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Biology and pathogenesis
of human papillomaviruses

L UISA B ARZON

Papillomaviruses are small non-enveloped epitheliotropic viruses with a doublestranded circular DNA genome. They belong to the Papillomaviridae family,
which includes several hundred genotypes that are phylogenetically grouped into
12 genera (designated by a letter of the Greek alphabet, for example Alpha and
Beta) and numbered species (for example, Alpha-1). Papillomaviruses are strictly
species-specific and have co-evolved with their bird, reptile, and mammalian host
species, including humans. Human papillomaviruses (HPVs) consist of more
than 200 genotypes (‘types’) that are evolutionarily adapted to particular epithelial tissues, such as anogenital skin and mucosa. Most HPV types cause unapparent
skin or mucosal infections in humans, though some HPV types, like HPV1 and
HPV6 may induce benign lesions of the skin (warts) and the mucous membranes
(condylomas), respectively. A group of oncogenic HPV types, including 16, 1,
and 18, may cause persistent infections and malignant transformation.

CLASSIFICATION OF HPVs AND CARCINOGENICITY
Human papillomaviruses are clustered in 5 genera, alpha, beta, gamma, mu and
nu. The majority of HPV types contained within the beta and gamma genera are
associated with unapparent infections of the skin in immunocompetent individuals. These viruses are acquired in early childhood and can persist for years or
decades. By contrast, mu HPVs infect palmar and plantar skin, producing highly
productive deep warts that are cleared by a cell-mediated immune response after
months or years. In immunosuppressed patients, HPV-associated cutaneous lesions are refractory to treatment and frequently reoccur.
Alpha genus includes about 40 sexually-transmitted HPV types that mainly infect mucocutaneous epithelia of the anogenital tract and mucosae of the
upper aerodigestive tract. These viruses are generally cleared by cell-mediated
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immunity within 1-2 years; however, viral persistence can occur, especially in
the case of oncogenic HPV types, often as a consequence of chromosomal integration of the viral genome. Members of the alpha genus may cause clinically
unapparent infections or highly productive genital warts, such as in the case of
HPV6 and HPV11. A group of 12 phylogenetically related alpha HPV types
has carcinogenic potential, as demonstrated by mechanistic and epidemiological
studies of causal link with cervical cancer and other anogenital cancers. These
oncogenic or high-risk HPV types include HPV16 (alpha-9 species), which is
the most frequently detected type, and is by far the most predominant cause of
invasive cervical cancer worldwide (~60%) and responsible for a large proportion of all other HPV-related cancers, such as squamous cell carcinoma of the
vagina, vulva, penis, and oropharynx. The alpha-9 species also includes high-risk
types HPV31, HPV33, HPV35, HPV52 and HPV58. Infection with HPV18
represents the second highest risk, accounting for about 15% of cervical cancers. This virus belongs to the alpha-7 species, together with high-risk members
HPV39, HPV45 and HPV59. The other high-risk HPVs are HPV51 (alpha-5
species) and HPV56 (alpha-6 species). In addition, HPV68 (alpha-7 species) has
been classified as a probable carcinogen by the International Agency for Research
on Cancer (IARC), and several other HPV types (HPV26, HPV30, HPV34,
HPV53, HPV66, HPV67, HPV69, HPV70, HPV73, HPV82 and HPV85) are
possibly carcinogenic in very rare circumstances.1
HPV types are distinguished by >10% sequence diversity in the gene encoding
the L1 major capsid protein. Recent analysis, based on whole genome sequencing
and deep sequencing of HPV types, has identified variants within high-risk HPV
types which are linked to increased risk of cancer.2, 3

