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Abstract. The presentcross-sectional-study aimed todetermine
the prevalence of human papillomavirus (HPV)-genotypes
among human immunodeficiency virus (HIV)-positive and
-negative women in Central/Eastern Italy, and to identify the
optimal strategies for effective HPV-preventionineach group. A
representative sample of HIV-negative (150/200) and -positive
(50/200) women, who underwent cervico-vaginal-swabbing.
Swabs were analysed for a cytological screening and for a
HPV-DNA-genotyping-test. A total of 66/200 swabs resulted
HPV-positive. The overall HPV-prevalence was 33% with a
higher prevalence in the HIV-positive-group (48%) compared
with the HIV-negative-group (28%). The most frequent geno-
types were: 16, 31, 52, 58, 66, 73 and 89. Furthermore, the
prevalence of specific genotypes was different in each group.
The results of the present study indicate that HIV infection
appears to be an independent risk factor for HPV-infection.
In addition, HPV-infection is more common and more likely
to persist in HIV-positive compared with in HIV-negative
women. The optimal way to counteract HPV infection is
through primary prevention. The stage of immunity (cluster
of differentiation 4-level) at the time of the HPV-screening
is one of the most important parameters for detection of
susceptibility to HPV-infection and to evaluate the response
to the HPV-vaccine in HIV-positive women. It may be used
to determine the sub-group of HIV-positive women that are
more prone to HPV-infections or that exhibit a partial response
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to the HPV-vaccine. At present, a novel type of vaccine with
9-genotypes is available and in the near future, it may serve an
essential role in the prevention of HPV infections.

Introduction

Human papillomavirus (HPV) is a DNA-virus, associated
with epithelial hyperplasias. It is a small non-enveloped virus
that contains a double-stranded, closed circular DNA genome,
associated with histone-like proteins and protected by a capsid
with icosahedron symmetry, formed by two structural protein
types (1). It is included in the family of papillomaviridae,
which actually contains 29 genera formed by 189 geno-
types (2). Presently 170 genotypes, classified into five genera
(aPV, PPV, yPV, uPV, vPV), have been accepted to infect
human being and approximately 40 of them, included in the
genus Alphapapillomavirus, are associated with infections of
the ano-genital and oral mucosa (3). One of the primary inter-
ests in HPV is to do with its unique oncogenic properties; so,
genital HPV types usually are categorized according to their
epidemiological association with cervical cancer in low- and
high-risk (LR-HPV and HR-HPV).

Seven of them (HR-HPV: 16, 18, 31, 33, 45, 52, 58) account
for nearly 90% of all cervical cancer cases in the general popu-
lation worldwide with little regional variation and particularly
genotypes 16 and 18 together account for the great majority of
cervical carcinomas (70%) in the general population (4). The
HPV actually is estimated to be the most common sexually
transmitted infection in the world (5) and its prevalence is seen
in a geographic distribution of genotypes (6,7).

Although HPV infection has a high transmission rate,
more than 90% of new HPV infections, including those
with high-risk types, clear or become undetectable within
24 months, and clearance usually occurs in the first 6 months
after infection (8). Only 10% of women fail to clear HPV infec-
tions, resulting in a persistent infection. The main consequence
of persistent infection with HR-HPV is the development of
lesions that may progress to malignancy.

A high prevalence of new HPV infections and persistent
infections are reported in immunocompromised individuals,
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including human immunodeficiency virus; human immu-
nodeficiency virus (HIV)-positive women are at increased
risk of incident HPV infection and reactivation of latent
HPV infection, compared with HIV-negative women (9).
Besides, HIV seropositivity has also been linked to high- and
low-grade cervical squamous intraepithelial lesions (H-SIL
and L-SIL), as well as invasive cervical carcinoma, a recog-
nized AIDS-defining condition and a common cancer among
HIV-positive women (10).

