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Abstract 

Human papillomavirus (HPV) represents the most common sexually transmitted infection 
worldwide and a major public health challenge. Nearly all sexually active individuals will acquire 
HPV during their lifetime, with the highest prevalence observed in adolescents and young adults 
shortly after sexual debut. More than 200 genotypes have been described, ranging from low-risk 
types, mainly responsible for benign lesions, to high-risk types, which are associated with cervical, 
anogenital, and head and neck cancers. While most infections are transient and spontaneously 
cleared by the immune system, persistent high-risk HPV can lead to precancerous lesions and 
malignant transformation, often in synergy with other sexually transmitted pathogens or in the 
context of microbiome imbalance. The introduction of vaccines and advanced screening technologies 
has substantially modified prevention strategies. Vaccination coverage remains heterogeneous, with 
persistent gaps particularly among males due to cultural, social, and educational barriers. Schools are 
increasingly recognized as strategic environments to promote awareness, sex education, and gender-
neutral vaccination. Innovative approaches such as microbiome modulation, therapeutic vaccines, 
and liquid biopsy biomarkers are emerging as promising perspectives. This review aims to provide 
an updated overview of HPV epidemiology, clinical impact, prevention strategies, and future 
frontiers, with special attention to adolescents as a priority target group. 
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1. Introduction 

The links between human papillomavirus (HPVs) and cervical cancer were first demonstrated 
almost 50 years ago. [1]. Currently advanced biotechnological approaches have improved the 
knowledge of host-virus interplay highlighting the key role of host immune response, microbiome 
homeostasis and coinfection with sexually transmitted pathogens. Moreover, technologies such as 
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liquid biopsies, DNA methylation triage and detection of HPV integration, have implemented 
traditional screening methods [2]. 

HPV is a DNA tumor virus belonging to the Papillomaviridae family and today, more than 200 
genotypes have already been characterized and sequenced [3,4]. Each genotype of HPV acts as an 
independent infection, with differing carcinogenic risks. HPV subtypes can be categorized into Low 
Risk (LR) variants, which encompass types 6, 11, 4, 40, 42, 43, 44, 54, 61, 70, 72, 81, associated with 
benign lesions including genital, anal, oral, or throat warts and into High Risk (HR) variants consist 
of types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82 where HPV16 and 18 cause the 
majority of HPV related cancers including cervical, anogenital and head-neck cancers [3,4]. The 
clinical signs were strongly related to host immune response. Basically, while LR-HPV infections 
resolve spontaneously in a couple of years, HR-HPV establishes a persistent infection that overcome 
the immune system’s defenses forming precancerous lesions that can progress to cancer over time 
[3,4]. 

HPV infection is considered one of the most common sexually transmitted infections (STIs) 
worldwide with significant implications for public health. [5]. Epidemiological data report that 80% 
of sexually active individuals will be infected by HPV during their lifetime. Age-specific analysis 
revealed a high prevalence of HPV peaks in adolescence and among young population under 25 
years old after first sexual activity [4,6]. Young men over the age of 15 years reported a high 
prevalence of infection [4,6] representing an important and often silent reservoir for viral 
transmission. HPV prevention acts to target the population through proactive intervention strategies 
including screening, vaccination, information campaigns, education and awareness about HPV and 
STIs coinfections implicated in HPV transmission and clinical progression [7]. 

HPV vaccine is offered to adolescent between 9 and 14 years of age, or in three doses to 
individuals aged 15 years or older [8] and, in some countries, this schedule has been adopted for both 
males and females since 2018 [9]. Although many countries have introduced a national program [10], 
the overall coverage is still not optimal. Vaccine safety concerns and a lack of HPV knowledge still 
represent the main barriers, especially for males. To overcome this cultural gap, efforts about 
educational programs are recently proposed to schools that represent the best place to introduce a 
pedagogical approach for sex education, prevention and social responsibility [6]. The aim of this 
review is to explore the actual global magnitude of HPV impact on public health system with 
particular attention to adolescents and focus on the emerging potential alternatives for HPV 
prevention and diagnosis. 

