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A 28-year-old woman visits her gynaecologist for a routine health examination. She had no prior STD 

infection and her medical history doesn’t indicate any significant past diseases. She recently got 

married, is sexually active with her husband and they use condom inconsistently, and she had three 

prior sexual partners before her husband. The results from her gynaecologic examination were 

unremarkable. Is it recommended for this woman to be screened for HPV infection, and if so, how? 

The Clinical Problem 

DOI: 10.31838/ecb/2023.12.1.021 

Epidemiology 

Human papillomavirus (HPV) infection is caused by a member of the Papillomaviridae family, which 

is a small nonenveloped circular double stranded DNA virus. HPV enters the epithelium by intruding 

the skin or mucosa and infects basal stem cells. HPV’s genome contains seven early phase and two 

late phase genes which are required for viral propagation and are called E genes and L genes, 

respectively (1). Around 180 subtypes have been found for this virus, which have been further 

categorized into low-risk and high-risk HPV subtypes. The high-risk HPV subtypes may cause 

various neoplastic changes and cancers, both in males and females with cervical cancer being the 

most prevalent cancer (2). Among the numerous high-risk subtypes of HPV, HPV types 16 and 18 are 

the most prevalent carcinogenic types of HPV (3). HPV, chlamydia, trichomoniasis, and genital 

herpes have the highest prevalence of sexually transmitted infections (STI) in the United States, 

among which HPV is the most prevalent STI with about 60% of all prevalent and 50% of all incident 

STIs. Among the 15 to 59-year-old women, more than 24 million were infected, approximately one-

half of them were 15 to 24 years old and 3.8 million of them had a new HPV infection (4). In a 

representative sample of the United State adult population, oral HPV infection had a higher 

prevalence among African American people and a lower prevalence among Asian American people. 

Further analysis indicated that these racial differences in the prevalence of HPV infection are likely 

caused by difference in sexual behaviours (5).  

HPV is transmitted through sexual intercourse and its common risk factors include sexual 

promiscuity, number of sexual partners, inconsistent condom use, early experience of sexual 

intercourse, and smoking (6, 7). According to one study, the risk of male-to-female transmission of 

oncogenic types of HPV was greater in comparison with the risk of female-to-male transmission, 

while the risk of female-to-male transmission was greater for non-oncogenic types (8). Overall, 80% 

of sexually active women will experience HPV infection over their lifetime (9). However, safer sexual 
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behaviours, circumcision and consistent condom use are suggested to lessen the risk of HPV infection 

(7).  

Key Clinical Points 

 

 HPV is the most prevalent STI infection with about 60% prevalence despite the unreported cases. 

 The highest rate of HPV infection is among young women, between the age of 21 and 29. 

 HPV infection is an important cause of cervical, cervical, anogenital, head and neck, and 

oesophageal cancers. 

 Studies report lower incidence of cervical cancer among women who have undergone HPV 

screening. 

 Diagnostic tests for HPV infection include; Pap smear, HPV testing, and colposcopy. Self-testing 

kits have recently been introduced. 

 HPV screening should be offered to all sexually active women who are older than 21 years of age 

according to current screening guidelines. 

Complications of HPV Infections in Women 

HPV penetrates the epithelial cells through micro-wounds and subsequently enters the basal cells of 

the basal stratum. In normal uninfected epithelia, the cell cycle ceases as the cells leave the basal layer 

due to nuclei loss in supra-basal layers. However, in HPV infected cells the cycle continues due to 

viral activities (Figure 1)(10). The differentiation of the keratinocytes takes place in the granular zone 

of stratified epithelium. This process is closely linked to the life cycle of HPV. Subsequently, 

infection leads to unchecked proliferation in these sites due to overriding the mechanisms that cease 

the cell cycle. This state allows for DNA replication of the virus in synchrony with the chromosomal 

DNA of the host cells. This uncontrolled cellular proliferation in this layer causes chromosomal 

instability and accumulation of genetic mutations which further leads to premalignant and malignant 

lesions (11). The two main oncogenes of high-risk HPV types are the E6 and E7 genes. The E6 binds 

to the p53 protein of the host cell and cause degradation of this protein and subsequently prevent the 

apoptosis of the infected host epithelial cell. E7 has a similar role by binding to retinoblastoma (Rb) 

proteins. The HPV-host-genome-integration causes an increased cellular proliferation and an 

increased risk of malignancy (12, 13). Viral clearance happens in 90% of women with HPV infection, 

however, in the remaining 10% the infection can persist. This chronic infection can induce E5-, E6-, 

and E-7-mediated mutations that can further cause the initiation of cancer, and in 1% the virus 

genome integration (6). 
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Figure 1. Pathogenesis of HPV  