STRUCTURE AND ORGANIZATION OF HPV VIRION
AND GENOME
Papillomavirus virions are small, non-enveloped particles with an icosahedral
symmetry (Figure 1.1A). They are constructed from 72 capsomeres, each containing 5 molecules of the major capsid protein L1 and a smaller number of the
minor capsid protein L2, which links the capsid to the viral genome.4
The HPV genome is a double-stranded circular DNA molecule of approximately 8,000 base pairs that is bound to cellular nucleosomal histones. It contains
6 early genes (E1, E2, E4, E5, E6, E7), which encode proteins involved in viral
genome replication and induction of host cell proliferation, and 2 late genes (L1
and L2), encoding viral capsid proteins. The long control region (LCR) contains
the origin of DNA replication and binding sites for viral and host cell transcription factors that control gene expression. Papillomavirus proteins E1 and E2 are
directly involved in viral genome replication, while L1 and L2 are involved in virus assembly, and are highly conserved among papillomaviruses. E4, E5, E6 and
E7 have accessory functions and are involved in the modification of the infected
cell to facilitate virus replication (Figure 1.1B).
After infection, expression of viral genes is controlled by multiple promoters
and a complex pattern of alternative mRNA splicing, which is associated with
the differentiation program of epithelia.5 Two major promoters and 2 polyadenylation sites are used by HPV16 to generate early and late mRNAs: an early
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B
Figure 1.1. A) Structure of human papillomavirus type 16 (HPV16) virion obtained by electron cryo-microscopy of
the HPV16 capsid; B) organization of the HPV16 genome, open reading frames and function of encoded proteins.
LCR: long control region; pE: early promoter; pL: late promoter; pAE: early polyadenylation site; pAL: late
polyadenylation site.

promoter located upstream of the E6 gene, a late promoter located upstream of
the E1 gene, and 2 polyadenylation sites located downstream of the early and
late genes.

VIRUS REPLICATION
Papillomaviruses are highly species-specific and have a tropism for squamous epithelial cells. Productive HPV infection requires the virus to access the epithelial
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Symptoms, warts
and genital lesions

M ASSIMO I AFRATE , N ICOLÒ L EONE

The HPV infection can have different courses in adult patients; in about 50% of
the cases there are transitory and asymptomatic infections, with complete removal of the virus, if the organism is immunologically competent; otherwise it cause
the appearance of lesions which may regress spontaneously in 30-40% of cases;
finally it determines lesions that after treatment do not lead to the viral elimination, establishing persistent infection, resistant to conventional treatments and
thus considered a high-risk of cancer development.
The infection may be latent and less often show a clinical manifestation, like a
wart, that can be seen with the naked eye. The lesions may be single or multiple,
rarely disappear spontaneously and more frequently evolve in number and size
to form large masses of “cauliflower” aspect. The most common genital sites in
man are pubis, glans, foreskin, frenulum, balanoprepucial sulcus, urethral meatus, scrotum, anus, rectum, oral mucosa and larynx.
To help visualization of subclinical lesions, colposcopy with 3-5% acetic
acid is used, making the suspicious area whitish. However, such reaction is not
pathognomonic of injury associated with HPV infections.1
There are more than 150 HPV genotypes, of which approximately 40 types
infect the anogenital and oral mucosa, whereas the others infect the skin.2 They
are classified according to their oncogenic potential into low-risk (LR) HPV types
and high-risk (HR) or carcinogenic types.3, 4 The most common HR HPVs, types
16 and 18, cause more than 70% of penile and anal carcinomas in men, as well
as oropharyngeal tumors in both men and women.5
In contrast with the HR types, the LR HPV types, notably types 6 and 11,
cause almost all clinically visible benign lesions, that is, genital warts (flat condyloma and condyloma acuminatum) and laryngeal papillomas.
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As we already described, genital warts are largely attributed to LR HPV types
6 (89%) and 11 (11%).6 Genital warts are highly infectious, with an estimated
transmission rate of greater than 60% and the average incubation period of 2 to
8 months. If left untreated, genital warts may show minimal change with larger
growth and become either more numerous or undergo spontaneous regressions.
They are very common in young people (≤25 years old) and spontaneous remissions occur frequently (up to 40%).7
Similar to the cervix, the anus has a transformation zone that is highly susceptible to HPV infection and condylomata (Figure 6.1 A,B). The risk for anal
carcinoma is increased among men having sex with men (MSM) and in the immunocompromised population (individuals with AIDS and organ graft recipients).8 Of anal cancer cases, 97% are HPV positive, mostly with HPV 16 (75%)
followed by HPV 18 (3%).5
Condylomata is a benign, warty, exophytic lesion occurring anywhere in the
anogenital area.
Condylomata is an HPV induced sexually transmittable lesion, most often
presents in young sexually active patients. If untreated, a confluence of these lesions can result in large exophytic, cauliflower-like growths known as condyloma
acuminatum (CA). CA or anogenital warts, is the most common viral sexually
transmitted disease in the United States. Recurrent anogenital warts, a frequent
cause of medical visits, may be disfiguring and thus impose a considerable psychological burden.
Penile warts typically occur at the coronal sulcus or frenulum or occasionally
present as flat lesions on the penile shaft (Figure 6.2 A-D). Pubic warts (Figure 6.3
A,B) are more insidious because their transmission is possible even during protected intercourse. CA is most commonly seen in immunosuppressed patients or
uncircumcised men with poor hygiene. CA behaves in a locally invasive manner,
and there is a 30-56% transformation rate of these lesions into invasive SCC.9
One study showed sexually active college men to have a 60% incidence of new
genital HPV infections over 2 years.10 HIV-infected patients and organ transplant
patients are at a higher risk for HPV infection and progression to intraepithelial

