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Abstract. Background and aim: The Human papillomavirus (HPV) is the most common sexually transmit-
ted infection worldwide. Data on the prevalence of genital HPV infection are heterogeneous since the risk
of infection and the severity of diseases are related to the geographic region and population, socioeconomic
conditions, and the assessed population. In the present study, the prevalence of high-risk HPV genotypes was
evaluated in women who have attended at a diagnostic laboratory in the Marche region (Italy) for cervical
cancer tests. Methods: Pap tests and biomolecular analyses were conducted in 875 women for the identification
of hr-HPV genotypes and common concomitant infections of the genital tract. Multiplex Real-time PCR
was used for the simultaneous identification of hr-HPV 16, 18, and non-specified pooled detection of HPV
31, 33,35, 39,45, 51, 52,56, 58,59, 66, 68. Results: Of 875 women tested, 228 (26%) resulted hr-HPV posi-
tive, with a higher prevalence (28%) in the range of 35-44 years. In the unvaccinated group, the prevalence
of infection was about 5 times higher vs. vaccinated women. The hr-HPV16 was the most diagnosed geno-
type, followed by hr-HPV18. The high-grade cytological abnormalities were identified only in unvaccinated
women. Moreover, 71 % of hr-HPV infections were concomitant with other infections of the genital tract.
Conclusions: A meaningful diffusion of hr-HPV, prevalently genotypes HPV-16, was observed in women > 25
years, frequently associated with other sexually transmitted infections, and a substantial difference in the risk
of cervical cancer in unvaccinated compared to vaccinated women. The enhancement of primary and second-
ary prevention interventions must be further incentivized. (www.actabiomedica.it)
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of causing cancer, HPVs are classified as high-risk
HPV (hr-HPV) or low-risk HPV (Ir-HPV). The hr-

The Human papillomavirus (HPV) is the most
common sexually transmitted infection (STI) in the
world (1). Generally, most of HPV infections are be-
nign; however, a persistent infection with one of the
carcinogenic HPV types can lead to the development
of cervical cancer (CC) (2,3). Currently, more than
200 HPV genotypes are known, but only 20 genotypes

are considered oncogenic (1,4-6); based on their risk

HPV genotypes are the causative agents of almost all
cases of CC, with about 340000 deaths in 2020 (7-9).
In particular, the hr-HPV types 16 and 18 are the two
most common genotypes related to CC development (10).
Most women acquire the HPV infection after their
first sexual experience, and the disease develops slowly,
and it usually takes 10-20 years for HPV infection-
driven lesions to progress to malignancy (6, 11-16).
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Data on the prevalence of genital HPV infection
are heterogeneous, since the risk of HPV infection
and the severity of diseases is related to the geographic
region and population, socioeconomic conditions, the
assessed population, as well as the availability and the
quality of services for CC prevention and diagnosis
(1). Worldwide, CC is the fourth most common type
in women and it represents the seventh cancer type for
incidence, which is variably distributed between devel-
oped and less-resourced countries (1).

The main strategies to fight HPV infections are
represented by screening and vaccination. With the
Global Strategy to Accelerate the Elimination of Cer-
vical Cancer as a Public Health Problem, the WHO
advice, among other measures, highlight the necessity
of implementing population-based screening programs
to reduce the incidence of cervical cancer globally (17).

The cervical cytology has been used for years as
the standard test for CC screening (18); currently, the
most diffused screening and diagnostic tools are the
Papanicolaou test and the more sensitive HPV-DNA
test. The aim of the HPV-DNA test is the early iden-
tification of HPV strains with high oncogenic risk.
Furthermore, the CC screening in Italy has been in-
corporated into the National Prevention Plan 2020-
2025 (19). The Italian board on health recommends
screening every three years to women from 25 to 30
years of age, followed by HPV-based screening every
five years, to women from 30 to 65 years of age (Ex-
hibit 3) (20). The screening adherence in Italy is higher
than 80%, although with some regional differences.
The second line of prevention that can significantly
reduce the risk of cervical cancer is the HPV vaccina-
tion. In 2006-2007 the Food and Drug Administra-
tion (FDA) approved the bivalent and quadrivalent
HPV vaccines (including HPV 16/18 and HPV 6/
11/16/18, respectively) (21), offered in Italy since 2008;
then, in 2014 the FDA approved the 9-valent vaccine
(HPV 6/11/16/18/ 31/33/45/52/58) (22), licensed
in Italy in the 2015. This vaccine protects against
7 hr-HPV types (HPV 16/18/ 31/33/45/52/58) and
2 Ir-HPV types (HPV6/11). Unfortunately, the vac-
cination coverage in Italy is below the optimal thresh-
old set by the National Vaccination Prevention Plan
(95% in the 12th year of life). To date, vaccine status
does not affect CC screening programs (23).

