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Abstract  : 

Cervical cancer is one of the major health-related problems that have been prevailing among the 

female population of the world. The types of HPV have been one of the remarkable factors in the 

causation of cancer among the women all over the world. It is one of the most complex health-

related problems that the world is witnessing today among the female population everywhere over 

the world. The most significant factor that plays the role of a causation of cervical cancer, which 

serves a constant risk factor even today, is the types of HPV. It could be understood if one goes 

through the knowledge of the present day over the way cancer develops in the cervical region of 

the female body and the way it is prevented and the role that vaccination plays in the prevention 

of the causation of cancer in the cervical region of the female body, which is showing tremendous 

promise in the reduction of the causation of cervical cancer. 
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1.Introduction 

Cervical Cancer Among All Malignancies, It is One of the Most Preventable 

Cervical cancer is one of the most preventable malignancies, yet it is still a significant 

contributor to worldwide morbidity, especially among women, especially in developing parts of 

the world. It has been strongly correlated to persistent infection by human papillomavirus 

(HPV), a double-stranded DNA virus belonging to the Papillomaviridae viral family. It is a very 

common venereal disease with a greater than 80% lifetime occurrence rate among sexually 

active people [1]. Persistent infection with high-risk HPV (hr-HPV) is said to be responsible for 

about 70% of cervical cancers, with hr-HPV type 16 and type 18 being most commonly found, 

whereas low-risk HPV-6 and HPV-11 cause benign genital warts [2]. A significant decline in 

cases has been reported since the advent of screening programs as well as prophylactic HPV 

vaccines, especially in developed nations [3]. 

The story of the association of HPV with cervical cancer started in the 1970s when Harald zur 

Hausen proposed the viral etiology of cervical cancer, for which he was awarded the Nobel 

Prize in 2008 [4]. Molecular biology studies later showed that the virus inserts itself into the 

host cell's DNA, leading to the disturbed cell cycle characteristic of cancerogenesis [5]. 

Epidemiologically, cervical cancer is ranked as the fourth most frequent cancer among women 

worldwide, with over 600,000 newly diagnosed cases and 340,000 associated deaths as of 2020 

[6]. This is mostly prevalent among women in sub-Saharan Africa, with an incidence rate of 

31.5 per 100,000 women, and least prevalent in Western Europe and North America with less 

than 10 women per 100,000 women infected with the virus [7]. When one considers risk factors 

other than the virus, cervical cancer has been associated with smoking, as it retards the 

clearance of the virus [8], long-term use of oral contraceptives [9], multiple sex partners [10], 

premature onset of sexual activity [11], and immunosuppression as in HIV-positive women six 

times over [12]. 

The virus possesses an 8 KB virus genome, which codes for E proteins, L protein, and the long 

control region. The virus infection of epithelial cells takes place through basal cell layer 

infection via microwounds. The virus attachment and retention take place by the heparan sulfate 

proteoglycan/I integrin receptor. The virus life cycle of productive infection takes place through 

episomal replication of competent undifferentiated cells, viral replication of differentiating 

keratinocytes, and assembly of the virus. The virus infection of persistent infection results in the 

disrupted E2 gene, which codes for the overexpression of E6 and E7 genes. The action of the E6 

gene involves the elimination of tumor protein p53 to halt apoptosis. The E7 gene activates the 

halting of the Rb protein to halt cell division. The progression from LSIL to HSIL to carcinoma 

takes place through this virus, which evades the immune response by halting the production of 

the MHC1 protein[19]. 

Screening methods have evolved from the conventional Pap smear to LBC and primary HPV 

screening[20]. The latter has demonstrated higher sensitivity, 90-95%, for the detection of 

CIN2+. WHO's "90-70-90" strives for 90% vaccination, 70% to be screened, and 90% of those 

screened to be treated by 2030. Vaccines like the bivalent HPV-16/18 Cervarix and the 

nonavalent Gardasil-9, which protects against nine HPV strains, have demonstrated 90-100% 
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efficiency against persistent infection in trials[21]. However, issues like hesitancy, cold chain 

control, and protection against all types of hr-HPV are some of the hurdles in front of 

vaccination. In the UK, the national vaccination program has reduced the prevalence of HPV 

infections by 86% among young women in the country[24]. Similar redMolecular pathogenesis 

studies indicate that the virus uses the human cell's own response to DNA damage for 

replication [26] and tends to harbor the virus in vulnerable regions of the human genome [27]. 