The aim of our study is to evaluate the prevalence of HPV
infection in HIV infected females vs. HIV-negative women
and its genotypes distribution in Central/Eastern Italy, using a
HPV-DNA detection test, and to identify the best strategies for
an effective HPV-prevention in both these groups of women.

Materials and methods

The authors have collected a representative sample of
HIV-negative (150) and positive (50) women who attended
the outpatients Departments of Gynecology and Obstetrics of
University of Molise (Campobasso, Italy),of Infectious Diseases
of University of Molise (Campobasso, Italy) and of University
of Chieti-Pescara (Chieti, Italy), respectively, from January to
July 2015 and who underwent cervico-vaginal swab collection.
Swabs were analysed for a cytological screening (thinPrep
System) and for HPV-DNA by polymerase-chain-reaction
followed by type specific hybridization. HPV detection and
typing was performed by using the Roche Linear Array HPV
genotyping test (Roche Molecular Systems, Inc., Branchburg,
NJ, USA) and it included probes for 37 HPV types.

Setting. Department of Medicine and Health Sciences,
University of Molise and Department of Medicine and
Science of Aging-Clinic of Infectious Diseases, University
‘G. dAnnunzio' Chieti-Pescara.

Study population and design. This is a cross-sectional study.
The study protocol received institutional review board (IRB),
in accordance with the Code of Ethics of the Declaration of
Helsinki. All females selected were eligible for participation to
the study. Strobe statement and checklist have been consulted.
Exclusion criteria was pregnancy.

Demographic and behavioral data. Nationality, race and
ethnicity were reported. Grade of instruction, job/profession,
marital status, smoke, drugs, use of alcohol were asked. Age
at first sexual intercourse, lifetime number of sexual partners,
sexual behaviour, use of oral-contraceptives, menopausal state
and past history of pregnancy were reported. Height, weight
and body mass index were evaluated.

Specimen collection and processing. Swabs were analyzed
for a thin-Prep Pap test and for the presence of HPV-DNA
by Linear Array HPV genotyping test, a qualitative in vitro
test for the determination of 37 HPV-DNA genotypes. We
considered as low-risk genotypes (LR-HPV): 6, 11, 40, 42,
54,55,61,62,64,71,72,81, 83,84, CP6108 (HPV-89) and as
high-risk genotypes (HR-HPV): 16, 18, 26, 31, 33, 35, 39, 45,
51,52, 53,56, 58, 59, 66, 67, 68, 69, 70, 73, 82, IS39 (subtype
of HPV-82).
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Dataon HIVinfection.Year of diagnosis, viral load (HIV-RNA),
CD4 levels, CD4/CDS ratio, CD4 nadir, eventual HCV/HBV
co-infections, inflammatory indexes such as erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP-test),
CDC classification and eventual anti-retroviral therapy were
collected. The cut-off point for CD4* T lymphocytes in
200 cells/mm?® was used to indicate immunosuppression in the
women HIV positive.

Statistical analysis. All females who underwent an adequate
swab for HPV evaluation were included in the final analysis
(200/200). HPV prevalence was estimated within the 95%
confidence interval (CI). CI were calculated by using the SE of
log transformation with the SE of the log prevalence. Statistical
analysis samples deemed positive for high- and low-risk HPV
were categorized as single or multiple infections. To explore
the association with age and overall HPV prevalence, age was
categorized into 4 year intervals (<25, 26-35, 36-45, =46). A
post hoc power analysis was done using the G*'Power statistical
package for Windows (version 3.1.7; Microsoft Corporation,
Redmond, WA, USA). The data were analyzed by an Epilnfo7
statistical package for Windows (version 7.1.0.6). For cate-
gorical variables, the Pearson's ¥ test and ANOVA test were
performed to evaluate the significance of differences between
groups. A P<0.05 was considered statistically significant. A
linear regression was performed to evaluate the relationship
between variables.