2. Materials and Methods 

This narrative review was conducted to summarize current evidence on human papillomavirus 
(HPV) epidemiology, clinical manifestations, prevention strategies, and future perspectives, with a 
particular focus on adolescents. A non-systematic literature search was performed in the main 
biomedical databases (PubMed, Scopus, Web of Science) for publications in English up to August 
2025. Search terms included combinations of “human papillomavirus”, “HPV epidemiology”, “HPV 
vaccine,” “screening,” “microbiome,” “sexually transmitted infections,” and “therapeutic vaccine.” 
Additional references were identified from the bibliographies of relevant articles and official reports 
from international health agencies such as the World Health Organization (WHO) and the European 
Centre for Disease Prevention and Control (ECDC). 

Given the narrative nature of this work, no predefined protocol or systematic review 
methodology (e.g., PRISMA) was applied. Selection of articles was based on relevance, originality, 
and contribution to the understanding of HPV infection and prevention. Both original research and 
review articles were considered, along with recent epidemiological reports and policy documents. 
Particular attention was given to studies addressing HPV burden in adolescents, vaccine acceptance, 
and innovative diagnostic or preventive strategies. The evidence was synthesized to provide an 
integrated and updated overview, aiming to highlight knowledge gaps and future research 
directions. 
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3. Epidemiology 

According to the latest World Health Organization (WHO) data, HPV infection contributes to 
5% of all cancers worldwide each year, with approximately 626,000 women and 69,400 men 
diagnosed with HPV-related cancers. Infection with HR-HPV, particularly HPV types 16 and 18, 
accounts for about 70% of cervical cancers globally. Cervical cancer is the fourth most common cancer 
among women worldwide, with an estimated 660,000 new cases and 350,000 deaths in 2022. In 
response to these data, the WHO launched a global strategy in 2020 to address cervical cancer as a 
public health issue. The strategy aims for 90% of girls to be fully vaccinated with the HPV vaccine by 
age 15, 70% of women to undergo screening by the ages of 35 and 45, and 90% of women diagnosed 
with cervical disease to receive appropriate treatment (90% of women with precancerous conditions 
treated and 90% of women with invasive cancer treated) [11]. 

The cervix was the most affected site (46%), followed by the anus (20%), vulva (17%), oropharynx 
(14%), and vagina (3%). Mortality data from Europe shows nearly 26,000 deaths in 2020, making 
cervical cancer the tenth leading cause of death in women and the third most common cause of death 
in women aged 15–44 [12]. Global pooled prevalence for genital HPV infection among men was 31% 
for any HPV and 21% for HR-HPV where HPV-16 is the most common HPV oncogenic and 
preventable type. HPV prevalence in men peaked in the group aged 25–29 years and remained high 
until at least age 50 years. Prevalence in the group aged 15–19 years was also high, suggesting that 
young men are being infected rapidly following first sexual activity. The age profile of infection in 
women is different from that of men, showing a prevalence peaks soon after first sexual activity that 
decline with age, and a slight rebound after age 50–55 years. Among extragenital HPV-related cancer, 
the most of them occurred in the oropharynx (82%) [6]. 

4. Clinical Manifestations and Co-Infection with STI 

HPV pathogenesis begins in the host cell, where HPV releases its viral genome which is 
endocytosed in the nucleus of the same cell to replicate its DNA in synchrony and to express viral 
genes [3,4]. Translated genes are mainly those encoding the oncoprotein E6 and E7 which are linked 
to viral pathogenic activity and are crucial for the transformation of infected cells as they are involved 
in the regulation of the host cells cycle [3,4]. The clinical manifestations range from minor issues such 
as warts to serious conditions like tumors. Anogenital warts are typically asymptomatic, although 
their size and anatomical location can cause discomfort or pruritus [3]. 

The vast majority of anogenital warts, approximately 90%, are caused by non-oncogenic HPV 
types 6 or 11. They are typically flat, papular, or pedunculated growths that commonly manifest in 
specific anatomical locations, including the vaginal introitus, the foreskin of the penis, the cervix, the 
vagina, the urethra, the perineum, the perianal skin, the anus, and the scrotum. In rare cases, 
oncogenic HPV types 16, 18, 31, 33, and 35 can also be identified in these lesions [13]. A rare but 
highly disabling disease is the recurrent respiratory papillomatosis affecting the upper aerodigestive 
tract of both children and young adults. 