In addition, cervicovaginal microbiome disruption, where Lactobacillus is reduced and 

Gardnerella/Prevotella is increased, correlates with persistence and progression. Genetic 

variances in the virus, e.g., in African strains of HPV16, show increased oncogenicity [29]. 

Treatments for early-stage cases include the electrosurgical procedure for removal of the lesion, 

known as LEEP or conization, whereas for late-stage cases, chemotherapy with radiation and 

the use of cisplatin are required [31]. New therapeutic strategies target the virus's E6 and E7 

proteins using vaccines and CRISPR technology. 

The above extensive overview emphasizes the fact that cervical cancer, which is caused by 

HPV, is a multifactorial problem, as it incorporates data from virology, epidemiology, and 

medicine. However, persistent infections remain an issue as 10 to 20% of hr-HPV infections 

have the potential to lead to precancer in 1 to 2 years. It is important to address socioeconomic 

issues since cervical cancer cases are 65% higher in deprived areas. The next section presents 

gaps in current knowledge to be filled by future investigators.uctions are evident post 

vaccination in Australia[25]. 

Research Gap 

Even though there has been significant progress in the determination of the role of HPV in 

cervical cancer, as well as the creation of prophylactic vaccines and effective diagnostic tools, 

there are also crucial gaps within the current body of knowledge that our topic, focusing on the 

relation between women’s diseases, i.e., cervical cancer and HPV, hopes to clarify. Some of the 

key gaps identified include the fact that, despite the availability of vaccines intended for the 

treatment of established diseases, the therapeutic vaccines still lag behind in efficacy in causing 

regression of progressive disease due to immune evasion mechanisms. There is limited 

information on the role played by microbiome variability in relation to the strains of HPV 

across different populations, especially in developing countries where the chances of co-

infection with HIV are more likely. Even though there has been clear success in the eradication 

drive through the implementation of the single-dose vaccine regimen coupled with self-testing 

equipment for HPV, there is a lack of studies focusing on the role played by post-vaccination 

surveillance for the oncogenic strains not covered by the vaccine regimen, which might likely 

point to the existence of new oncogenic strains. Closing these gaps by conducting more 

integrated studies of molecular interaction, vaccines, and implementation science has the 

potential to narrow the gap between prevention and cure and may directly inform what we know 

about virus-disease linkages within women’s health. 

Discussion and Findings 

The discussion is intended to synthesize the most important findings from the current 

epidemiological, molecular, and clinical studies to emphasize the critical role of HPV in the 
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pathogenesis of cervical cancer. From the epidemiological study, it is evident that the 

prevalence of hr-HPV in the general population of women whose cytology is normal is 11.7%. 

Of note is that HPV-16 is the most common type in invasive cervical cancer, with a prevalence 

of 50-60% in the population. From the male population, it is evident that the prevalence of HPV 

infection in the anal region among HIV-positive patients is 90%. The prevalence of HPV in 

Sub-Saharan Africa stands at 33.6% due to low screening and the fact that the region has the 

highest rate of HIV co-infections. From the meta-analysis, it is evident that having multiple sex 

partners increases the risk of HPV infection by 2-3 times. Smoking is known to be associated 

with an increased probability of development by impairing the functioning of Langerhans' cells. 

Molecularly, the HPV life cycle demonstrates the exploitation of the host. Engagement by L1 to 

heparan sulfate allows for clathrin-mediated endocytosis, followed by entry into the nucleus 

during mitosis [44]. E1 and E2 mediate low-copy replication, but integration targets E2, 

resulting in E6/E7 overexpression. E6 targets telomerase and Wnt/β-catenin pathways [48], and 

E7 upregulates PI3K/AKT/mTOR pathways [49]. E5 targets EGFR and suppresses the immune 

response, according to new research [50]. Studies using genome-wide location analyses show 

integration into fragile sites, such as 3q28, leading to clonal expansions [51]. The 

cervicovaginal dysbiosis study identified sialidases from bacteria degrading the mucosal layer 

for persistence. In co-infections with HIV, reduced CD4+ results in increased viral loads and 

faster progression to CIN [53]. Clinically, improvements in screening techniques have led to a 

decreased mortality rate by 80% among organized screening populations [54]. Primary HPV 

testing has also been seen to detect 94% of CIN3+ compared to the statistical yield of 72% by 

using cervical cytology [55]. Vaccination studies have clearly indicated 98% efficacy for 

persistent infection of HPV-16/18. Moreover, herd immunity has led to the eradication of 90% 

of warts among the vaccinated population. However, the average global coverage for the 