Results

The study involved 200 women aged 18-66 years (mean, 36.45;
SD, 11.12) by which 150 women (group 1) aged 18-63 years
(mean, 34.34; SD, 10.99) were HIV-negative and 50 women
(group 2) aged 23-66 years (mean, 42,80; SD, 8.94) were
HIV-positive. The sample size of 200 was used for the statis-
tical power analysis (in the ratio of 1 to 3). The alpha level used
for this analysis was P<0.05. The post hoc analyses revealed the
statistical power for this study was 92% for detecting a medium
effect. Thus, there was more than adequate power. The overall
HPV prevalence was 33.00% (95% CI: 27.16-39.41%) with a
higher prevalence in group 2, 48% (95% CI: 33.66-62.58%)
vs. group 1, 28% (95% CI: 20.98-35.91%) (P=0.009) (Table I).
Between the two groups there was a statistically significant
difference of HPV prevalence among women across a board
age range representative of the population (P=0.0027) and there
was also a statistically significant difference of HPV prevalence
related to BMI (P=0.0089), marital status (P=0.0002) and
education level (P=0.01) (Table I). There was also a statistically
significant difference of HPV prevalence related to number
of lifetime sex partners (=3), alcohol and drugs abuse with a
prevalence of 54.12% (95% CI: 42.96-64.98%) (P<0.0001),
72.73% (95% CI: 39.03-93.98%) (P=0.003) and 91.67% (95%
CI: 61.52-99.79%) (P<0.0001), respectively; but alcohol and
drugs abuse was only observed in group 2. There was also a
statistically significant difference of HPV prevalence related
to smoking 51.35% (95% CI: 39.44-63.15%) with a prevalence
more statistically significant in group 2: 75.00% (95% CI:
61.95-84.68%) than in group 1: 40.00% (95% CI: 28.41-52.82%)
(P<0.0001). Particularly the prevalence of HR-HPV infec-
tion in smokers was 39.73% (95% CI: 30.00-50.33%) with a
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Table I. HPV prevalence and demographic data between groups.

Group 1 (HIV negative) Group 2 (HIV positive)
HPYV prevalence HPV prevalence
Variable Sample size % (95% CI) Sample size % (95% CI) P-value
HPV 150 28.00 (20.98-3591) 50 48.00 (33.66-62.58) 0.009
Age group
<25 42 35.71 (23.55-50.04) 2 50.00 (8.31-91.69) 0.0027
26-35 39 30.77 (18.88-4591) 9 66.67 (41.58-84.89)
36-45 43 30.23 (18.90-44.62) 18 38.89 (21.00-60.37)
46-55 22 4.55 (0.64-26.11) 18 50.00 (31.00-69.00)
=56 4 25.00 (3.59-74.89) 3 33.33 (4.94-82.78)
BMI group
<18.5 14 42.86 (22.37-66.12) 1 0.00 - 0.0089
18.5-24.9 99 28.28 (20.59-37.50) 30 53.33 (38.39-67.71)
25-29.9 29 20.69 (9.77-38.59) 13 46.15 (24.57-69.28)
>30 8 25.00 (6.61-61.09) 6 33.33 (9.17-71.24)
Marital status
Single 68 42.65 (32.50-53.46) 33 63.64 (50.31-75.15) 0.0002
Married/engaged 82 15.85 (9.50-25.27) 17 17.65 (5.91-42.24)
Education
Graduate 20 25.00 (11.12-47.04) 7 42.86 (16.24-74.36) 0.01
High school 82 34.15 (25.24-44 33) 24 54.17 (37.57-69.89)
Primary school 48 18.75 (10.17-31.99) 19 42.10 (24.15-62.42)

HPV, human papillomavirus; HIV, human immunodeficiency virus.

higher prevalence in group 2 [62.50% (95 CI: 46.65-76.06%)]
vs. group 1 [28.57% (95% CI: 18.09-42.01%)] (P<0.0001).
The frequency of vaccinated women for HPV was very low
and it was observed only in group 1 (5/150): 3.33% (95% CI:
1.39-7.75%). No association was found between HPV infections
and the age at the first intercourse, menopausal state, preg-
nancy, cancer familiarity, utilization of oral contraceptive. The
odds ratio is shown in Fig. 1.