The aim of the present retrospective study was
to evaluate the prevalence of hr-HPV genotypes in
women resident in the Marche region (Italy) who at-
tended to the CC test in a diagnostic laboratory, and
to understand if the assessed frequency of infection is
related to the vaccination status (vaccinated vs. unvac-
cinated women). Moreover, concomitant infections
with HPV and other infections affecting the genital
tract were also evaluated.

Methods
Subjects

This retrospective study included medical reports
from 875 female patients aged between 15 and 84, re-
siding in the province of Pesaro-Urbino (PU), Marche
region, Italy, who went to the Biolab Clinical Analysis
Laboratory of Vallefoglia (PU, Italy) for the CC test;
the considered period was between January 2020 and
February 2023.

Inclusion criteria: In women of childbearing age,
the cervical sampling had to be performed at least five
days after the end of the menstrual cycle, no more
than five days before the expected menstrual start date,
and at least two days after the last sexual intercourse.
Women were excluded from the study if they have
used vaginal creams, ovules, douches or foams in the
previous 48 hours from the pap test.

The Marche Territorial Ethics Committee approved
the work on 10/19/2023, protocol number 2023/303.

Microbiological analyses

A pap test and a complete cervicovaginal swab
were conducted to identify simultaneously, by Real-
Time PCR, the presence of hr-HPV, Chlamydia
Gardnerella

vaginalis, Trichomonas vaginalis, Mycoplasma hominis,

trachomatis, ~Neisseria — gonorrhoeae,
Mycoplasma genitalium, Ureaplasma urealitycum, and
Ureaplasma parvum.

The biomolecular analysis aimed at determin-
ing the presence of hr-HPV and other pathogens
was conducted using QIAsymphny SP/AS and Rotor

Gene Q Mdx 5plex HRM (QIAGEN) instruments.
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The microbial genome was extracted and purified
using the QIAsymphony DSP Virus/Pathogen Midi
Kit; the QIAsymphony SP module was used for DNA
purification and extraction. The HPV genome was
analyzed using the GeneNavI'M HPV One qPCR
Kit (GenomeMe- CANADA). This iz vitro diagnostic
kit enables the detection and specific discrimination
between HPV 16, HPV 18 and non-specific pooled
detection of the other 12 hr-HPV genotypes (HPV
31, HPV 33, HPV 35, HPV 39, HPV 45, HPV 51,
HPV 52, HPV 56, HPV 58, HPV 59, HPV 66 and
HPV 68) (Table 1). The primers used are universal oli-
gonucleotides designed on the genomic region encod-
ing the E6/E7 proteins. Human B-actin was used as
the internal control.

The detection of Chlamydia trachomatis,
Neisseria gonorrhoeae, Gardnerella vaginalis, Tricho-
monas vaginalis, Mycoplasma hominis, Mycoplasma
genitalium, Ureaplasma urealitycum, and Ureaplasma
parvum was conducted using the REALQUALITY
RQ-SevenSTI kit (AB Analitica).

All biomolecular analyses were conducted follow-
ing the manufacturer’s instructions.

Statistical analysis

The chi-square test was used to find differences
in vaccination status and HPV positivity within age
groups. Differences were considered significant at P:
<0.05. To calculate the sample size, the latest national
data released by the Istituto Superiore di Sanita re-
garding HPV prevalence by age group were consid-
ered (24). The required number of samples positive for
HPV (total sample size) was calculated considering a

Table 1. Detection scheme of the multiplex real-time PCR analysis.

significance level (o) of 0.05 and a power (1-B) of 0.9,
resulting in 67 positive samples (G*Power software).
Then, taking into account that the HPV prevalence of
HPYV in healthy populations is 8% (24), the total num-
ber of samples needed is at least 838.

Results

A total of 875 women (age range 15-84 years)
were included in this study and tested for the posi-
tivity to hr-HPV infection, in the period January
2020 - February 2023. Among these women, 213
(24.3%) declared anti-HPV vaccination. About 58%
of vaccinated were aged between 15 and 24 years; the
percentage of vaccinated women decreased with age
(Figure 1; P: <0.001).

A total of 228 women (26%) resulted hr-HPV
positive, with a prevalence significantly different in the
various age groups (p <0.001). In detail, 14% resulted
positive in the range of 15-24 years, 31% in the range
of 25-34 years, 36% in the range of 35-44 years, 28%
in the range of 44-65 years, and 13% in the women
with 65 years or older (Figure 2).

