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Abstract
Introduction. Cervical cancer is the fourth most common cancer among women. It is related to persistent HPV infection. 
In order to improve diagnostic methods, a lot of research has been focused on detecting HPV DNA. A test known as a high-
risk HPV test or HPV primary screening provides very encouraging results.   
Objective.The aim of this review is to present the actual knowledge about the possibilities of cervical cancer screening 
methods. Particular attention is paid to the question concerning the effectiveness of detecting viral DNA as a screening 
programme, compared to pap smear.  
State of knowledge. The HPV primary screening has higher sensitivity than the cervical smear test and it is able to detect 
lower-stage lesions, which are considered clinically irrelevant. Nonetheless, many HPV infections recede naturally. Therefore, 
relying only on the results of this test may expose women to unnecessary colposcopies and stress. Due to this fact, women 
under 30 years should not be screened with the hrHPV test. In view of its limitations, the HPV primary screening strategy is 
still tested worldwide as a pilot project. In Poland in 2019, a pilot project with the hrHPV test started at the National Institute 
of Oncology.  
Conclusions. Detecting viral DNA has its advantages and disadvantages. Further research is still required, but the hrHPV 
test has a great opportunity to become one of the main screening programmes worldwide, or at least, a valuable addition 
to cervical smear test.
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Abbreviations
HPV – human papillomavirus; DNA – Deoxyribonucleic acid; hrHPV test- high-risk HPV test; WHO – World Health 
Organization; CIN3 – cervical intraepithelial neoplasia, grade 3; USPSTF – The US Preventive Services Task Force; CIN2 – 
cervical intraepithelial neoplasia, grade 2; CIN2+ – cervical intraepithelial neoplasia, grade 2 or worse, including CIN3; LBC 
– liquid-based cytology; CIN3+ – CIN3 or worse, including invasive cervical cancer; FDA – Food and Drug Administration; 
ATHENA – Addressing the Need for Advanced HPV Diagnostics; ASC-US – Atypical Squamous Cells of Undetermined 
Significance; NILM – Negative for Intraepithelial Lesion or Malignancy

INTRODUCTION AND OBJECTIVE

The human papillomavirus belongs to the Papillomaviridae 
family which infects human epithelial tissue, and is able to 
affect the skin, oral and genital mucosa [1]. According to 
current knowledge, probably about 20–25% of all cancers may 
be related to microorganism infections. HPV is considered to 
be responsible for 30% of all infectious-related malignancies, 
including cervical, vulvar, vaginal, penile, anal cancer, head 
and neck squamous cell carcinoma, oesophageal carcinoma, 
ophthalmic carcinoma, and probably breast cancer [2].
Cervical cancer affects adult women, mostly between the 
ages of 35 – 50. Worldwide mortality from this neoplasm 
is decreasing, a phenomenon which can be explained by 
the increasingly developing screening methods. The most 

well-known screening test which is a cornerstone of cervical 
prevention is a cervical smear. Although there are also 
some new methods which definitely should be taken into 
consideration [3], one of the rapidly developing methods is 
HPV primary screening for detecting viral nucleic acids [4]. 
According to many studies, new technologies detect more 
lesions than the standard cervical smear test. However, there 
are also some evident disadvantages because many lesions 
undergo spontaneous regression and their identification may 
lead to unnecessary fear and treatment [3].

Several countries have adopted the hrHPV test for their 
screening programmes. The National Institute of Oncology 
in Poland announced that they started the Pilot Molecular 
hrHPV Test in the third quarter of 2019. It is dedicated to 
women aged between 30 – 59 who have not participated in 
the National Prevention Programme based on the pap smear 
test in the last three years [5].

The aim of this review is to present actual knowledge of 
cervical cancer screening methods, and current data about 
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detecting viral DNA. HPV primary screening may become 
an effective alternative for Pap test or even replace this test 
in the future.