HPV-typing. Sixty-six out of two hundred swab resulted posi-
tive to HPV and twenty-five out of thirty-seven different HPV
genotypes were detected (Fig. 2). Multiple HPV infections
(29/66) were observed in 43.94% (95% CI: 33.62-54.81%) of
HPV positive samples with a mean of 4 viruses for woman
(range, 2-8). The most frequent genotypes detected were
HPV-16, 31, 52, 58, 66, 73 and 89 (Fig. 2). Furthermore, the
prevalence of specific genotypes was different in each group
(Fig. 2) with a statistically significant higher prevalence of
genotypes: 11, 16, 18 and 31 in group 2 vs. group 1 with a
prevalence of 10.00% (95% CI: 3.33-21.81%) (P=0.0007),
22.00% (95% CI: 11.53-35.96%) (P=0.0002), 8.00% (95%
CI: 2.22-19.23%) (P=0.016), 16.00% (95% CI: 7.17-29.11%)
(P=0.0001); respectively; An higher prevalence of genotypes:
52,58 and 73 was detected in the group 1 vs. group 2 with a
prevalence of 7.33% (95% CI: 3.72-12.74%) (P=0.17), 5.33%
(95% CI: 2.33-10.24%) (P=0.70), 4.67% (95% CI: 1.90-9.38%)
(P=0.40); respectively; but it was not statistically significant.

The overall prevalence of HR-HPV genotypes was 24% (95%
CI: 18.73-30.20%) with a higher prevalence in HIV-Positive
vs. HIV-negative women: 40% (95% CI: 28.41-52.82%)
vs. 18.67% (95% CI: 13.29-25.57%), respectively (P=0.002).
The prevalence of HPV in relation to the presence of HIV
infection (viral load, CD4 level, years from first diagnosis
of AIDS and eventual anti-retroviral therapy) were reported
in Table II.

Discussion

The Central/Eastern Italian regions are, mainly, a mountainous
and agricultural land, so they are relatively isolated from the
rest of country, and without presence of metropolitan areas;
therefore there is a stability in HPV-genotype distribution (6).
In these places, the burden of prevalence of HPV infection
among females was overall greater than previous estimates
in Italy: 33.0 vs. 7-16% (official data of Italian Superior
Health Institute) (11); moreover, our data, according with data
of literature (12-14), showed an higher prevalence of HPV
infection in HIV-seropositive (48.0%) women compared to
HIV-seronegative women (28.0%).

HIV infection seems to be an independent risk factor for
HPV-infection OR: 2.37 (95% CI: 4.59-1.23%). By contrast, the
research into the role of genital HPV in HIV incident infection is
currently limited, whereas it is biologically plausible (10). HPV
could predispose to HIV infection and dissemination through its
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Figure 2. HPV prevalence (overall and into groups). HPV, human papillomavirus; HIV, human immunodeficiency virus.

disruption of the epithelium integrity and the mucosal immune
system by altering the density and functional activities of
epithelial Langerhans cells which capture infecting pathogens,
enabling the recruitment and activation of HIV target cells such
as T-lymphocytes, reducing the expression of proteins acting in
cell adhesion and tumor suppression, downregulating proteins
that promote the infiltration of Langerhans cells through the
epithelium, reducing the production of proteins involved in
antimicrobial activities and upregulating inflammatory cyto-
kines, which may increase HIV replication (10). HIV infection
is often associated with a greater drugs use (24%), alcohol use
(22%) and smoking (48%) which themselves may play a direct
or indirect role in HPV infection; because alcohol and drugs
abuse were only observed in group 2, it may be a bias and their
role in HPV infection may be influenced by HIV co-infection.
Whereas there was a strong statistically significant difference
in HPV prevalence related to cigarette smoke (P<0.0001) and

particularly, tobacco use was associated with HR-HPV infec-
tions. It is possible that smoking could increases the likelihood
of HPV infection trough a local decrease of immune response
in the cervix and an indirect effect related to metabolism of
female hormones (15). The association with HIV infection
may confer an increased susceptibility to the harmful effects
of smoking (16).