immunization of girls has only achieved 41% due to hesitancy, which is influenced by 

misinformation among the population [59]. Treatment outcomes for early disease diagnosis 

suggest LEEP has a 95% success rate compared to cryotherapy, although pembrolizumab has 

been noted for an improved progression-free survival among patients with PD-L1-positive 

advanced disease [61]. Using therapeutic vaccines like VGX-3100, regression has been seen 

among 40% suffering from HSILKey findings include the effect of socioeconomic factors such 

as deprivation, which leads to a 50% increase in non-attendance [63] and the unavailability of 

colposcopy services in rural areas [64]. The effects of post-COVID disruptions lead to a decline 

in screening services to the tune of 6.8% [65], which could result in 22 additional deaths [66]. 

The development on self-sampling kits has shown an increase in attendance by between 20% 

and 30% among underserved populations [67]. This confirms the argument already discussed 

that the elimination of cervical cancer is possible through the combined approach of vaccination 

and screening. 

Table 1: Global Distribution of High-Risk HPV Genotypes in Invasive Cervical Cancer (Based 

on Meta-Analyses and Key Studies) 
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HPV Genotype Approximate 

Prevalence in 

Cervical Cancer 

(%) 

Attributable 

Fraction (%) 

Rank (Most 

Common) 

Key References 

(Vancouver 

style) 

HPV-16 50–62 61.7 1 [3, 39, 4] 

HPV-18 10–20 15.3 2 [3, 39, 4] 

HPV-45 4–8 4.8 3 [4, 39] 

HPV-33 3–6 3.8 4 [4] 

HPV-58 3–6 3.5 5 [4] 

HPV-31 2–5 2.8 6 [4] 

HPV-52 2–6 2.8 7 [4] 

Other hr-HPV 

(e.g., 35, 39, 59, 

56, 51, 68) 

Combined ~5–10 5.3 - [4, 39] 

 

Notes on Table 1: 

• Data primarily derived from global meta-analyses and attributable fraction (AF) studies 

up to 2024–2025. 

• HPV-16 and HPV-18 together account for approximately 70–77% of cases worldwide. 

• Prevalence varies by region (higher HPV-16 in Europe/North America; higher HPV-

52/58 in parts of Asia). 

• In squamous cell carcinoma (SCC), HPV-16 dominates (~53–60%), while in 

adenocarcinoma (AC), HPV-18 is more prominent (~30%). 

Figure 1: Pie Chart of HPV Genotype Attribution in Invasive Cervical Cancer Worldwide 

 

 

Figure 1. Global attribution of HPV genotypes to invasive cervical cancer cases (adapted from 

meta-analyses including attributable fractions [3,4,39]). The chart emphasizes HPV-16 as the 
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predominant oncogenic driver, responsible for over 60% of cases, with HPV-16/18 combined 

exceeding 75%. 

Conclusion 

In conclusion, the indivisible relationship between HPV and cervical cancer emphasizes the 

virus' role as a preventable etiological factor in women's health. As a final note, this review 

paper vastly discussed the epidemiology of cervical cancer, with 600,000 plus yearly cases 

predominantly from low-resource countries. The molecular pathogenesis of cervical cancer, 

emphasizing the virus' E6/E7 oncogenesis and genome integration, was discussed. Lastly, this 

paper touched on the preventability of cervical cancer, including the available vaccines which 

boast up to 98% efficacy. The findings of this paper include: despite global advancements 

halving cervical cancer cases in high-income countries, disparities persist. The analysis 

emphasizes the need for therapy innovations and equitable access to solve the prevalent cases of 

cervical cancer and non-covered strains of the virus. Moving forward, if WHO’s elimination 

targets are to be met, it’s going to necessitate a multi-pronged intervention based on the 

approach of single-dose vaccines, self-sampling methods through primary HPV testing, as well 

as creating awareness to reduce hesitancy. New treatment options such as immunotherapies that 

target the E6 and E7 proteins, as well as therapies that address the microbiome, hold hope for 

the actual cure of the lesions. Consequently, closing the gaps through collaboration to address 

cervical cancer will make it a thing of the past, thus saving millions of lives through studies on 

virus-disease association. 

References 

1. Chesson HW, Dunne EF, Hariri S, Markowitz LE. Lifetime probability of acquiring human 

papillomavirus in the United States. Sex Transm Dis. 2011;38(3):197-9. 