Papillomavirus typically presents as exophytic nodules, predominantly in the larynx, although 
they may also occur in the nasopharynx, tracheobronchial tree, and lung parenchyma. In some cases, 
lesions may resolve spontaneously. However, in rare instances, there is a potential for the lesion to 
evolve into squamous cells carcinoma. In clinical practice, recurrent respiratory papillomatosis 
typically presents with nonspecific symptoms indicative of airway involvement, including chronic 
cough, hoarseness, wheezing, voice changes, stridor, and chronic dyspnea [14–16]. In some instances, 
these lesions resolve spontaneously while in other cases, surgical intervention is recommended to 
prevent disease progression [17]. 

In a small proportion of women, the virus can establish a persistent infection, probably due to 
the synergistic effect of a suboptimal host-dependent immune response which may initiate the 
process of carcinogenesis. Genotypes 16 and 18 are primarily associated with the development of 
carcinomas in the cervix, the anogenital region (vulva, vagina, penis, and anus), and the head and 
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neck (mouth, tonsils, pharynx, and larynx) [18,19]. The most common type of cancer due to a 
persistent HR-HPV infection is cervical cancer and, along with other risk factors, it can lead to low-
grade squamous intraepithelial lesions (L-SIL), which include mild dysplasia known as CIN 1 
(cervical intraepithelial neoplasia grade 1). This can then progress to high-grade squamous 
intraepithelial lesions (H-SIL). H-SIL is a progressive lesion that can evolve into moderate dysplasia 
(CIN 2) and then severe dysplasia (CIN 3) [20–23]. The most clinically encountered cervical tumors 
are squamous cell carcinoma and adenocarcinoma. 

Recent studies have shown that the presence of cervical lesions related to HPV infection 
increases the risk of acquiring other STI infections. It was reported that in women, persistent HPV 
infection raises the likelihood of contracting HIV, [24] and at the same time, an HIV-positive has a 
higher risk of acquiring HPV infection, especially due to high-risk types [3,25]. The co-infection with 
persistent high-risk HPV and Chlamydia trachomatis (CT) has been suggested as a contributing 
factor to the advancement of cervical cancer in women. The ability of CT in activating a chronic 
inflammation and to produce damage to epithelial integrity, played a key role to support persistence 
of HPV infection and cells transformation [24,26]. Moreover, recent studies revealed the role of 
Escherichia coli infecting HPV-16 cervical lesions that seems to cooperate in the severity of disease 
[27]. 

5. Extragenital HPV Associated-Cancers 

Although genital cancers are in both gender the most common and frequent disease associated 
with HPV infection, head and neck squamous cell carcinoma (HNSCC) incidence has increased more 
rapidly in recent years particularly in Europe and the United States [28,29]. HNSCC refers to a class 
of squamous cell carcinoma that arises in the mucosal surfaces of the head and neck region, which 
can develop in various sites of upper aerodigestive tract, including the oral cavity: oropharynx, larynx 
and hypopharynx [3,30]. 

Although the alcohol and tobacco abuse is found as the main risk factor in the onset of tumors 
in the upper sites of the aerodigestive tract, [31], a high proportion of these cancers especially in the 
oropharyngeal portion, can be attributed to HPV infection [3,30,31] mainly to HPV-16, with a higher 
prevalence in men than in women [3,30]. 

However, an important aspect can be observed when comparing patients with HPV-related 
HNSCC and patients with the same disorder not related to infection. Patients with non-HPV-related 
HNSCC show a less favorable prognosis and a lower response to treatment compared to those 
positive for HPV [3,30]. Although it is clear that HPV positivity plays a key role in the development 
of HNSCC, the biological behavior of these tumors differs depending on the site of infection. 