Demographic and behavioural factors such as marital
status, education level and number of sexual partners seem to
influence the susceptibility to HPV infection, too. Particularly
the results of multivariate analysis show that number of sexual
partners in a lifetime and single status are independent risk
factors for HPV infections. A statistically significant differ-
ence of HPV prevalence was also observed related to BMI
(P=0.0089) and age groups (P=0.0027) with a lower prevalence
of infection in the group of oldest and/or overweight women.
No association was found between HPV infections and the
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Table II. HPV prevalence related to HIV infection.
HPV prevalence
Variable Sample size Y% (95% CI) P-value
CD4
<200 7 57.14 (28.07-82.00) 0.05
201-350 4 50.00 (15.48-84.52)
351-500 15 73.33 (55.81-85.69)
>500 24 29.17 (15.07-48.87)
c-ART
Yes 42 47.62 (34.80-60.76) 0.81
No 8 50.00 (23.14-76.86)
Viral load
<400 14 57.14 (35.87-76.07) 043
>400 36 44 .44 (30.74-59.04)
Years from diagnosis
<5 11 36.36 (15.39-64 .22) 0.62
6-10 14 22.37 (22.37-66.12)
11-15 11 4042 (40.42-81.86)
>15 14 28.75 (28.75-71.24)

HPV, human papillomavirus; HIV, human immunodeficiency virus.

age at the first intercourse, menopausal state, pregnancy,
cancer familiarity, utilization of oral contraceptive. This last
is in contrast with study of other authors (17) that found an
association between oral contraceptive and HPV infection. But
other previous researches (18) about the effect of oral contra-
ceptive use on HPV infections show inconclusive results, too.
Nonetheless, the findings in the present study do not support
the hypothesis that oral contraceptive users may acquire HPV
more often. The HPV-Vaccine seems to have a protective effect
on HPV infection with OR: 0.5 (95% CI: 0.0548-4.5646%) but
in this study, the frequency of vaccinated women for HPV
was very low so at the moment it is impossible to evaluate
correctly these data. In fact, the majority of whom were older
than the population targeted for the vaccine. Our results show
that a lower than 500 cell/mm?* CD4 count was associated
with higher HPV infections (P<0.05), thereby reflecting the
inability of HI'V-positive women's immune systems to respond
to opportunist infection (14). Other studies suggested that the
frequency of HPV persistence varied inversely with CD4* count
and found higher HPV prevalence and incidence of oncogenic
HPV types in HIV infected patients, especially those with
lower CD4* counts (19). These data suggest that the level of
CD4 is important in the pathogenesis of HPV infection in HIV
infected patients (19). No association was found with stage of
HIV disease (CDC stage). In our study, we found that the stage
of immunity (CD4-level) at the time of the HPV-screening is
the most important parameter for detection of susceptibility to
HPV-infection in HIV-positive women; nevertheless, it is very
interesting to point up that the women with a low level of CD4
are those that only partially respond to HPV-vaccines (20).
The other parameters that we tested in HIV patients such as
viral load, ART and years from diagnosis is not related to HPV

infection risk. Particularly, ART did not impact HPV detec-
tion within 6 months of therapy initiation, highlighting the
importance of continued and consistent screening, even after
ART-initiation and immune reconstitution (21).