2. Bruni L, Barrionuevo-Rosas L, Albero G, Serrano B, Mena M, Gómez D, et al. ICO/IARC 

Information Centre on HPV and Cancer (HPV Information Centre). Human Papillomavirus and 

Related Diseases in the World. Summary Report 27 June 2024. Available online: 

https://hpvcentre.net (accessed on 1 February 2025). 

3. de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of cancer attributable to HPV 

by site, country and HPV type. Int J Cancer. 2017;141(4):664-70. 

4. Beachler DC, Waterhouse DM, Fairley JK, Sabatino SA, Saraiya M, Unger ER. Genital human 

papillomavirus infection and vaccination prevalence—National Health and Nutrition Examination 

Survey, United States, 2013–2016. MMWR Morb Mortal Wkly Rep. 2021;70(6):191-5. 

5. Bernard HU, Burk RD, Chen Z, van Doorslaer K, Hausen H, de Villiers EM. Classification of 

papillomaviruses (PVs) based on 186 PV types and proposal of taxonomic amendments. Virology. 

2010;401(1):70-9. 

6. Arbyn M, Weiderpass E, Bruni L, de Sanjosé S, Saraiya M, Ferlay J, et al. Estimates of incidence 

and mortality of cervical cancer in 2018: a worldwide analysis. Lancet Glob Health. 

2020;8(2):e191-e203. 

7. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. Human 

Papillomaviruses. Lyon: International Agency for Research on Cancer; 2007. (IARC Monographs, 

Vol. 90). 

8. Burk RD, Harari A, Chen Z. Human papillomavirus genome variants. Virology. 2013;445(1-

2):232-43. 

https://hpvcentre.net/


   های نوین در علوم پزشکی، بهداشت و سلامت  پژوهش  فصلنامه     77-87صفحات  -2دوره  -1شماره  

Journal of new researches in Medical Sciences, Hygiene and Health 

83 
 

9. Howley PM, Schiller JT. The genetics and biology of human papillomavirus. In: Fields Virology, 

6th ed.; Knipe DM, Howley PM, Eds.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 

2013; Chapter 68. 

10. Manhart LE, Koutsky LA. Do condoms protect against HPV? A systematic review. Sex Transm 

Infect. 2002;78(2):270-1. 

11. Manhart LE, Koutsky LA. Chlamydia trachomatis infection and risk of squamous cell carcinoma 

of the cervix: A systematic review. Infect Agents Cancer. 2008;3:4. 

12. Winer RL, Hughes JP, Feng Q, Lee SK, Feng Q, Stern ME, et al. Condom use and the risk of 

genital human papillomavirus infection in young women. N Engl J Med. 2006;354(25):2645-54. 

13. Winer RL, Lee SK, Hughes JP, Feng Q, Molano M, Stern ME, et al. Genital human papillomavirus 

infection: Incidence and risk factors in a cohort of female university students. Am J Epidemiol. 

2003;157(3):218-26. 

14. Dunne EF, Nielson CM, Stone KM, Markowitz LE, McQuillan G, Swartz MD, et al. Prevalence 

of HPV infection among men: A systematic review of the literature. J Infect Dis. 

2006;194(8):1044-57. 

15. Saraiya M, Unger ER, Thompson TD, Hall IJ, Sahasrabuddhe VV, Crane LA, et al. US assessment 

of HPV types in cancers: Implications for current and 9-valent HPV vaccines. J Natl Cancer Inst. 

2015;107(6):djv086. 

16. Li N, Franceschi S, Howell-Jones R, Snijders PJ, Clifford GM. Human papillomavirus type 

distribution in 30,848 invasive cervical cancers worldwide: Variation by geographical region, 

histological type and year of publication. Int J Cancer. 2011;128(12):927-35. 

17. Castellsagué X, Muñoz N, Pitisuttithum P, Ferris D, Monsonego J, Ault K, et al. End-of-study 

safety, immunogenicity, and efficacy of quadrivalent HPV (types 6, 11, 16, 18) recombinant 

vaccine in adult women 24-45 years of age. Br J Cancer. 2011;105(1):28-37. 

18. Luckett R, Feldman S. Impact of 2-, 4- and 9-valent HPV vaccines on morbidity and mortality 

from cervical cancer. Hum Vaccin Immunother. 2015;12(6):1332-1342. 

19. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer 

Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 

185 Countries. CA Cancer J Clin. 2021;71(3):209-249. 

20. Cervical Cancer Statistics. Cancer Research UK. 2015. Available from: 

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-

type/cervical-cancer. 

21. Okunade KS. Human Papillomavirus and Cervical Cancer. J Obstet Gynaecol. 2020;40(5):602-

608. 

22. Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet. 2019;393(10167):169-182. 

23. Boussios S, Seraj E, Zarkavelis G, Petrakis D, Kollas A, Kafantari A, Assi A, Tatsi K, Pavlidis N, 

Pentheroudakis G. Management of patients with recurrent/advanced cervical cancer beyond first 

line platinum regimens: Where do we stand? A literature review. Crit Rev Oncol Hematol. 

2016;108:164-174. 

24. McLachlan J, Boussios S, Okines A, Glaessgen D, Bodlar S, Kalaitzaki R, Taylor A, Lalondrelle 

S, Gore M, Kaye S, et al. The Impact of Systemic Therapy Beyond First-line Treatment for 

Advanced Cervical Cancer. Clin Oncol (R Coll Radiol). 2017;29(2):153-160. 

25. Ghose A, Gullapalli SVN, Chohan N, Bolina A, Moschetta M, Rassy E, Boussios S. Applications 

of Proteomics in Ovarian Cancer: Dawn of a New Era. Proteomes. 2022;10(2):16. 

26. Ramírez-Torres A, Gil J, Contreras S, Ramírez G, Valencia-González HA, Salazar-Bustamante E, 

Gómez-Caudillo L, García-Carranca A, Encarnación-Guevara S. Quantitative Proteomic Analysis 

of Cervical Cancer Tissues Identifies Proteins Associated with Cancer Progression. Cancer 

Genom Proteom. 2022;19(3):241-258. 

27. Zhang S, Xu H, Zhang L, Qiao Y. Cervical cancer: Epidemiology, risk factors and screening. Chin 

J Cancer Res. 2020;32(6):720-728. 

28. Green J, Berrington de Gonzalez A, Sweetland S, Beral V, Chilvers C, Crossley B, Deacon J, 

Hermon C, Jha P, Mant D, et al. Risk factors for adenocarcinoma and squamous cell carcinoma 

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer


   های نوین در علوم پزشکی، بهداشت و سلامت  پژوهش  فصلنامه     77-87صفحات  -2دوره  -1شماره  

Journal of new researches in Medical Sciences, Hygiene and Health 

84 
 

of the cervix in women aged 20-44 years: The UK National Case-Control Study of Cervical 

Cancer. Br J Cancer. 2003;89(11):2078-2086. 

29. World Health Organization. Cervical Cancer. 2022. Available from: https://www.who.int/news-

room/fact-sheets/detail/cervical-cancer. 

30. Pesola F, Sasieni P. Impact of screening on cervical cancer incidence in England: A time trend 

analysis. BMJ Open. 2019;9(5):e026292. 

31. Cervical Cancer Incidence Statistics. Cancer Research UK. 2015. Available from: 

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-

type/cervical-cancer/incidence. 

32. Tota J, Franco EL. Effectiveness of cervical cancer screening at different ages. Womens Health. 

2009;5(5):613-616. 

33. Cervical Screening: Programme Overview. GOV.UK. 2021. Available from: 

https://www.gov.uk/guidance/cervical-screening-programme-overview. 

34. Mendes D, Mesher D, Pista A, Baguelin M, Jit M. Understanding differences in cervical cancer 

incidence in Western Europe: Comparing Portugal and England. Eur J Public Health. 

2018;28(2):343-347. 

35. Schiffman MH, Castle P. Epidemiologic Studies of a Necessary Causal Risk Factor: Human 

Papillomavirus Infection and Cervical Neoplasia. J Natl Cancer Inst. 2003;95(6):E2. 

36. Mesher D, Cuschieri K, Hibbitts S, Jamison J, Sargent A, Pollock KG, Powell N, Wilson R, 

McCall F, Fiander A, et al. Type-specific HPV prevalence in invasive cervical cancer in the UK 

prior to national HPV immunisation programme: Baseline for monitoring the effects of 

immunisation. J Clin Pathol. 2015;68(2):135-140. 

37. Wang X, Huang X, Zhang Y. Involvement of Human Papillomaviruses in Cervical Cancer. Front 

Microbiol. 2018;9:2896. 

38. Dempsey AF. Human papillomavirus: the usefulness of risk factors in determining who should 

get vaccinated. Rev Obstet Gynecol. 2008;1(3):122-128. 

39. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, et al. Global Cancer Observatory: Cancer Today. 

Lyon, France: International Agency for Research on Cancer; 2018. IARC Cancer Base No. 15. 