6. Testing and Screening 

Specific diagnosis and screening programs are two essential tools in the management of HPV 
infections. The primary diagnostic tools have been cytology (Pap-Test) and histology, along with 
nucleic acid amplification tests (NAATs), which are currently the most common method for detecting 
HPV and are considered the gold standard [32]. NAATs can detect the presence of HPV DNA or 
messenger RNA (mRNA geno hpv) in a variety of samples, including cervical swabs, anal and buccal 
swabs, or saliva. PCR-based tests are widely used due to their high sensitivity, specificity, and ability 
to detect multiple HPV genotypes simultaneously [30,33,34]. 

The most common routine for cervical cancer screening is based on the Pap-test and the HPV-
DNA test. A Pap test looks for precancerous cell changes on the cervix that might develop into 
cervical cancer if not treated appropriately, while an HPV test looks for the HPV virus, which can 
cause cell changes on the cervix [34]. Current guidelines recommend that women between the ages 
of 25 and 30 should be tested with cervical cytology alone (Pap test), and screening should be 
performed every 3 years. The HPV-DNA test is offered to women between the ages of 30 and 64 every 
5 years if the result is negative. There is no approved screening test for HPV in men, but HPV testing 
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may be required for men who are at high risk of infection, such as those who are 
immunocompromised or those who have sex with other men [35]. Despite WHO recommendations 
in terms of prevention, only one-third of women aged 30-49 have been screened at least once in their 
lifetime. This percentage varies across global regions, with the percentage of access to treatment and 
prevention options below 10% in low-income and lower-middle-income countries which also 
accounted for the highest burden of disease [36]. 

The most recent studies in terms of screening are focused on developing alternative techniques 
to PCR-based tests, but with the same sensitivity and specificity. This is to achieve a reduction in 
terms of costs, equipment, and highly specialized personnel to increase screening coverage even in 
the poorest areas of the world [34]. One of these approaches, is called isothermal amplification 
techniques (IATs), that operate at constant temperature and are often shorter than PCR. The most 
engaged IAT is a loop-mediated isothermal amplification (LAMP), which provides for the use of Bst 
polymerase and a group of four to six primers to rapidly amplify either DNA or RNA, a common 
approach to study bacterial and viral nucleic acid [30,34]. Therefore, Lamp could be a good choice for 
fast determination of HPV infection, but it is highly sensitive to contamination and primers need to 
be created with a special software and to be tested before using them [30,34]. According to the need 
for a quick, simple, and cost-effectiveness technique, we can transfer the attention on the research of 
specific HPV-DNA with reverse dot/line blot or on the protein detection through lateral flow assay 
(LFA). The first method provides the hybridization of gene specific oligonucleotide probes, coated 
on a predefined dot or line, with complementary target DNA, allowing the contemporary 
identification of more HPV types together. Instead, the second one, LFA, is based on a paper analytic 
platform to detect the presence or the absence of target analytes, which are released based on the 
principle of an ELISA. If the analyte is present, it binds to a labeled antibody and this complex moves 
along the strip to detection zone where it is recognized by immobilized antibodies or antigens in the 
test or control line; if there is no analyte, the line does not appear. 

This technique could be coupled with PCR or IAT amplification and this combined approach 
has been used to detect genomic DNA of different HPV genotypes [34]. The last approach is focused 
on the innovative CRISPR-Cas-based system and the implementation of Cas12a which targets a 
specific gene of HPV helping the recognition of HPV-16 and 18 in a variety of clinical samples, such 
as plasma and anal swabs. CRISPR-Cas system has a great sensitivity and specificity with a relatively 
inexpensive manner, but it requires a lot of precision in the design of guide RNAs [30,34]. The final 
goal of research into new HPV screening techniques will be the development of point-of-care tests to 
enable increasingly simple and rapid diagnosis, even in areas of the world with fewer economic and 
healthcare resources [34,37]. Not only the techniques in the field are considered for the improvement 
of screening programs, but also the procedure of test sample collection and its type. 

To perform screening tests, the collection of samples can be made as self-sampling [30,37]. Self-
sampling is a safe and simple approach which can increase screening rates due to better privacy and 
personal comfort compared to traditional sampling [30,37]. Moreover, self-sampling enables greater 
screening coverage, especially in low-resource areas where infrastructure and healthcare workforce 
are very limited. Indeed, thanks to this evidence, in 2021 the WHO included self-sampling in its 
guidelines for cervical cancer screening, and it has already been introduced as a sample collection 
protocol in 35% of the 139 countries that have an official screening recommendation plan [36][38][39]. 
In addition, DNA methylation technology is a molecular triage test providing accurate results across 
settings without comprehensive cervical cancer screening programs. 