A

B

Figure 6.1. Condylomata acuminata located in the anal region: A) few large condylomata; B) multiple small condylomata.
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TABLE 12.I. HPV detection in sperm samples from infected patients, control subjects and sperm incubated with HPV 16 L1, before and after direct
and modified swim-up.15

reported in thawed
semen samples from
healthy sperm donors3
FISH/IHC (%)
and from patients who
banked their sperm beBasal
Swim-up Swim-up
+ Hep-III
cause of chemotherapy
and or radiotherapy.
HPV-infected patients (N.=22)
18.6 ± 6.2 4.5 ± 1.5
0.0
Considering that cryoControl subjects (N.=13)
0.0/0.0
0.0/0.0
0.0/0.0
preserved semen and
LI-incubated sperm (pool)
82.4 ± 7.3 19.8 ± 6.8
0.0
fresh sperm samples
from infertile patients
are frequently used in
ART (IVF and ICSI
procedures), it is of
paramount importance
to eliminate HPV infection from sperm cells
before their use. Moreover, as reported in the
previous paragraph, we
demonstrated a high
persistence of HPV in
semen samples treated
with different sperm
selection
procedures
(semen washing by centrifugation, discontinuous density gradient
and direct swim-up)
routinely used in ART.
Figure 12.1. Detection of HPV (pink) in semen samples from patients infected
In the light of these obwith HPV and control subjects, and in sperm incubated with HPV 16-L1 before
servations, it seems of
swim-up and after direct and modiﬁed (+Hep-III) swim-up.
FISH: ﬂuorescence in situ hybridization, IHC: immunohistochemistry.15
paramount importance
to identify new protocols of sperm selection able to remove HPV from sperm cells before their use by
ART. In HIV serodiscordant couples requiring ART, an enzymatic treatment for
the complete removal of sperm infection has been successfully proposed in order to
achieve safe conception.14 In a recent study, Garolla et al. tested a modified swim-up
with addition of Heparinase-III to attempt the elimination of HPV from infected
sperm samples.15 The rationale of this treatment was to cleave the binding between
HPV and its putative ligand, syndecan-I, on the sperm surface. To this aim, authors
evaluated negative controls, HPV infected patients and L1-incubated sperm by fluorescence in situ hybridization (FISH) and immune histochemistry (IHC). While
infected samples were still positive after the direct swim-up, the modified swim-up
with Heparinase-III was able to abolish the binding of HPV to sperm (Table 12.I).
This study demonstrated that a modified swim-up technique was able to select noninfected sperm from semen of infertile patients and the result was confirmed in
artificially infected semen obtained by incubation of sperm with the viral capsid
protein (Figure 12.1). To test if this enzymatic method could affect sperm viability,
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TABLE 12.II. Sperm parameters and TUNEL test on semen samples from HPV-infected patients and on
normozoospermic subjects before (controls) and after enzyme treatment.15
Viability (%)
Basal