The review was prepared using books and Internet 
resources. When preparing the study, the analysis concerned 
articles published between 2010 – 2020 which included terms 
such as: cervical cancer, HPV primary screening, hrHPV 
test, cervical screening, HPV DNA. All the studies were 
collected from the PubMed, Google Scholar and World 
Health Organization websites.

Cervical cancer biology. According to the WHO, cervical 
cancer is the fourth most common cancer in women. It is 
estimated that HPV caused 528,000 new cases of cervical 
cancer and 266,000 deaths in 2012 [6]. Approximately 85% 
of deaths caused by HPV take place in low- and middle-
income countries [2].

It is proven that the persistent HPV infection is necessary 
for the development of high-grade cervical neoplasia, 
determined as a CIN3 [7]. There are several viral genotypes 
identified which are related to malignancies (e.g. HPV 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59). HPV infection 
begins with viral access to basal keratinocytes of skin and 
mucosa. The next step is a conformational change in viral 
capsid and viral internalization in a vacuolar structure that 
integrates with lysosomes. Decrease in pH leads to viral 
genome release [2]. Although the HPV does not express its 
own polymerases, the replication process is possible with the 
use of host cell DNA polymerase. This process is initiated 
with the oncoproteins activity (E5, E6 and E7) which may lead 
to disorders of DNA replication and chromosome instability. 
This step is considered as a cancer initiation [8]. In addition 
to genomic instability, some metabolic deregulations are also 
necessary to promote carcinogenesis. This requirement was 
described by Francis Peyton Rous in one famous sentence, 
as ‘a process in which tumour goes from bad to worse’. 
This means that chromosomal instability is necessary, but 
insufficient to promote carcinogenesis.

Cancer cells have developed anti-apoptotic strategies to 
avoid cell death, one of which is down-regulation of the TP53, 
called the Guardian of the Genome [2, 9]. Another strategy is 
gaining the human telomerase gene due to viral integration 
within promoter region 5q15 or next to 3q26. This action 
enables the multiplication of sub-clones and thereby cancer 
development progresses [10].

Primary and secondary prevention of cervical cancer. 
It has been estimated that it will take in excess of seven 
years to develop cervical intraepithelial neoplasia after DNA 
incorporation into the host cell genome. The next three to 
five years are necessary for full cervical cancer expansion 
[11]. The multiannual progression creates a great possibility 
for early detection of harmless lesions. In recent times, 
screening programmes have been based on three procedures: 
the cervical smear test, HPV primary screening (also known 
as a high-risk HPV testing), and hybrid strategy, the cervical 
smear test combined with the hrHPV test [4, 12].

Besides the screening programmes, there is also the 
possibility of primary prevention of cervical cancer by 
applying HPV vaccinations. The USPSTF guidelines 
recommends a 2-dose schedule for both genders, initiating 
vaccination between the ages of 9–14 and 3 doses for teenagers 
and young adults aged 15–26. Prophylactic vaccinations may 

decrease the number of cervical cancer cases in the future, 
although there is still a great necessity for the continuation 
of cervical screening, including the population of HPV-
vaccinated women [12]. This is related to the lack of knowledge 
about the long-term efficacy of the vaccines, and scientists 
admit that HPV types which are not targeted in current 
vaccines may also have oncogenic potential [3].

A population-based study described by Baldur-Felskov 
et al. compared vaccinated and unvaccinated Danish women 
in terms of risk for cervical precursor lesions. The authors 
reported that vaccinated women had a statistically significantly 
reduced risk of CIN2 and CIN3 [13]. The Australian Compass 
pilot randomised trial assessed 4,995 participants chosen 
from an initial group of 5,303 women, some of whom had 
previously been offered HPV vaccinations. The criterion 
for being classified as age-eligible for vaccination was the 
age of 33 years or younger in 2014. After adjusting for HPV 
vaccination age eligibility, the study showed that the hrHPV 
test was associated with a significantly higher detection rate 
of CIN2+ than LBC. The overall CIN2+ rates were as follows: 
0.1% in women tested with LBC versus 1.0% and 1.2% in two 
groups screened with the hrHPV test (p=0.003) [14]. This 
finding has become a point of origin for the main randomised 
Compass trial in Australia. The trial is aimed at comparing 
primary HPV testing with pap smear screening for cervical 
cancer in HPV-unvaccinated and HPV-vaccinated Australian 
women aged 25–69 years. A total of 121,000 participants are 
planned to be recruited. The study started in January 2015 
and the estimated study completion date is December 2023. 
Participants will be observed for five years from the time 
of recruitment, and the primary outcome will be based on 
the total CIN3+ detection rates in the LBC and the hrHPV-
tested groups [15].