The methylation test could be used for primary screening, referring HPV-positive/methylation 
positive women to immediate treatment and negative women to follow-up after an appropriate 
number of years using a single sample [40]. Recent research focused to seek new biomarkers for early 
diagnosis or prognostic outcome in patients with HPV mediated cancer. In this context, a recent study 
showed as the presence of circulating tumor DNA (ctDNA) in the blood could be a possible robust 
biomarker using digital polymerase chain reaction or NGS technology. Chennareddy et all (2025) 
highlight the role of ctDNA to monitor the treatment response. It was reported that both tumor 
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resection and chemotherapy were responsible for a decrease in ctDNA levels and its complete 
clearance at the end of the chemotherapy cycle is associated with a higher chance of recovery [41]. 

7. Prevention 

Currently, there is no established therapeutic intervention for individuals infected with HPV, 
but various therapeutic protocols are available for clinical management [39][42]. The prophylactic use 
of vaccines against HPV to prevent the development of cancer has proven to be an effective method. 
HPV vaccines are based on the L1 capsid protein, which assembles into virus-like particles (VLPs). 
These VLPs induce antibodies that neutralize specific HPV types and are antigenically identical to 
HPV virions, enabling effective immune responses [43]. The comprehension of HPV-induced 
carcinogenesis, together with the accessibility of VLPs, has facilitated the creation of numerous 
prophylactic vaccines against HPV, which are summarized in Table 1. Gardasil® (Merck, Sharp 
&amp; Dome (Merck &amp; Co., Whitehouse Station, NJ, USA) is a quadrivalent vaccine targeting 
HPV-6, HPV-11, HPV-16, and HPV-18. It provides protection against genital warts caused by HPV-6 
and HPV-11 and high-risk HPV types linked to cervical cancer. Cervarix® (GlaxoSmithKline, 
Rixensart, Belgium) a bivalent vaccine targeting HPV-16 and HPV-1. Clinical trials have 
demonstrated its efficacy against high-grade cervical intraepithelial neoplasia (CIN3) and a strong 
safety profile [44–48]. Gardasil 9 ® (Merck, Sharp &amp; Dome (Merck &amp; Co., Whitehouse 
Station, NJ, USA)) a nonavalent vaccine licensed in 2014 that targets HPV-6, HPV-11, HPV-16, HPV-
18, HPV-31, HPV-33, HPV-45, HPV-52 and HPV-58 [49,50]. Cecolin® (Xiamen Innovax 
Biotechnology, Xiamen, China), a bivalent vaccine using Escherichia coli to produce HPV-16 and 
HPV-18 L1 VLPs [24161937]. Cecolin® was pre-qualified by the WHO in 2021. Recently a 
recombinant bivalent HPV vaccine (Shanghai Zerun Biotechnology, a subsidiary of Walvax 
Biotechnology, Shanghai, China) targeting HPV-16 and HPV-18 has been pre-qualified by the WHO 
for use in 2022 [51]. 

Table 1. HPV vaccines: overview of current commercially available vaccines against HPV [52]. 

Commercial 
Name 

Type of vaccines 
(target genotypes) 

Intended 
recipients 

Age of 
administration 

Vaccine boosters 
Vaccine boosters 

beyond age of 
administration 

Cervarix 
Bivalent vaccines 

(HPV-16, HPV-18) 
Female 

and male 
9-14 

2-dose 
(5-13 months apart) 

3-dose 
(1-2.5 and 5-12 

months) 

Cecolin 
Bivalent vaccines 

(HPV-16, HPV-18) 
Female 9-14 

2-dose 
(6 months apart) 

3-dose 
(1-2 and 5-8 

months) 

Walrinvax 
Bivalent vaccines 

(HPV-16, HPV-18) 
Female 9-14 

2-dose 
(6 months apart) 

3-dose 
(2-3 and 6-7 

months) 

