E GO European Journal of
] Gynaecological Oncology

The role of human papillomavirus in cervical pre-neoplastic
lesions: the relationship between virus genotype and
persistence or clearance of the infection

MLT. Schettino!, G. Mainini2, F.P. Ammaturo!, P. De Franciscis', M. Torella', F. Grauso’,
E.M. Messalli!, G. Balbi!, ML.F. Offi!, N. Colacurci!

!Department of Woman, Child and of General and Specialized Surgery, Second University of Studies of Naples, Naples
’Department of Gynecology and Obstetrics. San Leonardo Hospital, Castellammare di Stabia, Naples (Italy)

Summary

Human papilloma virus (HPV) infection persistence is responsible for modifications that will lead to progression to a pre-neoplas-
tic cervical lesion. This study examined persistence or clearance of HPV infection related to genotypes and to risk factors, like patients’
age, smoking habit, and use of oral contraceptives. The data of 90 patients, who had a positive high risk-HPV (HR-HPV) test for more
than 18 months irrespective of the genotype, were taken from the pathology database of the Colposcopy Clinic and the presence of
HPV was assessed by the linear array test which utilized amplification of target DNA by polymerase chain reaction (PCR) and nucleic
acid hybridization. During the first visit a careful anamnesis was taken, with information about lifestyle. Clearance was observed in 25%
of infections by low risk genotypes and in 43% of which by high risk and, among high oncogenic risk genotypes, HPV 16, 31, 33, 35,
39, 45, 51, and 59 were mostly associated to persistence of infection. Among persistent HPV infections, progression occurred with
HPV16 in 50% of cases, with HPV18 in 44.4% of cases, with HPV31 and HPV35 in 33.3% of cases, with HPV33 in 28.5% of cases,
with HPV45 in 41.7% of cases, with HPV51 in 25% of cases, and with HPV59 in 20%. There was no statistically significant difference
between persistence of high risk and low risk genotypes and a significant association with the cited risk factors. A long period of fol-
low-up, HPV-DNA detection by PCR, and the study of risk factors could lead to improve the diagnosis of persistent HPV infections.
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infection progression.

Introduction

Human papilloma viruses (HPV) are small, non-en-
veloped DNA viruses (Family: Papovaviridae; Genus: al-
phapapillomavirus; Species: human papillomaviruses).
HPV infection represents an argument of remarkable gy-
necological interest for its tight link with cervical cancer.
This neoplasia is the one type for which the World Health
Organization (WHO) recognized a viral etiology. It has
been estimated that HPV infection is the most diffused and
diagnosed sexually transmitted disease in the world [1-3].
HPV infection is contracted at least once in a lifetime by
90% of women, but in 80% of cases, it is transient and re-
gresses in 18-24 months, so it persists only in 20% of cases.
No efficient antiviral has been found to fight this infection,
so its clearance is due to the immune system, even if it
seems that the use of oral and topical products containing
carboxymethyl-betaglucan and other natural substances,
could increase the rate of viral negativity [4, 5]. Persistence
of infection over five years, mostly related to high risk
genotypes, has been found in older women [6). This con-
dition is probably due to immunological senescence effects
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which interfere with the normal viral clearance [7]. Per-
sistence of infection is also due to many factors which
cause immune-depression, like cigarettes smoke, multipar-
ity, co-infections, recurrent cervical infections, long term
therapy with hormonal contraceptives, and it is strongly re-
lated to incidence of low and high grade pre-neoplastic le-
sions [8-10]. Indeed, persistence of infection represents one
of the principal pathogenetic moments for determination of
cytological modifications that will lead to progression to a
pre-neoplastic cervical lesion. At this point it is clear that
the long the duration of infection, the higher the probabil-
ity to develop high grade cervical intraepithelial neoplasia
(CIN) 2-3 / high-squamous intraepithelial lesion (HSIL).
Furthermore a longer persistence of HPV cervical infection
is tightly associated to progression of pre-neoplastic lesions
to cervical cancer, so the detection of HPV DNA in the uter-
ine cervix could be an early marker for cancer evolution
[11]. In the last years, has shown a higher specificity in de-
tection of HPV-DNA than HC2 which may give false neg-
ative results also when there is a histological lesion. In fact
some high risk HPV (HR-HPV) genotypes were not in-
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cluded in the panel of HR types of the HC2 detection kit [12].
The main objective of the study was to examine persistence
or clearance of HPV infection related to genotypes. Observa-
tions came to light regarding genotypes mostly responsible
of infections in the examined population and about the asso-
ciation of persistence and clearance of HPV infection with
patients’ age, smoking habit, and use of oral contraceptives.