The low-risk HPVs are hardly found to cause cancers and neoplasms. In some cases, HPV may be the 

underlying cause of papillomatosis in immunodeficient individuals (14). However, twelve HPV types 

are recognized to be the high-risk carcinogenic HPV types, among which type 16 is the most 

prevalent (15, 16). HPV can cause cervical, anogenital, oral, oesophageal, and ophthalmologic and 

breast carcinomas (6). Two cervical lesions are caused by HPV: low-grade squamous intraepithelial 

lesions (LSIL) and high-grade squamous intraepithelial lesions (HSIL). The type of these cervical 

lesions is highly correlated with the expression level of E6 and E7. Lower degree of expression occurs 

in low-grade lesions in basal cells whereas higher degrees of expression occur in high-grade lesions 

throughout the epithelium. In HSILs, there’s a greater chance for integration of HPV DNA with host-

cell chromosome, thus greater risk of malignancy (13, 17). Environmental factors can greatly 

contribute to genomic instability. Studies have shown that alcohol consumption and smoking along 

with the use of contraceptive hormones and co-infection by other oncogenic viruses such as HIV 

(human immunodeficiency virus increases the chance of cervical cancer (18-20). Despite the high 

prevalence of HPV infections, most cervical infections are asymptomatic and transient, of which 70% 

resolve within one year (21). HPV oncogenic test can be performed to determine the risk of cervical 

intraepithelial neoplasia (CIN) that may range from CIN-I to CIN-III. CIN-I is an LSIL whereas CIN-

II and III are considered high-grade dysplasia or HSIL (22, 23). A negative oncogenic HPV test 

implies lower chance of CIN-III, while a positive test implies higher risks. One cohort study showed, 

that women with positive test at baseline and 2 years later (means they had persistent infection), had 

an absolute risk of CIN-III at 12 years (24). The transition of persistent infection takes several years 

or decades. The peak of HPV infection incidence happens at the age of 20, the peak incidence of CIN-

III at the age of 30, and the peak of cervical cancer in the 40s (22, 25). This highlights the importance 

of prevention via HPV screening in young females. 

Strategies and Evidence 

Evaluation 

Exposure to HPV through vaginal, anal, or oral sexual intercourse typically causes and infection that 

may progress to clinically apparent lesions, such as genital warts and CIN lesions of the lower genital 

tract (26). The low-risk cutaneous types of HPV cause common warts and flat warts (27, 28), while 

the mucosal types, despite their name, cause cutaneous genital lesions and typically do not cause 
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neoplasia (29). These lesions are due to the stimulation of epithelial cells for excessive proliferation 

(30). The infection will usually resolve within two years, however, some high-risk infections may 

persist and cause further complications (26). 

Screening to Reduce Complications of HPV 

HPV infection along with cervical carcinoma causes a noticeable global burden. Also, studies related 

to HPV detection and treatment are key factors in diminishing this huge burden globally. Screening 

women for HPV and cervical dysplasia can significantly reduce their risk of death from malignancies 

(31).  In a 10-year randomized controlled trial in Germany, HPV screening resulted in a noticeable 

decrease in the incidence of cervical cancer. In this study, 26,624 non-hysterectomised women who 

were at least 30 years old underwent co-testing with Papanicolaou smear and high-risk HPV DNA 

testing. The next screening session of women with normal results was 5 years later and those with 

HPV positive tests or abnormal Pap smear findings were referred for colposcopy instantly. Women 

with incongruous results repeated their test after one year and those with persistent positive results 

were referred for colposcopy. 274 cases were diagnosed with CIN-III among which 270 cases had 

positive and 4 cases had negative HPV test. 31 cases had invasive cervical cancer among which 29 

cases had positive and 2 cases had negative HPV test. Between the first round and the subsequent 

rounds, a noticeable decrease of the five-year incidence of CIN-III (0.96% to 0.16%) and cervical 

cancer (0.10% to 0.025%) were observed. Around 90% (246 pf 274 cases) of CIN-III were diagnosed 

with the first colposcopy. The decrease of disease incidence was related to HPV testing because, 

among the HPV negative and Pap smear positive women, no CIN-III occurred (32). In a similar study 

in the United States, from 1976 to 2009 there was a noticeable decline of the incidence (cases per 

100,000 women) of early-stage cervical cancer (9.8 to 4.9) and late-stage cervical cancer (5.3 to 3.7) 

due to screening (33). 

Screening Recommendations for HPV  

Screening Methods 

Cervical cancer, the most severe consequence of HPV infection, is the third most prevalent cancer in 

women globally and the first cause of cancer death among women in developing countries. However, 

timely screening can dramatically reduce this burden. There are two major screening methods for 

HPV or cervical cancer screening; liquid-based cytology (LBC) or Papanicolaou smear (Pap smear) 

and HPV-DNA testing (31). The endocervical swabs are usually collected during a routine vaginal 

speculum  

examination for both tests. The cytology test examines the presence of precancerous or cancerous 

cells among the cervical cells (34). There are several tests that have been FDA-approved for HPV-

DNA testing. Since Papanicolaou smear has high specificity (98%) and lower sensitivity (55-80%), 

the FDA approved the combination of HPV-DNA testing and cytology or co-testing for cervical 

cancer screening. Due to the higher prevalence of high-risk HPV infection among young women and 

the risk of unnecessary overtreatment, screening via HPV testing is not approved for women under 30. 