The effectiveness of HPV primary screening in clinical 
trials. There are five HPV DNA tests approved by the FDA: 
Hybrid Capture 2, Cervista HPV HR and Cervista HPV 
16/18, Cobas and Onclarity. All these tests are able to detect 
twelve HPV types with the highest carcinogenic potential 
[16]. The examined material is a pap smear taken with a 
dedicated brush. The usefulness of self-collected samples is 
still under discussion [17].

A number of prospective clinical trials have evaluated the 
performance of HPV primary screening programmes in 
different parts of the world. The first adduced research is a 
prospective study initiated in the USA by the ATHENA study 
group in 2008. The cervical samples were tested using the 
Cobas HPV Test. The results provide three positive/negative 
results: HPV16, HPV18 and 12 other genotypes (31, 33, 35, 
39, 45, 51, 52, 56, 58, 59, 66 and 66, pooled).

From the initial group of 42,209 women, 40,901 participated 
in the research, divided into three groups. The first strategy 
was pap smear and hrHPV test for women with ASC-US in 
a previous pap smear. The second was the so-called hybrid 
strategy, which means pap smear for women aged between 
25 – 29, and both the hrHPV test and pap smear after the 
age of 30. The latter was an HPV primary screening strategy 
with rescreening HPV-negative women in three years, and 
colposcopy for HPV 16/18-positive women. Women infected 
with twelve other HPV genotypes had reflex cervical smear 
test and colposcopy, depending on the result of the cervical 
smear test. If the pap smear was negative, the women were 
rescreened with hrHPV and pap smear in one year.
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In women over the age of 25, sensitivity in CIN3+ detection 
was as follows: 76.1 % (95% CI; 70.3–81.8%) for HPV primary 
screening, 61.7% (95% CI; 56.0–67.5%) for hybrid strategy and 
47.8% (95% CI; 41.6–54%) for pap smear test. Nevertheless, 
the specificity for pap smear was 97.1% (95% CI; 96.9–97.2%), 
and only 93.5% (95% CI; 93.3–93.8%) for the HPV primary 
screening. In women over the age of 30, pap smear also had 
the highest specificity. The sensitivity was higher and at a 
similar level for both methods, the HPV primary screening 
and the hybrid strategy [4]. It should be pointed out that the 
traceability and decrease in the incidence of CIN3 can be 
considered only as a surrogate measure for the effectiveness 
of screening programmes. The most reliable indicator is a 
reduction in the cancer morbidity and mortality [3].

A prospective randomized controlled trial with primary 
HPV testing was performed in a Chinese population between 
May 2010 and April 2014, which consisted of two rounds of 
cervical screening. From the initial group of 15,955 women 
between the ages of 30 – 60, 15, 858 were finally considered 
to be eligible to participate in the study. They were divided 
into two groups based on screening methods. Women in the 
control group were tested only with LBC. The interventional 
group underwent co-testing with the use of LBC and Hybrid 
Capture 2 hrHPV test. This test detects a pool of 13 high-risk 
HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). 
Women tested negative in baseline screening were given a 
subsequent Liquid-based screening alone 36 months later.