Materials and Methods

This study was approved by the Ethics Committee of Depart-
ment of Woman, Child and of General and Specialized Surgery,
Second University of Naples, in accordance with the ethical stan-
dards of the Declaration of Helsinki. The data were taken from
the pathology database of the Colposcopy Clinic of the Second
University of Naples, at the Department of Women, Children and
General and Specialized Surgery and at the Sant’Anna and San
Sebastiano” Civil Hospital of Caserta, for all patients with a pos-
itive HR-HPV test for more than 18 months, from 2010 to 2014,
and assessed the risk of progression of CIN.

Inclusion criteria were free will to participate in the study in
anonymity, no age limits, and a first positive HPV DNA test irre-
spective of genotype. Exclusion criteria were previous pre-neo-
plastic lesions or cancer already treated with negative HPV test at
the first examination after the surgery and pregnancy.

During the first visit a careful anamnesis was taken, in particu-
lar searching for information about lifestyle (smoking, age of first
intercourse, the number of sexual partners in their lifetime, con-
dom use, duration of oral contraceptive use, numbers of pregnan-
cies, and a history of sexually transmitted diseases to be
considered as confounding factors within HPV infection).

The study finally included the following: patients with a nega-
tive or ASC-US diagnosis at papanicolaou cytology and a positive
HR-HPV for more than 18 months, patients with low squamous
intraepithelial lesion (LSIL) diagnosis at Papanicolaou cytology
and/or CIN1, and a positive HR-HPV for more than 18 months,
and patients in follow-up after surgery for HSIL diagnosis at Pa-
panicolaou cytology and/or CIN2-3, and a positive HR-HPV, pre-
viously and thereafter to surgery for more than 18 months.

The aim of the study was to assess whether there are other geno-
types, other than HPV16 or HPV 18, which can significantly pre-
dict the progression to neoplastic lesions; therefore complete
documentation for each patient in follow-up at the present De-
partment was collected and recorded in the pathology database of
the Colposcopy Clinic which was been analyzed. In the data re-
view it was considered a positive cytological progression when
the follow-up cytological diagnosis was one of the following:
atypical squamous cells (ASC-H), cannot exclude a high-grade
squamous intraepithelial lesion, LSIL and HSIL), squamous cell
carcinoma or adenocarcinoma. Positive histological progression
was defined as colposcopic biopsy showing mild (CIN1), moder-
ate (CIN2), or severe squamous dysplasia (CIN3) after the previ-
ous negative or ASC-US cytological diagnosis. A concordance
between the cytological and histological progression was con-
firmed for each patient; therefore, the squamous intraepithelial le-
sion was always confirmed by cytological and histological
examinations. The time of progression was calculated as the num-
ber of months intervening between the first diagnosis and the fol-
low-up. The first follow-up after the diagnosis was not made
before 180 days. Cytological and surgical pathology follow-up
reports were reviewed for all specimens available, including Pap
smears, biopsies and resections, and follow-up documentation.

The presence of HPV was assessed by the linear array test. This

Table 1. — Charateristics of patients included in the study.

Total Percent
Age
<30 years 28 31%
> 30 years 62 69%
Smokers
Yes 36 40%
No 54 60%
Oral contraceptives use
Yes 42 47%
No 48 53%
Infections
Single 80 89%
Multiple 10 11%
Oncogenic risk
Low 16 18%
High 74 82%

test is a qualitative in vitro test for the detection of HPV in clini-
cal specimens. The test utilizes amplification of target DNA by
polymerase chain reaction (PCR) and nucleic acid hybridization,
and detects 37 anogenital HPV DNA genotypes [6, 11, 16, 18, 26,
31, 33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62,
64, 66, 67, 68, 69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83
(MM7), 84 (MMS), 1S39, and CP6108] in cervical cells collected
in PreservCyt solution.