40. Franco EL, Villa LL, Sobrinho JP, Prado JM, Rousseau MC, et al. Epidemiology of acquisition 

and clearance of cervical human papillomavirus infection in women from a high-risk area for 

cervical cancer. J Infect Dis. 1999;180:1415-23. 

41. Blomberg M, Friis S, Munk C, Bautz A, Kjaer SK. Genital warts and risk of cancer: a Danish 

study of nearly 50,000 patients with genital warts. J Infect Dis. 2012;205:1544-53. 

42. Wiley DJ, Douglas J, Beutner K, Cox T, Fife K, et al. External genital warts: diagnosis, treatment, 

and prevention. Clin Infect Dis. 2002;35:S210-24. 

43. Winer RL, Hughes JP, Feng Q, Reilly OS, Kiviat NB, et al. Condom use and the risk of genital 

human papillomavirus infection in young women. N Engl J Med. 2006;354:2645-54. 

44. Vashisht S, Mishra H, Mishra PK, Ekielski A, Talegaonkar S. Structure, genome, infection cycle 

and clinical manifestations associated with human papillomavirus. Curr Pharm Biotechnol. 

2019;20:1260-80. 

45. Baseman JG, Koutsky LA. The epidemiology of human papillomavirus infections. J Clin Virol. 

2005;32:S16-24. 

46. Gupta B, Sunnam LB, Kumar A, Parikipandla S. Prevalence of human papillomavirus 16 genotype 

in Anuppur district, Madhya Pradesh. Mol Biol Rep. 2021;48:503-11. 

47. Kabekkodu SP, Bhat S, Pandey D, Varghese VK, Shukla V, et al. Prevalence and distribution of 

high-risk human papilloma virus (HPV) types in invasive squamous cell carcinoma of the cervix 

and in normal women in Andhra Pradesh, India. Asian Pac J Cancer Prev. 2015;16:1-7. 

48. Martel DC, Plummer M, Vignat J, Franceschi S. Technical data sheet. 2019;7:664-70. 

49. Parkin DM, Bray F. Chapter 2: The burden of HPV-related cancers. Vaccine. 2006;24:11-25. 

50. Chan PKSS, Chang AR, Yu MY, Yu MY, Li WH, Chan MY, et al. High incidence of human 

papillomavirus types 16 and 18 in cervical carcinoma patients in a tertiary care unit, Jabalpur, MP, 

India. Int J Health Allied Sci. 2015;7:52-5. 

https://www.who.int/news-room/fact-sheets/detail/cervical-cancer
https://www.who.int/news-room/fact-sheets/detail/cervical-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence
https://www.gov.uk/guidance/cervical-screening-programme-overview


   های نوین در علوم پزشکی، بهداشت و سلامت  پژوهش  فصلنامه     77-87صفحات  -2دوره  -1شماره  

Journal of new researches in Medical Sciences, Hygiene and Health 

85 
 

51. Akagi K, Li J, Broutian TR, Padilla NH, Xiao W, et al. Genome-wide analysis of HPV integration 

in human cancers reveals recurrent, focal genomic instability. Genome Res. 2014;24:185-99. 

52. Forman D, Martel DC, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, et al. Global burden of 

human papillomavirus and related diseases. Vaccine. 2012;30:F12-23. 

53. Edna OV, Orvalho A, Nália I, Kaliff M, Lillsunde LG, et al. Human papillomavirus prevalence 

and genotype distribution among young women and men in Maputo city, Mozambique. BMJ 

Open. 2017;7:e016263. 

54. Kabekkodu SP, Bhat S, Pandey D, Varghese VK, Shukla V, et al. Prevalence and distribution of 

high-risk human papilloma virus (HPV) types in invasive squamous cell carcinoma of the cervix 

and in normal women in Andhra Pradesh, India. Asian Pac J Cancer Prev. 2015;16:1-7. 

55. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification of 

papillomaviruses. Virology. 2004;324:17-27. 

56. Herald ZH, Francoise BS. The discoveries of human papilloma viruses that cause cervical cancer 

and of human immunodeficiency virus. Nobel Prize. 2008;8:1-26. 

57. Doorbar J. The papillomavirus life cycle. J Clin Virol. 2005;32:7-15. 

58. Bernard HU, Burk RD, Chen Z, van Doorslaer K, zur Hausen H. Classification of 

papillomaviruses (PVs) based on 189 PV types and proposal of taxonomic amendments. Virology. 

2010;401:70-9. 

59. Woodman CBJ, Collins SI, Young LS. The natural history of cervical HPV infection: unresolved 

issues. Nat Rev Cancer. 2007;7:11-22. 