Gardasil 

Quadrivalent 
vaccines 

(HPV-6, HPV-11, 
HPV-16, HPV-18) 

Female 
and male 

9-13 
2-dose 

(6 months apart) 

3-dose 
(1-2 and 4-6 

months) 

Cervavax 

Quadrivalent 
vaccines 

(HPV-6, HPV-11, 
HPV-16, HPV-18) 

Female 
and male 

9-14 
2-dose 

(6 months apart) 
3-dose 

(2 and 6 months) 

Gardasil9 

Nonavalent 
vaccines 

(HPV-6, HPV-11, 
HPV-16, HPV-18, 

Female 
and male 

9-14 
2-dose 

(5-13 months apart) 

3-dose 
(1-2 and 4-6 

months) 
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HPV-31, HPV-33, 
HPV-45, HPV-52, 

HPV-58) 

Following the European Centre for Disease Prevention and Control (ECDC) directives many 
European countries had introduced HPV vaccination for females and some of them had organized 
catch-up programs. Recently, HPV program has been extended to males and implemented in gender-
neutral vaccination [53,54]. Each vaccine provides specific protection against targeted subtypes and 
demonstrates some degree of cross-protection against non-vaccine HPV subtypes [55]. Vaccination 
induces significantly higher antibody titers against specific HPV types than those observed in 
individuals naturally infected. Notably, individuals vaccinated before the age of 16 exhibit higher 
antibody titers than older adolescents and adults [56] and this reflects the importance of vaccine 
administration before the onset of sexual activity to maximize the effect of vaccine protection, which 
is easier to achieve when people have not yet been exposed to HPV infections [3]. Recent data indicate 
an increase in single-dose HPV vaccine coverage among girls aged 9-14 years, rising from 20% in 
2022 to 27% in 2023 [56].Due to the possibility of accurate screening programs the cervical cancer 
elimination strategy established by the WHO, provides coverage targets for scale-up by 2030 to 90% 
of all adolescent girls, twice-lifetime cervical screening to 70% and treatment of pre-invasive lesions 
and invasive cancer to 90% [57]. 

8. Educational Programs 

To improve vaccination coverage and move closer to the goals given by WHO for 2030, it is 
crucial to implement education programs starting from adolescents in terms of sex education, 
knowledge about HPV and STIs and prevention strategies including the importance of vaccination 
[5,58,59]. In terms of education, the school remains the ideal place to implement training programs 
thus enabling better interaction with health services [60]. On this issue, in 2024, Brunelli et all 
published recently an innovative multidisciplinary model taking place in the upper and secondary 
schools. 

The proposed training program was supported by a team of experts who train identified 
volunteers in schools to conduct permanent peer meetings about STIs and HPV to raise awareness of 
sexual and reproductive health issues, including vaccination, to implement the effectiveness of the 
training among students, while adults (parents and teachers) will participate in distance and face-to-
face trainings [58]. Two interesting aspects emerged recently concern adolescent self-awareness and 
gender-neutral vaccination [60]. In many states parental consent is needed to vaccinate adolescents, 
who cannot intervene in choices for their own health. For this reason, it is referred to as self-consent, 
which must be preceded however, by appropriate education to enable adolescents to make concealed 
health choices [5,10,61]. In addition, the possibility of having training programs in schools highlight 
the disparity between males and females in the opportunity to receive HPV vaccine introducing the 
concept of gender-neutral vaccination. Only a minority of countries with an HPV vaccine program 
included males in vaccine administration [10]. Italy was the first European country to introduce 
universal vaccination for both males and females in 2017 [58]. 

Vaccination campaigns were designed only for girls because of the major side effects that HPV 
infection can give them, first and foremost cervical cancer and that they would also reflexively protect 
boys through herd immunity if vaccination coverage in females is high enough [10,62,63]. 
Unfortunately, the effect of herd immunity is currently not achievable given the low overall 
vaccination rate, and it was suggested that it is more cost-effective to increase the level of coverage 
in girls than to offer the vaccine to boys as well [10]. To note, men are also susceptible to HPV 
oncogenic infections that usually can progress to anal and penile cancers, demonstrating the 
undeniable importance of adherence of vaccine program as prevention strategy for boys as well. 