Fisher’s Exact Test was used to verify statistical significance
of the various examined variables. A p-value of <0.05 was con-
sidered statistically significant. GraphPadPrism, a statistical com-
puter program, was used for statistical analyses.

Results

The mean age of the 90 examined women was 30.8 (20-
49) years. The group was constituted by women with the
following characteristics: mean age >30 years (69%), non-
smokers (60%), and not using oral contraceptives (53%)
(Table 1).

At first instance clearance was evaluated irrespective of
the grade of cytological lesions. Single infections, mean-
ing infections with only one viral genotype, were the most
frequent (89%), whereas multiple infections occurred only
in a few cases (11%). In the examined sample, infections by
high risk genotypes were found in most of cases (82%),
whereas infections by low risk genotypes were found in
18% of cases.

After a 18-month follow-up, patients repeated HPV DNA
testing and found persistence of infection in 54 of them
(60%) and its clearance in 36 of them (40%).

Table 2 shows viral clearance or persistence related to
single or multiple infections and to oncogenic risk.

Clearance occurred in 43% of single infections and in
20% of multiple ones. Eighty percent of women with mul-
tiple infections showed viral persistence after 18 months,
whereas only 58% of ones with single infections had per-
sistence; nevertheless multiple infections were not signifi-
cantly associated to persistence of infection (Table 2).
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Table 2. — HPYV infection evolution related to single or
multiple infections and to oncogenic risk.

Table 3. — Persistence and clearance of infections related
to genotype after an 18-month follow-up.

Total,n  Clearance, n (%) Persistence, n (%) p
Infection
Single 80 34.(43) 46 (58) 03
Multiple 10 2(20) 8 (80) ’
Oncogenic risk
Low 16 4(25) 12.(75) 0.26
High 74 32 (43) 42 (57) ’
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Figure 1. — Clearance and persistence in single and multiple HPV
infections and by low and high risk HPV after 18 months.

Figure 1 shows clearance and persistence in single and
multiple HPV infections and by low and high risk HPV
after 18 months. Considering oncogenic risk, there was
clearance in 25% of infections by low risk genotypes and
in 43% of which by high risk. Furthermore there was no
statistically significant difference between persistence of
high risk and low risk genotypes, indeed with a p-value of
0.26. HPV infection persisted in 57% of which caused by
high risk genotypes, in 75% of those caused by low risk
genotypes (Figure 1).

Among high oncogenic risk genotypes, HPV 16, 31, 33,
35,39, 45, 51, and 59, most were associated to persistence
of infection. HPV18 and 52 were the less persistent and
HPYV 56 and 58 showed a\ higher clearance (Table 3).

The cytological and surgical pathology follow-up showed
among persistent HPV infections, a progression with
HPV16 in 50% of cases, of which 18% were ASC-US that
evolved to LSIL; 64% were LSIL which became HSIL and
18% were LSIL that underwent surgical treatment and re-
lapse. There was progression of the infection also by
HPV18 in 44.4% of cases, by HPV31 and HPV35in 33.3%
of cases, in 28.5% by HPV33, in 41.7 by HPV45, in 25%
by HPV51, and in 20% by HPV59 (Table 4).

For low risk genotypes, HPV6 showed a higher clearance
(66.7%). Genotypes 11 and 72 persisted in 100% of cases
and HPV 61 in 85.7% (Table 3).