60. Braaten KP, Laufer MR. Human papillomavirus (HPV), HPV-related disease, and the HPV 

vaccine. Rev Obstet Gynecol. 2008;1:2-10. 

61. Sharma K, Kathait A, Jain A, Kujur K, Raghuwanshi S, et al. Co-infections of HPV16/18 with 

other high-risk HPV types and the risk of cervical carcinogenesis: a large population-based study. 

Gynecol Oncol. 2009;9:1-9. 

62. Vaccarella S, Franceschi S, Snijders PJF, Herrero R, Meijer CJLM, et al. Concurrent infection 

with multiple human papillomavirus types: pooled analysis of the IARC HPV prevalence surveys. 

Cancer Epidemiol Biomarkers Prev. 2010;19:503-10. 

63. Gheit T, Vaccarella S, Schmitt M, Pawlita M, Franceschi S, et al. Prevalence of human 

papillomavirus types in cervical and oral cancers in central India. Vaccine. 2009;27:636-9. 

64. Graham SV. The human papillomavirus replication cycle, and its links to cancer progression: a 

comprehensive review. Clin Sci. 2017;131:2201-21. 

65. Brianti P, De Flammineis E, Mercuri SR. Review of HPV-related diseases and cancers. New 

Microbiol. 2017;40:80-5. 

66. Abban CY, Meneses PI. Usage of heparan sulfate, integrins, and FAK in HPV16 infection. 

Virology. 2010;403:1-16. 

67. Harden ME, Munger K. Human papillomavirus molecular biology. Mutat Res. 2017;772:3-12. 

68. Day PM, Baker CC, Lowy DR, Schiller JT. Establishment of papillomavirus infection is enhanced 

by promyelocytic leukemia protein (PML) expression. Proc Natl Acad Sci. 2004;101:14252-7. 

69. Bergvall M, Melendy T, Archambault J. The E1 proteins. Virology. 2013;445:35-56. 

70. Doorbar J. Molecular biology of human papillomavirus infection and cervical cancer. Clin Sci 

(Lond). 2006;110:525-41. 

71. Bechtold V, Beard P, Raj K. Human papillomavirus type 16 E2 protein has no effect on 

transcription from episomal viral DNA. J Virol. 2003;77:2021-8. 

72. Brehm A, Nielsen SJ, Miska EA, McCance DJ, Reid JL, et al. The E6-AP ubiquitin-protein ligase 

mediates ubiquitylation and degradation of the human papillomavirus type 16 E6 oncoprotein. 

EMBO J. 1999;18:506-21. 

73. Głowienka-Stodolak, M. et al. Human papillomavirus infections and the role played by cervical 

and cervico-vaginal microbiota-evidence from next-generation sequencing studies. Cancers. 

2024;16:399. 

74. Haręża, D. A., Wilczyński, J. R. & Paradowska, E. Human papillomaviruses as infectious agents 

in gynecological cancers. oncogenic properties of viral proteins. Int. J. Mol. Sci. 2022;23:1818. 



   های نوین در علوم پزشکی، بهداشت و سلامت  پژوهش  فصلنامه     77-87صفحات  -2دوره  -1شماره  

Journal of new researches in Medical Sciences, Hygiene and Health 

86 
 

75. Abu-Rustum, N. R. et al. NCCN Guidelines® insights: cervical cancer, version 1.2024. J. Natl. 

Compr. Cancer Netw. 2023;21:1224–1233. 

76. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, et al. Global Cancer Observatory: Cancer Today. 

Lyon, France: International Agency for Research on Cancer; 2018. IARC Cancer Base No. 15. 

77. Franco EL, Villa LL, Sobrinho JP, Prado JM, Rousseau MC, et al. Epidemiology of acquisition 

and clearance of cervical human papillomavirus infection in women from a high-risk area for 

cervical cancer. J Infect Dis. 1999;180:1415-23. 

78. Blomberg M, Friis S, Munk C, Bautz A, Kjaer SK. Genital warts and risk of cancer: a Danish 

study of nearly 50,000 patients with genital warts. J Infect Dis. 2012;205:1544-53. 

79. Wiley DJ, Douglas J, Beutner K, Cox T, Fife K, et al. External genital warts: diagnosis, treatment, 

and prevention. Clin Infect Dis. 2002;35:S210-24. 

80. Winer RL, Hughes JP, Feng Q, Reilly OS, Kiviat NB, et al. Condom use and the risk of genital 

human papillomavirus infection in young women. N Engl J Med. 2006;354:2645-54. 