Despite the fact that in baseline screening 15,431 (97,3%) 
women had negative pap smear results, 7.3% of them tested 
positive for hrHPV genotypes. Moreover, CIN2+ and CIN3+ 
detection was significantly higher in the intervention 
group in baseline screening. There were 75 and 30 women 
with CIN2+ lesions in the co-tested and control groups, 
respectively (OR= 2.50, 95% CI; 1.65–3.88; p<0.001). In these 
groups, the number of women with CIN3+ lesions was 49 
and 16, respectively (OR= 3.06, 95% CI: 1.78–5.58; p<0.001). 
In the subsequent round, the detection rate of CIN2+ and 
CIN3+ lesions was significantly lower in those who had 
previously received co-testing. There were three cervical 
cancers detected in baseline screening, and not a single one 
in subsequent screening [18].

The next important study was a population-based cohort 
study conducted in The Netherlands. In 2017, Dutch screening 
policy changed the pap smear-based programme to hrHPV 
testing. The study compared the results of cervical smear 
screening before 2017 with the results of using hrHPV test. 
It is important to note that in The Netherlands cervical 
smear test can be taken with a self-sampling kit or collected 
by a healthcare professional. Detection rate of the hrHPV 
genotypes was lower in self-collected samples than in samples 
collected by professionals (7.6% vs 9,2%; p<0.001). The 
proportion of women tested positive increased significantly 
from 5% in 2015 to 9% in 2017, when HPV primary screening 
was implemented (p<0.001). An increase was also noted in 
the proportion of women referred to gynaecologists (1% 
in the programme based on pap smear test and 3% in the 
programme based on the hrHPV test; p<0.001). The overall 
CIN2+ detection rate increased from 11/1,000 women in the 
pap smear-based programme up to 14/1,000 women in the 
hrHPV-based programme (p<0.001). The authors pointed 
out that about 2.2 times more clinically irrelevant and 1.3 
times more clinically relevant findings were found in the 
hrHPV-based programme [19].

A population-based cervical cancer screening programme 
using HPV testing was carried out in Turkey. Authors 
evaluated the initial results of the first million women 
screening with Hybrid Capture 2 HPV test after its official 
implementation in 2014. The total number of women included 
in the research was 1,060,992, of whom 3.5% proved to be 
HPV positive. Further procedures depended on pap smear 
results. Women with oncogenic HPV genotypes (16 or 18) or 
HPV positive with lesions qualified as ASC-US or worse in 
pap smear, were referred to colposcopy. Finally, 3,499 women 
underwent colposcopy with or without diagnostic procedures 
(e.g. conization). CIN2 lesions were detected in 285 cases 
and CIN3 in 436 cases, while cervical cancer was detected 
in 85 cases. Among them, 54 were invasive. Altogether, there 
were 521 samples with more invasive lesions than CIN3. In 
the cervical smear test, after excluding 58 samples described 
as ‘insufficient’, 188 of the 521 samples were considered 
to be ‘infected without malignancy’, and 24 results were 
described as NILM. This indicates that the cervical smear 
test could miss approximately 46% of higher-stage lesions 
than CIN3 [20].

HPV primary as a new screening programme. As mentioned 
above, the hrHPV test has higher sensitivity than pap smear 
in CIN3 detection, and it also enables detecting of lower-stage 
lesions. As for disadvantages, the hrHPV test features lower 
specificity and lower positive predictive value, especially in 
younger women [4, 21]. The high sensitivity is connected with 
high negative predictive values, and according to current 
knowledge, this value may be valid up to ten years, even 
for adenocarcinoma precursors [3]. This indicates that the 
use of the HPV primary as a screening programme may 
reduce the costs and the complexity of national screening 
programmes [4].