In all these patients it is very important to perform preven-
tively a primary prevention. The options for the primary
prevention of HPV infections include HPV-vaccination and
other interventions related to sexual health and behaviors,
lifestyle habits (such as smoking) and others yet to be identi-
fied. These last interventions are most important, particularly
in HIV-positive women, where the HPV-vaccination yet must
be shown to be efficacious in HIV-infected individuals (20)
particularly in the group with a CD4 count inferior to
500 cell/mm?®. Secondly, another interesting aspect about
vaccines issues from our study: the currently marketed
vaccines do not provide total coverage against HPV infec-
tions; in fact, for the great variability of HPV circulating
genotypes, not all most frequently circulating genotypes
are included in 2-or 4-valent HPV vaccines (22-24) such as
genotypes 31, more frequent in HIV-positive women, and
52/58, more frequent in healthy women. This variability may
be particularly dangerous in HIV-positive women where
there is an increased risk of H-SIL and invasive cervical
cancer related also to other HPV-genotypes different from
HPV-16 and -18. But, at present, a new type of vaccine with
9 genotypes (HPV: 6, 11, 16, 18, 31, 33, 45, 52, 58) is available
(9vHPV); it targets 5 additional cancer causing genotypes,
which account for about 15% of cervical cancers and 25% of
cervical pre-cancer lesions (25,26), and preventing over more
95% of persistent HPV31/33/45/52/58 infections and associ-
ated cervical, vulvar, and vaginal disease of any grade (27).
The 9vHPV costs $13 (12.30 €) more per dose than 4vHPV.


https://www.spandidos-publications.com/10.3892/ol.2017.7140
https://www.spandidos-publications.com/10.3892/ol.2017.7140
https://www.spandidos-publications.com/10.3892/ol.2017.7140
https://www.spandidos-publications.com/10.3892/ol.2017.7140

7634

The cost of the 9VHPV may be a limiting factor as well as the
socio-political resistance to primary prevention (25-28). Yet,
the 9-valent vaccination strategy would allow more aggressive
changes in screening, and the incremental health benefits and
medical costs averted from preventing cervical lesions and
cervical cancer associated with HPV-types 31/33/45/52/58
further reducing future costs (26,27). About the secondary
prevention, the cervical-screening is still recommended in all
women, included those vaccinated (25,29).

In conclusion, HPV infection is the most common sexu-
ally transmitted infection in the world and its prevalence is
seen in the geographic distribution of its genotypes (7). The
most frequent genotypes detected in Central/Eastern Italy
were HPV-16, HPV-89, HPV-52, HPV-58, HPV-31, HPV-66
and HPV-73. HPV infection is more common (particularly
high-risk genotypes) and more likely to persistin HIV-positive
women rather than HIV-negative women. The best way to
counteract the HPV infection is the primary prevention that
includes HPV-vaccination and other interventions related
to lifestyle habits, sexual health and behaviors. These last
behavioural interventions are most important, particularly in
HIV positive women, where the HPV-vaccination yet must
be shown to be efficacious in HIV-infected individuals (20),
particularly in the group with a low CD4 count. In fact, the
women with a low level of CD4 are those that only partially
respond to HPV-vaccines (20); furthermore, in our study, we
confirmed that the stage of immunity (CD4 level) at the time
of the HPV screening is the most important parameter for
detection of susceptibility to HPV-infection in HIV-positive
women. So, it may be used to check the sub-group of HIV
positive women that are more exposed to HPV infections
and to its complications and that have a partial response to
HPV-vaccine. However, for the great variability of HPV circu-
lating genotypes, currently, the secondary prevention is still
recommended in all women, included those vaccinated, and
particularly in HI'V-positive women (25,29). Nevertheless, at
present, a new type of vaccine with 9 genotypes is available;
we believe that, in the near future, it will have a key role
to play in the prevention of HPV infections, indeed it may
be useful for assuring a larger vaccine coverage across the
population, reducing the circulating genotypes in the overall
population and, indirectly, it may also be useful in protecting
those patients that presently respond partially or do not
respond at all to vaccine. So, if larger coverage represents
an opportunity for each woman, so much more so for every
HIV-positive woman; it is mandatory.
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