HPV-DNA testing may be performed on a specimen that was collected separately or on the remaining 

cytology specimen. The co-testing can result in increasing the sensitivity of the Papanicolaou smear 

from 55-85% to approximately 100%. Further information regarding the sensitivity and specificity of 

HPV screening is summarized in Table 1. For women with negative results for both tests, screening is 

Table 2. Indications for HPV screening 

≥ 21 and ≤ 65 

sexually active 

multiple sexual partners 

inconsistent condom use 

sexual contact with a partner with a prior STD 
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performed every 5 years. According to the current guidelines, 21 to 29 years old women should be 

screened only with pap smear every 3 years (31). 30 to 65 years old women have three options 

according to USPSTF (the United States Preventive Services Task Force) guidelines. They can 

undergo HPV testing every 5 years, Papanicolaou smear every 3 years or co-testing every 5 years 

(34). Positive results of HPV testing or abnormal results of Papanicolaou smear are referred for 

colposcopy for confirmation and definitive diagnosis (35). Recently, mailed self-sample HPV testing 

kits are designed for women who are unable or unwilling to participate in a periodic clinic-based 

screening. These kits are currently under clinical trials, however, if approved, they can ease the 

process of screening for women at high risk of infection (36).  

Table 1. Diagnostic Accuracy of HPV tests 

Test Comparison 
Pooled Sensitivity 

(95% CI) 
Pooled Specificity 

HPV test compared 

with VIA 

HPV test 95% (84-98) 84% (72-91) 

VIA test 69% (54-81) 87% (79-92) 

VIA compared with 

cervical smear 

VIA test 77% (65-85) 82% (67-91) 

Cervical smear 84% (76-90) 88% (79-93) 

HPV test compared 

with cervical smear 

HPV test 94% (89-97) 90% (86-93) 

Cervical smear 70% (57-80) 95% (92-97) 

HPV test (from comparisons) 94% (89-97) 88% (84-92) 

from the analysis performed by Mustafa et al.(37) 

 

Cost-Effectiveness of Screening  

According to one study, model predictions indicate that the most cost-effective strategy in cervical 

cancer and HPV screening is primary high-risk HPV testing (HR-HPV), due to cost reduction and 

also increase the detection of CIN-II or III. However, HR-HPV testing is somehow problematic 

because of its high sensitivity and its low specificity, which may subsequently cause overtreatment. 

Recently the concept of dual staining has been proposed to reduce overtreatment. Literature review 

indicates that across all age groups, dual stating had significant higher sensitivity than cytology while 

having equal specificity (38, 39).  

HPV Screening in Pregnant Women  

Apart from high-risk HPV infection, high parity and younger age at first full-term pregnancy are co-

factors that are associated with cervical cancer (40). Also, several studies indicated that the prevalence 

of HPV infection increases during pregnancy and clearance of HPV infection takes more time. This 

may be due to hormonal changes and decreased immunity during pregnancy (41). A recent systematic 

review and meta-analysis study have shown that there is a strong association between HPV infection 

and preterm birth and preterm premature rupture of membranes (PPROM). HPV infection may also be 

associated with infant low-birth-weight, foetal growth restrictions and foetal death (42). Current 

guidelines (43) haven’t included HPV screening for pregnant women, unlike other STDs like 

Chlamydia trachomatis or Neisseria gonorrhoeae. However, these guidelines should be updated 

according to the latest literature regarding screening recommendations for special populations like 

pregnant women.  
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Treatment 

Currently, there is no cure no treatment for the virus itself and subclinical HPV infection usually 

clears spontaneously. However, genital warts and precancerous lesions can be treated. Antiviral 

therapy is not specifically indicated to treat HPV infection (43). Also, viral latency, high reinfection 

and recurrence rate along with the basal layer reservoir reduce the success rates of treating this 

infection and emphasizes on prolonged treatment cycles. Benign HPV lesions can be removed either 

by thermal, electrical, or chemical means (44). Chemical therapy for skin or genital warts involves 

three methods; podophyllin compounds, trichloroacetic acid, and imiquimod. Trichloroacetic acid is 

safe to use during pregnancy, however, podophyllin acts by blocking cell division and cannot be used 

during pregnancy. Imiquimod compounds stimulate tumour necrosis factor (TNF) and interferons 

(IFN) production. Studies indicate that imiquimod can decrease high-risk HPV infection (44, 45). 