In this study, HPV infection evolution related to patient’s

High risk genotypes

Genotypes Clearance, n (%) Persistence, n (%) Total, n
16 12 (35.3) 22 (64.7) 34
18 9 (50) 9 (50) 18
31 3(25) 9(75) 12
33 0(0) 7 (100) 7
35 0(0) 6(100) 6
39 0(0) 2 (100) 2
45 0(0) 12 (100) 12
51 0 (0) 8 (100) 3
52 1(50) 1(50) 2
56 1(100) 0(0) 1
58 1(100) 0(0) 1
59 0(0) 10 (100) 10
Low Risk Genotypes

6 8 (66.7) 4(33.3) 12
11 0(0) 4 (100) 4
61 2 (14.3) 12(85.7) 14
72 0(0) 2 (100) 2

Table 4. — HPV infection progression related to HR-HPV.

Progression ASC-US LSIL to Relapse
(%) to LSIL (%) HSIL (%) of LSIL (%)
HPV16 50 18 64 18
HPVI8 44.4 25 50 25
HPV31 333 333 66.7 0
HPV33 285 50 50 0
HPV35 333 0 100 0
HPV45 41.7 25 75 0
HPV51 25 50 50 0
HPV59 20 50 50 0

characteristics fas finally evaluated (Table 5).

In the age group of patients < 30 years, clearance of in-
fection occurred in 43% of cases, whereas in the one of >30
years in 39%. Persistence was of 57% in women < 30 years
and of 61% in >30 years. In both cases there was no con-
siderable difference and the p-value showed a relationship
that was not statistically significant.

Regarding use of oral contraceptives, there was a clear-
ance in 43% of women who used them and in 42% of those
that did not, whereas 57% of treated women and 58% of
ones who never used oral contraceptives had persistence of
infection. Values of clearance and persistence are similar,
without a significant difference.

Finally, 33% of smokers and 44% of not smokers showed
clearance of infection, whereas persistence occurred in 67%
of smokers and 56% of women who never smoked. Even
this time there was no significant association. Therefore the
authors observed an absence of statistically significant as-
sociation among persistence of infection and some risk fac-
tors like age, smoking habit, and oral contraceptives use
(Table 5).
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Table 5. — HPYV infection evolution related to patients
characteristics.

Total, n Clearance, n (%) Persistence, n (%) p
Age
<30 years 28 12 (43) 16 (57) 0.82
> 30 years 62 24 (39) 38 (61)
Oral contraceptives use
Yes 42 18 (43) 24 (57) 1.00
No 48 20 (42) 28 (58)
Smokers
Yes 36 12 (33) 24 (67) 0.38
No 54 24 (44) 30 (56)
Discussion

The prevalence of HPV in world’s population and its
proven association with the development of cervical cancer
generated in recent decades great attention by the entire in-
ternational scientific community [13). The knowledge of
viral transmission and mechanism of replication appears to
be essential for the construction of appropriate therapeutic
strategies. However, to date, there is no effective treatment
that can eliminate HPV infections and the only possibility
to overcome the infection is represented by the immune
system. This consideration provides exactly the impetus for
further study on persistence and clearance of HPV infec-
tion, in relation to specific genotypes. Of particular interest
is the evidence that HPV infection is eradicated in two
years by about 80% of women, without any therapy [8, 14-
16). In the present case the rate of clearance of HPV infec-
tion was lower compared to the expected value. It can be
assumed that this result is due in part to the small size of the
examined sample and to the free constancy of sexual inter-
courses with an infected partner that could lead to persist-
ent infection by the same genotype. In fact, more than half
of the patients enrolled, reported to have intercourse with a
steady partner. Without considering that in any case the
recorded values are in agreement with those reported by
Banura et al. 2010 [17]. In particular the study of Banura et
al. showed clearance in 31.2% of HPV infections, a result
probably due even to the short duration of the observation
period, as the median follow-up time was 18.5 months, al-
though the incidence of pre-neoplastic lesions was much
lower compared to infections. The short duration of follow-
up was definitely also a limitation of the present study,
being only of 18 months.