Nowadays, the number of women infected with HPV is 
enormous. The majority of over-diagnosed lesions would 
spontaneously regress without clinical consequences. For this 
reason, women under the age of 30 should not be screened with 
the hrHPV test. High test sensitivity is related to both harm 
and benefit. Detection of lower-stage lesions is connected 
with the risk of unnecessary stress and colposcopies. 
Analysis of the results of both screening programmes in 
the Netherlands pointed out that – in comparison with pap 
smear – the hrHPV test detects roughly 2.2 times more 
lower-stage lesions (CIN1 or even lesions without dysplasia). 
Lesions in a lower stage than CIN2 are considered to be 
clinically insignificant [16]. Furthermore, in the mentioned 
randomized trial in a Chinese population, the number of 
performed colposcopies was higher in women co-tested 
with the hrHPV screening than in the control group (9.3% 
vs 2.0%; p<0.001). Finally, it was alleged that in the control 
group there were 6.4 colposcopies needed for one CIN2+ 
detection and 11.3 colposcopies in the intervention group 
[18]. In addition, some studies indicate that women with 
HPV-positive test who have undergone colposcopy, complain 
about negative feelings about their sexuality [3, 22]. That is 
why there is a necessity to develop a strategy of selecting 
women who should undergo a colposcopy [4].

Many countries conduct pilot projects with the HPV 
primary as a screening programme, and several have already 
included the HPV DNA test in their national screening 
programmes. In the USA, due to USPSTF guidelines, for 
women aged 21–29, it is suggested that they should undergo a 
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cervical smear test every three years. Co-testing with cervical 
smear and the hrHPV test is recommended in women aged 
30–65, at five year intervals [12, 23, 24]. As mentioned, 
in The Netherlands, the screening policy was changed in 
2017. Additionally, Dutch women can choose between self-
sampling and clinical procedure of taking a smear. The 
main assumption of the Dutch screening programme is that 
women between the ages of 30 and 60 undergo the hrHPV 
test at five years intervals. Nevertheless, there are several 
exceptions; women with negative test results at the age of 
40 or 50 are invited for the next screening in ten years time. 
In the case of a positive test result at the age of 60, women 
are tested additionally once again at the age of 65 [4, 18]. In 
Germany, the screening policy is also changing; previous 
screening policy was based on cervical smear testing every 
year. Recently, in women aged 20 – 34 it is still suggested that 
they undergo annual cervical smear screening. However, 
from the age of 35, women are co-tested with hrHPV every 
three years [25].

Cervical cancer and screening programme in Poland. In 
2017 in Poland, cervical cancer was considered the seventh 
most common female malignancy and the eighth leading cause 
of death – the second most common malignancy in women 
at the age group 20 – 44. According to the CONCORD-3 
programme, the 5-year survival rate for women with cervical 
cancer in Poland is still the worst among the European 
countries included in the research [26]. These unsatisfactory 
results may be explained by the low effectiveness of screening 
tests, diagnosing women with high-stage cancers, or the low 
quality of available treatment [27].

Cervical screening policy in Poland is based on the pap 
smear test. The National Prevention Programme offers pap 
smear every three years for women aged 25 – 59, or every year 
for those who are burdened with risk factors (women with 
HIV or hrHPV infections or taking immunosuppressants) 
[28]. Research by Jankowska et al. in 2017 reported that as 
many as 39% of respondents had never undergone cervical 
screening. Less than half (42%) had been screened with pap 
smear in the last three years [29].

The National Institute of Oncology in Poland started the 
Pilot Molecular hrHPV Test on 28th October, 2019. This 
programme is dedicated to women aged between 30 – 59 who 
have not participated in the National Prevention Programme 
in the last three years. The purpose of the pilot study is to 
compare the effectiveness of pap smear test and the hrHPV 
test [5].

CONCLUSIONS

In the light of the high incidence of cervical cancer worldwide, 
there is a great demand for even more efficient screening 
methods. Detecting viral DNA, known as the hrHPV test, is 
one of the most popular technologies today. This test has high 
sensitivity, but also lower specificity than pap smear. In order 
to provide a well-functioning cervical screening based on the 
hrHPV test, an improved strategy for colposcopy referral 
must be implemented. Therefore, there is a requirement for 
further studies to develop the ideal screening method. Early 
detection of precancerous lesions plays the major role in 
protection of women’s health. Besides, introduction of the 
hrHPV test may reduce the expenses of national screening 

programmes inter alia through the prolongation of the 
periods between subsequent examinations. This illustrates 
that the development of this field of diagnostics is very 
important for modern women worldwide.
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