9. Future Directions 
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9.1. Microbiome 

The next-generation sequencing (NGS) technology and bioinformatics has allowed to unveil the 
inter-play between human microbiota and HPV in term of infection, establishment, persistence and 
disease progression. Basically, it has been demonstrated that bacterial species composition can 
modulate the susceptibility of infections, patients’ outcomes, and more interesting the host immune 
response to infection [64]. The vaginal dysbiosis represents a dysregulated and functionally impaired 
microbiome that tends to promote chronic low-grade inflammation, immune dysregulation, 
oxidative stress, DNA damage and metabolic rewiring. In addition to dysbiosis, the host response, 
including cellular and cytokine markers of inflammation, increased susceptibility for STIs, HR-HPV 
and progression to cervical carcinogenesis [65] (Figure 1). 

 

Figure 1. Inter-play between human microbiota and HPV. Vaginal microbiota inhibits the interaction with 
possible pathogens, such as HPV, promoting the activation of cytotoxic T cells which produced molecules, like 
IFN-γ, that target and eliminate HPV-infected cells. However, in case of dysbiosis, there is no inhibitions and no 
consequent promotion of the activation of the immune response. This way, HPV infection can develop and lead 
to cervical cancer [66]. 

It’s proven that vaginal microbiota can be modulated to restore local homeostasis and to 
promote beneficial effects to host through the HPV clearance and cytological abnormalities [67,68]. 
In this context Lactobacilli are the most commonly probiotics for microbiota modulation acting to 
prevent pathogens infections through bacterial competition and to release of inhibitory factors 
[69,70]. At the same time, enhanced immune response and reduction of inflammation were observed 
[71] suggesting its possible future application in term of personalized medicine. 
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9.2. Therapeutic Vaccine 

In order to target HR-HPV infection, mucosal vaccine has been proposed due to its 
characteristics of non-invasiveness and of a lower technical requirement. The latest generation of 
mucosal live vaccines is based on transgenic technology to modify live bacteria and probiotics 
enabling them to produce and deliver preventive and therapeutic antigens [72,73]. The Gram positive 
Lactococcus lactis, is considered a promising vaccine vector due to its relative safety, lack of endotoxic 
lipopolysaccharides, and cost-effectiveness [74]. The expression of some protein can also serve as an 
antigen delivery carrier to activate the host immune system. This vaccine can directly target the 
mucosa in the reproductive tract to deliver antigens and induce a local protective immune response 
[75]. The engineered BLS-M07 drug, expressing the HPV-16 E7 antigen as a target on the surface of 
L. casei, is orally administered. Park et al. conducted Phase I and IIa clinical trials to evaluate its 
efficacy and safety in CIN3 patients. HPV E7 protein on the surface of Lactobacillus was recognized 
by antigen-presenting cells (APCs) and activated cytotoxic T cells [76]. These data showed a 
significant increase in serum HPV-16 E7-specific antibodies (75 %) and no patients experiencing 
treatment-related adverse events of grade 3 or above throughout the study [76]. 

10. Discussion and Conclusions 

HPV knowledge and vaccine acceptance vary across different countries. Safety concerns are still 
the main barrier to vaccination, and lack of HPV, vaccine knowledge and social responsibility has 
been identified, especially in males [77]. Moreover, the idea that HPV vaccination may encourage 
sexual activity is widespread among the general population. HPV vaccination coverage rates and 
parental acceptance are still a subject of debate, although several initiatives have been recently 
implemented by experts with particular attention to adolescent and young population, based on 
multidisciplinary tools including educational, parental, scientific, and political resources. 
Nevertheless, HPV vaccine acceptance varies by target population’ characteristics where 
socioeconomic background represents a key bias. The need for “tailored” interventions, designed to 
respond to personal, epidemiological and local public health concerns would be offered to the target 
population to reduce social inequalities and thus decrease the impact on health governance. In 
addition, strategies of interventions oriented to adolescent seem to be more effective. In this sense 
public health interventions with the additional components of education, social tools and remained-
based strategies appeared to be positively accepted. 
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