Furthermore, the prevalence of infection in the
vaccinated women was 7%, compared to 32% of the
unvaccinated group (Figure 3). Interestingly, the prev-
alence of hr-HPV types sorted by the age groups re-
ported in Figure 3 shows that most of the infections
occurred in women aged 25-65 years, in comparison
to women under 25 or over 65 years. The distribu-
tion of hr-HPV genotypes in the 228 positive women
showed that 88 (38,6%) were positive for HPV 16, and
25 (10.9%) were positive for HPV 18; HPVs 31, 33,

Channel | Excitation (nm) | Emission (nm) | Fluorophore

Genotyperevealed

Green 470 + 10 5105 FAM HPV 31,33,35,39,45,51,52,56,58,59,66,68
(Fluorescein)

Yellow 5305 557 +5 HEX HPV 16
(Hexachloro-fluorescein)

Orange 585+5 6105 ROX HPV 18

(X-Rhodamine)

Red 6255 660 + 10 Cy5
(Cyanine 5)

Human B-actin
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Figure 1. Vaccination status of women by age groups. P: <0.001;
chi-squared test.
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Figure 2. Prevalence of hr-HPV infection among women by
age groups.
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Figure 3. Prevalence of hr-HPV in vaccinated and unvacci-
nated women by age groups.

35, 39, 45, 51, 52, 56, 58, 59, 66, 68 were found in
115 (50.4%) of women. Of the 213 women vaccinated,
15 (7%) were found positive for hr-HPV, but none
for genotypes 16 or 18; on the other hand, 213 (32%)
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Figure 4. Cytological diagnosis in vaccinated and unvacci-
nated women positive for hr-HPV. NEG, no lesions; ASCUS,
atypical squamous cells of undetermined significance; LSIL,
low-grade squamous intraepithelial lesions; HSIL, high-grade
squamous intraepithelial lesions; ASCH, atypical squamous
cells; AGC, atypical glandular cells.

of 662 unvaccinated women were found hr-HPV
infected, in particular with hr-HPV16 and hr-HPV
18 genotypes.

The correlation between the hr-HPV positivity
and the cervical cytology result (normal/pathological)
was also studied. Of the fifteen infected women with
hr-HPV who have received the vaccination, none
developed lesions greater than Jlow-grade squamous
intraepithelial lesions (LSIL). In particular, eight dis-
played atypical squamous cells of undetermined signifi-
cance (ASCUS), three presented LSIL, whereas four
did not display lesions (Figure 4). The cytological
analysis performed in the 213 unvaccinated patients,
instead, identified high-grade cytological abnormali-
ties: 18 of them presented high grade squamous in-
traepithelial lesions (HSIL), 72% of which are related
to genotype 16 (aged 28-59, median 42); 11 presented
atypical squamous cells (ASCH); moreover, a endocervi-
cal atypical glandular cell (AGC) was detected in one
case (Figure 4).

The distribution of concomitant infections of
hr-HPV with other infections of the genital tract was
found in 162 women (71%); particularly 51% with
Gardnerella vaginalis, 16% with Ureaplasma urealitycum,
14% with Mycoplasma hominis, 7% with Ureaplasma
parvum, 5% with Mycoplasma genitaluim, 4% with
Trichomonas vaginalis, and 3% with Chlamydia

trachomatis.
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Conclusions

The HPV leads to the most common viral infec-
tion of the reproductive tract and hr-HPV genotypes
are responsible for more than 95% of CC (7). More
than 90% of the HPV infected populations eventu-
ally clear the infection, and most pre-cancerous lesions
resolve spontaneously. However, persistent infection
may become chronic and cause cancerous lesions, to
then progress to invasive CC (25).

The overall HPV prevalence in a population of
women who requested the CC test at a diagnostic
laboratory in the Marche region, was 26%, a value
that falls within the wide range of prevalence re-
ported in other studies (26). The HPV-16 was the
most prevalent genotype (38.6%) detected, followed
by HPV-18 (10.9%) and our results are in agreement
with other reports (27-29). Our results show that
HPV prevalence significantly differs based on age.
The highest prevalence of infection (>30%) was found
in women aged 35-44 years, followed by women aged
25-34 years (about 30%), whereas it was 14% in the
15-14 age group. This data could be explained, at least
in part, considering the higher vaccination coverage
in the age group 15-24 years ws. other years groups
(Figure 1).

There are currently three vaccines available, all
protecting against HPV types 16 and 18. The 9-valent
vaccine protects against five additional oncogenic
HPV types, which cause a further 20% of CC. Since
2008, the HPV vaccination has been offered free of
charge to 12-year-old girls in Italy, and 70.6% of eli-
gible people belonging to the first vaccinated cohort
(females born in 1997) have received at least one vac-
cine dose (29). Subsequently, in 2017, the strategy was
extended to males aged 11-12 years. Therefore, in our
study, women aged more than 30 years were unlikely to
be protected by vaccination.