Considering only infections by high-risk genotypes, per-
sistence was 62% and clearance 38 %, in agreement with
values reported by other authors [18-20). On the contrary, in
the case of low-risk virus infections, the recorded result,
which provides a persistence in 75% of cases and a clear-
ance only in 25% of those, is in contrast to what is reported
in literature, since it provides a persistence even higher than
that registered for high oncogenic risk viruses. Probably this
result is due to the small size of the examined sample of pa-

tients with LR-HPV in comparison to sample of patients with
HR-HPV, but also to the which does not allow to come to a
certain conclusion. Banura et al. reported a clearance for
low-risk genotypes between 50% and 100% [17). Perhaps
the clearance of infections by HR-HPV was higher than the
ones by LR-HPV because of an increase of lymphocytic pop-
ulation selected by the HR-HPV which guarantees a more
efficient and faster reaction of the immune system.

The study also allowed to evaluate the association be-
tween infection persistence and the presence of risk co-fac-
tors, such as the use of oral contraceptives and smoking
habit. It came to light that there is no statistically significant
correlation between these two risk factors and persistence
of HPV infection. However, it has to be considered that the
duration and amount of smoking of each patient were not
known, and that the lack of association between use of hor-
monal contraceptives and persistence of infection could be
due to short periods of treatment, as evidenced by other au-
thors [18, 19). The persistence of HPV infection in women
aged more than 30 years was also analyzed, but even in this
case, there is no statistically significant association. In fu-
ture studies must assess the relationship between persist-
ence of infection and causes of immune depression like the
smoking habit, age of first intercourse, many sexual part-
ners, multiparity, autoimmune diseases, alcohol abuse, use
of oral contraceptives, and age >30 years.

According to the findings, the presence of multiple in-
fections is mostly associated with virus persistence after 18
months of follow-up. This result is in line with the hypoth-
esis that presence of multiple infections could be due to a
decreased ability of the immune system to overcome them,
and then also to eliminate them from body [21-24). A lower
clearance in multiple infections could be caused by an in-
crease of sensitization by the immune system which pro-
duces antibodies targeted for homologous sequences of
HPYV with a consequent loss of lymphocytic load for cross-
reaction among genotypes. A future target could be to find
specific lymphocytic populations for each HPV genotype
analyzing blood samples.

This study confirms that the genotype most responsible
of persistence is represented by HPV16. This result is
widely reflected in the literature [17, 21).

Results showed a higher progression of the infection by
HPV16,HPV18, HPV31, and HPV4S5, in fact they are phy-
logenetically linked to HPV16 and 18 and associated to a
higher risk of incidence of pre-neoplastic lesions and cer-
vical cancer [25, 26].

In particular, an increased incidence of onset of lesions
greater than or equal to LSIL was noticed in the case of per-
sistence of HPV31 and HPV45 infections, or rather geno-
types phylogenetically related to HPV16 or HPV18. The
presented data are certainly preliminary; further investiga-
tions and a larger sample size are required to validate the
findings. However, if confirmed, the implications would be
certainly significant, since 30% of cases of cervical cancer,
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which are not HPV16 or HPV 18 related, may be involved.
Furthermore, the present data can be extremely useful for the
purposes of primary prophylaxis by vaccination, in case of
patients who are already positive for HPV16 or HPV18. It
has been demonstrated that the vaccine formulations avail-
able in the market, in particular the bivalent form, indeed offer
a cross-protection for the HPV genotypes -31 and -45 that are
phylogenetically similar to -16 and -18, respectively. In par-
ticular, it is assumed that this type of gene concordance is
found in specific transcription factors: capsid proteins and
E6eE7 proteins (responsible for the immortality of cells);
therefore validate the use of HPV persistence as a surrogate
endpoint in clinical trials and potentially in cervical cancer
screening, with standardization of definitions and testing, de-
tection of persistent HPV DNA can become a valuable marker
of CIN-2e3 and cancer for clinical and research applications.

In conclusion, in light of this study findings, the associ-
ation of most persistent forms of HPV infection with de-
velopment of pre-neoplastic lesions is clear, therefore a
long period of follow-up and to carry out HPV-DNA test-
ing with screening of first and second level, may be help-
ful in identifying these kind of infections and to prevent the
evolution in LSIL and HSIL. At the same time, it is essen-
tial to understand epidemiological and biological features
of natural history of HPV infection to lead the development
of new strategies for the prevention and control of cervical
cancer and to improve those already used.
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