Cryotherapy is freezing the lesion via liquid (nitrogen) or metal (cryoprobe) agents which 

subsequently causes cell death (46). Resistant or extensive lesions can be removed via electrocautery 

or surgical excision under local, regional, or general anaesthesia and cervical lesions can be removed 

by a loop electrosurgical excision procedure (44). Precancerous lesions should be detected through 

screening and managed based on existing guidance (43). Vaccination is a key factor in mitigating the 

HPV infection consequences, cervical and other types of cancers. Currently, there are three FDA-

approved vaccines available for prevention of HPV infection; 9-valent and quadrivalent HPV 

vaccine (Gardasil), and bivalent HPV vaccine (Cervarix). A recent review on efficacy of HPV 

vaccines indicated that Cervarix induces high antibody titres against high-risk HPV types 16 and 18 

and can prevent the incidence of HPV infection for 10 years or more. Also, quadrivalent Gardasil 

have shown excellent efficacy against cervical HPV infections, genital warts, and cancer precursor 

lesions. Finally, Gardasil-9 have also shown high efficacy in prevention of infections and cervical 

cancer precursor lesions related to certain types of HPV (47).  

 

Table 3. HPV screening recommendations for sexually active women 

 2020 ACS 2012 ACS 2018 USPSTF 

Age 21‒24 
No screening Pap smear every 3 years Pap smear every 3 

years 

Age 25‒29 

HPV test every 5 years 

(preferred)/ HPV/Pap co-

testing every 5 years 

(acceptable) /Pap smear 

every 3 years 

(acceptable) 

Pap smear every 3 years Pap smear every 3 

years 

Age 30‒65 

HPV test every 5 years 

(preferred) / HPV/Pap co-

testing every 5 years 

(acceptable) / Pap smear 

every 3 years 

(acceptable) 

HPV/Pap co-testing 

every 3 years (preferred) 

/ Pap smear every 3 years 

(acceptable) 

Pap smear every 3 

years, HPV test every 5 

years, or HPV/Pap co-

testing every 

5 years 

Age 65 and older 

No screening if a series 

of prior tests were normal 

No screening if a series 

of prior tests were normal 

No screening if a series 

of prior tests were 

normal and not at high 

risk for cervical cancer 

ACS, American Cancer Society; USPSTF, United States Preventive Services Task Force 
based on ACS’s update on screening guidelines (48) 
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Areas of Uncertainty  

Several studies have indicated that although screening and vaccination have taken place in the last 

decade, incidence of HPV-related cancers is still increasing in several high- and low-income 

countries. One study that projected the cancer incidence attributable to HPV infection to 2030 by the 

data of cancer incidence from 1990 to 2012. According to this study the cancer incidence will face an 

increasing trend during this period (49, 50). The focus on vaccination of women can be a potential 

reason for this pattern. HPV is transmitted by contact between partners and vaccination of females at 

the age of 13 to 26 is recommended, however, lack of focus on male vaccination in this age may 

increase the incidence. Further research regarding men’s knowledge about HPV complications and 

vaccination should investigate viable strategies to mitigate this problem. 

Although current guidelines suggest screening every 3 years for 21 to 29 years old women, the most 

effective screening interval for at-risk women is unknown. Missing the screening in this time frame 

can further increase the chance of persistent HPV infection and subsequent cervical cancer. Also, data 

is lacking regarding the benefits of shorter screening period and HPV screening of women at low-risk. 

Current guidelines indicate HPV screening for women. Data is lacking regarding the male screening 

effect in reducing HPV infection incidence. Currently, there is no FDA-approved tests for HPV in 

men. Screening for anal, penile, or oropharyngeal cancers is not recommended by CDC guideline 

(51).  

 

Guidelines  

According to USPSTF, which divides women in three groups for screening, 21 to 29 years old women 

should undergo  Pap smear testing every three years, and 35 to 65 years old women either HPV test 

every 5 years, co-testing every 5 years, or Pap smear test every 3 years. Further information regarding 

different guidelines recommendations for screening is summarized in Table 3 and relative algorithm 

in Figure 2. 

 

Figure 2. HPV screening algorithm for HR-HPV 
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Summary and Recommendations  

HPV screening is recommended for the women depicted in our case vignette because her age is 

between 21 and 29, is currently sexually active, had several prior sexual partners, and uses condom 

inconsistently. Also, assessment of STDs risk factors and counselling on safer sex is recommended 

for this woman. For obtaining higher sensitivity and specificity, co-testing of Papanicolaou smear 

along with HPV testing. If the patient gets a positive result, she should be referred for colposcopy for 

further definitive diagnosis and treatment plan. Also, her sexual partners should be alarmed for HPV 

infection and HPV screening. If she tested negative and haven’t been vaccinated, vaccination is 

recommended to reduce the risk of HPV infection for herself and her husband.  
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