Swimup

Swimup +
Hep-III

Progressive sperm
(millions)
Basal

Swimup

Swimup +
Hep-III

TUNEL test (%)
Basal

Swimup

Swimup +
Hep-III

HPV-infected
patients (n = 22)

81.3±6.3 90.5±4.1 88.3±5.0 25.2±6.3

9.8±2.1

8.5±2.0 84.5±4.7 87.8±5.5 85.8±6.9

Control subjects
(n = 13)

83.8±8.3 94.5±3.1 92.8±2.2 29.7±8.9 10.5±2.3

9.2±2.2 86.3±3.4 88.4±4.6 87.5±5.1

LI-incubated
sperm (pool)

82.8±8.7 92.1±3.5 89.6±5.4 22.1±7.8

5.5±2.1 85.9±5.0 88.8±3.7

6.5±1.4

8.2±6.6

motility and DNA fragmentation, authors compared these parameters before and
after the treatment with Heparinase-III. After enzymatic treatment despite a slight
reduction of sperm motility and viability, no significant difference was recorded in
terms of sperm parameters and DNA fragmentation (Table 12.II).

CONCLUSIONS
Because HPV sperm infection may represent a cause of male infertility and seems
to have a major role in spontaneous abortions, the semen sample of patients
undergoing ART should always be tested every time for the presence of HPV.
Moreover, because direct swim-up currently used to select sperm is minimally
effective in removing infected sperm, an appropriate procedure to abolish the
infection should be used before assisted reproductive procedures. Although the
application of a modified swim-up with Heparinase-III induced a slight impairment of sperm viability and motility, no alteration in the DNA fragmentation of
sperm was observed. More studies are needed, aimed to test other enzymes able
to remove HPV from sperm with no effects on sperm quality.
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Figure 16.1. Counseling and management ﬂow chart for infected infertile males of couples seeking fertility
treatment.
ART: assisted reproductive technologies; FISH: ﬂuorescent in situ hybridization; HPV: Human Papillomavirus;
ICSI: intra-cytoplasmic sperm injection; PCR: polymerase chain reaction.

to exclude the presence of warts and to investigate if HPV is bound to sperm. In
the case of absence of HPV on sperm, the couple can undergo ART. If FISH analysis detects the presence of HPV bound to sperm, the clinician should evaluate the
situation based on the couple’s age. For younger couples, it is possible to repeat the
FISH every 6 months, as well as suggesting vaccination. For older couples, as they
have less time to wait for natural clearance, they could undergo ART using a modified swim-up method aimed at removing HPV from the sperm surface.
Regarding the counselling of infected couples, Table 16.I shows some suggestions aimed at reducing the clearance time of HPV infection. Partners are recommended to pay particular
TABLE 16.I. List of counseling items.
attention to: the hygiene of
Items
both of their reproductive
tracts and their hands; using
Condom use
Hygiene of reproductive tract*
personal underwear and perHygiene of hands*
sonal towels only; avoiding
Personal underwear
oral and anal sex; reducing or
Personal towels
eliminating smoking; having
Avoidance of oral and anal sex
only protected intercourse;
Smoking elimination (if present)
Lesions treatment (if present)
and, in the case of HPV-reMedical follow-up at 6, 12, 18, and 24 months
lated lesions, treating them
and monitoring the genital
* The advice must be for general hygiene; however,
individual items are listed to stress particular attention
area over time. Couples who
to these sites.
complied with the multiple
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