]. Because of the numerous 
advantages of self-HPV, it will become a major focus of 
CC screening programmes worldwide in the near future.

TARGETED AGE FOR INITIAL SCREENING 
The most relevant approach to identify women at risk 
for CC or pre-cancer is by age restriction. The World 
Health Organization (WHO) recommends targeting HPV 
screening to women who are 30 years of age and older 
because of their higher risk of CC, and that priority 
should be given to screening women aged 30-49 years 
(WHO screening recommendation update 2014). In 
addition, VIA is less effective in women aged older than 
50 years because the squamocolumnar junction is less 
visible in menopausal women. If HPV is used as primary 
screening, recent evidence supports its use in women 
aged 30 years and over[50,51]. Most HPV infections are 
transient at an age younger than 30 years Therefore, 
the screening of young women leads to unrequired 

assessment and potentially to treatment of cervical 
lesions that might have regressed spontaneously[52,53]. 
However, even in women aged ≥ 30 years, most of 
HPV infections are transient, and only a small fraction 
of cases with persistent infection are at risk of CC[54]. 
Therefore, selecting HPV-positive women aged older 
than 30 years who are most likely to have or to develop 
a CC precursor in the future and require treatment is 
necessary for further evaluation (triage).

TRIAGE OF HPV-POSITIVE WOMEN
HPV-based screening has a low positive predictive 
value for CC because it does not directly test for 
cancer, but for HPV infection instead. A negative HPV 
test only indicates a low probability for the patient to 
develop CC within 5-10 years, and a positive result is 
only an indication of the presence of an essential risk 
factor. Therefore, women who test positive for HPV 
must be further evaluated to determine the optimal 
management. At the present time, three candidates can 
potentially be used as triage test: (1) visual methods 
(VIA/VILLI; (2) cytology; and (3) molecular testing. 
To date, there is no clear evidence to determine which 
strategy should be prioritised. Therefore, the choice of 
test essentially depends on the available health resource 
(Figure 2). 

Triage with VIA/VILI
Triage with VIA/VILI offers the dual benefit of HPV 
screening to maximise detection of the disease and 
VIA/VILI for triage. In low-resource areas where the 
necessary equipment is lacking, VIA/VILI following an 
HPV-positive test is probably a good option, offering 
the possibility to adopt a “see and treat” approach. 
VIA/VILI will identify women with a precancerous 
change requiring immediate treatment by cryotherapy 
or cold coagulation, and those women in which cancer 
is suspected who should be referred to a specialised 
centre to receive aggressive multimodal treatment. 
Women with a negative VIA/VILI will be followed 
without treatment.

Triage with cytology 
Triage with cytology is proposed in developing (middle 
income) countries where infrastructure exists with 
experience of screening[55]. However, healthcare providers 
should be aware that cytology is associated with multiple 
clinic visits and delays between screening, laboratory 
results, colposcopy and ultimately treatment, which are 
major barriers to the success of this method.   

Triage with molecular tests
Cervical carcinogenesis is characterized by the integration 
of HPV DNA into the host cell genome resulting in 
abnormal proliferation of basal and parabasal cells due 
to the deregulated expression of viral oncoproteins, 
leading ultimately to the development of CC[56]. 

Catarino R et al . Screening for cervical cancer screening in developing countries
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Therefore, the detection of HPV DNA is used by many 
assays and is the only molecular marker fully developed 
and approved for primary CC screening. These tests can 
be based on the detection of specific types of oncogenic 
HPV that identify women at a higher cancer risk (e.g., 
HPV genotypes 16 and 18)[36]. However, many other 
molecular mechanisms associated with HPV infection are 
necessary for CC development, such as chromosomal 
abnormalities, expression of oncogenes[57], epigenetic 
regulation (hypermethylation)[58] and apoptotic markers, 
which covers a large number of potential biomarkers. 
Molecular tests have been lately under intensive 
study as a potential alternative and triage tests for CC 
screening[59].

Expression of oncogenes: Oncoproteins expressing 
viral oncogenic activity could potentially be used 
as biomarkers in the triage of HPV-positive women 
or directly as a primary screening method. When 
HPV-infected cervical cells undergo precancerous or 
cancerous changes, oncoprotein E6 is expressed in 
cervical cells at elevated levels. Only E6 protein from 
high-risk HPV types promotes carcinogenesis by binding 
to a human PDZ domain. This allows E6 protein to bind 
to cellular molecules and deregulate cellular proliferation 
and differentiation, which may lead to the development 
of cancer[60]. An HPV E6 test using lateral flow (OncoE6™, 
Arbor Vita Corporation) has been developed to detect 
E6 protein of HPVs 16, 18 and 45[61]. Weaknesses of the 
OncoE6™ Cervical Test are low sensitivity (approximately 
45%)[62] because it only detects HPV 16, 18 or 45. 
Additionally, specimens stored in buffers/transport 
medium used for HPV DNA testing cannot be used, 
and thus new cervical collection is always required. The 
oncogenic activity of E7 protein may also be tested 
indirectly by the host cyclin-dependent kinase inhibitor 
p16Ink4a. This kinase inhibitor decelerates the cell 
cycle by inactivating the cyclin-dependent kinases 
(CDK4/CDK6) involved in retinoblastoma protein 
phosphorylation[63]. Overexpression of p16INK4a in 

almost all cervical precancer (High-grade lesions) and 
invasive CC[64,65] has been shown to be directly linked 
to the transforming activity of E7 oncoprotein, which is 
produced by HPV[66]. Cellular accumulation of p16INK4a 
can be measured by cytochemistry using ELISA assays, 
which are commercially available (CINtec® p16, Roche 
mtm laboratories, Mannheim, Germany).