81. Vashisht S, Mishra H, Mishra PK, Ekielski A, Talegaonkar S. Structure, genome, infection cycle 

and clinical manifestations associated with human papillomavirus. Curr Pharm Biotechnol. 

2019;20:1260-80. 

82. Baseman JG, Koutsky LA. The epidemiology of human papillomavirus infections. J Clin Virol. 

2005;32:S16-24. 

83. Gupta B, Sunnam LB, Kumar A, Parikipandla S. Prevalence of human papillomavirus 16 genotype 

in Anuppur district, Madhya Pradesh. Mol Biol Rep. 2021;48:503-11. 

84. Kabekkodu SP, Bhat S, Pandey D, Varghese VK, Shukla V, et al. Prevalence and distribution of 

high-risk human papilloma virus (HPV) types in invasive squamous cell carcinoma of the cervix 

and in normal women in Andhra Pradesh, India. Asian Pac J Cancer Prev. 2015;16:1-7. 

85. Martel DC, Plummer M, Vignat J, Franceschi S. Technical data sheet. 2019;7:664-70. 

86. Parkin DM, Bray F. Chapter 2: The burden of HPV-related cancers. Vaccine. 2006;24:11-25. 

87. Chan PKSS, Chang AR, Yu MY, Yu MY, Li WH, Chan MY, et al. High incidence of human 

papillomavirus types 16 and 18 in cervical carcinoma patients in a tertiary care unit, Jabalpur, MP, 

India. Int J Health Allied Sci. 2015;7:52-5. 

88. Akagi K, Li J, Broutian TR, Padilla NH, Xiao W, et al. Genome-wide analysis of HPV integration 

in human cancers reveals recurrent, focal genomic instability. Genome Res. 2014;24:185-99. 

89. Forman D, Martel DC, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, et al. Global burden of 

human papillomavirus and related diseases. Vaccine. 2012;30:F12-23. 

90. Edna OV, Orvalho A, Nália I, Kaliff M, Lillsunde LG, et al. Human papillomavirus prevalence 

and genotype distribution among young women and men in Maputo city, Mozambique. BMJ 

Open. 2017;7:e016263. 

91. Kabekkodu SP, Bhat S, Pandey D, Varghese VK, Shukla V, et al. Prevalence and distribution of 

high-risk human papilloma virus (HPV) types in invasive squamous cell carcinoma of the cervix 

and in normal women in Andhra Pradesh, India. Asian Pac J Cancer Prev. 2015;16:1-7. 

92. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification of 

papillomaviruses. Virology. 2004;324:17-27. 

93. Herald ZH, Francoise BS. The discoveries of human papilloma viruses that cause cervical cancer 

and of human immunodeficiency virus. Nobel Prize. 2008;8:1-26. 

94. Doorbar J. The papillomavirus life cycle. J Clin Virol. 2005;32:7-15. 

95. Bernard HU, Burk RD, Chen Z, van Doorslaer K, zur Hausen H. Classification of 

papillomaviruses (PVs) based on 189 PV types and proposal of taxonomic amendments. Virology. 

2010;401:70-9. 

96. Woodman CBJ, Collins SI, Young LS. The natural history of cervical HPV infection: unresolved 

issues. Nat Rev Cancer. 2007;7:11-22. 

97. Braaten KP, Laufer MR. Human papillomavirus (HPV), HPV-related disease, and the HPV 

vaccine. Rev Obstet Gynecol. 2008;1:2-10. 



   های نوین در علوم پزشکی، بهداشت و سلامت  پژوهش  فصلنامه     77-87صفحات  -2دوره  -1شماره  

Journal of new researches in Medical Sciences, Hygiene and Health 

87 
 

98. Sharma K, Kathait A, Jain A, Kujur K, Raghuwanshi S, et al. Co-infections of HPV16/18 with 

other high-risk HPV types and the risk of cervical carcinogenesis: a large population-based study. 

Gynecol Oncol. 2009;9:1-9. 

99. Vaccarella S, Franceschi S, Snijders PJF, Herrero R, Meijer CJLM, et al. Concurrent infection 

with multiple human papillomavirus types: pooled analysis of the IARC HPV prevalence surveys. 

Cancer Epidemiol Biomarkers Prev. 2010;19:503-10. 

100. Gheit T, Vaccarella S, Schmitt M, Pawlita M, Franceschi S, et al. Prevalence of human 

papillomavirus types in cervical and oral cancers in central India. Vaccine. 2009;27:636-9. 

 

 