In countries where HPV vaccination has been
implemented with high coverage, HPV types 16 and
18 have significantly decreased (30); on the other
hands, at least 90% of the new cases and deaths world-
wide in 2020 occurred in low- and middle-income
countries, in which the HPV vaccine have been intro-
duced in less than 25% of their national immunization

schedules (17).

In Italy, the vaccination coverage is far below the
optimal threshold set by the National Vaccine Pre-
vention Plan (95%) and shows significant differences
between regions. Furthermore, during these years of
the COVID-19 pandemic, anti-HPV vaccination has
suffered a further decrease. To overcome this problem,
and in agreement with the WHO strategy, launched in
2020 to accelerate the elimination of CC within 2030
(17), the Italian Ministry of Health will enforce the
administration of the HPV vaccine in the new 2023-
2025 vaccination plan (19). Currently, in the Marche
Region, the anti-HPV vaccination is offered free of
charge to girls up to the age of 26, to women born
after 1996 who have not been vaccinated previously,
and also to women who have undergone documentable
treatment for HPV-related lesions (31).

Moreover, in the last twenty years, the secondary
prevention represented a second line of intervention
that has contributed to progressively decrease the inci-
dence of CC in developed countries. It is based on the
screening tests, that allow pre-cancerous lesions to be
identified at stages in which they can easily be treated.

In this study, the diagnosis combined liquid-based
cytology Papanicolaou stain (Pap test) and HPV-
DNA testing. This procedure is minimally invasive,
and detects hr-HPV, allowing a better risk stratifica-
tion and evaluation. The HPV-DNA test was proposed
several years ago by WHO (32) and by the European
Guidelines for Quality Assurance in Cervical Cancer
Screening (33) and proved to be cost-effective com-
pared to the conventional Pap test in women from
low- and middle-income countries (34). Conversely,
in postmenopausal women, the HPV testing added to
Pap test is an optimal and safe practice (35).

The cytological results reported in this study show
that most of cytological lesions, e.g. HSIL, ASCH and
AGC, were present only in unvaccinated women and
that HSIL was mainly related to genotypes 16; con-
versely, in the fifteen hr-HPV-infected women that
have received the vaccination, the lesions were of low
grade or absent.

Furthermore, 71% of women HPV infected re-
sulted positive for one or more of the eight sexually
transmitted infections (STI) tested with the biomo-
lecular analysis. Of these, Gardnerella vaginalis was
the most associated infection (51%), followed by
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Ureaplasma  urealitycum (16%), Mycoplasma hominis
(14%), Ureaplasma parvum (7%), Mycoplasma genitaluim
(5%), Trichomonas wvaginalis (4%) and Chlamydia
trachomatis (3%).

Interactions between HPV and other pathogens
in cervical mucosa could enhance HPV replication and
infection persistence; there is growing evidence about
the role of other STT as co-factors for the development
of CC in HPV-positive women (36-37).

Martinelli et al. reported a positivity of 49.2
% for one or more of the seven STT analyzed, with
Ureaplasma parvum found to be the most frequently
identified pathogen, followed by Ureaplasma urea-
lyticum (38). Furthermore, Roeters et al. (39) showed
an association between Trichomonas wvaginalis,
Mycoplasma hominis and Ureaplasma urealyticum with
cervical inflammatory processes, suggesting that this
situation may facilitate the entrance of HPV (39).
Moreover, other studies (36-40) have reported that
there is an increased risk of CC in women co-infected
with HPV and Chlamydia trachomatis. This hypoth-
esis is reinforced by Castle et al. (41), which sustains
that Chlamydia trachomatis infection determines an
increased inflammatory response that can facilitate
HPV’s entrance and persistence of infection into the
cervix basal membrane. A recent systematic review and
meta-analysis that have investigated the association
between female genital mycoplasmas and HPV infec-
tion, cervical cytopathology, and CC concluded that
Ureaplasma urealyticum and Ureaplasma parvum were
associated with a significantly increased risk of overall
HPV infection (42).

This study also has some limitations. The type
of vaccine used for vaccination was not collected as
well as the motivation that led the women to request
a complete cervico-vaginal swab and a Pap test. De-
spite these limitations, we believe that our results have
important clinical value because indicate the impor-
tance of the test for the diagnosis of high-risk HPV
genotypes and highlights the importance of HPV vac-
cination in the prevention of high-grade cervical cyto-
logical abnormalities.

In conclusion, we have found a meaningful diffu-
sion of hr-HPV, prevalently of genotype HPV-16, in
women aged more than 25 years in Marche Region; it
was frequently associated with STI, and a substantial

difference in the risk of CC, higher in unvaccinated
than vaccinated women. Despite the development of
effective strategies for prevention, such as vaccina-
tion and screening, CC is still one of the major public
health problems for middle-aged women; thus, the en-
hancement of primary and secondary prevention in-
terventions must be further incentivized.
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