Modulation of host microRNAs and methylation 
status of protein-coding genes: HPVs modulate 
expression of host microRNAs (miRNAs)[67] via deletion, 
amplification, or genomic rearrangement. Recent studies 
have explored the role of the miRNAs in the development 
of CC. They found that several miRNAs are dysregulated 
in CC, such as miR-21, miR-127, miR-143, miR-145, 
miR-155, miR-203, miR-218 and miR-214, among 
others[68-72]. The miRNA-203 is downregulated in HPV-
positive cells and its repression leads to maintenance 
of increased levels of p63 in infected suprabasal cells, 
maintaining cells in an active state in the cell cycle[73]. 
Other well studied miRNA is the miRNA-21, whose 
upregulation has been associated with aggressive 
progression and poor prognosis in CC[74]. Also miRNA-143 
and -145 were found to be less expressed in CC[67,70]. 
Despite being a hot-spot topic, some discordance exists 
between studies concerning miRNAs, therefore further 
studies need to be conducted before these molecular 
biomarkers can be safely introduced in CC screening 
routine.

Epigenetic silencing of tumor suppressor genes is also 
responsible for cervical carcinogenesis[58]. Quantification 
of DNA methylation can be easily done and has been 
drawing attention in the recent years, making it a promis­
ing biomarker in CC[75]. L1 genes from HPV16 and 18 L1 
are always highly methylated in CC[76,77]. A recent study 
using a rapid and sensitive technique[77], methylation-
sensitive high-resolution melting analysis, has shown 
that L1 HPV16 methylation was highly associated with 
cervical pre-cancer and cancer and can be used as a 
triage test for women positive for HPV16 who are at 
greater risk to develop invasive cancer. Another study on 
HPV DNA methylation[78] tested 14 methylated candidate 
genes (ADRA1D, AJAP1, COL6A2, EDN3, EPO, HS3ST2, 
MAGI2, POU4F3, PTGDR, SOX8, SOX17, ST6GAL2, 
SYT9, and ZNF614) and found that POU4F3 gene 
methylation had the highest area under the ROC curve 
(0.86; 95%CI: 0.78-0.95) in detecting CIN3+, which 
makes it a potential molecular tool for triage in HPV-
positive women.

Other protein biomarkers: Promising additional 
molecular markers for triage of HPV-positive women 
are molecular markers expressing aberrant S-phase 
induction (BD ProEx™ C reagent), including two proteins: 
Topoisomerase ⅡA and minichromosome maintenance 
protein. Both proteins are overexpressed in HPV-infected 
cells as a result of the uncontrolled activation of the 
gene transcription and are linked to severity of cervical 
lesions[79,80]. Moreover, carcinoma embryonic antigen 

Rapid HPV DNA
testing1

Positive Negative

NegativePositive

Treat
Follow-up
at 1 year

Follow-up
at 5 years

VIA/VILI2 HPV 16/18
genotyping

Cytology3 Biomarkers3

Triage
test

Figure 2  Decision making algorithm for human papillomavirus triage. 
1HPV testing done on a self-taken sample by women aged 30-50 years; 2Triage 
tests suitable for same-day Screen and Treat; 3Triage tests requiring a second 
visit for treatment. HPV: Human papillomavirus; VIA: Visual inspection test with 
3%-5% acetic acid; VILI: Visual inspection test with Lugol’s iodine.
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has found to be a good biomarker for CC prognosis and 
disease management[81], though it is elevated in different 
non-cancerous and cancerous conditions. Many other 
biomarkers, such as integral membrane protein CD44, 
enzyme cyclooxygenase-2, cytokine vascular endothelial 
growth factor and membrane protein caveolin-1 might be 
useful in CC screening, by being more or less associated 
with cervical lesions severity, disease progression and 
prognosis[82-85].

CONCLUSION
Emerging technology places CC screening in developing 
countries at a crossroad and a choice of new policies is 
warranted. Primary HPV testing is widely accepted as 
being more effective than cytology for CC screening. 
Primary HPV testing increases sensitivity for the 
detection of CIN2+ compared with cytology and its high 
negative predictive value allows screening intervals to 
be extended. However, HPV testing has a mediocre 
specificity and positive predictive value. Additionally, 
HPV testing could be impractical in developing countries 
without a triage strategy to further characterise and 
evaluate the risk of an HPV-positive woman. Therefore, 
follow-up and management should be carried out. The 
emergence of rapid POC HPV tests that are performed 
in self-obtained vaginal samples will permit not only 
first-line screening, but also a triage of HPV-positive 
women during the same visit. As a result, a new 
concept can be achieved in a single visit, consisting 
of self-HPV testing, triage and treatment. This could 
allow most of the eligible women living in low-resource 
settings to participate in a CC screening programme by 
minimising repeated visits. 
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